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IMMUNOMODULATORY COMPOSITIONS, METHODS OF MAKING, AND METHODS
OF USE THEREOF

ABSTRACT

The invention relates to new immunomodulatory compositions which comprise a cationic
condensing agent, an immunomodulatory compound, and a stabilizing agent. The
compositions of the invention typically form particles which have increased
immunomodulatory activity as compared to immunomodulatory compounds not
formulated in the compositions of the invention. Also. provided are methods of making

the compaositions and methods for therapeutic use of the compositions.

{No Available Figure)
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IMMUNOMODULATORY COMPOSITIONS, METHODS OF MAKING,
AND METHODS OF USE THEREOF

Technical Field

{0001] The present invention relates to immunomodulatory formulations, methods of making
immunomodulatory formulations, and methods of use thereof. In particular, the invention relates to
immunomodulatory formulations comprising a cationic condensing agent, an immunomodulatory
compound (IMC), and a stabilizing agent. It alse relates to the administration of the immunomodulatory

formulations to modulate at least one fmmune response.

Background Art

[0802] The type of immune response generated to infection or other antigenic challenge can
generally be distinguished by the subset of T helper (Th) cells involved in the response. The Thl subset
is responsible for classical cell-mediated functions such as delayed-type hypersensitivity and activation
of cytotoxic T lymphocytes (CTLs), whereas the Th2 subset functions more.eﬂ'ectively as a helper for B~
cell activation. The type of immune response fo an antigen is generally influenced by the cytokines
produced by the cells responding to the antigen. Differences in the cytokines secreted by Thl and Th2
cells are believed to reflect different biclogical functions of these two subsets. See, for examplé,
‘Romagnani (2000) Arn. Allergy Asthma mmunol, 85:9-18, '

{0003] The Thl subset may be particularly-suited to respond to viral infections, intracellular
pathogens, and tumor cells because it secretes IL-2 and IFN+y, which activate CTLs. The ‘I'h2 subsst
r_riay be more suited fo respond to freevliv‘ing‘bacteria and helminthic parasites and may mediate allergic
reactions, since IL-4 and IL-5 are known to induce IgE production and eosinophil activation,
respectively. In general, Thl and Th2 cells secrete distinct patterns of cytokines and so one type of
response can meoderate the activity of the other type of response. A shift in the Thl/ThZ balance can
result in an allergic response, for example, or, alternatively, in an increased CTL response.

{0004] For many infectious diseases, such as tuberculosis and malaria, Th2-type responses are of
little protective value against infection. Proposed vaccines using small peptides derived from the target
antigen and other currently used antigenic agents that avoid use of p,ofentially infective intact viral
particles, ’dd not always elicit the immune response necessary to »achie:ve a‘tliefgpeiltic effect. The lack of

‘a therapentically effective human immunodeficiency virus (HIV) vaccine is an unfortanate example of
R this failure. Protein-based vaccines typically induce Th2-type immune responses characterized by thh

titers of neut'ahzmg antibodies but without 51g111ﬁcant cell-mediated i xmmumty



[0005] Moreover, some types of antibody responses are inappropriate in certain indications, most
notably in allergy where an IgE antibody response can result in anaphylactic shock. Generally, allergic
responses also involve Th2-type immune responses. Allergic responses, including those of allergic
asthma, are characterized by an early phase response, which occurs within seconds to minutes of allergen
exposure and is characterized by cellular degranulation, and a late phase response, which occurs 4 to 24
hours later and is characterized by infiltration of eosinophils into the site of allergen exposure.
Specifically, during the early phase of the allergic response, allergen cross-links IgE antibodies on
basophils and mast cells, which in turn triggers degranulation and the subsequent release of histamine
and other mediators of inflammation from mast cells and basophils. During the late phase response,
eosinophils infiltrate into the site of allergen exposure (where tissue damage and dysfunction result).

[0006] Antigen immunotherapy for allergic disorders involves the subcutaneous injection of small,

but gradually increasing amounts, of antigen. Such immunijzation treatments present the risk of inducing

| IgE-mediated anaphylaxis and do not efficiently address the eytokine-mediated events of the allergic late
phase response. Thus far, this approach has yielded only limited success.

[0007] Administration of certain DNA sequences, generally known as immunostimulatory
sequences or “ISS,” induces an immune response with a Thl-type bias as indicated by secretion of Thi-
associated cytokines. Administration of an immunostimulatory polynucleotide with an antigen results in
a Thl-type immune response to the administered antigen. Roman ef al. (1997) Nature Med. 3:349-854.
For example, mice injected intradermally with Escherichia coli (E. coli) B-galactosidase (B-Gal) in saline
or in the adjuvant.alum responded by producing specific IgG1 and IgE antibodies, and CD4" cells that
secreted IL-4 and IL-5, but not TFN-y, deménstrating that the T celis were predominantly of the Th2
subset. However, mice injected intradermally (or with a tyne skin scratch applicator} with plasmid DNA.
(in saline) encoding B-Gal and containing an ISS responded by producing IgG2a antibedies and CD4"

_ cells that secreted IFN-y, but not -4 and IL-5, demonstrating that the T cells were predominantly of the
Th1 subset. Moreover, specific IgE production by the plasmid DNA-injected mice was reduced 66-75%.
Raz ef al. (1996_} Proc. Natl. Acad. Sci. USA‘93 :5141-5145. In general, the response to naked DNA
immunization is characterized by production of IL-2, TNFa and IFN-y by antigen-stimulated CD4* T
cells, which is indicative of a Thl-type tesponse. This is particularly important in treatment of allergy
and asthma as shown by the decreased IgE production. The abilify of immunosﬁrnulatory

- polynucleotides to s'timu‘la“.ce a Thl-type immune 'respvonse has been demonstrated with bacterial antigens, .

. wiral antigens and with allergens (see, for example, WO 98/55495). Interestingly, ISS act through a cell

 surface receptor (the Toll-like receptor 9, or TLR9), although one recent report suggests that
internalization of ISS is necessary for activation of TLRY. Chﬁang et al., 2002, J, Leukoc. Biol.

T1(3):538-44; Ahmad-Nejad ez al., 2902,.Eur.'1, Tmmumol. 32(7):1958-63.



[0008] Other DNA-based therapies must be internalized before they can act. While certain tissues
can take up limited amouats of nucleic acids (Wolff, 1997, Neuromuscul. Disord. 7(5):314-8), much
attention has been focused on formulations to improve internalization of gene therapy and antisense
constructs. Such formulations typically imvolve the use of a cation to condense the DNA and one or
more lipids to (frequently in the form of liposomes) to promote membrane fusion. For example, Semple
et al., 2001, Bioch. Biophys. Acta 1510:152-166, Cappaccioli et al., 1993, Bioch. Biophys Res. Comm.
197(2):818-25, Marer et al., 2001, Biophys. J. 80:2310-26, Shi ez al., 2001, Nucl. Acid Res.
29(10):2079-87, and Meyer et al., 1998, J. Biol, Chem. 273 (25):15621-27, all disclose the use of cationic
liptd/DNA compositions in serum-containing media i vitro. Other cation/DNA: combinations have been
tested in serum-containing medium, including DNA with poly-L-lysine (Ginobbi et al.,, 1997, dnficancer
Res. 17:29-36, Stewart et al., 199, Mol. Pharmacol. 50:1487-94, and Gonzalez-Ferreiro et al., 2001, J.
Controlled Release 73:381;90), cationic peptides (Jquhans et al., 2000, Nucl. Acid Res. 28(10):e45,
Wyman ef al., 1997, Biochemistry 36:3008-17), poiymerized cationic detergents (Dauty ef al., 2001, J.
Am. Chem. Soc. 123(38):9227-34)polyaminolipids (Guy—Caffey etal, 1995, J. Biol. Chem.
270(52):31391-96), cationic block copolymers (Kabanov et af,, 1995, Bioconj, Chem. 6(6):639-43), and
cationic dendrimers (Bielinska ef al, 1996, Nucl. Acid Res. 24(11):2176-82, Yoo et al., 1999,
Pharmaceut. Res. 16(12):1799-1804). Legendre et al., 1993, Proc. Nat’l Acad. Sci US4 90:893-97,
discloses the use of several different cations, including the cationic antibjotics gramidin S and polymyxin
B, to improved transduction of gene therapy constructs. U.S. Patent No. 5,744,166 discloses
pharmaceutical compositions of a polycationic polymer and DNA. that may optionally contain poloxamer
407 or gelatin. Chavany ef al. (1992, Pharmaceut. Res. 9(4):441-49) discloses the efféctsrof a nonionic
detergent (poloxamer 188) on a formulation including an alkyltrimethylammonium salt (CTAB) and
DNA. Additionally, International Patent Application No. WO 01/15726 discloses combinations of
charged lipids and ISS.

* Summary of the Invention

[0009] The invention relates to new compositidns and methods for modulating ixfmiune responses in
individuals, particularly buman individuals. Applicants have discovered new immunomodulatory
. compositions having sabstantialty improved immunomodulatory acfivity.
[0010] In one aspect, the invention relates to compositions bomprisillg'a cationic condensing agent,
\ an immunomodulatory compound (IMC), and a stabilizing agent. In andﬂler aspect, the invention relates
fp particulate compositions comprising a cationic condensing agent, an immunomodulatory compound
(IMC), and-a stabilizing agent, Also 'inc!rué'led are pharmacéuﬁéal compositions comprising an

immunomodulatory composition of the invention and a pharmaceutically acceptable excipient. In certain



embadiments, the compositions of the invention may further include, or optionally exclude, additional
components, including fatty acids and/or antigen molecules.

[0011] In another aspect, the invention relates to methods of modulating an immune response in an
individual, comprising administering to an individual an immunomodulatory composition of the
invention in an amount sufficient to modulate an immune response in said individual.
Immunomodulation according to the methods of the invention may be practiced on individuals including
those suffering from a disorder associated with a Th2-type immune response (e.g., allergies or allergy-
induced asthma), individuals receiving vaccines such as therapeutic vaccines (e.g., vaccines comprising
an allergy epitope, a mycobacterial epitope, or a tumor associated epitope) or prophylactic vaccines,
individuals with cancer, individuals having an infectious disease and individuals at risk of exposure to an -
infectious agent.

[0012] In a further aspect, the invention relates to methods of increasing interferon-gamma (IFN-y}
in an individual, comprising administering an effective amount of an immunomodulatory composition of
the invention to the individual. Administration of an immunomodulatory composition of the invention
increases IFN-y in the individual. Suitable subjects for these methods include those individuals having
idiopathic pulmonary fibrosis (IPF), scleroderma, cutaneous radiation-induced fibrosis, hepatic fibrosis
including schistosomiasis-induced hepatic fibrosis, renal fibrosis as well as other conditions which may
be improved by administration of IFN-y.

{0013] In another aspect, the invention relates to methods of increasing JFN-¢t in an individual,

- comprising administéring an effective amount of an immunomodulatory composition of the mvention to
the individual. Administration of an immunomodulatory composition' of the invention increases IFN-a

' Jevels in the individual. Suitable subjects for these methods include those individuals having disorders

“which respond to the administration of IFN~'d., including viral infections and cancer.

[0014] In another as’pecf, the invention relates to methods of ameliorating one or more symptoms of
an infectious disease, comprising administering an effective amount of an immunomodulatory
| composition of the invention to an individual having an infectious disease. Administration of an
immunomodulatory composition of the invention ameliorates one or more symptoms of the infectious
disease. The infectious diseases which may be treated in accordance with the invention include
infectious diseases caused by a cellular pathogen (e.g., -a mycobacterial disedse, malaria, leishmaniasis,
toxoplasmosis, schistosomiasis or cloporchiasis), and may include or exclude viral diseases.

[0015] The invention further relates to kits for carrying out the methods of the invention. The kits of
the invention generally comprise a container comprising an immunomodulatory composition of the
invention (or as described herein, materials for wpro&uction of an immunomodulatory composition of the
invention) and optionally-include instractions for use of immuﬁc';modulatory composition for the

- immunomodulation of an individual, for example when the individual suffers from a disorder associated
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with a Th2-type immune response (e.g., allergies or allergy-induced asthma), is receiving vaccines such
as therapeutic vaccines (e.g, vaccines comprising an allergy epitope, a mycobacterial epitope, or a tumor
associated epitope) or prophylactic vaccines, suffers from cancer, suffers from an infectious disease or is
at risk of exposure to an infectious agent. |
[0016] The invention also provides methods of making the formulations of the invention,
: cémprising combining an immunomodulatory compound (IMC), a stabilizing agent and a cationic
condensing agent to make a mixture. In some embodiments, methods of making the formulations of the
invention comprise combining an immunomodulatory compound (IMC) and a stabilizing agent to make
an initial mixture, then adding a cationic condénsing agent to the initial mixture, resulting in the
immunomodulatory composition. The invention further provides immuﬁomodulatory formulations made

by these processes.

Deta'iled-Description of the Invention

[0017] The inventors have discovered new compositions and methods for modulating immune

* responses in individuals, including and particularly humaus. The‘composzitions of the invention comprise
a particulate complex of a cationic condensing agent, an immunomodulatory compound (IMC), and a
stabilizing agent. Surprisingly, the ,invéntors have found that IMCs formulated with a cationic
condensing agent and a stabilizing agent have substantially increased immunomodulatory activity

compared to immunomodulatory compounds given alone.

7 Geﬂ_era_l Techniques
[0018] The praétice of the present invention will employ, unless otherwise indicated, conventional

techniques of molecular biology (including recombinant techniques), microbiclogy, cell biology,
biochemistry and immunology, which are within the skill of the art., Such techniques are .ex;ilaixied fully
in the. literature, such as, Molecular Cloning: A Laboratory Manual, second edition (Sambrook et al.,

1989); Oligonucleatide Synthesis (M.J. Gait, ed., 1984); Animal Cell Culture (R.L. Freshney, ed., 1987);
Handbook.of Experimental Immumnology (D M. Weir & C.C. Blackwell, eds.); Gene Transfer Vectors for
Mammalian Cells (JM. Miller & M.P. Calos, eds., 1987); Ciarent Protocols in Molecular Biology (F.M
-Ausubei etal, eds., 1987); PCR: The Polymerase Chain Reaction, (Mullis et ol., eds., 1994), Current
. Protocols in Immunology (J.E. Coligan ef al., eds., 1991); The Immunoassay Handbook (D. W;ld, ed.,

Stockton Press NY, 1994); Bioconjugate Techniques(Greg T. Hennansén ed., Academic Press, 1996);

' and Methods of Immunological Analysis (R. Masseyeff W.H. Albert, and N.A. Staines, eds., Weinheim:
' VCH Verlags gesellschaft mbH, 1993)



Definitions

[0019] As used herein, the singular form “a”, “an”, and “the” includes plural references unless
indicated otherwise. For example, “an” IMC includes one or more IMCs.

[0020] As used inferchangeably herein, the terms “polynucleotide” and “cligonucleotide” include
single-stranded DNA (ssDNA), double-stranded DNA (dsDNA), single-stranded RNA (ssRNA) and
double-stranded RNA (dsRNA), modified oligonucleotides and oligonucleosides or combinations
thereof. The oligonucieotide can be linearly or circularly configured, or the oligonucleotide can contain
both linear and circular segments, Oligonucleotides are polymers of nucleosides joined, generally,
through phosphoester linkages, although alternate linkages, such as phosphorothicate esters may also be
used in oligonucleotides, A nucleoside consists of a purine (adenine, guanine or inosine, or derivative
thereof) or pyrimidine (thymine, cytosine or uracil, or derivative thereof) base bonded fo a sugar. The
four nucleoside units (or bases) in DNA are called deoxyadenosine, deoxyguanosine, deoxythymidine,
and deoxycytidine. A nucleotide is a phosphate ester of a nucleoside.

[0021] The instant disclosure uses single leiters to indicate bases of a nucleotide sequence, where A
is adenine, G is guanine, C is cytosine,' T is thymine, U is uracil, [ is inosine, R is a purine, and Y is a
pyrimidine.

{0022] The term “ISS” as used herein refers to polynucleotide sequences that effect a measurable
immune response as measured in vitro, in vivo and/or ex vive . Examples of measurable immune
responses include, but are not limited to, anﬁg_en—speciﬁc antibody pr'oducﬁon,. secretion of cytokines,
activation or expansion of lymphocyte 'pt)pillations such as NK cells, CD4+ T lymphocytes, CD8+ T
iymphocytes, B lymphocytes, and the like. Prefefably, the ISS sequences preferentially activate a Thl-

. type response. A:polynucleotide for use in the invention contains at least one ISS. As used hersin, “ISS”

is also a shorthand term for an ISS-containing polynucleotide.

{0023] The term “immunomodulatory” and “modulating an immune résponse,” as used herein,
refers to immunostimulatory as well as imnmnosuppressive effects. Immunomodulaﬁon is primarily a
qualitative alieration in an overall immune response, although quariﬁtativé chaﬁgéjs' may also gceur in
-conjunction-with immunomodulation. -An immune response that is immunomodulated agcofding to the

present invention is one that is shifted towards a “Thi-type” immune response, as opposed to'a “Th2-

. type” immune response. Thl-type responses are typically considered cellular immune sjistem; (e.g.,_

cytotoxic lymphocytes) responses, vghiie Th2-type responses are generally “humoral”, or .anﬁibddysbased.

‘Thi-type immune responses are normally characterized by “delayed-type hypersensitivity” reactions to -

an antigen, and can be detected at the biochemical level by increased levels of Th‘.l_—a.’ssac‘iat‘ed cytokmes
such as IFN-y, IL-2, IL-12, and TNF-B, as well as IFN-o. and TL-6, alttiough IL-6 may also be associated
with Th2-type responses as well. Thl-type immune responses are generally associated with the

production of cytotoxic lymphocytes (CTLs) and fow levels or transient p;o'dhc't_ion of anﬁbt)dy. Th2-
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type immune responses are generally associated with higher levels of antibody production, including IgE
production, an absence of or minimal CTL production, as well as expression of Th2-associated cytokines
such as IL-4. Accordingly, immunomodulation in accordance with the invention may be recognized by,
for example, an increase in IFN-y and/or a decrease in IgE production in an individual treated in
accordance with the methods of the invention as compared to the absence of treatment.

[0024] The term “immunomodulatory” can refer to the particulate composition and/or the
polynucleotide. Thus, an immunomodulatory composition of the invention may exhibit
immunomodulatory activity even when the polynucleotide contained in the composition has a sequence
that, if presented as a polynucleotide alone, does not exhibit comparable immunomodulatory activity. In
some embodiments, when presented alone, a polynucleotide of an immunomodulatory composition of the
invention does not have “isolated immunomodulatory activity,” or has “inferior isolated
immunomodulatory activity,” (i.e., when compared to particulate composition). The “isolated
immunomodulatory activity” of a polynucleotide is determined by measuring the immunomodulatory
activity of the isolated polynucleotide having the same nucleic acid backbone (e.g., phosphorothioate,
phosphodiester, chimeric) using standard assays which indicate at least one aspect of an immune
response, such as those described herein.

[0025] The term “immunomodulatory compound” or “IMC?, as used herein, refersto a molecule
which has immunomodulatory activity and which comprises a nucleic acid moiety comprising the
sequence 5°-CG-3’. The IMC may consist of a nucleic acid moiety that comprises more than one ISS,
consists of an ISS, or has no immunomoduatory activity on its own. The IMC may consist of a
polynucleotide (a “polynuclectide IMC”) or it may comprise additional moieties. Accordingly, the term
IMC includes chimeric umnunomodulatory ‘compounds ("CICs").which incorporate two or inore nucleic
acid moieties, at least one of which comprises the sequence 5°-CG-3°, covalently linked to a non-
nucleotide spacer moiety.

[0026] As used herein, the terms "immunomedulatory composition,” "particulate composition," and
"immunomodulatory particulate composifioﬁ" refer to a composition comprising a cationic condensing

-agent, an IMC, and a stabilizing agent.

- {0027] The term “antigen™ means a substance that is recognized and bound specifically by an
antibody or by a T ¢ell antigen receptor. Antigens can include peptides, proteins, glycoproteins,
polysaccharides, complex carbohydrates, sugars, gangliosides, lipids and phospholipids; poitions thereof
‘and combinations thereof. The antigens can be those found in nature or can be synﬁxetic. Antigens

| suitable for inclusion in the compositions of the invention include any molecule cﬁpab_le of elicitinga B -
~cellor T cell antigen-specific response. Preferably, antigens elicit an antibody response specific for the
antigen, Haptens are included within the scope of “antigen.” A hapten is a low molecular weight

‘compound that js not immunogenic by itself but is tendered immunogenic when conj ugated with an
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immunogenic molecule containing antigenic determinants. Small molecules may need to be haptenized
in order to be rendered antigenic. Preferably, antigens of the present invention include peptides, lipids
(e.g. sterols, fatty acids, and phospholipids), polysaccharides such as those used in Hemophilus influenza
vaccines, gangliosides and glycoproteins.

[0028] “Adjuvant” refers to a substance which, when added to an immunogenic agent such as
antigen, nonspecifically enhances or potentiates an immune response to the agent in the recipient host
upon exposure to the mixture.

[0029] The term “peptide” are polypeptides that are of sufficient length and composition to effect a
biological response, e.g. antibody production or cytokine activity whether or not the peptide is a hapten.
Typically, the peptides are at least six amino acid residues in length. The term “peptide” further includes
modified amino acids (whether or not naturally or non-naturally occurring), such modifications
including, but not limited to, phosphorylation, glycosylation, pegylation, lipidization and methylation.

[0030] “Antigenic peptides” can include purified native peptides, synthetic peptides, recombinant
peptides, crude peptide extracts, or peptides in a partially purified or uapurified active state (such as
peptides that are a part of attenuated or inactivated viruses, cells, or micro-organisms, or fragments of
such peptides). An “antigenic peptide” or “antigen polypeptide” accordingly means all or a portion of a.
polypeptide which exhibits one or more antigenic properties. Thus, for example, an “Amb a 1 antigenic
polypeptide” or “Amb a 1 polypeptide antigen” is an amino acid sequence from Amb a 1, whether the -
entire sequence, a portion of the sequence, and/or a modification of the sequence, which exhibits an
antigenic property (i.c., binds specifically to an antibody ora T cell receptor).

{0031] An “allergic response to antigen” means. an immune response generally characterized by the
generation of eosinophils and/or antigen-specific IgE and their resultant effects. As is well-known in the.
art, IgE binds to IgE receptors on mast cells and basophils. Upon later exposure to the antigen
recognized by the IgE, the antigen cross-links the JgE on the mast cells and basophils causing
degranulation of these cells, iticluding, but not limited, to histamine release. Tt is understood and
- intended that the terms “allergic response to antigen”, .“allergy”,. and “allergic condition™ are equally
appropriate for application of some of the methods of the invention. - Further, it is understood and
intended that the methods of ﬂiefinvenﬁon include those that are equally appropriate for prevention of an
. allergic response as well as treating a pre-existing allergic condition.

[0032] As used herein, the term “aﬁergen” means an antigen or antigenic portion of a molecule,
usually a protein, which elicits an allergic response upon exposure to a subject. Typically the subject is
 ‘allergic to the allergen as indicated, for instance, by the wheal and flare test or any method known in the
‘ axt A molecule is said to be an allergen even if only a small subset of subjects exhibit an allergic (e.g.,
JgE) immune response upon exposure to the molecule. A number of isolated allergens are known in the
art. These include, but are not limited to, those provided in Table 1 Herein, |
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[0033] The term “desensitization™ refers to the process of the administration of increasing doses of
an allergen to which the subject has demonstrated sensitivity. Examples 6f atlergen doses used for
desensitization are known in the art, see, for example, Fornadley (1998) Orolaryngol. Clin. North 4m:
31:111-127.

[0034] “Antigen-specific immunotherapy” refers to any form of immunotherapy which involves
antigen and generates an antigen-specific modulation of the immune response. In the allergy context,
antigen-specific immunotherapy includes, but is not limited to, desensitization therapy.

[0035] An “individual” is a vertebrate, preferably a mammal, more preferably a human, Mammals
include, but are not limited to, humans, primates, farm animals, sport animals, rodents and pets.
Vertebrates also include, but are not limited to, birds (i.e., avian individuals) and reptiles (ie., reptilian
individuals).

[0036] An “effective amount™ or a “sufficient amount” of a substance is that amount sufficient to
effect beneficial or desired results, including clinical results, and, as such, an “effective amount” depends .
upon the context in which it is being applied. In the context of administering a composition that
modulates an immune response to an antigen, an effective amount of an immunomodulatory formulation
is an.amount sufficient to achieve such a modulation as compared to the immune respense obtained when
the antigen is administered alone. An effective amount can be administered in one or more
administrations. ,

' 10037] The term “co-administration” as used herein refers to the administration of at least two .
- different subétances sufficiently close in time to modulate an immune response. Preferably, co-
administration refers to simultaneous administration of at least two different substances.
o [0038] “Stimulation” of an immune response; such as Th1 response, means an iﬁcrease in the
rE:Sponsc, which can arise from eliciting and/or enhancement of a response.

{0039] An “IgE associated diéorder” is a physiological condition which is characterized, in part, by
elevated IgE levels, which may or may not be persistenf. IgE associated disorders inchide, but are not
limited to, allergy and allergic reactions, allergy-related disorders (described below), asthma, rhinitis,
conjunctivitis, urticaria, shock, Hymenoptfera sting allergies, and drug allergieé, and parasite infections.
The term also includes related manifestations of these disorders. Generally, IgE in such disorders is
antigen-specific, _ |

;{.0040] “An ‘-‘ailergy-related disorder” means a disofder resulting from the effects of an anﬁgen-"

- specific IgE immune response. Such effects can jnclude, but are not limited to, hypotension and shock. ‘
- Anaphylaxis is an example of an allergy-related disorder during which histamine roleased into the
circulation causes vasodilation as well as increased permeability of the capillaries with résiilt_'anf marked -

loss of plasma from the circulation. Anaphylaxis can occur systemically, with the associated effects



experienced over the entire body, and it can occur locally, with the reaction limited fo a specific target
tissue or organ.

[0041] The term “viral disease”, as used herein, refers to a disease which has a virus as its stiologic
agent. Examples of viral diseases include hepatitis B, ﬁepatitis C, influenza, acquired immunodsficiency
syndrome {ATDS), and herpes zoster.

[0042] As used herein, and as well-understood in the art, “treatment” is an approach for obtaining
beneficial or desired results, including clinical results. For purposes of this invention, beneficial or
desired clinical results include, but are not limited to, alleviation or amelioration of one or more
symptoms, diminishment of extent of disease, stabilized (i.e., not worsening) state of disease, preventing
spread of disease, delay or slowing of disease progression, amelioration or palliation of the disease state,
and remission (whether partial or total), whether detectable or undetectable. “Treatment” can also mean
prolonging survival as compared to expected survival if not receiving treatment. -

[0043] “Palliating” a disease or disorder means that the extent and/or undesirable clinical
manifestations of a disorder or a disease state are lessened and/or time course of the progression is
slowed or lengthened, as compared to not treating the disorder. Especially in the allergy context, as is-
well understood by those skilled in the art, palliation may occur upon modulation of the Immune
response against an allergen(s). Further, palliation does not necessarily occur by administration of one
dose, but often oceurs upon administration of a series of doses. Thus, an amount sufficient to palliate a
- response or disorder may be administered in one or more adnﬁnistraﬁons.

[0044] An “antibody titer”, or “amount of antibody”, which is “elicited” by an immunomodulatory
.composition of the invention refers to the amount of a given antibody measured at a time point after
~ administration of the immunomodulatory compeosition.

{0045] A “Thl-associated antibody™ is an antibody whose production and/or increase is associated
with a Th] immune response. For example, IgG2a is a Thl-associated anﬁbody in mouse. For purposes
of this invention, measurement of a Thl-associated antibody can be measurement of one or more such
‘ antibodies. For example, in human, measurement of a Th1i-associated antibody could entail measurement
of IgG1 and/or 1gG3.

-[0046] A “Thz-assoqiafed antibody” is an antibody whose production and/or increase is associated
with a Th2 immune response. For example, IgG1 1s a Th2-associated aﬁtibody in mouse. For purposes
of this illlve_ntio‘n,_ measnrement of 2 Th2-associated antibody can be measureinent of one or more such
: anﬁbodies. For exatnple, in human, measurement of a Th2-associated antibody could entail measurement
of IgG2 and/or fgG4.

{0047] To “suppress” or “inhibit” a finction or activity, such as cytokine production, antibody
-pro_ductibh, or :hi‘stzimin‘e release, is to reduce the function or activity. when compared to otherwise same

.conditions except for a condition or parameter of interest, or alternatively, as cdmpared to another
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condition. For example, an immunomodulatory composition of the invention administered with an
antigen or including an antigen which suppresses histamine release reduced histamine release as
compared to, for example, histamine release induced by antigen alone.

[0048] A “serum protein” is a protein that is normally found in the serum of disease-free mammals,
particularly disease-free bovines. The most prevalent serum protein is serum albumin.

[0049} As used herein, the term “comprising” and its cognates are used in their inclusive sense; that

is, equivalent to the term “including” and its corresponding cognates.

Compositions
[0050] The invention provides new compositions for modulating immune response in individuals.

The new compositions are formulations comprising 4 cationic condensing agent, an IMC, and a
stabilizing agent. In some embodiments, the compositions of the invention may also comprise an antigen
and/or a fatty acid. ~

[0051] The compositions of the invention are typically in particulate form. As wﬂl be apparent io
those of skill in thie art, particulate compositions of the invention will consist of a population of particles
of different sizes. Due to this naturally arising variability, the "size" of the particles in the compositions
of the invention may be described in ranges or as a maximum or minimum diameter. Particles are
considered to be a particular size if at least 95% of the particles (by mass) meet the specified dimension
{e.g, if atleast 97% of the particles are Jess than 20 pm in diameter, then the composition is considered
to consist of particles of less than 20 pm in diameter). Particle size may be measured by any convenient
method known in the art, including filtration (e.g., nse of a "depth” filter to capture particles greater than -
a cutoff size), dynamic light scattering, electron microscopy, including TEM (particularly in combination
with freeze-ﬁécture processing) and SEM, and the like. _

{0052] Preferably, the compositions of the invention comprise particles which are less than about 50
um in diaineter, more preferably less than about 20 pm in diameter, although in some embodiments the
. particles will be less than about 3, 2 of 1 pm in diameter. Preferred particle size ranges include about
0.01 pm to 50 pm, 0.02 to 20 pm, 0.05 to 5 pm, and 0.05 to 3 pm. in diameter.

[0053] The components of the compositions of the invention may be present in various .
ratios/quantities in the compositions, although it is contemplated that the amounts of the stabilizing
‘agent(s) and opticnal components such as fatty acids and antigen will remain relatively invariant; with
stabilizing agents generally ranging from about 0.1% to 0.5% (v/v), fatty a-cids;ranginl_g‘-ﬁ'om about 0 to
0.5%, and antigen cohcenh'ations rénging from about 0.1 to ‘about 100 p,gln'iL, preferably about 1 to about
100 pg/mL, more preferably about 10 to 50 pg/mL . The amounts and ratios of the IMC and the cationic
| -poildensing_agentrare Subj‘ect to a greater range of variation in the compositions of fﬁ‘e invention. The

amount of IMC will vary toa certain extent as a function of the molecular weight of the IMC, and
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generally ranges from about 50 pg/mL to about 2 mg/mL, preferably about 100 ug/mL to 1 mg/mL. The
cationic condensing agent is generally present in excess (in terms of mass) over the IMC, generally in
ratios of about 1:2 (IMC:cationic condensing agent) to about 1:6, more preferably about 2:5 to 1:5.

[0054] Particle size in the compositions of the invention is a fimction of 2 number of variables. The
inventors have found that the size distribution of particles in the compositions can be modulated by
altering the ratio of cationic condensing agent to IMC. For example, altering the ratio of cationic
condensing agent to IMC in the exemplary +1S8/0.4% Tween 85/0.4% oleate/polymyxin B compositions
can alter mean particle size from about 1.5 pm at cationic condensing agent:IVMIC = 1 to about 45 pm at
cationic condensing agent:IMC = 10.

[0055] In certain embodiments, the compositions comprise a cationic condensing agent, an IMC and
a stabilizing agent that is a nonjonic detergent. In other embodiments, the compositions comprise a
membrane disrupting cationic Iipopeptidé (preferably a polymyxin, more prefefably polymyxin B
(PMXB)), an IMC and a stabilizing-agent. In some embodiments the stabilizing agent is not a serum

. protein (particularly not a bovine serum protein).. An exemplary composition of this class of

embodiments utilizes a polyoxyethylene ether detergent such as Tween 80 or Tween 85 as the stabilizing
agent, with oleate as an optional additional stabilizing agent.

[0056] In some embodiments, compositions of the invention comprise immunomodulatory particles,
wherein the particleé are made by the process of combining a cationic condensing agent, an IMC and a
stabilizing agent that is a nonionic detergent. In other embodiments, compositions of the invention
comprise immunomodulatory particles, wherein the particles are made by the process of combining a
membrane disrupting cationic .lipopeptide (preferably a polymyxin, more p'r;aférably PMBX), an IMC and
a stabilizing agent. In some embodiments the étabilizing agent is not a serum protein (particularly not a
bovine serum profein). .

[8057} In some embodiments, compositions of the invention comprise immunomodulatory
particles, wherein the particles are formed by the process of combining an IMC and a stabilizing agent
that is a nonionic detergent, theréby forming an IMC/stabilizing agent mixture, and combining a cationic
condensmg agent with the’ IMCfstablhzmg agent mixture, In other embodiments, compositions of the
invention comprise immunomodulatory particles, wherein the particles are formed by the process of
c_:ombmmg an IMC and a stabilizing agent, thereby forming an IMC/stabilizing agent mixture, and
combining a membrane disrupting cationic lipopeptide (preferably a polymyxm tmore preferably PMXB)
with the IMC/stabilizing agent m:xture. In some embodiments the stabnhzmg agent js not a serum

“protein (particularly not a bovine serum protein).

{0058} Insome embodunents, compositions of the invention comprise mmmomodulatory particles,

: Wherem the partlcles comprise a cationic condensing agent, an IMC and a smblllzmg agent thatis a

nonionic detergent. In other embodlments, compositions of the invention comprise immunomodulatory
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particles, wherein the particles comprise a membrane disrupting cationic lipopeptide (preferably a
polymyxin, more preferably PMXB), an IMC and a stabilizing agent. In some embodiments the

stabilizing agent is not a seram protein (particularly not a bovine serum protein}.

Cationic condensing agents

j0059] Cationic condensing agents useful in the compositions and methods of the invention are
molecules which are positively charged at physiological pH (i.e., pH of about 7.0 to about 7.5).
Preferably, cationic condensing agents used in the instant invention are not zwitterionic and are
polycationic, that is, having more than one positive charge per molecule. Cationic condensing agents
useful in the instant invention include hydrophilic or amphipathic polycations.

{0060] Preferred cationic condensing agents include: (a) membrane distupting cationic lipopeptides
including, but not lirnited to polymyxins including polymyxin A, polymyxin B (including polymyxin B,
and polymyxin B,), polymyxin C, polymyxin D, polymyxin E (also known as colistin), polymyxin K,
polymyxin M, polymyxin P, polymyxin S and polymyxin T, circulins including circulin A, circulin B,
circalin C, circulin D, circulin E and circulin F, octapeptin, amphotericins inchiding amphotericin B, and
acylated peptides including octanoyl-KFFKFFKFF and acyl KALA (octanoyl-
WEAKLAKALAKALAKHLAKALAKALEACEA; (b) membrane disrupting cationic peptides.
including, but not limited to pbiymyx—in B (PMXB) nonapeptide, cecropins including cecropin A,
cecropin B and cecropin P1, KFFKFEKFF and KALA
(WEAKLAKALAKALAKHLAKALAKALKACEAY; (¢) single chain cationic surfactants including, but
not fimited to cetyltrimethylammonium bromide (CTAB), benzyl-dimethyl-ammeonium bromide
(BDAB), Cpy1B {cetyl-pyridinium bromide), CimB (cetylimidazolium bromide) , and polycationic
polymers, including, but not limited to, poly-L-lysine (PLL) and polyethyleneimine (PEL). In certain
embodiments, the cationic condensing agent is a membrane disrupting cationic lipopeptide, preferably a
polymyxin, more preferably PMXB. Insome émbodiments, cationic condensing agents may exclude
fatty acid esters (i.e., ﬁpids) and double chain cationic surfactants.

Immunomodulatory compounds

[0061} In accordance with the presént invention, the immunomodulatory compouhd {IMC)isa
molecule which has immunbniodulatory activity and which comprisés a nucleic acid moiety comprising
the sequence 5’~CG-3°. The IMC may be a polynucleotide or it may be a compound which incorporates
nucleic acid moieties, at least one of which comprises the sequence 5’-CG-3’, such as a CIC. When the
IMCisa polynucleotide, the polynucleotide may contain at least one ISS, and can contain multiple 1SSs.
- The 1SSs can be adjacent within the polynucleotide, or they. can be separated by additional nucleotide
bases within the polynucleotide. In certain embodiments, the mC consists of an ISS. -Acco:&ingiy, a
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polynucleotide IMC may contain combinations of any one or more ISS described herein. Alternately, the
IMC may be a CIC comprising at least two nucleic acid moieties, at least one of which comprises the
sequence 5°-CG-3, covalently finked to a spacer moiety. The IMC affects a measurable immune
response, as measured in vitro, in vivo and/or ex vivo, when administered as a component of an

~ immunomodulatory composition of the invention.

[0062] A polynuclectide IMC can be of any length greater than 6 bases or base pairs and generally
comnprises the sequence 5°-cytosine, guanine-3’, preferably greater than 15 bases or base pairs, more
preferably greater than 20 bases or base pairs in length. As is well-known in the art, the cytosine of the
5°-cytosine, guanine-3’ sequence is generally unmethylated, especially at the C-5 position, although in
certain embodiments, methylation of the cytosine may be permitted, for example, at the N-4 position. A
polynucleotide IMC may also comprise the sequence 52-purine, purine, C, G, pyrimidine, pyrimidine, C,
G-3’. A polynucleotide IMC may also comprise the sequence 5°-purine, purine, C, G, pyrimidine,
pyrimidine, C, C-3°. As indicated in polynucleotide sequences below, a polynucleotide IMC may
comprise (i.e., confain one or more (ﬁ) the sequence 5*-T, C, G-3° or 5T, C, G, A-3’. Accordingly, a
polynucleotide IMC may comprise 5’-CG-3" and/or 5>-TCG-3" and/or 5°-TCGA-3’, and in certain -
embodiments uracil (U) may be substituted for thymine. In some embodiments, a polynucleotide‘IMC
may comprise the sequence 5°-C, G, pyrimidine, pyrimidine, C, G-3” (such as 5"-CGTTCG-3%). In'some
embodiments, a polynucleotide IMC may comprise the sequence 5°-C, G, pyrimidine, pyrimidine, C, G,
purine, purine-3’. In some embodiments, a pqunucleotide TMC comprises the sequence 5’-purine,
purine, C, G, pyrimidine, pyrimidine-3* (such as 5’-AACGTT-3"). As further discussed below, a
polynucleotide IMC may contain VS-bromocytosilne in place of the "C" in the 5’-CG-3’, 5°-TCG-3°,
5°-TCGA-3’, 5°-UCG-3’, or 5°~UCGA-3’ of the ISS.

[0063] In some embodiments, a polynucleotide IMC may comprise tﬁe sequence 5’-purine, T, C, G,
pyrimidine, pyrimidine-3”. |

[0064] In some embodiments, the pblynuéleotide IMC comprises any of the following sequences:
GACGCTCC; GACGTCCC; GACGTTCC; GACGCCCC; AGCGTTCC; AGCGCTCC; AGCGTCCG;
 AGCGCCCC; AACGTCCC; AACGCCCC; AACGTTCC; AACGCTCC; GGCGTTCC; GGCGCTCC;
GGCGTCCC; GGCGCCCC; GACGCTCG; GACGTCCG; GACGCCCG; GACGTTCG; AGCGCTCG;
AGCGTTCG; AGCGTCCG; AGCGCCCG; AACGTCCG; AACGCCCG; AACGTTCG; AACGCTCG;
GGCGTTCG; GGCGCTCG; GGCGTCCG; GGLCGCCCA. '

{0065} In some embodiments, the polynucleotide IMC comprises any of the following sequences:
GACGCT; GACGTC; GACGTT; GACGCC; GACGCU; GACGUC; GACGUU; GACGUT; GACGTU;
AGCGTT; AGCGCT; AGCGTC; AGCGCC AGCGUU; AGCGCU AGCGUC; AGCGUT; AGCGTU

- AACGTC; AACGCC; AACGTT; AACGCT; AACGUC; AACGUU; AACGCU; AACGUT; AACGTU;

'GGCGTT; GGCGCT; GGCGTC; GGCGCT; GGCGU; GGCGCU; GGCGUC; GGCGUT; GGCGTU.



_[0066] In some embodiments, the polynucleotide IMC comprises any of the following sequences:
GABGCT; GABGTC; GABGTT; GABGCC; GABGCU; GABGUC; GABGUU; GABGUT; GABGTU;
AGBGTT; AGBGCT; AGBGTC; AGBGCC; AGBGUU; AGBGCU; AGBGUC; AGBGUT; AGBGTU;
AABGTC; AABGCC; AABGTT; AABGCT; AABGUC; AABGUU; AABGCU; AABGUT; AABGTU;
GGBGTT; GGBGCT; GGBGTC; GGBGCC; GGBGUU; GGBGCU; GGBGUC; GGBGUT; GGBGTY,
where B is 5-bromocytosine.

[0067] In some embodiments, the polynucleotide IMC comprises any of the following sequences:
GABGCTCC; GABGTCCC; GABGTTCC; GABGCCCC; AGBGTTCC; AGBGCTCC; AGBGTCCC;
AGBGCCCC; AABGTCCC; AABGCCCC; AABGTTCC; AABGCTCC; GGBGTTCC; GGBGCTCC;
GGBGTCCC; GGBGCCCC; GABGCTCG; GABGTCCG; GABGCCCG; GABGTTCG; AGBGCTCG;
AGBGTTCG; AGBGTCCG; AGBGCCCG; AABGTCCG; AABGCCCG; AABG’ITCG; AABGCTCG;
GGBGTTCG; GGBGCTCG; GGBGTCCG; GGBGCCCG; GABGCTBG; GABGTCBG; GABGCCBG;
GABGTTBG; AGBGCTBG; AGBGTTBG; AGBGTCBG; AGBGCCBG; AABGTCBG; AABGCCBG;
AABGTTBG; AABGCTBG; GGBGTTBG; GGBGCTBG; GGBGTCBG; GGBGCCBG, where B is 5-
bromocytosine.

[0068] In some embodiments, the polynucleotidé IMC comprises any of the following sequences:
GABGCUCC; GABGUCCC; GABGUTCC; GABGTUCC; GABGUUCC; AGBGUUCC; AGBGTUCC;
AGBGUTCC; AGBGCUCC; AGBGUCCC; AABGUCCC; AABGUUCC; AABGUTCC; AABGTUCC;
IAABGCUCC- GGBGUUCC"GGBGUTCC' GGBGTUCC; GGBGCUCC; GGBGUCCC; GABGCUCG;
GABGUCCG; GABGUUCG; GABGUTCG;GABGTUCG; AGBGCUCG; AGBGUUCG;
AGBGUTCG AGBGTUCG; AGBGUCCG; AABGUCCG; AABGUUCG AABGUTCG;
AABGTUCG; AABGCUCG; GGBGUUCG; GGBGUTCG; GGBGTUCG; GGBGCUCG;
GGBGUCCG; GABGCURBG; GABGUCBG; GABGUUBG; GABGUTBG; GABGTUBG;
AGBGCUBG AGBGUUBG; AGBGUCBG; AGBGUTBG; AGBGTUBG; AABGUCBG;

| AABGUUBG AABGUTBG; AABGTUBG; AABGCUBG; GGBGUUBG; GGBGUTBG;
GGBGTUBG; GGBGCUBG‘ GGBGUCBG, where B i is 5-bromocytosine.

10069] In some embodiments, the immunomodulatory compound comprises the sequence 5’
TGACTGTGAACGTTCGAGATGA-3’ (SEQIDNQ:1). In _oﬂier embodiments, the polynucleotide
IMC comprises any of the sequences: - |

5. TGACCGTGAACGTTCGAGATGA-3’(SEQID NO:2);

: ’«TCATCTCGAACG’I"I‘CCACAGTCA—?»’ (SEQID NO:3);

5 TGACTGTGAACGTTCCAGATGA-3’ (SEQ ID NO:4);

5*-TCCATAACGTTCGCCTAACGTTCGTC-3’ (SEQ ID NO:5);

5*-TGACTGTGAABGTTCCAGATGA-3’ (SEQ ID NO:6), where B is 5-bromocytosine;

5. TGACTGTGAABGTTCGAGATGA-3’ (SEQ ID NO:7), where B is 5-bromocytosine;
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" TGACTGTGAABGTTBGAGATGA-3’ (SEQ ID NO:8), where B is 5-bromocytosine;
 5-GAAABGUTCG-3’ (SEQ ID NO:9), where B is 5-bromocytosine;
5*-BGAABGUTCG-3’ (SEQ ID NO:10), where B is 5-bromocytosine;
5°-FCGAGCGTTCT-3’ (SEQ ID NO:11);
5-TGAACGUTCG-3’ (SEQ ID NO:12);
5>-GAACCGTTCG-3’ (SEQ ID NO:13);
5’-CGAACGTTCG-3’ (SEQ ID NO:14);
5 ’-ATCGACTCTCGAGCGTTCTC—B > (SEQ ID NO:15);
5-TCGTCGTTTTGTCGTTTIGTCGTT-3’ (SEQ ID NO:16);
5% TCGTCGAACGTTICGTT-3" (SEQID NO:17);
5. TCGTCGAACGTTCG-3’ (SEQ ID NO:18);
5. TCGTCGAACGTT-3’ (SEQ ID NO:19);
5> TCGAACGTTC-3’ (SEQ ID NO:20), and
5*TCGTCGAT-3.
{0070] In some embodiments, a polynucleotide IMC can be 7 bases (or base pairs) or more.
'Accerding!y,:m some embodiments, the polynucleotide IMC comprises or consists of a sequence
accbrdingrfolthe formula 5>-TCGX,;XoX3X,-37 or 5’—UCGX,X2X3X4-3’ wherein X, Xz, X3, X4 are
nucleotides. In some embodiments, the polynucleotide IMC comprises any of the following sequences:
52 FCGTTTT-3"; 5>~TCGAAAA-3’; 5>-TCGCCCC-3’; 5°-FCGGGGG-37; 5°-TCGUUUU-37; 57~ |
TCGII-3%; 5’ UCGTTTT-3’; 5°-UCGAAAA-3"; 5-UCGCCCC-3’; 5*-UCGGGGG-3’; 5-UCGUUUU-
3%, §JCGIHI-3’. In some embodiments, the polynucleotide IMC eomprises or consists of a sequence
~accdrding to the formula 5’-X, TCGX,X3X -3 or 5°-X,UCGX,XsX4-3°, wherein X, Xo, X3, X4 are
nucleotides. In some embodiments, the polynucleotide IMC comprises any of the following sequences:
5°-TTCGTTT-3"; 5"-ATCGATT-3’; 5°-TUCGTTT-3"; 5°-AUCGATT-3". In other embodiments, the
| polynucleotide ™MC comprises or consist of a sequence according to the formuta 5";X;X1TCGX3X443’ or
5’—X1XgﬁCGX3X4-3’, wherein X;, X3, X3, X are nucleotides. In some embodiments, the polynucleotide
MC conﬁprises any of the following sequences: 5-TTTCGTT-3’; 5-AATCGAT-3’; 5> TTUCGTT-3’;
5-AAUCGAT-3".
: ';{0071‘] Tn certain embodiments, the polynucleotide mMC 'con'lprises a sequenice of the formula 5°-X,
X2A X;C G X, T C G-3’ (SEQ ID NO:21) wherein X; is T, G, C or B (B = 5-bromocytosine), wherein
Xpis T, G, Aor U; wherein X, is T, A or C, wherein X, is T,G or U. In certain embodiments,
polynucleotide IMCs according to this formula exclude 5>-TGAACGTTCG-3* (SEQ ID NO:22) or
* $.GGAACGTTCG-3* (SEQ ID NO:23). | | |
" {0072] -In other embodiments, the polynucleotide TMC comiprises a sequence of the formula 5-X; X,
A'Xs B G X, T C G-3* (SEQ ID NO:24) wherein B is S-bromocytosine, wherein X is T, G, C or B (B=
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5-bromocytosine), wherein X; is T, G, A or U, wherein X3 is T, A or C, wherein X4 is T, Gor U. In
certain embodiments, polynucleotide IMCs according to this formula exclude 5°-TGAABGTTCG-3
(SEQ ID NO225) (B = 5-bromacytosine).

[6073] In some embodiments, the polynucleotide IMC comprises the sequence 5°-TCGTCGX;-3’,
wherein X; is 2 nucleotide. In other embediments, the polynucleotide IMC comprises any of the
following sequences: 5-TCGTCGA-3"; 5’-TCGTCGC-3%; 5~TCGTCGG-3%; 5°-TCGTCGT-3’; 5°-
TCGTCGU-37; 5°>-TCGTCGI-3’. In some embodiments, the polynucleotide IMC comprises the
sequence 5’~TCGUCGX,-3’, 5>-UCGTCGX;-3’, or 5°.UCGUCGX,-3°, wherein X; is a nucleotide. In
some embodiments, the polynucleotide IMC comprises any of the following sequences: 5’-TCGUCGA-
3°; $-TCGUCGC-3’; 5°-TCGUCGG-3"; 5~TCGUCGT-3’; 5*-TCGUCGU-3; 5’-TCGUCGL-3’; 5°-
UCGTCGA-3; 5°-UCGTCGC-3%; 5°-UCGTCGG-3%; 5-UCGTCGT-3% S’—UCGTCGU—&”; 5%
UCGTCGI-3’; 5’-UCGUCGA-3’; 5°-UCGUCGC-3%; 5*-UCGUCGG-3%; 5>-UCGUCGT-3"; 5'-
UCGUCGU-3"; 5>-UCGUCGI-3’.

[0074} In some embodiments, the polynucleotide IMC comprises a sequence according to the
formula 5°-T mC GXXX:X4-3’ or 5°-U mC GX; X,X3X4-3", wherein X, X5, X3, X4 are nucleotides and
wherein mC is a modified cytosine as described herein. In some embodiments, the polynucleotide IMC
comprises a sequence according to the formula 5°-X;T mC GX,X3X,-3’ or 5°-X;U mC GX;X35X4-3,
wherein X, X,, X3, X, are nucleotides. In some embodiments, the ISS comprises a sequence according
to the formula 5°~X,3,T mC GX3X4-37 or 5°-X; XU mC GX3X,-3°, wherein X, X5, X3, X4 are
nucleotides. - 7

{0075] 1In some embodiments, the polynucleotide IMC comprises a sequence according to the
formula 5°-T mC G‘TCGXI-B’, 5°-T mC GUCGX;-3°, 5°-U mC GTCGX;-3° or 5°-U mC GUCGX,-3’,
wherein X, is a nucleotide. In some embodiments, the polymicleotide IMC comprises a sequence -
according to the formula 5°~TCGT mC GX;-3°; 5°-UCGT mC GX;-3°. 5*-TCGU mC GX,-3’ or 57~
UCGU mC GX;-3°, whereiﬁ‘Xl. is a nucleotide. In other embodiments, the po}ynudleo_tid_e IMC-
comprises a sequence according to the formula 5-T mC GT-mC GX-3’, 5°-U mC GT mC GX;-3’, 5T
mC GU mC GX;-3 or 5°-U mC GU mC GX;-3°, wherein X is a nucleotide. As deécljibed herein, a
modified cytosine (mC) includes addi_tion of an electron-withdrawing moiety to C-5 and/or C-6 of a

- ¢ytosine, including, but not limited to, C-5 haloge_nated cytosine, such as S-bromocytosine.

{0076] Thus, in some cmbddimems, the polynucleotide IMC comprises any of the following

sequences: 5-TBGTTTT-3’; 5-TBGAAAA-3’; 5-TBGCCCC-3; 5-TBGGGGG-3’; 5 TBGUUUU-
© 3% 5°-TBGIOI-3”; 5>-TBGTCGA-3"; 5’7TBGTCGC-3’ ; 5-TBGTCGG-37; 5-TBGTCGT-3"; 5~
TBGTCGU-3%; 5°-TBGTCGI-3’; 5°-TCGTBGA-3"; 5>-TCGTBGC-3; 5. TCGTBGG-3 5%
TCGTBGT-3’; 5°-TCGTBGU-3"; 5°-TCGTBGI-3’; 5-TBGTBGA-3"; 5~TBGTBGC-3"; 5°-
TBGIBGG-3"; 5-TBGIBGT-3", 5-TBGIBGU-3"; 5*-TBGTBGI-3’; where B is 5-bromocytosine.
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[0077] Insome embodiments, the polynucleotide IMC consists of the sequence 5’-TCGTCGX;-3’,
wherein X; is a nucleotide. In certain embodiments, the polynucleotide IMC consists of the s‘equencé 5°-
TCGTCGA-3’; 5-TCGTCGC-37; 5>-TCGTCGG-3’; 5°-TCGTCGT-3’; 5-TCGTCGU-3%; 5°-
TCGTCGI-3". In some embodiments, the potynucleotide IMC consists of the sequence 5’-TCGUCGX -
37, 5> UCGTCGX,-3?, or 5’-UCGUCGX,-3’, wherein X is a nucleotide, In some embodiments, the

- polynucleotide IMC consists of any of the following sequences: 5’-TCGUCGA-3’; 5’-TCGUCGC-3’; 5°-
TCGUCGG-3; 5>-TCGUCGT-3’; 5°-TCGUCGU-3’; 5°-TCGUCGI-3°; 5>-UCGTCGA-3’; 5°- ‘
UCGTCGC-3’; 5*-UCGTCGG-3’; 5-UCGTCGT-3’; 5-UCGTCGU-3%; 5°-UCGTCGE-3’; 5°-
UCGUCGA-3%; 5°-UUCGUCGC-3%; 5> UCGUCGG-3’; 5°-UCGUCGT-3"; 5>-UCGUCGU-37; 5°-
UCGUCGE-3". |

[0078] Insome embodiments, the polynucleotide IMC consists of a sequence according to the
formula 57T mC GX;XoX3X-3° of 5°-U mC GX;X;X3X4-3", wherein X1, X2, X3, X4 are nucleotides and
wherein mC is a modified cytosine as described herein. In some embodiments, the polynucleotide IMC
consists of a sequence according to the formula 5°-X;T mC GX,X35X4-3” or 5-X4U mC GXXsX4-3’,
wherein X, X;, Xs, X4 are nucleotides. In some embodiments, the polynucleotide IMC consists of a
sequence according to the formula 5°-X;X,T mC GX3X4-3” or 5°-X; XU mC GX3Xe-3, wherein X, X,
X3, X are nucleotides.

{0079} In some embodiments, the polynucleotide IMC consists of a sequence according to the
formula 5°-T mC GTCGX;-37, 5°-T mC GUCGX;-3%, 5°-U mC GTCGX;-3” or 5°-U mC GUCGX;-3°,
wherein X; is a nucleotide, In some embodiments, the polynucleotide IMC consists of a sequence
according to the formula 5’-TCGT mC GX;-3°, 5°.UCGT mC GX;-3°. 5°-TCGU mC GX,-3’ or 5°-

_ UCGU mC GX,-3°, wherein X; is a nucleotide. In some embodiments, the polynucleotide IMC consists
of a sequence according to the formula 5°-T mC GT mC GX;-37, 5°-U mC GT mC GX-3°, 5-TmC GU
mC GX;-3’ or §°-U mC GU mC GX;-3°, wherein X; is a nucleotide, As described herein, a modified
cytosine (mC) includes addition of an electron-withdrawing moiety to C-5 and/or C-6 of a cytosine,
including, but not limited to, C-5 halogenated cytosine, such as 5-bromocytosine. '

[0080] Thus, in some embodiments, the polynucleotide IMC consists of any of the following
sequences: 5-TBGTTTT-3%; 5-TBGAAAA-3’; 5°-TBGCCCC-3’; 5°-TBGGGGG-37; 5*-TBGUUUU-
3°; 5°-TBGII-3% 5’-TBGTCGA-3"; 5>-TBGTCGC-3’; $-TBGTCGG-3’; 5°-TBGTCGT-3%; 5'-
TBGTCGU-3’; 5°-TBGTCGI-3’; 5°-TCGTBGA-3’; 5’-TCGTBGC-3%; 5*-TCGTBGG-3>; 5’-
TCGTBGT-3’; 5-TCGTBGU-3*; 5*-TCGTBGI-3’; 5" TBGTBGA-3"; 5 ’-TBGTBGC-S_’; 5

TBGTBGG-3’; 5°-TBGTBGT-3°, 5°-TBGTBGU-3’; 5’-TBGTBGI-3’; where B is 5-bromocytosine.

' 0081) As described herein, a polynucleotide IMC is any length greater than 6 bases or base pairs.

,‘ Accordingly, in some embodiments, a polynucleotide IMC is less than about any of the following lengths

{in bases or-base_ pairs): 10,000; 5,000; 2500; 2000; 1500; 1250; 1000; 750; 500; 300; 250; 2’00;_175;'
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150; 125; 100; 75; 50; 25; 20; 18; 16; 14. In some embodiments, a polynucleotide IMC is greater than
about any of the following lengths (in bases or base pairs): 6, 7; 8; 10;12; 14; 15; 20; 25; 30; 40; 50; 60,
75; 100; 125; 150; 175; 200; 250; 300; 350; 400; 500; 750; 1000; 2000; 5000; 7500; 10000; 20000;
50000. Aliernately, the polyﬁucleotide IMC can be any of a range of sizes having an upper limit of
10,000; 5,000; 2500; 2000; 1500; 1250; 1000; 750; 500; 300; 250; 200; 175; 150; 125; 100; 75; 50; 25;
20; 18; or 16 and an independently selected lower limit of 7; 8; 10; 12; 14; 15; 20; 25; 30; 40; 50; 60; 75;
100; 125; 150; 175; 200; 250; 300; 350; 400; 500; 750; 1000; 2000; 5000; 7500, wherein the lower limit
is less than the upper limit.

[0082] A polynucleotide moiety of an IMC may contain modifications such as are known in the art
including, but are not limited to, medifications of the 3’OH or 5°OH group, modifications of the
nucleotide base, modifications of the sugar component, and modifications of the phosphate group.
Various such modifications are described below.

[0083]. It is preferred that cytosines present in the nucleotide moieties of the IMC are niot
methylated, however, in certain embodiments the IMC may contain on or more methylated cytosines. In
such embodiments it is preferred that the cytosine of the 5°-CG-3 of the nucleotide moiety is not
methylated at the C-5 position. However, methylation at position N-4 is contemplated in those IMCs
with methylated cytosines. ‘

[0084] A nucleotide moiety of an IMC may be single stranded or double stranded DNA, as well as
single or double-stranded RNA or other modified polynucleotides. An IMC nucleotide moieity may or
may not include one or more palindromic regions, which may be present in the motifs described above or

may extend beyond the motif, and may comprise additional flanking sequences, some of which are

described herein.

[0085} A nucleotide moiety of an IMC may contain naturally-occurring or modified, non-naturally
occurring bases, and may contain modified sugar, phosphate, and/or 'tetmipi. For example, phosphate
modifications include, but are not ]imited'.to, methyl phosphonate, phosphorothioate, phosphoramidate
(bridging or non-bridging), phosphetriester and phosphorodithioate and may be used in any combination.
'See, for examp!e, IMCs listed in Table 8. Other non-phosphate linkages may also be used. Preferably,

- oligonucleotides of the p‘reSent invention comprise phosphodiester and/or phosphorothioate backbones.

Sugar modifications known in the field, such as 2’-alkoxy-RNA analogs, 2’-amino-RNA analogs and 2’-
alkoxy- or amino-RINA/DNA chimeras and others described herein, may also be made and combined
with any phosphate modification. Examples of base modifications include, but are not limited to,

‘i“addiﬁdn of an electron-withdrawing moiety to C-5 and/or C-6 of a cytosin;a of the ISS (e.g., 5-
‘ .brohiocytosin‘e, 5-chlorocytosine, 5-fluorocytosine, 5-iodocytosine). See, for example, International
~ Patent Application No. WO 99/62923.
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{0086] The nucleotide moieties of the IMC can be synthesized using techniques and nucleic acid
synthesis equipment which are well known in the art including, but not limited to, enzymatic methods,
chemical methods, and the degradation of larger oligonucleotide sequences. See, for example, Ausubel
et al. (1987); and Sambrook et al. (1989). When assembled enzymatically, the individual units can be

ligated, for example, with a ligase such as T4 DNA or RNA ligase. U.S. Patent No. 5,124,246.
Otigonucleotide degradation can be accomplished through the exposure of an oligonucleotide to a
nuclease, as exemplified in U.S, Patent No. 4,650,673.

{0087} Nucleotide moieties of the IMC can also be isolated using conventional polynucleotide

isolation procedures. Such procedures include, but are not limited to, hybridization of probes to genomic

. or ¢DNA libraries to detect shared nucleotide sequences, antibody screening of expression libraries to
detect shared structural features and synthesis of ﬁarﬁcular native sequences by the pelymerase chain
reaction.

[0088] Circular polynucleotide IMC moieties can be isolated, synthesized throﬁgh recombinant
methods, or chemically synthesized. Where the circular polynucleotide IMC moiety is obtained through
isolation or through recombinant methods, it will preferably be a plasmid. The chemical synthesis of
smaller circular oligonucleotides can be performed using any method described in the literature. See, for

instance, Gao ef al. (1995) Nucleic Acids Res. 23 :2025-2029; and Wang ef al. (1994) Nucleic Acids Res.
22:2326-2333. '

{6089] The techniques for making oligonucleotides and modified oligonucleotides are known in the
art. Naturally occuiring DNA or RNA, costaining phosphodiester linkages, is generally synthesized by
sequentially coupling the appropriate nucleoside phosphoramidite to the 5’-hydroxy group of the growing
oligonucleotide attached to a solid support at the 3°-end, followed by 6xidation of the intermediate

phosphite triester to a phosphate triester. ‘Once the desired oligonucleotide sequence has been
| synthesized, the oligonucleotide is removed from the support, the phosphate triester groups are
deprotected to phosphate diesters and the nucleoside bases are deprotected using aqueous ammonia or
“other bases. See, for example, Beancage (1993) “Oligodéoxyribonucleotide Synthesis” in Protocols for
Oligonucleotides and Analogs, Synthesis and Properties (Agrawal, ed.) Humana Press, Totowa, NJ;
Woarner et al. (1984) DNA 3:401 and U.S. Patent No. 4,458,066.

(0090] The IMC nucleotide moiety can also contain phosphate-modified oligonucleotides.

Synthesis of polynucleotides containing modified -phbs’phaie linkages or non-phosphate linkages is also

| “know in the art. Fora review, see Mattencei (1997) “Oligonucleotide Analogs: an Overview™ in

- Oligonucleotides as Therapeutic Agents, (D.J. Chadwick and G. Cardew, ed.) Jblm Wiley and Sons, New
York, NY. The phosphorous derivative (or modified phosphate group) which can be attached to the
Sugar or sugar analog moiety in the oligonucleotides of the present invention can be a monophosphate, -
diphosphiate, triphosphate, alkylphosphonate, phosphorothioate, phospherodithioate or the like. The
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preparation of the above-noted phosphate analogs, and their incorporation into nucleotides, modified
nucleotides and oligonucleotides, per se, is also known and need not be described here in detail.
Peyrottes et al. (1996) Nucleic Acids Res. 24:1841-1848; Chaturvedi ez al. (1996) Nucleic Acids Res.
24:2318-2323; and Schultz ef al. (1996) Nucleic Acids Res. 24:2966-2973. For example, synthesis of
phosphorothioate oligonucleotides is similar to that described above for naturally occurring
oligonucleotides except that the oxidation step is replaced by a sulfurization step (Zon (1993)
“QOligonucleoside Phosphorothicates” in Protocols for Oligonuc!eotideé and Analogs, Synthesis and
Properties (AgraWal, ed.) Humana Press, pp. 165-190). Similarly the synthesis of other phosphate
énalogs, such as phosphotriester (Miller ez al. (1971) JACS 93:6657-6665), non-bridging
phosphoramidates (Fager ef al. (1988) Biochem. 27:7247-7246), N3’ to P5’ phosphoramidiates (Nelson ef
al (1997) JOC 62:7278-7287) and phosphorodithioates (U.S. Patent No. 5,453,496 has also been
described. Other non-phosphorous based modified oligonucleotides can also be used (Stirchak ef al.
(1989) Nucleic Acids Res. 17:6129-6141). Oligonucleotides with phosphorothioate backbones can be
more immunogenic than those with phosphodiester backbones and appear t0 be more resistant to
degradation after injection into the host. Braun ef al., (1988) J. Immumnol. 141:2084-2089; and Latimer ef
al. (1995) Mol, Immunol. 32:1057-1064.

10091] Nucleotide moieties of IMCs used in the compositions of the invention can comprise
ribonucleotides {containing ribose as the only or principal sugar component), deoxyribonuclectides
(containing deoxyribose as the principal sugar component), or, as is known in the art, modified sugars or
sugar analogs can be incorporated in the nucleotide moiety. Thus, in addition to ribose and deoxyribose,
the sugar moiety can be pentose, deéxypentose, hexose, deoxyhexose, glucose, arabinose, xylose, lyxose,
and a sugar “anafog” cyclopentyl group. The sugar can be in pyranosyl or in a furanosyl form. The .
sugar moiety of IMC nucleotide moieties is preferably the furanoside of ribose, deoxyribose, arabinose or
27-0-alkylribose, and the sugar can be attached to the.respectiv-e heterocyclic bases either in o or §
anomeric configuration. Sugar modifications include, but are not limited to, 2'-alkoxy-RNA analogs, 2’-
amino-RNA analogs and 2’-alkoxy- or amino-RINA/DNA. chimeras. The preparation of these sugars or

" sugar analogs and the respcctivé “nucleosides” wherein such sugars or analogs are attached to a
heterocyclic base (nucleic acid base) per se is known, and need not be described here, except to the extent
such preparation can pertain to any specific example. Sugar modifications may also be made and
combined with any phosphate modification in the preparation of a nucleotide moiety of aIMC.

‘ [0092] The heterocyelic bases, or nucleic acid bases, which are incorporated in the nucleotide
moiety of the IMC can be the naturally-occurring principal purine and pyrimidine bases, (namely nracil,
_thyinine, cytosine, inosine, adenine and guanine, as mentioned above), as well as natural-ly-eécurring and

synthetic modifications of said principal bases.
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[0093] Those skilled in the art will recognize that a large number of “synthetic” non-natural
nucleosides comprising various heterocyclic bases and various sugar moieties (and sugar analogs) are
available in the art, and that as long as other criteria of the present invention are satisfied, the nucleotide
moiety of the IMC can include one or several heterocyclic bases other than the principal five base
components of naturally-occurring nucleic acids. Preferably, however, the heterocyclic base in the
nuclectide moiety includes, but is not limited to, uracil-5-yl, cytosin-5-yl, adenin-7-yl, adenin-8-yl,
guanin-7-yl, gnanin-8-yl, 4-aminopyrrolo {2.3-d] pyrimidin-5-yl, 2-amino-4-oxopyrolo [2,3-d]
pyrimidin-5-yl, 2-amino-4-oxopyrrolo [2.3-d] pyrimidin-3-y! groups, where the purines are aftached to
the sugar moiety of the ISS via the 9~po$ition, the pyrimidines via the 1-position, the pyrrolopyrimidines
via the 7-position and the pyrazolopyrimidines via the 1-position.

. [0094] The nucleotide moiety of the BMC may comprise at least one modified base as described, for
example, in the commonly owned international application WO 99/62923. As used berein, the term
“modified base” is synonymous with “base analog”, for example, “modified cytosine” is synonymous
with “cytosine analog.” Similarly, “modified” nucleosides or nucleotides are herein defined as being
synonymous with nucleoside or nucleotide “analogs.” Examples of base modifications include, but are
not limited to, addition of an electron-withdrawing moiety to C-5 and/or C-6 of a cytosine of the ISS.
Preferably, the electron-withdrawing mojety is a halogen. Modified cytosines can include, but are not
Iimited to, azacytosine, 5-bromocytosine, 5-chlorocytosine, chlorinated cytosine, cyclocytosine, cytosine
arabinoside, 5-fluorocytosine, fluoropyrimidine, 5,6-dihydroeytosine, 5-iodocytosine, hydroxyurea, 5-
nitrocytosine, 5-hydroxycytosine and any other pyrimidine analog or modified pyrimidine. Preferred
niodiﬁed uracils are modified at C-5 and/or C-6, preferably with a halogen, and include, but are not
limited to, bromouracil such as 5-bromouracil, chlorouraéil such as 5-chlorouracil, fluorouracil such as 5-
fluorouracil, iodouracil such as 5-iodouracil, and hydroxyuracil. Also see, Kandimallz et al., 2001,

.Bioorg. Med, Chem. 9:807-813. See, for example, International Patent Application No. WO 99/62923.
Other gxamplés of base modifications include the addition of one or more thiol groups to the base
including, but not limited to, 6-thio-guanine, 4-thio-thymine and 4-thio-uracil. Additionally, some
nucleotide moieties may comprise modified bases such as 7-deazaguanosine in place of any guanosine
residue, or a rr_lodiﬁed cytosine selected from N-4-ethylcytosine or N-4-methylcytosine in place of any
cytosine residue, including the cytosine of the 5°-CG-3°.

~ [0095] The preparation of base-modified nucleosides, and the synthesis of modified

' | oligonucleotides usihg said base-modified nucleosides as precursors, has been described, for example, in
U.S. Paténts 4,910,300; 4,948,882, and 5,093,232, These base-modified nucleosides have been designed
so that they can be incorporated by chemical synthesis into either terminal or internal positions of an
pligoﬁucle‘otide, Such base-modified nucleosides, present at either términal or internal positions of an

- ‘oligonucleotide, can serve as sites for aitachment of & peptide or other antigen. Nucleosides modified in
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their sugar moiety have also been described (including, but not limited 1o, e.g, U.S. Patents 4,849,513,
5,015,733, 5,118,800, 5,118,802) and can be used similarly.

[0096] In certain embodiments, the IMC is a chimeric immunomodulatory compound (“CIC”), such
as those described in co-owned U.S. Patent Applications Serial Nos. 10/176,883 and 10/177,826, filed
June 21, 2002, which are fully incorporated by reference herein.

(0097} CICs contain one or more nucleic acid moieties and one or more non-nucleic acid spacer
moieties. CICs conforming to a variety of structural formulas are contemplated for use as IMCs,
‘including the core structures described in formulas I-V1l, below. Formulas I-II1 show core sequences for
“linear CICs.” Formulas IV-VI show core sequences for “branched CICs.” Formula, VII shows a core
structure for “single-spacer CICs.”

[0098] In each formula provided herein, “N” designates a nucleic acid moiety (oriented in either a

5°~»3° or 3’5" orientation) and “S” designates a non-nucleic acid spacer moiety. A dash (“-™)

- designates a covalent bond between a nucleic acid moiety and a non-nucleic acid spacer moiety. A

double dash (“~") designates covalent bonds between a non-nucleic acid spacer moiety and at Jeast 2
nucleic acid moieties. A triple dash (“—") designates covalent bonds between a non-nucleic acid spacer
moiety and multiple (i.e., at l'easf 3) nucleic acid moieties. Subscripts are used to designate differently
positioned nucleic acid or non-nucleic acid spacer moieties. However, the use of subscripts to
distinguish different nucleic acid moieties is not intended to indicate that the moieties necessarily have a
different structure or sequence. Similarly, the use of subseripts to distinguish different spacer moieties is
not intended to-indicate that the moieﬁes necessarily have different structures. For example, in formula
II, infra; the nucleic acid moieties designated Nj.and N, can have the same or different sequences, and the
spacer moieties designated S, and S; can have the same or different structures. Further, it is
contemplated that additional chemical moieties (e.g., phosphate, mononucleotide, additional nucleic acid
moieties, alkyl, amino, thio or disulfide groups or finkirig groups and/or spacer moieties) may be
covalently bound at the termini of the core structures.

[0099] LinearCICs have structures in which the non-nucleic acid spacer moieties in the core
structure are covalently bound to no more than two nucleic acid moieties. Exemplary linear CICs

‘conform to the following formulas:

Np-8;-Np @
N-81-Np-S>-N; ’ ().
N-81-Na-So-[N-Sy]a 11

- where A is an integer between 1 and about 100 and [N,-S,] indicates A addmonal 1terat10ns of
nucleic acid moieties conjugated to non-nucleic acid spacer moieties. The subscript “v” indicates that N
“and S are independently selected in each iteration of “[N,-8,]1.” “A” is sometimes between 1 and about

10, sometimes ‘between 1 and 3, sometimes exactly 1,2, 3,4 or 5. In some embodiments, A isan integer
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in a range defined by a lower limit of 1, 2, 3, 4, or 5, and an independently selected upper limit of 16, 20,
50 or 100 (e.g., between 3 and 10). '
[0100] Exemplary linear CICs include: ,
| TCGTCGA-HEG-TCGTCGA-OH (Ta)

TCGTCGA-HEG-TCGTCGA-PO; (Ib)
TCGTCGA-HEG-TCGTCGA-HEG (Xc)
HEG-TCGTCGA-HEG-TCGTCGA-HEG (1d)
TCGTCGA-HEG-TCGTCGA-HEG-TCGTCGA (Te)
TCGTCGA-HEG-TCGTCGA-(HEG)-TCGTCGA (If)
(TCGTCGA),-glycero-TCGTCGA-HEG-TCGTCGA dg)
PO,-TCGTCGA-HEG-TCGTCGA - ()
TCGTCGA-(HEG)s-T @)
(TCGTCGA-HEG),-glycerol- HEG-TCGTCGA @)
TCGTCGA-HEG-T-HEG-T (Ik)

{0101} Preferred linear CICs include 5’-TCGTCGA-3’—HEG~5’—ACGTTCG—3’-HEG—5’-
AGATGAT-3’, 5'-TCGTCG-HEG-AACGTT-HEG-AGATGAT-3’, and 5 TCGTCGA-C3-ACGTTCG-
C3-AGATGAT-3’.

[0102] Branched CICs comprise a multivalent spacer moiety (S;) covalently bound to at least three

(3) nucleic acid moieties. Exemplary branched CICs are described according to the following formulas

[N;']A""SP (IV)
[Sv“ Nv]A"‘"’Sp (V)
(81-N-Sp~(Na (VD)

where S, is a multivalent spacer covalently bonded to the quantity “A” independently selected nucleic
" acid moieties N,, S,-N, (which comptises a spacer moiety covalently bound to a mucleic acid moiety).
For formulas IV and 'V, A is at least 3. In various embodiments of formulas IV and V, A is an integer
‘between 3 and 100 (inclusive), although A may be an integer in a range defined by a lower limit of about
3, 5, 10, 50, or 100 and an independently selected upper limit of about 5, 7, 10, 50, 100, 150, 200, 250, or
500, or alternately A may be greater than 500. For formula VI, A is at least 2, an intoger in a range
defined by a lower limit-of 2, 5, 10, 50, or 100 and an independently selected upper limit of 5,10, 50,
100, 150, 200, 250, or 500, or greater than 500. '
[0103] Exemplary branched CICs include:

(TCGTCGA)-glycerol-TCGTCGA | (IVa) -
(TCGTCGA-HEG),-glycerol- TCGTCGA avb)
(TCGTCGA-HEG-TCGTCGA),;-glycerol-TCGTCGA ave)
[(TCGTCGA)z-giycerol—TCGTCGA] »-glycerol-TCGTCGA. (vd)
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[0104] Proferred branched CICs include (5-TCGACGT-3"-HEG);-glycerol- HEG-5-TCGACGT-3"
and (5-TCGTCGA-3*-HEG),-glycerol- HEG-5"-AACGTTC-3’. '

[0105] Single spacer CICs comprise a structure in which there is a single nucleic acid moiety
covalently conjugated to a single spacer moiéty, i.e.,

Ny-8; (ViD

[0106] In a preferred embodiment S; has the structure of a multimer comprising smaller units (e.g,
HEG, TEG, glycerol, 1°2°-dideoxyribose, C2 alkyl —C12 alkyl subunits, and the like), typically
connected by an ester linkage (e.g., phosphodiester or phosphorothioate ester), e.g., as des;cribed infi-a.
Ses, e.g., formula Vila, infra. The multimer can be heteromeric or homomeric. In one embodiment, the
spacer is a heteromer of monomeric units (.., HEG, TEG, glycerol, 1°2°-dideoxyribose, C2 alkyl to
C12 alkyl linkers; and the like) linked by an ester linkage (e.g., phosphodiester or phosphorothioate
ester), See, e.g., formula VIb, infra.

[0107] Exemplary single spacer CICs include:

TCGTCGA~(HEG):s : (VIla)
TCGTCGA-HEG-propyl-HEG-propyl-HEG (V).

[0108] In certain embodiments, the terminal structures of the CIC are covalently joined {e.g., nucleic
acid moiety-to-nucleic acid mojety; spacer moiety-to-spacer moiety, or nucleic acid moiety-te-spacer
moiety), resulting in a circular conformation.

[0109] CICs for use as IMCs in the immunomodulatory compositions of the invention include at
Jeast one nucleic acid moiety. The term “nucleic acid mojety,” as used herein, refers to.a nucleotide
monomer (i.e., a mononucleotide) or polymer (i.e., comprising at least 2 contiguous aucleotides). As
used herein, a nucleotide comprises (1) a-purine or pyrimidine base linked to a sugar that is in an ester
linkage to a phosphate group, or (2) an analog in which the base and/or sugar and/or phosphate ester are
replaced by analogs, e.g., as deécr-ibed infra. Tn a CIC comprising more than one nucleic acid moiety, the
nucleic acid moieties may be the same or different.

[0110] Nucleic acid mojeties used in 'CICs mcorporated inthe mmunomodulatary compositions
may compnse any of the polynucleotide IMC sequences disclosed herein, and may additionally be

| sequences of six base palrs orless. Itis contemplated that in a CIC comprising multiple nucleic acid
moieties, the nucleic acid moiefies can be the same or different lengths. Nuclei¢ acid moieties of six or

- fewer nucleotides preferably include the sequence 5*-CG-3’, or optionally 5’-TCG-3’ or 5’-ACG-3°,
although in certain embodiments where the CIC comprises more than one nucleic acid moiety, only one
of the monenes need comprise the sequence 5’-CG-3. ' '

[o111]. Itis contemplated thatin a CIC compnsmg multiple nucleic acid moieties, the nucleic acid
moieties can be the same or different. Accordingly, in various embodiments, CICs incorporated into the

* jmmunornodulatory compositions comprise (a) hucleic acid moieties with the same sequence, (b) more
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than one iteration of a nucleic acid moiety, or (c) two or more different nucleic acid moieties.
Additionally, a single nucleic acid moiety may comprise more than one ISS, which may be adjacent,
overlapping, or separated by additional nucleotide bases within the nucleic acid moiety. In an
embodiment, a nucleic acid moiety includes one or more palindromic regions. In the context of single-
stranded oligonucleotides, the term “palindromic™ refers to a sequence that would be palindromic if the
oligonucleotide were complexed with a complementary sequence to form a double-stranded molecule. In
another embodiment, one nucleic acid moiety has a sequence that is palindromic or partially palindromic
in relation to a second nucleic acid mofety in the CIC. In an embodiment of the in‘}ention, the sequence
of one or more of the nucleic acid moieties of a CIC is not palindromic. In another embodiment of the
invention, the sequence of one or more of the nucleic acid moieties of a CIC does not include a
palindromic sequence greater than four bases, optionally greater than 6 bases. -

[0112] The CICs incorporated into the immunomodulatory compositions cbmpriSe One or more nan-
nucleic acid spacer moieties covalently bound to the nucleic acid moieties. For convenience, non-nucleic
acid spacer moieties are sometimes referred to herein simply as “spacers” or “spacer moieties.” Spacers,
are generally of molecular weight about 50 to about 50,000, typically from about 75 to about 5000, most
often from about 75 to about 500, which are covalently bound, in various embodiments, to one, two,
three, or more than three nucleic acid moieties. A variety of agents are suitable for connecting nucleic
acid moieties. For example, a variety of compounds referred to in the scientific literature as “non-nucleic
acid linkers,” “non-nucleotidic linkers,” or “valency platform molecules” may be used as spacers ina
CIC. In certain embodiments, a spacer comprises multiple covalently conne_ctéd subunits and may bave a
-~ homopolymeric or heteropolymeﬁc structure. It will be appreciated that mononucleotides and

polynucleotides are not included in the definition of non-mucleic acid spacers, withbut which exclusion
there would be no difference between nucleic acid moiety and an adjaée;nt non-nucleic acid spacer
moiety. -
. J8113] In certsdin embodxments a spacer may comprise one or moré abasic nucleotides (i.e., lacking
a nucleotide base, but having the sugar and phosphate portions). Exemplary abasic nucleotides include -
* 1"2’-dideoxyribose, 1’-deoxyribose, 1 *.deoxyarabinose and polymers thereof. _

{0114] Other suitable spacers comprise optionally sub‘sﬁtﬁted alkyl, optionally substituted
polyglycol, optionally substituted polyamine, optionally substituted polyalcohol, optionally substituted
" polyamide, optionally substituted polyettier, optionally substituted polyimine, optionally substituted
polyphosphodiester (such as poly(1-phospho-3-propanol), and' the like. Optional subéﬁtuents include
alcohol, alkoxy (such as methoxy, ethoxy, and propoxy), straight or branched chain alkyl (such as C1-
C12 alkyl), :amine, aminoa’llgyl--(sﬁch as amino C1-C12 alkyl), ﬁhosphoram.idi’te, phosphate,
Iihiophp's_phata, bydrazide, hydrazine, halogen, (such as F, Cl, Br, orI), amide, alkylamide (such as amide
- C1-C12 alkyl), carboxylic acid, carboxylic ester, carboxylic anh_ydﬁde, —carboxyiigﬁ acid halide, sulfonyl
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halide, imidate ester, isocyanate, isothiocyanate, haloformate, carbodiimide adduct, aldehydes, ketone,
sulfhydryl, haloacetyl, alkyl halide, alkyl sulfonate, NR1R2 wherein R1R2 is -C(=0)CH=CHC(=0)
(maleimide), thioether, cyano, sugar (such as mannose, galactose, and glucose), o, B-unsaturated
carbonyl, alkyl mercurial, o, B-unsaturated sulfone.

[0115] Suitable spacers may comprise polycyclic molecules, such as those containing phenyl or
cyclohexyl rings. The spacer may be a polyether such as polyphosphopropanediol, polyethyleneglycol,
polypropylene glycol, a bifunctional polycyclic molecule such as a bifunctional pentalene, indene,
naphthalene, azulene, heptalene, biphenylene, asymindacene, sym-indacene, acenaphthylene, fluorene,
phenalene, phenanthrene, anthracene, fluoranthene, acephénathrylene, aceanthrylene, triphenylene,
pyrene, chrysene, naphthacene, thianthrene, isobenzofuran, chromene, xanthene, phenoxathiin, which .
may be substituted or modified, or a combination of thé polyethers and the polycyclic molecules. The
polycyclic molecule may be substituted or polysubstituted with C1-C5 alkyl, C6 alkyl, alkenyl,
hydroxyalkyl, halogen or haloalkyl group. Nitrogen-containing polyheterocyclic molecules (e.g.
indolizine) are typically not suitable spacers. The spacer may also be a polyalcohol, such as glycerol or
pentaerythritol. In one embodiment, the spacer compriées 1-phosphopropane)s;-phosphate or 1-
phosphopropane),-phosphate (also called tetraphosphopropanediol and péntaphosphopropanediol). In
one embodiment, the spacer comprises derivatized 2,2’-ethylenedioxydiethylamine (EDDA).

[0116] Speciﬂc e‘xam;;les of non-pucleic acid spacers useful in CICs include “linkers” described by
Cload and Schepartz, J. 4m. Chem. Soc. (1991), 113:6_324; Richardson and Schepartz, J. Anz. Chem. Soc.
(1991), 113:5109; Ma et al., Nucleic Acids Research (1993), 21:2585; Ma et al., Biochemistry (1993),
32:1751; McCurdy et al., Nucleosides & Nucleotides (1991), 10:287; Jaschke ef al., Tetrahedron Lett.
(1993), 34:301; Ono ef al., Biochemistry (1991), 30:9914; and Arnold ¢f al., International Publication. -
No. WO 89/02439 entitled “Non-nucleic acid Linking Reagents for Nucleotide Probes.”

[0117] Other suitable spacers include linkers described by Séluukhe et al., J. Am. Chem. Soc.
(1992), 114:8768; Nelson et al., Biochemistry 35:5339-5344 (1996), Baitley et gl., Biochemistry
36:14502-511 (1997); Dagneaui et dl,. Nucleic Acids Research 24:4506-12 (1996); Durand et al,,

' Nuclez‘c Acids Research 18:6353-59 (1990); Reynolds et al., Nucleic Acids Research, 24:760-65 (1996);

- Hendry et al. Biochemica et Biop@sica Acta, 1219:405-12 (1994); Altmann ez al., Nucleic Acids

Research, 23:4827-35 .(‘1 995). Still other suitable spacers are deseribed in Furopean Patent

* No. EP0313219B1 (Arnold ef al.), “Non-nucleic acid linking reagents for nucleotide _prébes” and U.S.

- Patent No. 6,117,657 (Usman e al.). ' | '
{0118] Exemplary non-nucleic acid spacers comprise oligo-ethylene glycol (e.g:, trieﬂaylene' glycol,

teﬁ*aethylene‘glycol‘, ‘hexae_thylene glycol spacers, and otﬁer polymers -co'mpr—is‘ihg up to about 10, about '

20, about 40, about 50, about 100 or abont 200 ethylene glyéoi wnits), alkyl spacers {e.g., propyl, butyl,

hexyl ,and other C2~ C12 alkyl spacers, e.g., usually C2 — C10 alkyl, most often C2—C6 alkyl), abasic
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nucleotide spacers, symmetric or asymmetric spacers derived from glycerol, pentaerythritol or 1,3,5-
trihydroxycyclohexane (e.g., symmetrical doubler and trebler spacer moieties described herein). Spacers
can also comprise heteromeric or homomeric ofigomers and polymers of the aforementioned compounds
(e.g, tinked by an amide, ester, ether, thioether, disulfide, phosphediester, phosphorothioate,
phosphoramidate, phosphotriester, phosphorodithioate, methyl phosphonate or other linkage).

{0119] -Suitable spacer moisties can contribute charge and/or hydrophobicitj' to the CIC, contribute
favorable pharmacokinetic properties (e.g., improved stability, longer residence time in blood) to the
CIC, and/or result in targeting of the CIC to particular cells or organs. Spacer moieties can be selected or
modified to tailor the CIC for desired pharmacokinetic properties or suitability for deéired modes of
administration (e.g, oral administration). It will be appreciated by the reader that, for convenience, a
spacer (or spacer component) is sometimes referred to by the chemical name of the compound from
~which the spacer component is derived (e.g., 'he:.{aethylene glycof), with the understanding that the CIC
actually comprises the conjugate of the compound and adjacent nucleic acid moieties or other spacer
moiety components. |

[0120] In a CIC comprising moré than one spacer moiety, the spacers may be the same or different.
Thus, in one embodiment all of the non-nucleic acid spacer moieties in 2 CIC have the same structure. In
one embodiment, a CIC comprises non-nucleic acid spacer moieties with at least 2, at least 3, at least 4, at
least 5, or at least 6 or more different structures. .

{0121} In some contemplated embodiménts of the inve_:ntimi,- the spacer moiety of a CIC is defined
to exclude certain structures. Thus, in some embodiments of the invention, a spacer is other than an
abasic nucleotide or polymer of abasic nucleotides. In some embodiments of the invention, a spacer is
other than a oligo(ethyleneglycol) (e.g., HEG, TEG and the like) or poly(ethylenegiycol). In some
embodiments a spacer is other than a C3 alkyl spacer. In some embodiments, a spacer is other than a
polypeptide. Thus, in some embodiments, an immunogenic moiecule,_ e.g., a protein or polypeptide, is
not suitable as a component of spacer moieties. However, as discussed inﬁ'a.,. it is contemplated that in
certain embodiments, a CIC is a “proteinaceous CIC” i.6., comprising 2 spacer moiety comprising a
- polypeptide. For example, as discussed inﬁa, in some embodiments, a polypeptide antigen can be used
 as a platform (multivalent spacer) to which a plurality of nucleic acid moieties are conjugated. However,
‘in some embodiments, the spacér moiety is not proteinaceous and/or is not an antigen (i.c., the spacer
moiety, if isolated from the CIC, is not an antigen).

[0122] Suitable spacer moieties do not render the CIC of which they are a componeit insoluble in an
' aqueous solution (e.g., PBS, pH 7.0). Thué, the definition of spacers excludes ‘miqrbcaniers or
manocarriers. In addition, a spacer moiety that has low solubility, suc'ﬁ as a dodecyl spacer (salubﬁity‘ <5
‘mg/m! when measured as dialcohol precursor 1,12-dihydroxydodecane) is not preferred because it can

- reduce the hydrophilicity and activity of the CIC. Preférhbly, spacer moieties havé solubility much
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greater than 5 mg/ml (e.g., 220 mg/ml, 250 mg/ml or 2100 mg/ml) when measured as dialcohol
precursors.

[0123] The charge of a CIC may be contributed by phosphate, thiophosphate, or other groups in the
nucleic acid moieties as well as groups in non-nucleic acid spacer moieties. In some emboﬂiments of the
invention, a non-nucleic acid spacer moiety carries a net charge (e.g., a net positive charge or net
negative charge when measured at pH 7). In one useful embodiment, the CIC has a net negative charge.
In some embodiments, the negative charge of a spacer moiety in a CIC is increased by derivatizing a
spacer subunit described herein to increase its charge. For example, glycerol can be covalently bound to
two nucleic acid moieties and the remaining alcohol can be reacted with an activated phosphoramidite,
followed by oxidation or sulfurization to form a phosphate or thiophosphate, respectively. In certain
embodiments the negative charge contributed by the non-nucleic acid spacer moieties in a cIC (i.e., the
sum of the charges when there is more than one spacer) is greater than the negative charge contributed by
the nucleic acid moieties of the CIC. Charge can be calculated based on molecular formula, or

determined experimentaily, e.g., by capillary electrophoresis (Li, ed., 1992, Capillary electrophoresis,
Principles, Practice and Application Elsevier Science Publishers, Amsterdam, The Netherlands, pp202-
206).
[0124] As is noted supra, suitable spacers can be polymers of smaller non-nucleic acid (e.g., non-
nucleotide) compounds, such as those described herein, that are themselves useful as spacers, including
-compounds commonly referred to as non-nucleotide “linkers.” Such polymers (i.e., “rpultiunit spacers™)
may be heteromeric or homomeric, and often comprise monomeric units (e.g., HEG, TEG, glycerol, 1°2’-
dideoxyribose, and the like) linked by an ester linkage (e.g., phosphodiester or phosphorothioate ester).
Thus, in one embodiment the spacer comprises a polymeric (e.g., héteropolymeric) structure of non-
nucleotide units (e.g., from 2 to about 100 units, alternatively 2 to about 50, e.g., 2 to about 5,
~ alternatively e.g., about 5 fo about 50, e.g, about 5 to about 20).
{0125} For iltustration, CICs containing multiumit spacers inciude
5-TCGTCG-(C3);s-T '
5°-TCGTCG-(glycerol}ys-T
5>-TCGTCG~(TEG)y-T
5°-TCGTCG-(HEG),-T
~ ‘where (C3)s means 15 propyl linkers connected via phosphorothmaxe esters; (glycerol);s means 15
glycerol linkers connected via phosphorothioate esters; (TEG)s means 8 methyleneglycol linkers
connected via phosphorothioate esters; and (HEG); means 4 hexaethyleneglycol linkers connected via
phosphorothioate esters. It will be appreciated that ceﬁain multiunit spacers have a net negative charge,
and that the negative chaige ¢an be increased by increasing the number of e.g., ester-linked monomeric

unifs,
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[0126] In certain embodiments, a spacer moiety is a multivalent non-nucleic acid spacer moiety (i.e.,
a “multivalent spacer”). As used in this context, a CIC containing 2 multivalent spacer contains a spacer
covalently bound to three (3) or more nucleic acid moietiés. Multivalent spacers are sometimes referred
 to in the art as “platform molecules.” Multivalent spacers can be polymeric or nonpolymeric. Examples
of suitable molecules include glycerol or substituted glycerol (e.g., 2-hydroxymethy! glycerol, levulinyl-
glycerol); tetraaminobenzene, heptaaminobetacyclodextrin, 1,3,5-trihydroxycyclohexane, pentaerythritol
and derivatives of pentaerythritol, tetraaminopentaerythritol, 1,4,8,1 1tetraazacyclo tefradecane
(Cyclam), 1,4,7,10-tetraazacyclododecane (Cyclen), polyethyleneiniine, 1,3-diamino-2-propanol and
substituted derivatives, propyloxymethyl]ethyl compounds {e.g., “trebler”), polyethylene glycol
derivatives such as so-called ““Star PEGs” and “bPEG” (see, e.g,, Gnanou et al., 1988, Makromol. Chem.
189:2885; Rein et al., 1993, Acta Polymer 44:225, Merrill et al., U.S. pat. no. 5,171,264; Shearwater
Polymers Inc., Huntswile AL), and dendrimers.

[0127] Dendrimers are known in the art and are chemically defined globular molecules, generally
prepared by stepwise or reiterative reaction of multifunctional monomers to obtain 2 branched structure
(see, e.g., Tomalia et al., 1990, Angew. Chem. Int. Ed. Engl. 29:138-75). A variety of dendrimers are
known, e.g., amine-terminated polyamidoamine, polyethyleneimine and polypropylencimine denc_lﬁmers.
Exemplary dendrimers useful in the present invention include “dense star” polymers or “starburst”
polymers such as those described in U. S. Pat. Nos. 4,587,329; 5,338,532; and 6,177,414, inclading so-
called “poty(smidoamine) ("PAMAM") dendriﬁers.” Stilt other multimeric spacer molecules suitable
for use within the present invention inciude chemically-defined, non-polymeric valency platform
molecules such as those disclosed in U.S. patent 5,552,391; and PCT applications PCT/US00/15968
(published as WO 00/75105); PCT/US96/09976 (published as WO 96/40197), PCT/US97/ 10075
(published as WO 97/46251); PCT/US94/10031 (published as WO 95/07073); and PCT/U; 599/29339
(published as WO 00/34231). Many other suitable multivalent spacers can be nsed and will be known to
those of skiil in the art. '

{0128} Corjugation of a nucleic acid moiety to a platform molecule can be effected in any number
of wajrs, typically involving one or more crosslinking agents and flmctionai groups on the nucleic acid
_‘moiety and platform molecule. Linking groups are added to platforms using standard synthetic chemistry
techniques. Linking groups can be added to nucleic acid moieties using standard synthetic techniques.

10129] Multivalent spacers with a variety of valencies are useful in the practice of the invention, and
.in various embodiments the multivalent spacer of a CIC is bound to between about 3 and about 400
- nucleic acid moieties, often from 3 to 100, sometimes from 3-50, frequently from 3-10, and sometimes
more than 400 nucleic acid moieties. In various embodiments, the multivalent spacer is conjugated to
more than 10, more than 25, more than 50, or more than 500 nucleic acid moieties (which may be the

same or different). It will be appreciated that, in certain embodiments in which a CIC comprises a
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multivalent spacer, the invention provides a population of CICs with slightly different molecular
structures. For example, when a CIC is prepared vsing a dendrimer as a high valency the multivalent
spacer, a somewhat heterogeneous mixture of molecules is produced, i.c., comprising different numbers
(within or predominantly within a determinable range) of nucleic acid moieties joined to each dendrimer
molecule. _

{0130] Polysaccharides derivatized to allow linking to nucleic acid moieties can be used as spacers
in CICs. Suitable polysaccharides include naturally occurring polysaccharides (e.g., dextran) and
synthetic polysaccharides (e.g., ficoll). For instance, aminoethylcarboxymethyl-ficolt (AECM-Ficoll)
can be prepared by the method of Tnman, 1975, J. Imm. 114:704-709. AECM-Ficoll can then be reacted
with a heterobifunctional crosslinking reagent, such as 6-maleimido caproic acyl N-hydroxysuccinimide
ester, and then conjugated to a thiol-derivatized nucleic acid moiety (see Lee, et al., 1980, Mol. Imm.
17:749-56). Other polysaccharides may be modified similarly. -

[0131] It will be well within the ability of one of skill, guided by this specification and knowledge in

the art, to prepare CICs using routine methods. Techniques for making nucleic acid moieties (e.g.,

-oligonucleotides and modified oligonucleotides) are known. Nucleic acid moieties can be synthesized

using techniques including, but not limited to, enzymatic methods and chemical methods and
combinations of enzymatic and chemical approaches. For example, DNA or RNA containing
phosphodiester linkages can be chemicaily synthesized by sequentially coupling the appropriate.
nucleoside phosphoramidite to the 5*-hydroxy group of the growing oligonucleotide attached to a solid
support at the 3°-end, followed by oxidation of the intermediate phosphite triester to a phosphate friester.
Useful solid supports for DNA synthesis include Controlied Pore Glass (Appliéd Biosystems, Foster '
City, CA), polystyrene bead matrix (Primer Support, Amersham Pharmacia, Piscataway, NJ) and
TentGel (Rapp Polymere GmbH, 'Tubingen; Gerinany). - Once the desired oligonucleotidé sequence has
been synthesized, the oligonucleotide is removed from the support, the phosphate triester groups are

deprotected to phbé,phate diesters and the nucleoside bases are deprotected using aqueous ammonia or

-other bases.

[0132] For instance, DNA or RNA polynucleatides (nucleic acid moieties) containing
phosphodiester linkages are generally synthesized by reﬁatitive iterations of the following steps: a)
removal of the protecting group from the 5’-‘hyd1f0xyl group of the 3”-solid support-bound nucleoside or
nucleic acid, b) coupling of the activated nucleoside phosphoramidite to the 5’-hydrole group, ¢

.oxidation of the phosphite triester to the phosphate triester, and d) capping of unreacted 5°-hydroxyl

- groups. DNA or RNA containing phosphorothioate 'anages 1is prepareﬂ as described ‘a_bo've, except that
the oxidation step is replaced Witﬁ_a sulﬁﬁmﬁon step. Once the it;iesired oligonucleotide sequence has

_ “been synthesized, the oligonucleotide is removed from the support, the phosphate triester groups-are

deprotected to phosphate diesters and the nucleoside bases are deprotected using aqueous ammonia or
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other bases. See, for example, Beaucage (1993) “Oligodeoxyribonucleotide Synthesis” in PRbTOCOLS
FOR OLIGONUCLEOTIDES AND ANALOGS, SYNTHESIS AND PROPERTIES (Agrawal, ed.) Humana Press,
Totowa, NJ, Warner ef al. (1984) DNA 3:401; Tang et al. (2000) Org. Process Res. Dev. 4:194-198;
Wyrzykiewica et al. (1994) Bioorg. & Med. Chem. Lett. 4:1519-1522; Radhakrishoa et al. (1989) J. Org.
Chem. 55:4693-4699. and U.S. Patent No. 4,458,066. Programmable machines that automatically
synthesize nucleic acid moieties of specified sequences are widely available. Examples include the
Expedite 8909 aytomated DNA. synthesizer (Perseptive Biosystem, Framington MA); the ABI 394

(Applied Biosystems, Inc., Foster City, CA); and the OligoPilot II (Amersham Pharmacia Biotech,
Piscataway, NJ).

[0133} Polynucleotides can be assembled in the 3° to 5° direction, e.g., using base-protected
nucleosides (monomers) containing an acid-labile 5°-protecting group and a 3’-phosphoramidite.
Examples of such monomers include 5°-O-(4,4’-dimethoxytrityl)-protected nucleoside-3’-0-(N,N-
diisopropylamine) 2-cyanoethyl phosphoramidite, where examples of the protected nucleosides include,
but are not limited to, N6-benzoyladenosine, N4-benzoylcytidine, N2-isobutryryiguanosine, thymidine,
and uridine. Tn this case, the solid support used contains a 3*-linked protected nucleoside. Altematively,
polynucleotides can be assembled in the 5’ to 3’ direction using base-protected nucleosides containing an
acid-labile 3’-protecting group and a 5’-phosphoramidite. Examples of such monomers include 3’-O-
(4,4’*di:neﬂ10xyt1fity1)§protected nucleoside-5°-O-(N,N-diisopropylamino) 2-cyanoethyl
phosphoramidite, where examples of the protected nucleosides include, but are not limited to, N6-
benzoyladenosine, N4-benzoylcytidine, N2-isobutryrylguanosine, thymidine, and uridine (Glen
Research, Sterling, VA). Inthis case, the solid support used contains a 5’-linked protected nucleoside.
Circular nucleic acid components can be isolated, synthesized through recombinant methods, or
c_hen;ically synthesized. Chemical synthesis can be performed using any method described in the
{iterature. See, for instance, Gao et al. (1995) Nucleic Acids Res. 23:2025-2029 and Wang et al. (1994)
Nucleic Acids Res. 22:2326-2333. |

[0134] Addition of non-nucleic acid spacer moieties can be accomplished -us'ihg routine methods.
Methods for addition of particular spacer moieties are known in the art and, for example, are described in
the references cited supra. See, e.g., Durand et al., Nucleic Acids Research 18:6353-59(1990). The
_ covalent linkage between a spacer moiety and nucleic acid moiéty can be any of a number of types,

' :includi_ng phosphodiester, phosphorothioate, amide, ester, ether, thioether, disulfide, phosphoramidate,
phosphotriester, phosphorodithioate, methyl phosphonate and other linkages. It will often be convenient
o combine a spacer moiety(s) and a nucleic .écid moiety(s) using the same phosphoramidite-type

] chemistry used for synthesis of the nucleic acid moiety. For example, CICs of the invention can be
“conveniently synthesized using an antomated DNA: syiithesizer (e.g., Expedite 8909; Perseptive
* Biogystems, Framington, MA) using phosphoramidite chemistry (see, e.g., Beaucage, 1993, supra;
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Current Protocols in Nucleic Acid Chemistry, .;'upm). However, one of skill will understand that the
same (or equivalent) synthesis steps carried out by an automated DNA synthesizer can also be carried out
manually, if desired. In such a synthesis, typically, one end of the spacer (or spacer subunit for
multimeric spacers) is protected with a 4,4’-dimethyoxytrityl group, while the other end contains 2
phosphoramidite group.

[0135) A variety of spacers with the requisite protecting and reacting groups are commercially
available, for example: '

triethylene glycol spacer or 9-0-(4,4*-dimethoxytritytriethyleneglycol-1-O-[(2-

“TEG spacer” cyanoethyl) N,N-diisopropylphosphoramidite] (Glen
Research, 22825 Davis Drive, Sterling, VA)
hexaethylene glycol spacer or  18-0-(4,4’-dimethoxytrityfhexaethyleneglycol-1-O-[(2-

“HEG spacer” cyanoethyl) N,N-diisopropylphosphoramidite] (Glen
Research, Sterling, VA)
propyl spacer - 3-(4,4-dimethoxytrityloxy)propyloxy-1-O-{(2-
cyanoethyl) N,N-diisopropylphosphoramidite] (Glen
Research, Sterling, VA);

butyl sbacer - 444 -dimethoxytrityloxy)butyloxy-1-O-[(2-cyanoethyl)
' ' N,N-diisopropylphosphoramidite] (Chem Genes
Corporation, Ashland Technology Center, 200 Homer

Ave, Ashland, MA) g
Hexyi spacer 6—(4,4’-dimethoxyhityloxy)hexyloxyal—Ou{(Z-cyanoeﬂlyl)
N,N-diisopropylphosphoramidite] '
2-(hydroxymethylethyl 1-(4,4’-dimethoxytrityloxy)-3-(levulinyloxy)-propyloxy-
spacer or “HME spacer” 2-0-{(2-cyanoethyl) N,N-diisopropylphosphoramidite];

-also called “asymmetrical branched” spacer

' “abasic nucleotide spacef” or 5-»0-"(4,4’—dimethoxyh’ityl)--l ,2-dideoxyribose-3-0-{(2-

“gbasic spacer” cyanoethyl) N,N-diisopropylphosphoramidite] (Glen
_ Research, Sterling, VA) _
“symmetrical branched 1,3-0,0-bis(4,4’-dimethoxytrityDglycerol-2-O-{(2-
‘spacer” or “glycerol spacer”  cyanoethy!) N,N-diisopropylphosphoramidite] {Chem
Genes, Ashland, MA)-

“trebler spacer” S 2,2,2-0,0,0:41i8[3-0-(4;4°-
a ' dimethoxytrityloxy)propyloxymethyl]ethyl-1-O-[(2-
cyanoethyl) N,'N—diisopfopylphosp.haramidite] :(Glgn'
i VReSearcm Sterling, VA} '
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“symmetrical doubler spacer”  1,3-0,0-bis[5-0-(4,4°-
dimethoxytrityloxy)pentylamidolpropyl-2-O-[(2-
cyanoethyl) N,N-diisopropylphosphoramidite] (Glen
Research, Sterling, VA)

“dodecyl spacer” : 12-(4,4’-dimethoxytrityloxy)dodecyloxy-1-O-[(2-

cyanocthyl) N,N-diisopropylphosphoramidite] (Glen
Research, Sterling, VA) ‘

[6136] These and a large variety of other protected spacer moiety precursors (e.g., comprising DMT
and phosphoramidite group protecting groups) can be purchaséd or can be synthesized using routine
methods for use in preparing CICs disclosed herein. The instrument is programmed according to the
manufacturer’s instructions to add nucleotide monomers and spacers in the desired order.

[0137] Although use of phosphoramidite chemistry is convenient for the preparation of certain
CICs, it will be appreciated that the CICs of the invention are not limited to compounds prepared by any
- particular method of synthesis or preparation.

[0138] In one embodiment, CICs with mulﬁvalent.spacers conjugated to more than one type of
nucleic acid moiety are prepared. For instance, platforms containing two maleimide groups (which can
react with thiol-containing polynucleotides), and two activated ester groups (which can react with amino-
cbntaining nucleic acids) have been described (see, e.g., PCT/UIS94/10031, published as WO 95/07073).
These two activated groups can be reacted independently of each other. This would result in a CIC
containing a total of 4 nucleic acid moieties, two of each sequence.

[0139] CICs with multivalent spacers coﬁtaining two different nucleic acid sequences can also be
p'repér’ed using the symmetrical branched spacer, described abo%re, and conventional phosphoramidite
.chemistry (e.g., using manual or automated methods). The symmetrical branched spacer contains a
phosphoramidite group and two protecting groups that are the same and are removed simultaneously. In
one approach, for example, a first nucleic acid is synthesized and coupled to the symmetrical branched
spacer, the protecting groups are removed from the spacer. Then two additional nucleic acids (of the
| - same sequence) are synthesized on the spacer (using double the amount of reagents used for synthesis of

a single nucleic acid moiety in each step). '

~ [o140] A similar method can be used to connect three different nucleic acid moieties {referred to‘
-below as Nucleic aéids_ L, Ii, and IIT) to a multivalent platform {e.g., asymunetrical branched spacer). This

is most conveniently carried ouf using an automated DNA synthesizer. In one efubodiment, the

asymmetrical branched spacer contains a phosphoramidite group and two orthogonal protecting groups
that can be rémoved independently. First, nucleic acid Lis synthesmed, then the asymmetncal branched

spacer is coupled to nucleic acid 1, then nucleic acid I is added after the ,s_elecuve removal of one of the
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protecting groups. Nucleic acid Il is deprotected, and capped, and then the other protecting group on the
spacer is removed. Finally, nucleic acid III is synthesized.

[0141] In some embodiments, a nucleic acid moiety(s) is synthesized, and a reactive linking group
(e.g., amino, carboxylate, thio, disulfide, and the like) is added using standard synthetic'chemistry
techniques. The reactive liﬂking group (which is considered to form a portion of the resulting spacer
moiety) is conjugated to additional non-nucleic acid compounds to form the. spacer moiety. Linking
groups are added to nucleic acids using standard methods for nucleic acid synthesis, employing a variety ‘
of reagents described in the literature or commercially available. Examples include reagents that contain
a protected amino group, carboxylate group, thiol group, or disulfide group and a phosphoramidite group.
Once these compounds are incorporated into the nucleic acids, via the activated phosphoramidite group,
and are deprotected, they provide nucleic acids with amino, carboxylate, or thiol ‘reactivity.-

[0142] Hydrophilic linkers of variable lengths are usefu, fdr example to link nucleic acids moieties
and platform molecules. A variety of suitable linkers are known. Suitable linkers include, without
limitation, linear oligomers or polymers of ethylene glycol. Such linkers include linkers with the formula
RIS(CH,CH,0),CH,CH;0 (CHL),CO:R* wherein n. = 0-200, m = 1 or 2, R' = H or a protecting group
such as trityl, R? =H or alkyl or aryl, e.g,, 4-nitrophenyl ester. These linkers are useful in connecting a
molecule containing a thiol reactive group such as haloaceyl, maleiamide, etc., via a thioether to a second
molecnle which contains an amino group via an amide bond. The order of attachment can vary, i.2., the
thioether bond can be formed before or after the amide bond is formed. ‘Other useful linkers include
Sulfo-SMCC (sulfosuccinimidy! 4-[N-maleimidomethyi}-cyclohexane-1-carboxylate) Pierce Chemical
Co. product 22322; Sulfo-EMCS (N-{s-maleimidocaproyloxyl sulfosuceinimide ester) Pierce Chemical

'Co. product 22307; Sulfo-GMBS (N-{y-maleimidobutyryloxy] suifosuccinimide ester) Pierce Chemical
Co. product 22324 (Pierce Chemical Company, Rockford, 1), and similar compounds of the general -

formula maleimido-R-C{(O)NHS ester, where R = alkyl, cyclic alkyl, polymers of ethylene glycol, and
the Tike. _ '

[0143] Particularly useful methods for covalently joining nucleic acid moieties to multivalent
spacers are described in the references cited supra. . 7

[0144] In certain embodiments, a polypeptide, suchas a protein antigen or antigen fragment, is used
as a multivalent spacer moiety to which a plurality of nucleic acid moieties are covalently conjugated,
directly or via linkers, to form a “proteinaceous CIC.” The polypeptide can be.an antigen or immunogen.

~ to which an adaptive immune response is desired, or a carrier (e.g., albumin). Typically, a proteinaceous
CIC comprises at least one, and usnaily several or many nucleic acid moieties that (a) are between Zand
7, more often between 4 and 7 nucleotides in length, alternatively between 2 and 6, 2 and 5,4 and 6, or 4
and 5 nucleotides in length and/or (b) have inferior isolated immunomodulatory activity or do not have.

isolated immunomodulatory activity. Methods of making a‘proteinaceous CIC will be-apparent to one of
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skill upon review of the present disclosure. A nucleic acid, for example, can be covalently conjugated to
a polypeptide spacer moiety by art known methods including linkages between a 3° or 5 * end of a nucleic
acid moiety (or at a suitably modified base at an internal position in the 2 nucleic acid moiety)and a
polypeptide with a suitable reactive group (e.g., an N-hydroxysuccinimide ester, which can be reacted
directly with the N* amino group of cytosine residues). As a further example, a polypeptide can be
attached to a free 5’-end of a nucleic acid moiety through an amine, thiol, or carboxyl group that has been
incorporated into nucleic acid moiety. Alternatively, the polypeptide can be conjugated to a spacer
moiety, as described herein. Further, a linking group comprising a protected amine, thiol, or carboxyl at
one end, and a phosphoramidite can be covalently attached to a hydroxyl group of a polynucleotide, and,
subsequent to deprotection, the functionality can be used to covalently attach the CIC toa peptide.

[0145] Immunomodulatory compounds comprising a nucleotide moiety ncluding the sequence
5°.CG-3* and CIC have been described in the art and in co-owned U.S. Provisional Applications Nos.
60/299,883 and 60/375,253. Immunomodulatory activity of these IMCs and others may be readily
identified using standard assays which indicate various aspects of the immune response, such as cytokine
secretion, antibody production, NK cell activation and T cell proliferation. See, e.g, WO 97/28259; WO
98/16247; WO 99/11275; Krieg et al. (1995) Nature 374:546-549; Yamamoto et al. (1992) J. Tmunrunol.
148:4072-4076; Ballas et al: (1996) J. Immunol. 157:1840-1845; Klinman et al, (1997) J. Immumol. 7

- 158:3635-3639; Sato et al. (1996) Science 273:352-354; Pisetsky (1996} J. Immurtol. 156:421-423;
Shimada et al. (1986) Jpn. J. Cancer Res. 77:808-816; Cowdery et al. (1996)J. mmunol. 156:4570-
4575; Roman et al. (1997); and Lipford et al. (1997) Eur. J. Immunol. 27:2340-2344. These methods are
likewise applicable to assessing immunomodulatory. activity of an immunomodulatory composition of
the iﬁv.eﬂtion.

[0146] In some embodiments, the IMC is either not active (has no isolated immunomodulatory

'r'actiirity) or is less active (has inferior isolated immunomodulatory activity), as measuted in vitro, in vivo
and/or ex vivo, in comparison o an immunomodulatory composition of the invention containing the same

- IMC. As will be inderstood by those in the art, the determination of the isolated immunomodulatory |
activity may be concentration-dependent, and an IMC that is determined to have ‘no isolated
immunomodulatory activity” at a given concentration may indeed have isolated immunomodulatory

-activity at higher concentrations. |

- [0147} AnIMCis characterized as having “inferior immunemodulatory activity,” when the test

: pdlynucleoﬁde has less aétivity than an immunomodulatory composition of the invention containing the

‘same IMC when administered at the same conceniration of IMC. Preferably the isolated .

,_innnﬁnomodulatozy activity of the test IMC is no more than about 50% of the activity of the

' ‘gimmunomodulatory composition, more preferably no more than about 20%, most preferably no more
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than about 10% of the activity of the immunomodulatory, composition, or in some embodiments, even
less.

[0148] The “isolated immunomodalatory activity” of an IMC is determined by measuring the
immunomadulatory activity of the isolaie& IMC at a given concentration of IMC , measuring the
immunomodulatory activity of the IMC administered as part of an immunomodulatory composition of
the invention (at the same concentration as the isolated IMC), and comparing the immunomodulatory
activity values. Immunomodulatory activity can be determined using standard assays which indicate
various aspects of the immune response, such as those described herein. For example, the human PBMC
assay described herein may be used. When using the human PBMC assay, the activity of two
compounds is typically compared by assaying them in parallel under the same conditions (e.g., using the
same cells), usually at a concentration of about 20 pg/ml. Generally, concentration is determined by
measuring absorbance at 260 nm and using the conversion 0.5 ODjgfml =20 pg/ml. This normalizes the
amount of total nucleic acid in the test sample. Alternatively, concentration or weight can be measured
by other methods known in the art. To account for donor variation, typically the assay is carried out in
multiple donors. An IMC does not have “isolated immunomodula@bry activity™ wh‘én the amount of IFN-
¥ secreted by PBMCs contacted with the IMC s not significantly greater (e.g., less than about 2-fold-
greater) in the majority of donors than in the absence of the test compound or, {in some embodiments) in
the présence of an inactive control compound {e.g., 5’-TGACTGTGAACC’ITAGAGATGA-B’) (Si?.Q D
NO:26). :

Stabilizing Agents -
[0149] Stabilizing agents useful in the instant compositions and methods include those which are

suspendable in water and reduce the surface tension of water, although stabilizing agents which are water
soluble and/or completély miscible in water are preferréd. A number of classes of stabilizing agents are
useful in the compositions and methods of the invention, including proteins (preferably hydrophilic
proteins), nonionic detergénts; polymeric surfactants (e.g., polyvinyl alcohol and polyvinyl pyrrolidone),
cationic detergents, anionic detergents and fatty acids, although in certain embodiments, serum proteins
(particularly bovine serum proteins), fatty acids, and/or jonic detergents may be excluded from the
definition of stabilizing agents. ' '

[0150]  Any protein may be used as a stabilizing agent in accordance with the invention. In some
-embodiments, the stabilizing agent isa Iz;rotein which is not intended as an antigen (see discussion
below); in these embodiments, it is preferred that the protein be derived from the same species as the
‘intended recipient of the composition (e.g., if the -composition is intended for use in humans, then it is
_preferred that the protein used as the stabilizing agent be a human protein). Serum albamin is an

‘exemplaty protein useful as'a s‘f&biiizi’ng agent in such embodiments. In other embodiments, an antigen
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is utilizing as the stabilizing agent, in which case the antigen need not be, and in general is preferably not,
species matched with the intended recipient. Antigens useful in the compositions and methods of the
invention are disclosed below.

[0151] Nonionic detergents useful in the compositions and methods of the invention include
glucamides such as decyldimethylphosphine oxide (APO-10) and dimethyldodecylphosphine-oxide
{APO-12), octanoyl-N-methylqucauiide (MEGA-8), nonanoyl-N-methylglucamide (MEGA-9) and
decanoyl-N-methy! glucamide (MEGA-10), polyoxyethylene ether detergents including
polyoxyethylene(10) dodecyl ester (Genapol C100), polyoxyethylene(it) lauryl ether (BRII® 30),
polyoxyethylene(9) lauryl ether (LUBROL® PX) polyoxyethylene(23) lauryl ether (BRIJ® 35),
polyoxyethylene(2) cetyl ether (BRU® 52), polyoxyethylene(10) cetyl ether (BRIJ® 56);
polyoxyethylene(20) cetyl ether (BRII® 58), pcilyoxyethylehe(?.) stearyl ether (BRIJ® 72),
polyoxyethylene(10) stearyl ether (BRII® 76), polyoxyethylene(20) stearyl ether (BRIJ® 78),
polyoxyethylene(100) steary} ether (BRIF® 700), polyoxysthylene(2) oleyl ether (BRJJ®‘92),
polyoxyethylene(10) oleyl ether (BRIY® 97), polyoxyethylene(20) oleyl ether (BRIJ® 98),
isotridecylpoly(ethyleneglycolether)s {Genapol 80), PLURONIC® F-68, PLURONIC® ¥-127,
dodecylpoly(ethyleneglycolether); (Thesit) polyoxyethylene(10) isaoctylphenyl ether (TRITON® X-
100), polyoxyethylene(8) isooctylphenyl ether (TRITON® X-114), polyethylene glycol sorbitan
monolaurate (TWEEN® 20), polyoxyethylenesorbitan monopakmitate (TWEEN® 40), polyethylene

- glycol sorbitan monostearate (TWEEN® 60); polyoxyethylenesorbitan tristearate (TWEEN® 65),
polyethylene glycol sorbitan monooleate (TWEEN® 80), polyoxyethylene(20) sorbitan trioleate

_ {TWEEN® 85), poloicamer 188, and polyethyleneglycol-p-iscoctylpheny! ether (Nonidet NP40), alkyl .

~ maltoside detergents including cyclohexyl-n-ethyl-B-D-maltoside, cyclohexyl-n-hexyl-B-D-maltoside,

and cyclohexyl-z-methyl-B-D-maltoside, #-decanoylsucrose, glucopyranosides including methyl 6-O~(N-
héptylcarbamoyl}a&D-glucopyranoside (HECAMEG) and alkyl glucopyranosides such as n-decyl-p-
D-glucopyranoside, 7-heptyl- ﬁ-D—glucopyranomde, n-dodecyl-B-D-glucopyranoside,
n-nony!-B-D-glucopyranoside, #-octyl-g-D- g!ucopyranesxde and n—octyl—ﬁ-D—glucopyranosﬁe alkyl

: thmglucopyranos:des including -heptyl-B-D-thioglucopyranoside, alkyl maltopyranosides including n-
decyl-B-D-maltopyranoside and n-octyl-B-D-maltopyranoside, n-decyl--D-thiomaltoside, digitonin,
n-dodecanoyl sucrose, n-dodecyl-§-D-maltoside, heptane 1,2,3 -riol, n-octanoykf-D-glicosylamine

- (NOGA), n-octanoyl sucrose, poloxamers (polyoxyethylene/polyoxypropylene block copolyme'rs) such
as poloxamer 188 and poloxamer 407, and sulfobetaines including SB-10, SB-12, and SB-14and

- n-undecyl-B-D-maltoside. Preferred stablizing agents include polyoxyethylene ether detergents,

| particularly polyethylene glycol sorbitan monooleate and polyoxyethylene(20) sorbltan trioleate.

[0152] Anionic detergents useful in the compositions and methods of the -mventi'on inéiudé caprylic

acid and salts thereof, chenodeoxycholic acid and salis thereaf, cholic acid and salts thereof,
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decanesulfonic acid and salts thereof, deoxychotic acid and salts thereof, glycodeoxycholic acid and salts
thereof, lauroylsarcosine and salts thereof, n~-dodecyl sulfate and salts thereof (including sodium: and
lithivm salts), taurochenodeoxycholic acid and salts thereof, taurocholic acid and salts theseof,
taurodehydrocholic acid and salts thereof, taurodeoxycholic acid and salts thereof, taurolithocholic acid
and salts thereof, and tauroursodeoxycholic acid and salts thereof. '

[0153] Cationic detergents include cetylpyridinium and salts thereof, cetyltrimethylamonia and salts
thereof including cetyltrimethylammonivm bromide (CTAB), dodecyltrimethylammonia and salts thereof
including dedecyltrimethylammonium bromide, alklylammonium imidazolines, quaternary imidazolines,
and tetradecyltrimtheylammonia énd salts thereof inchiding tetradecylirimtheylammonium bromide.

[0154] Detergents selected for use as stablizing agents are preferably those that are considered
oil/water emulsifying detergents. Oilfvvafer emulsifying detergents are known in the art, and are
generally characterized by a hydrophobic/lipophilic balance (HLB) value of about 8 to about 18.
Preferably, detergents incorporated into the particulate compositions have HLB values of about 10 to
about 16, more preferably about 11 to about 15 (e.g., polyethylene glycol sorbitan monooleate, HLB =
15.4; polyoxyethylene(10) iscoctylphenyl ether, HLB = 13.5; polyoxyethylene(20) sorbitan trioleate
HLB=11).

Fatty Acids

[0155] In certain émbodifnents, the compositions of the invention maj also include one or more
fatty acids, or a salt thereof, as an additional cemponent. In those embodiments employing a fatty acid as
the stablizing agent component and a fatty acid as an additional component of the composition, the fatty
acid utilized as the stablizing agent will be different than the fatty acid used as the ‘additional’
component. Faity acids useful in the compositions of the invention may range in size from four ta 30
carbon atoms, and may be unsaturated (e.g., stearic acid), monounsaturated (e.g., oleic acid), or
polyunsaturated (e.g., linoleic acid), although monounsaturated and polyunsaturated fatty acids are
generally -préferred. |

[0156] In some embodimenfs, the compositions of the invention will incorporate a fatty acid having
a carbon.chain lengﬂi of at least about 4, 5, 6, 8, 10, 15, 18, or 20 carbon atoms and less than about 30,
25,20, 19, 15 or 10 carbon atoms. Accordingly, in some embodiments the fatty acids utilized in the
invention may have carbon chains with a length in the range of about 4 to 30, 5 to 25, 10 to 20, or 15 to
20 carbon atoms. . '

[0157} Fatty acids useful in the compositions of the invention include, but are not limited to,
arachidonic acid, decanoic acid, docosanoic acid, décosahexanoic acid eicosanoic acid, heneicosanoic
‘acid, heptadecanoic acid, heptanoic acid, hexanoie acid, lauric acid, iinoleic acid, linolenic acid, myristic

acid, nonadecanoic acid, nonanoic acid, octanoic acid, oleic acid, palmitic acid, pentadecanoic acid,
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stearic acid, tetracosanoic acid, tricosanoic acid, tridecanoic acid, and undecanoic acid, Preferred fatty

acids for use in the compositions of the invention include oleic acid palmitoleic acid, and linoleic acid.

Antigens
[0158] In certain embodiments of the invention, an antigen is incorporated into the
immunomodulatory composition or administered in combination with an immunomodulatory
composition. Those immunomodulatory compositions incorporating an antigen may incorporate the
antigen into the particulate composition itself, or be dissolved or suspended in the solution in which the
particulate composition is suspended. Any antigen may be incorporated into or co-administered with an
immunomodulatory composition of the invention. |
[0159] In some embodiments, the antigen is an allergen. Examples of recombinant allergens are .
providéd in Table 1. Preparation of many allergens is well-known in the art, including, but not limited to,
preparation of ragweed pollen allergen Antigen E (Amb a I) (Rafnar ef al. (19912 Biol. Chem.
266:1229-1236), grass allergen Lol p 1 (Tamborini et al. {1997y Eur. J. Biochem. 249:886-894), major
dust mite allergens Der pl and Der PII (Chua et al. (1988) J. Exp. Med. 167:175-182; Chua et al. (1990)
Int. Arch. Allergy Appl. Fnmunol. 91:124-129), domestic cat allergen Fel d X (Rogers ef al. (1993) Mol
Immunol. 30:559-568), white birch pollen Bet vi (Breiteneder ez al. (1989) EMBO J. 8:1 935-1938),
Japanese cedar allergens Cry j 1 and Cry j 2 (Kingetsn ef al. (2000) Immunology 99:625-629), and
protein antigens from other tree pollen (Elsayed ef al. (1991) Scand. J.-Clin, Lab. Invest. Suppl. 204:17-
31). As indicated, allergens from trees are known, including allergens from birch, juniper and Japanese
cedar. Preparation of protein antigens frorrf grass pollen for in vivo administration has been reported.
[0160] In some embodiments, the allergen is a food allergen, including, but not limited to, peanut
allergen, for example Ara h I (Stanley et al. (1996) Adv. Exp. Med. Biol. 409:213-216); walnut allergen,
for example, Jug r I (Tueber et al. (1998) J. Allergy Clin. Impuumol, 1'01:807—814); brazil nut allergen, for
example, albumin (Pastorello et al. (1998) J. dllergy Clin. Immunol. 102: 1021~1027; shrimp allergen, for
l.e_x.amlale, Pen & I (Reese et al. (1997) nt. Arch. Allergy Immunol. 113:240-242); égg allergen, for
example, ovomucoid (Crooke et al. (1997) J. Immunol. 159:2026-2032); milk allergen, for example,
bovine B-lactoglobin (Selot al. (1999) Clin. Exp. Allergy 29:1055-1063); fish allergen, for example,
parvalbumins (Van Do et al. (1999) Scand. J. Immunol. 50:619-625; Galland ef al. (1998) J.
- .Chromatogr. B, Biomed. Sci. Appl. 706:63-71). In some embodiments, the allergen is a latex allergen,
*including but not limited to, Hev b 7 (Sowka et al. (1998) Eur. J. Biochem, 255:213-219). Table 1 shows
an exemplary list of allergens that may be nsed. | '
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Table 1

Recombinant Allergens
Group Allergen Reference
ANIMALS:
CRUSTACE
A :
Shrimp/lobster | tropomyosin Leung etal. (1996) J. Allergy Clin. Immunel.
Pansl 98:954-961
Leung et al. (1998) Mol. Mar. Biol. Biotechnol.
7:12:20 |
| INSECYS ‘
Ant Sol i 2 (venom) Schmidt et al. ¥ Allergy Clin Immunol., 1996, 98:82-
. 8 ' ‘
Bee Phospholipase A2 | Muller ez al. J Allergy Clin Immunol, 1995, 96:395-
(PLA) 402
Forster ef al. T Allergy Clin Immunol, 1995, -
95:1229-35 7
‘ _ Muller ef al. Clin Exp Allergy, 1997, 27:915-20
Hyaluronidase (Hya) -
Soldatova ef al. J Allergy Clin Immmumol, 1998,
‘ _ 101:691-8
| Cockroach Bla g Bd90K Helm et al, 7 Allergy Clin Immunoi, 1996, 98:172-
' . 180 '
Bla g 4 (a calycin) —_— :
‘ ' | Vailes ef al. T Allergy Clin Immunol, 1998, 101:274-
Glutathione S- 280
i transferase '
] Arruda ef of. J Biol Chem, 1997, 272:20907-12
| Pera3
_ Wu et al. Mol Immunol, 1997, 34:1-8. -
| Dustmite. | Der p2 (ma:jbr Lynch er al. J Allergy Clin Immunol, 1998, 101:562-
allergen) - | 4 Hakkaart et al. Clin Exp Allergy, 1998, 28:169-74
Hakkaart et al. Clin Exp Allergy, 1998, 28:45-52 '
Hakkaart et al. Int Arch Allergy Immunol, 1998, 115
(2):150-6 ‘ _
| Mueller ef al. J Biol Chem, 1997, 272:26893-8
4 . Smith et al. § 'Allergy."CIin_Immunol, 1_99-8, 101:423.
Der p2 variant 5 :
Der £2 Yasue et al. Clin Exp Immunol, 1998, 113:1-9 -
‘ Yasue et al. Cell Immunol, 1997, 181:30-7
| Derpl0 Asturias et al. Biochim Biophys Acta; 1998,
1 1397:27-30
{Tyrp2
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Eriksson ef al. Eur J Biochem, 1998

Hornet Antigen S akaDolm | Tomalski ef al. ArchInsect Biochem Physiol, 1993,
V (venom) 22:303-13
1 Mosquito Aed al (salivary Xu ef ol. Int Arch Allergy Immunol, 1998, 115:245-
apyrase) 51
Yellow jacket | antigen S, King et al. J Allergy Clin Immunol, 1996, 98:588-
hyaluronidase and 600
phospholipase
{venom)
MAMMALS
Cat | Feldl Slunt ez al. J Allergy Clin Immunol, 1995, 95:1221-8
Hoffmann et ol. (1997) 7 Allergy Clin Immunol
| 99:227.32 _
'{ Hedlin Curr Opin Pediatr, 1995, 7:676-82
Cow Bos d 2 (dander; a Zeiler et al. ¥ Allergy Clin Immunol, 1997, 100:721--
- lipocalin) 7 ,
Rautiainen ef al. Biochem Bioph. Res Comm., 1998,
' 247:746-50
B-lactoglobulin (BLG, :
major cow milk Chatel et al. Mol nmunol, 1996, 33:1113-8
allergen) Lehrer ef al. Crit Rev Food Sci Nufr, 1996, 36:553-
64 ,
Dog ‘Canfiand Canf2, Konieczny ef al. Immunclogy, 1997, 92:577-86
salivary lipocalins Spitzauer ef al. J Allergy Clin Immupol; 1994,
© [.93:614-27
: 7 Vrtala et al. ¥ Immunol, 1998, 160:6137-44
Horse | Equ cl (major | Gregoire et al. 3 Biol Chem, 1996, 271:32951-9
allergen, a lipocalin)
‘Mouse mouse urinary protein ‘ Konicezay ef of. Immunology, 1997, 92:577-86
. (MUP)
OTHER
MAMMALIA
N |
ALLERGEN
Insulin Ganz et gl. I Allergy Clin Immunol , 1990, 86:45-51 .
' | Grammer ef al. J Lab Clin Med, 1987,109:141-6
‘ _ A Gonzalo et al. Allergy, 1998, 53:106-7 _
| Interferons interferon alpha 2¢ | Detmar et al. Contact Dermatis, 1989, 20:149-50
| MOLLUSCS | topomyosin Leung et al. J Allergy Clin Immunol, 1996, 98:954-
§ | 61 ' ‘
PLANT '
{ ALLERGEN |
1S 5 _ 3
IBarley | Horvo | Astwood ef al, Adv Exp Med Biol, 1996, 409:269-77
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Birch pollen allergen, Bet v | Twardosz ef al. Biochem Bioph. Res Comm., 1997,
4 23 9:197
Pauli ez al. I Allergy Clin Immunol, 1996, 97:1100-9
rBetv 1 Betv2: ;;n Neerven ef al. Clin Exp Allergy, 1998, 28:423- |
(profilin) Jahn-Schmid ef af. Immunotechnology, 1996, 2:103-
13
Breitwieser er ol. Biotechniques, 1996, 21:918-25
Fuchs ef al. ¥ Allergy Clin Immunol, 1997, 100:3 56-
64
Brazii nut globulin - Bartolome et al. Allergol Immunopathol,
1997,25:135-44
Cherry "Prual{major Scheurer ef al. Mol Immunol, 1997, 34:619-29
allergen) :
Com Zml3 (pollen) ' Heiss et al. FEBS Lett, 1996, 381:217-21
Lehrer et al. Int Arch Allergy Immunol, 1997,
o | 11301224
Grass Phip 1, Phlp2, Phlp | Bufeef ol Am J Respir Crit Care Med, 1998,
5 {timothy grass 157:1269-76
pollen) Vrtala et 4l. I Immunol Jun 15, 1998, 160:6137-44
{ Niederberger et al. J Allergy Clin. Jmmun., 1998,
101:258-64
Hol 1 5 velvet grass | Schramm et al. Bur ¥ Biochém, 1998, 252:200-6
pollen
Bluegrass allérgen Zhang et al. ¥ Immunol, 1993, 151:791-9
| Cynd7Bermuda | Smith er al. Int Arch Allergy Immunol, 1997,
orass 114:265-71
Cynd 12 (a profilin) | Asturias ef al. Clin Exp Allergy, 1997, 27:1307-13
Fuchs et al. T Allergy Clin Immunel, 1997, 100:356-
. | 64 i
| Japanese Jun a 2 (Juniperus | Yokoyama e al. Biochem. Biophys. Res. Commun.,
1 Cedar ashei) | | 2000,275:195-202
Kingetsu et al. Immunology, 2000, 99:625-629
Cryjl,Cryj2 ‘ : .
(Cryptomeria
‘ japonica)- SR : g
“| Juniper Jun 0 2 (pollen) { Tinghino et al. J Allergy Clin Jmmunol, 1998,
| | [100727 |
| Latex Hevb 7 Sowka et al. Eur J Biochem, 1998, 255:213-9°
; Fuchs et al. § Allergy Clin Immuncl, 1997, 100:3 56-
| Mercurialis | MeraX(profilin) | Valiverdu er af. J Allergy Clin Tmmunl, 1998, 101:3

-] 63-70
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Mustard Sin a I (seed) Gonzalez de la Pena ef al. Biochem Bioph. Res

(Yellow) Comm., 1993, 190:648-53

Oilseed rape | Brar pollen allergen | Smith et al. Int Arch Allergy Immunol, 1997,

' 114:265-71

Peanut Arahl Stanley et al. Adv Exp Med Biol, 1996, 409:213-6

Burks et al. J Clin Invest, 1995, 96:1715-21
Burks ef al. Int Arch Allergy Immunol, 1995,
'107:248-50

Poa pratensis | Poap9 Parronchi ef al. Eur J Tmmunol, 1996, 26:697-703
Astwood et al. Adv Exp Med Biol, 1996, 409:269-77

Ragweed Ambal Sun ez al. Biotechnology Aug, 1995, 13:779-86
Hirschwehr ef al. J Allergy Clin Immumnol, 1998,
101:196-206 :

Casale er al. J Allergy Clin Immunol, 1997, 100:110- :
21 '

Rye Lolpl | Tamborini e al. Eur J Biochem, 1997, 249:886-94

Walnut Jug rl “Teuberefal. J Allergy Clin Immun., 1998, 101:307-
: 14

| Wheat | allergen | Fuchs et al. J Allergy Clin Immunol, 1997, 100:356-
64 ‘ | _
| Donovan et al. Electrophoresis, 1993, 14:917-22

FUNGI:

| Aspergiltus Aspf1,Aspf2, Asp | Cramerief al. Mycoses, 1998, 41 Suppl 1:56-60

| 3, Aspf4,rAspf6 Hemmann et /. Bur J Immunol, 1998, 28:1155-60

| Banerjee ez al. J Allergy Clin Immunol, 1997,

1 99:821-7 _

| Crameri Int Arch Allergy Imnunol, 1998, 115:99-

| 114

Crameri ef al. Adv Exp Meéd Biol, 1996, 409:111-6
Manganese superoxide | Moser ef al. I Allergy Clin fmmunol, 1994, 93: 1-11

| dismutase (MNSOD) ‘
' | Mayer et al. Int Arch Allergy Immunol, 1997,
| L 113:213-5 |
| Blomia  |.allergen A | Caraballo et al. Adv Exp Med Biol, 1996, 409:81-3
| Penicillinium allergen | Shen et al. Clin Exp Allergy, 1997, 27:682-90 '
1 Psilocybe Psic2 Horner et al. Int Arch Allergy Immunol, 1995,

107:298-300

0161} Insome embodiments, the antigen is from an infectious agent, including protbzoan, bacterial,
fungal (including unicellular and multiceltular), and viral infectious agents. Examples of suitable viral
antigens are described‘hcrem and are known in the art. Bacteria include Hemophilus influenza,

Mycobacterium tuberculosis and Bordetella pertussis. Protozoan infections agents include malarial
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plasmodia, Leishmania species, Trypanosoma species and Schistosoma species. Fungi include Candida
albicans.

[0162} Insome embodiments, the antigen is a viral antigen. Viral polypeptide antigens include, but
are not limited to, HIV proteins such aé HIV gag proteins (including, but not limited to, membrane
anchoring (MA) protein, core capsid (CA) protein and nucleocapsid (NC) protein), HIV polymerase,
influenza virus matrix (M) protein and influenza virus nucleocapsid (NP) protein, hepatitis B surface
antigen (HBsAg), hepatitis B core protein (HBcAg), hepatifis e protein (HBeAg), hepatitis B DNA
polymerase, hepatitis C antigens, and the like. References discussing influenza vaccination include
Scherle and Gerhard (1988) Proc. Natl. Acad. Sci. US4 85:4446-4450; Scherle and Gerhard (1986) J.
Exp. Med. 164:1114-1128; Granoff ef al. (1993) Vaccine 11 :S46-51; Kodihalli er al. (1997)J. Virol.
71:3391-3396; Ahmeida et al. (1993) Vaccine 11:1302-1309; Chen et al. (1999) Vaccine 17:653-659;
Govorkova and Smirnov (1997) deta Virol. (1997) 41:251-257; Koide et al. (1995) Vaccine 13:3-5;
Mbawuike et al. (1994) Vaccine 12:1340-1348; Tamura ef al. (1994} Vaccine 12:310-316; Tamura et al.
(1992) Eur. J. Immunol. 22:477-481; Hirabayashi et al. (1990) Vaccine 8:595-599. Other examples of

 antigen polypeptides are group- or sub-group specific antigens, whichi are known for a number of
infectious agents, including, but not limited to, adenovirus, herpes simplex virus, papilloma virus,
respiratory syncytial virus and poxviruses. |

[0163] Many antigenic_peptides and proteins are known, and available in therazt; others can be
identified using conventional techniques. For immunization againsﬁ tumor formation or treatment of
existing tumors, immunomodulatory peptides can include tﬁmor cells (five or irradiated), tumor cell
‘extracts, or protein subunits of tumor antigens such as Her-2/nen, Mart1, carcinoembryonic antigen
{CEA), gangliosides, human milk fat globule (HMFG), mucin (MUCI), MAGE antigens, BAGE

 antigens, GAGE antigens, gp100, prostate specific antigen (PSA), and tyrosinase. Vaccines for immuno-
based contmceptmn can, be formed by including sperm proteins administered with ISS. Lea ef al. (1996)
- Biochim. Bzophys Acta 1307:263.

[0164] Attenuated and inactivated viruses are suitable for use herein as the antigen. Preparation of
these viruses is wel_l—khown in the art and many are commercially available (see, e.g., Physicians’ Desk
Reference (1998) 52nd -‘edition, Medical Economics Company, Inc.). For example, polio-virus is
available as IPOL® (Pasteur Merieux Connaught) and ORIMUNE® (Lederle Laboratories), hepatitis A
virus as VAQTA® (Merck), measles virus as ATTENUVAX@ (Merck), mumps virus as
. MUMPSVAX® (Merck) and rubella virus as MERUVAX@II (Merck). Additionally, attenuated and
mactlvated viruses such as HIV-1, HIV-2, herpes simplex virus, hepatitis B virus, rotavirus, human and
‘non-human papillomavirus and slow brain viruses can provide peptzde antzgens

[0165] In some embodlments the antlgen comprises  viral vector, suchas vaccuna adenowrus

and canary pox.
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[0166] Antigens may be isolated from their source using purification techniques known in the art or,
more conveniently, may be produced using recombinant methods.

{0167] Antigenic peptides can include purified native peptides, synthetic .peptides, recombinant
proteins, crude protein extracts, attenuated or inactivated viruses, cells, micro-organisms, or fragments of
such peptides. Immunomodulatory peptides can be native or synthesized chemicaily or enzymatically. )
Any method of chemical synthesis known in the art is suitable. Solution phase peptide synthesis can be
used to construct peptides of moderate size oz, for the chemicai construction of peptides, solid phase
synthesis can be employed. Atherton et al. (1981) Hoppe Seylers Z. Physiol. Chem. 362:833-839.
Proteolytic enzymes can also be utilized to couple amino acids to produce peptides. Kullmann (1987)
Enzymatic Peptide Synthesis, CRC Press, Inc. Alternatively, the peptide can be obtained by using the
biochemical machinery of a cell, or by isolation frorﬁ a biological source. Recombinant DNA. techniques
can be employed for the production of peptides. Hames ef al. (1987) Transcription and Translation: A
Practical Approach, IRL Press. Peptides can also be isolated using standard techniques such as affinity
chromatography. V

{0168] Preferably the anﬁgehs are peptides, lipids (e.g., sterols excluding ch_olesterol, fatty acids,
and phospholipids), polysaccharides such as those used in H. influenza vaccines, gangliosides,
lipoproteins, and glycoproteins. These can be obtained through several methods known in the art,
including isolation and synthesis using chemical and enzymatic methods. In certain cases, such as for
many sterols, fatty acids and phospholipids, the antigenic portions of the molecules are cofnmercially
available. .

[0169] Examples of viral antigens useful in the subject compositions and methods using the - -
compositions include, but are not limited to, HIV antigens. Such antigens inclixde, but are not limited to,
those antigens derived from HIV envelope glycoproteins including, but not limited to, gp160, gp120 and
gp41. Numerous sequences for HIV genes and antigens are known.. For example, the Los Alamos.-
National Laboratory HIV Sequence Database colleots, curates and annotates HIV nucleotide and amino
acid sequences. This database is accessible via the internet, at .hﬁp:ffhiv—Web.'lanl.gov/,, and in a yearly
publication, see Human Retroviruses and AIDS Compeﬁdium (for example, 2000 edition).

[0170] Antigens derived from infectious agents may be obtained vsing methods known in the art, for
example, from native viral or bactertal exir}ackzts', from cells infected with the infectious agent, from
purified polypeptides, from recombinantly produced polypeptides and/or as synﬂietig peptides.

~ [0171] Insome embodiments, the antigen is finked to the IMC. The IMC can be linked to the
antigen ina variety of ways. The link can be made at the 3 or 5” end of the MC, or to a suitably
imodified base at an internal position in the IMC. If the peptide contains a suitable reactive group (e.g., an
N-hydroxysuccinimide ester) it can be reacted dircctly with the N 4 amino group of cytosine residues.
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Depending on the number and location of cytosine residues in the IMC, specific labeling at one or more
residues can be achieved.

[0172] Alternatively, modified oligonucleosides, such as are known in the art, can be incorporated at
either terminus, or at internal positions in the IMC. These can contain blocked functional groups which,
when deblocked, are reactive with a variety of functional groups which can be present on, or attached to,
a peptide of interest.

[0173] The antigen can be attached to the 3’-end of the IMC through solid support chemistry. For
example, the IMC can be added to a polypeptide that has been pre-syntliesized on a support

(Haralambidis et al., Nucleic Acids Res. (1990) 18:493-99; Haralambidis ef al., Nucleic Acids Res. (1990)
18:501-505). Alternatively, the IMC can be synthesized such that it is connected to a solid support
through a cleavable linker extending from the 3’-end. Upon chemical cleavage of the IMC from the
support, a terminal thiol group is left at the 3°-end of the IMC (Zuckermann et al., Nucleic Acids Res.
(1987) 15:5305-5321; Corey et al., (1987) Science 238:1401-1403), or a terminal amine group is left at
the 3’-end of the IMC (Nelson ez al., Nucleic Acids Res. (1989) 17:1781-94). Conjugation of the amino-
modified IMC to amino groups of the peptide can be performed as described in Benoit ef al.,
Neuromethods (1987) 6:43-72. Conjugation of the thiol modified IMC to carboxyl groups of the peptide
can be performed as described in Sinah ef al., Oligonucleotide Analogues: A Practical Approach (1991)
IRT, Press.

[0174] The antigen can be aitached to the 5°-end of the IMC throﬁgh an amine, thiol, or carboxyl
group that has been incorporated into the IMC during its synthesis. Preferably, while the IMC is fixed to
the solid support, a linking group comprising a protected amine, thiol, or carboxyl at one end, and a
phosphoramidite at the other, is covalently attached to the 5’-hydroxyl (Agrawal ef al., Nucleic Acids
Res. (1986) 14:6227-6245; Connolly, Nucleic Acids Res. (1985) 13:4485-4502; Coull et al., Tetrahedron
Lett, (1986) 27:399 1 -3994; Kremsky ef al., Nucleic Acids Res. (1987) 15:2891-2909; Connolly, Nucleic

" Acids Res. (1987) :3131-3139; Bischoff et al., Anal. Biochem. (1987) 164:336-344; Blanks et al, Nucleic
Acids Res. (1988) 16:10283-10299; U.S. Patent Nos. 4,849,513, 5, 015,733, 5,1 18,800, and 5,118,802).
.:Sixbsequent to deprotection, the latent amine, thiol, and carboxyl functionalities can be used to covalently
attach the IMC to a peptide (Benoit ef al., supra; Sinah ef al., Oligonucleotide Analogues: A Practical ‘

~ Approach (1991) IRL Press).

f01751 A péptide antigen can be attached to a modified cytosine or uracil at any position in the IMC

- The incorporation of a "linker arm" possessing a latent reactive.ﬁmctionality, such as an amine or

~cérboxyl group, at C-5 of the modified base provides a handle for the peptide linkage (Ruth, 4th Annual

Congress for Recombinant DNA Research, p. 123).

| §0176]  The linkage of the IMC to a peptide can also be formed through a high affinity, non-covalent

interaction such as a biotin-streptavidin complex. A biotinyl group can be attached, for example, to a
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modified base of an oligonucleotide (Roget ef al., Nucleic dcids Res. (1989) 17:7643-7651).
Incorporation of a streptavidin moiety into the peptide allows formation of a non-covalently bound
complex of the streptavidin conjugated peptide and the biotinylated IMC.

{0377} The linkage of an IMC to a lipid can be formed using standard methods. These methods
include, but are not limited to, the synthesis of oligonucleotide-phospholipid conjugates (Yanagawa ef
al., Nucleic Acids Symp. Ser. (1988) 19:189-92), oligonucleotide-fatty acid conjugates (Grabarek ez al,
Anal. Biochem. (1990) 185:131 35; Staros ef al., Anal. Biochem. (1986) 156:220-22), and
o!igonuéleotide«sterol conjugates (Boujrad et al., Proc. Natl. Acad. Sci. USA (1993) 90:5728 31).

[0178] The linkage of IMC to an oligosaccharide can be formed using standard known methods.
These methods include, but are not limited to, the synthesis of oligonucleotide-oligosaccharide -
conjugates, wherein the oligosaccharide is a moiety of an immunoglobulin (O’ Shasnessy et al,J -
Applied Biochem. (1985) 7:347 55).

[0179] The linkage of IMC to an oligosaccharide can be formed using standard known methods
These methods include, but are not limited to, the synthesis of ohgonucleotnde—ol1gosacchande
conjugates, wherein the oligosaccharide is a moiety of an immunoglobulin (O’ Shannessy et al., J.
Applied Biockem. (1985)7:347 55). | |

[0180] Adjuvants and cytokines may also be genetically or chemically linked to the IMC/antigen
conjugates. Examples of this type of fusion peptide are known to those skilled in the art and can also be
found in Czerkinsky ef al., Infect. Immum., 57: 1072 77 (1989); Nashar et al., Vaccine, 11: 235-40 {1993);
and Dertzbaugh and Elson, Infect. Immun., 61: 48-55 (1993).

{0181] The linkage of a circular IMC to an antigen can be formed in several ways. Where the
circular IMC is synthesized usmg recombinant or chemical methods, a modified nucleoside may be
incorporated into the IMC (Ruth, in Oligonucleotides and Analogues: A Practical Approach (1991) IRL
Press). Standard linking technology can then be used fo connectrme circular IMC to the antigen or
immﬁnostimﬂlatory peptide (Goodchild, 1990, Bioconjugate Chem. 1:165). Where the circular IMC is
isolated, or synthesized using recombinant or chemical methods, the linkage can be formed by
chemically ac'tivating,‘ or photoactivating, a reactive group (e.g., carbene, radical) that has been

.incorporated iinto the ‘antigen or immunostimulatory peptide.
{0182} Addmonal methods for the attachment of peptides and other molecuies to IMCs can be found
inC. Kessler‘ Nonradioactive labeling methods for nucleic acids in L.J, Kricka (ed.) "Nonisotopic DNA -
~Probe Techmques Acadenuc Press 1992 and in Geoghegan and Stroh, Bioconjug. Chem 3:138-146,
- 1992,
[0183] In other embodnnents the IMC and antigen are proximately associated by linkage to a
: platfonn molecule ‘The platform may be proteinaceous or non-proteinaceous (i.e., organic, such as
~polymers and dendn-mers). Examples of proteinaceous platforms include, but are not limited to, albumin,
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gammaglobulin, immunoglobulin (IgG) and ovalbumin. Borel ef al. (1990) Immunol. Methods 126:159-
168; Dumas ef al. (1995) drch. Dematol. Res. 287:123-128; Borel et al. (1995) Int. Arch. Allergy
Immumol. 107:264-267; Borel ef al. (1996) Ann. N.Y. Acad, Sci. 778:30-87. A platform is multi-valent

(i.e., contains more than one binding, or {inking, site) to accommodate binding to both an IMC and
antigen, and may preferably contain muitiple binding sites. Other examples of polymeric platforms are
dextran, polyacrylamide, ficoll, carboxymethylcellulose, polyvinyl alcohol, polyethyleneimine, and poly
D-glutamic acid/D-lysine. .

[0184] The principles of using platfonn molecules are well understood in the arf. Generally, a
platform contains, or is derivatized to contain, appropriate binding sites for IMC and antigen. In
addition, or alternatively, IMC and/or antigen is derivatized to provide appropriate linkage groups, For
example, a simple platform is a bi-functionat linker (i.., has two binding sites), such as a peptide.

[0185] Preferred platform molecules are biologically stabilized, i.e., they exhibitan in vivo excretion

. half-life often of hours to days to months to confer therapeutic efficacy, and are preferably composed of a
synthetic single chain of defined composition. They generally have a molecular weight in the range of
about 200 to about 200,000, preferably about 200 to about 50,000 (or less, such as 30,000). Examples of
valency platform molecules are polymers (or are comprised of polymers) such as polyethylene glycol
(PEG), poly-D-lysine, polyvinyl alcohol, polyvinylpyrrollidone, D-glutamic acid and D-lysine (in a ratio
of 3:2). Preferred polymers are based on polyethylene glycols (PEGs) having a molecular weight of
about 200 to about 8,000. Other molecules that may be used are albumin and IgG.

[0186] Other preferred platform molecules suitable for use within the present invention are the
chemically-defined, non-polymeric valency platform molecules disclosed in Us. patent 5,552,391.
Particularly preferred homogene0u§ chemically-defined valency platform molecules suvitable for use
within the present invention are derivatized 2,2°-ethylenedioxydiethylamine (EDDA) and triethylene

“glycol (TEG). Additionat snitable valency platform molscules include, but are not limited to,
tetraarninobenzene, heptaaminobetacyclodextrin, tetraaminopentaerythritol, 1,4,8,11-
tetraazacyclotetradecane (Cyclam) and 1,4,7,10-tetraazacyclododecane (Cyclen).

[0187] In general, these piatfonns are made by standard chemical synthesis techniques. PEG must
be derivatized and made multivalent, which is accomplished using standard techniques. Some substances
suitable for conjugate synthesis, such as PEG, albumin, and IgG are available commercially.

{0188} - Conjugatic‘m of an IMC and antigen to a platform molecule may be effected in any number of
ways, typically involving one or more crosslinking agents and functional groups on the 'antigen and IMC

platform and platform molecule. Platforms and IMC and ant:gen must-have appropriate lmkmg groups.
" Linking groups are added to platforms using standard synthetxc chermstry techniques. Linking groups
‘ may be added to polypeptide antigens and IMC using either standard solid phase synthetic techniques or
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recombinant techniques. Recombipant approaches may require post-translational modification in order
to atiach a linker, and such methods are known in the art.

{0189] As an example, polypeptides contain amino acid side chain mojeties containing functional
groups such as amino, carboxyl or sulfhydryl groups that serve as sites for coupling the polypeptide fo
the platform. Residues that have such functional groups may be added to the polypeptide if the
polypeptide does not already contain these groups. Such residues may be incorporated by solid phase
synthesis techniques or recombinant techniques, both of which are well known in the peptide synthesis
arts. When the polypeptide has a carbohydrate side chain(s) (or if the antigen is a carboliydrate),
functional amino, sulfhydryl and/or aldehyde groups may be incorporated therein by conventional
chemistry. For instance, primary amino groups may be incorporated by reaction with ethylenediamine in
the presence of sodium cyanoborohydride, sulfhydryls may be introduced by reaction of cysteamine
dihydrochloride followed by reduction with a standard disulfide reducing agent, while aldehyde groups
may be generated following periodate oxidation. In a similar fashion, the platform molecule may also be
defivatized to contain functional groups if it does not already possess appropriate functional groups.

[0190] Hydrophilic linkers of variable lengths are useful for:connecting IMC and antigen to
platform molecules. Suitable linkers include linear oligomers or polymers of ethylene glycol. Such

. linkers include linkers with the formula RlS(CHZCHzo)nCHZCHgO(CHz)mCOsz wherein n= (0-200, m
=1 or 2, R' = H or a protecting group such as trityl, R?=H or alkyl or aryl, e.g., 4-nitrophenyl ester.
These linkers are useful in connecting a molecule containing a thiol reactive group sucﬁ as haloaceyl,
maleiamide, etc., via a thioether to a second molecule which contains an amino group via an amide bond.
These linkers are flexible with regard to the order of attachment, i.e., the thioether can be formed first or

last,

 Methods of making the compositions
{0191] L is well known in the art that DNA will complex with polycationie molecules, generally
.forming a precipitate or very large particles. The inventors have found that the process by which the
. compositions are made can conirol the size of the particles, and thereby affect the pofenéy of the

~ compositions for immunomodulation, as particles of about 0.1 to 20 pm have optimal activity for

immunomeodulation. Accordingly, the invention also provides methods of making the compositions of
the invention, as well as cqmpositioﬁs made by these processes.
[0192] Itis well known in the art that DNA will complex with polycationic molecules, generally
. forming 2 p‘recipitafe or very large particles. The inventors have found that the process by which the
" compositions are made can conirol the size of the particles, and thereby affect the potency of the
- -cpmws"rl:i‘onsr‘fer immunomodulation, as pariicles. of about 0.1 to 20 yum have optimnal activity for
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immunomodulation. Accordingly, the invention also provides methods of making the compositions of
the invention, as well as compositions made by these processes.

[0193] Although the compositions of the invention may incorporate hiydrophobic components, it is
preferred that the compositions be made in an aqueous phase. The aqueous phase may be pure water, but
is more preferably an aqueous solution containing one solutes, whick may be salts, pH buffers, and the
like (collectively "excipients”). Because the compositions of the invention are generally intended for

- pharmaceutical use, the excipients used in manufacture of the compositions may be pharmaceutically
acceptable excipients. However, manufacture of the compositions using excipients which are not
pharmaceutically acceptable is also contemplated. When the compositions are manufactured using
excipients which are not pharmaceutically acceptable, it is preferred that the composition be manipulated
to remove or replace the excipients which are not pharmaceutically acceptable. (e.g:, by diafiltration or
any other convenient technique).

[0194] The methods of production of the compositions of the invention may be carried out using
canventioxjal processing equipment known in the art, including, for example, mixers, centrifuges, pumps,
and other liquid and/or slurry handling mab‘hinei-y. It is preferred that the compositions of the invention
are manufactured under sterile conditions, or alternately sterilized after manufacture (e.g., by sterile
filtration).

{0195} Generally, the immunomodulatory composition is made by combining: at least one IMC, at
Jeast one stablizing agent and at Jeast one cationic condensing agent. Preferably, an agueous solution
containing the IMC is combined with one or more stablizing agent(s) (either an aqueous solution thereof,
or neat stablizing agent, depending on the physical properties of the stablizing agent used) and with one
or more cationic condensing agent(s). After mixing the components of the compositions, no further
processing is believed to be necessary to form the particulate composition. However it is preferred that
the IMC/stabilizing agent/cationic condensing agent be allowed to stand for a period of up to abaut 43
hours, more preferably about 12, 18 or 24 hours. '

-~ {0196] In some embodiments, the IMC s first combined with one or more cationic condensing
ageﬁt(s). -Preferably, an aqueous solution coutaining the IMC is combined with one or more cationic
condensing agent(s) (eii:her an aqueous solution thereof, or neat cationic condensing agent, depending on
the physical properties of the cationic condensing agent used). No incubation time is believed to be
‘necessary after combining the IMC and cationic condensing _ggent, although the mixture may be made in
advance and stored until required.. ' ‘

~ [0197] One or more stablizing agent(s) is added to the mixture of IMC and cationic condensing to
form the particles. No further processing is believed to be necessary to form the compositions. However
it is preferred that the IMC/cationic condensing agent/stabilizing agent be ‘all_o'wed to stand for a period of ‘.
up to about 48 hours, more preferably about 12, 18 or 24 hours. | |
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[0198] In some embodiments, the IMC is first combined with one or morelstab]izing ageni(s).
Preferably, an aqueous solution containing the IMC is combined with one or more stablizing agent(s)
(cither an agueous solution thereof, or neat stablizing agent, depending on the physical properties of the
stablizing agent used). No incubation time is beiieved {0 be necessary after combining the IMC and
stablizing agenf., although the mixture may be made in advance and stored until required.

[0199] The cationic condensing agent is added to the mixture of IMC and stablizing agent to form
the particles. The inventors have found that the compositions of the invention form spontaneously upon
combination of the IMC/stablizing agent mixture with the cafionic condensing agent, so no further
processing is believed to be necessary to form the compositions. However it is preferred that t_hé
MCfstahilizing agent/cationic condensing agent be allowed to stand for a period of up to about 48 hours,
* more preferably about 12, 18 or 24 hours.

-[0200] For production of those compositions which incorporate a fatty acid as an additional.
component, the fatty acid may be added to the IMC-containing solution (either itself or in combination
with the stablizing agent), to the IMC/stablizing agent mixture, or simultaneously with the addition of the
cationic condensing agent (or as an admixture with the stablizing agent).

[0261] For those compositions which incorporate an antigen, the antigen may be added at any point
in the production process. For example, the antigen may be a component of the initial IMC/stablizing
agent mixture, or added before, with, or after the cationic condening agent. When antigen is added after
the addition of the cationic condensing agent, the antigen may be added before or after any purification or
size fractionation of the particles.

[0202] Mixture of the IMC/stablizing, a'gént mixture with the cationic condensing agent normally
rasﬁlts in the production of particles in a range of sizes (the “bulk product”). Because iarge sized
particles are less desirable for immunomodulation applications and may be less stable, the bulk productis
preferably further processed to remove particles outside of the desired size range. A wide variety of size
fractionation techniques may be used, including membrane filiration, gel penneation filtration,
centrifogation, and even simple sétt]jng. The exact fechnique and parameters used for size fractionation

-wiil dépe;nd on excipients used in producing the bulk particle product, the desired particle size range, and
-the preferences of the user. '

[0203] As discussed above, the optimal particle size for use in the methods of the invention is about
0.1 to about 20 pn diameter. Accordingly, it is preferred that the p_airtiqulate compositions be
fractionated to remove large particles and the desired particulate composition collected. Large particles
may be removed by aﬁy convenient technique, including settling under ndnn_énl gavify; centrifugation,
and filtration. ‘The inventors have found that simple settling (i.e., simply'alleWing the large particles to -
settle out under the influence of normal gravity) of the bulk particle pi_*oduct for 15 hours _yieids 4

composition having a particle diameter of less than 2 pm. This would be approximately equivalent to



centrifugation for 10 minutes at 1000 RPM in the commonly used Beckman JA. 12 Rotor if the particle
size remained constant over the 15 hr period. Filtration with a 2.7 pum pore size filter also yields
satisfactory results with regard to elimination of large particles from the bulk particle product. If the
production process has not been carried out under sterile conditions and wsing sterile materials, it is
preferred that the composition is sterilized at this point in the process by, for example, sterile filtration.

{0204] An aqueons suspension of the particulate composition is expected to be suitable for most
indications (sterile if pharmaceutical use contemplated). If the production process has not been carried
out in a pharmacentically acceptable aqueous solution, then it is preferred that the excipient make up of
the composition be altered af this point to remove any excipients which are.not pharmaceutically
acceptable. Non-acceptable excipients may be removed or replaced using conventional technology, such
as diafiltration, buffer exchange via gel permeation chromatography, and the like. ~When the size
fractionation. technology permits, it may be convenient to combine size fractionation and buffer exchange
into a single process (e.g., by performing gel permeation chromatography under conditions which results
in size fractionation and buffer exchange): '

[0205] The compositions of the invention may also be processed to form a dry formulation by, for
example, lyophilizing an aqueous suspension of the particulate composition (with or without excipient(s)
present). Preferably, one or more bulking agents are added to/dissolved in the composition, which is

frozen and Tyophilized to yield a dry powder form of the composition. Acceptable bulking agents

include, but are not limited to, carbohydrates such as simple sugars such as dextrose, ribose, fructose and

the like, alcohol sugars such as mannitol, inositol.and sorbitol, disaccharides including trehalose, sucrose

and lactose, naturally occurring polymers such as starch, dextrans, chitosan, hyaluronate, proteins.{e.g.,

_ gelatin and serum albumin) and glycogen , and synthetic monomers and polymers. Sucrose is an

exemplary bulking agent which is typically used at 5 to 15% (w/v), with 10% as an exemplary
concentration.

0206} When the.composiﬁbn is to be used as an aqueous suspension, the particle product may then
be packaged, preferably under sterile conditions. The exact form of the packaging will vary, depending
nﬁ the intended nse and distribution channel, as well as the preferences of the maker and/for user. For
administration as an injectable, the particle product may be dispensed into vials, ampoules, or flexible
packaging which has provision for withdrawal of the product. If the product is intended for
administration by inbalation, the product may be dispensed into vials, ampoules, etc. for administration

by nebulizer, or it may be packaged into disposable package/nozzle combinations for use in a portable

‘ inhalation therapy device, such as the AERx® inhalation device (Aradigm Corp.). Alternately, the
-composition may be dispensed into packaging appropriate for a fransdermal or epidermal administration

‘device. The composition may also be mixed with additional excipients or carriers prior to packaging,

'Suqh as permeability enhancing compounds, lotions, salves, and the like.
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Methods of treatment

[0207] The invention provides methods of modulating an immune response in an individual,
preferably a mammal, more preferably a human, comprising administering to the individual a
composition of the invention. Immunomodulation may include stimulating a 'Ihl-typé fmmune response

and/or inhibiting or reducing a Th2-type immune response. The composition of the invention is
administered in an amount sufficient to modulate an immune response. As described herein, modulauon
of an immune response may be humoral and/or cellular, and is measured using standard techniques in the
art and as described herein.

[0208] The invention provides methods of modulating an immune response in an individual,
preferably a mammal, more preferably a human, comprising administering fothe individual a
composition of the invention. Immunomodulation may include stimulating a Thl-type immune response
and/or inhibiting or reducing a Th2-type immune response. The composition of the invention is
administered in an amount sufficient fo modulate an immune response. As described herein, modulation
of an immume response may be humoral and/or cellutar, and is measured using standard techniques in the
art and asdescribed herein.

-[0209] A number of individuals are suitable for receiving the immunomodulatory composition(s)
described herein. Preferably, butnot neéessarily, the individual is human.
~ [0210] In certain embodiments, the individual suffers from a disorder associated with a Th2-type:
immune response, such as allergies or allergy-induced asthma. Administration of a composition of the
invention results in immunomodulation, increasing levels of one or more Thl-type response associated
cytokines, which may result in a reduction of the Thﬁftype response features associated with the
individual’s response‘ to the allergen. Immunomodulation of individuals with Th2-type response
associated disorders results in a reduction or improvement in one or more of the symptoms of the
disorder. Where the disorder 15 allergy or allergy—mduced asthma, improvement in one or more of the
symptoms includes a reduction one or more of the following: rhinitis, allergic conjunctivitis, circulating
levels of IgE, circulating levels of histamine and/or requirement for ‘rescue’ inhaler therapy (e.g., inhaled
-albutero! administered by metered dose inhaler or nebulizer). .

0211} In further embodiments, the individual subject to the immunomodulatory therapy of the
invention is an individual receiving a vaccine. The vaccine may be a prophylactic vaceine or a
.therapeutic vaccine. ‘A prophylactic vaccine comprises one or more epitopes associated with a disorder

for which the individual may be at risk (e. & M. tuberculosis antigens as a vaccine for prevention of
~ tuberculosis). Therapeutic vaccines comprise one or more epitopes associated with a particular disorder
affecting the individual, such as AL tuberculosis or M. bovis surface antigens in tuberculosis patients,
‘antigens to which the individual is allergic (i.e., allergy desensitization therapy) in individuals subject to
a‘]lcrgiés, tomor cells from an individgai with cancer {e.g., as described in U.S, Patent No. 5,484,596}, or
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fumor associated antigens in cancer patients. As shown in Example 5, below, administration of a ‘
composition of the invention with a hepatitis virus antigen, hepatitis B surface antigen (HBsAg), resulted
in increased titers of anti-HBsAg antibodies in mice as compared to administration of HBsAg alone.
[0212] The composition of the invention may be given in conjunction with the vaccine (e.g,, in the
same injection or a contemporaneous, but separate, injection) or the composition of the invention may be
administered separately (e.g., at least 12 hours before or after administration of the vaccine). In certain
embodiments, the antigen(s) of the vaccine is part of the composition, by either covalent or non-covalent
linkage to the IMC or by mixiure with the particulate composition. Administration of
immunomodulatory composition therapy to an individual receiving a vaccine results in ap immume
response to the vaccine that is shifted towards a ThI-type response as compared to individuals which
receive vaceine in the absence of the compositions of the invention. Shifting towards a Thi-type |
response may be recognized by a delayed-type hypersensitivity (DTH) response to the antigen(s) in the
vaccine, increased YN~y and other Thl-type response associated cytokines, production of CTLs specific
for the antigen(s) of the vaccine, low or reduced levels of 1gE specific for the antigen(s) of the vacciﬁe, a
reduction in Th2-associated antibodies specific for the antigen(s) of the vaccine, and/or an increase in
Thi-associated antibodies specific for the antigen(s) of the vaccine. In the case of therapeutic vaccines,

administration of a composition of the invention and vaccine results in amelioration of one or more

'symptoms of the disorder which the vaccine is intended to treat. As will be apparent to one of skill in the

ait, the exact symptom(s) and manner of their improvement will depend on the disorder sought to be
treated. For example, where the therapeutic vaccine is for tuberculosis, treatment with the compositions

of the invention plus vaccine resﬁlts-in reduced coughing, pleural or chest wall pain, fever, and/or other

 symptoms known in the art. Where the vaccine is an allergen used in allergy desenéitization therapy, the

~ treatment resulis in a reduction in the symptoms of allergy (e.g:, reduction in rhinitis, allergic

conjunctivitis, circulating levels of IgE, and/or circulating levels of histamine).
10213] Other embodiments of the invention relate to immunomodulatory therapy of individuals
having a pre-existing disease or disorder, such as cancer or an infectious diéease’_. Cancer is an attractive

target for immunomodulation because most cancers express tumor-associated and/or tumor specific

antigens which are not found on other cells in the body. Stimulation of a Thl-type response against

tumor cells results in direct and/or bystander killing of tumor celis by the immune system, leading to 2

B reduction hlicancér cells and/or a reduction in symptom(s). Administration of 2 composition of the

invention to an individual having cancer results in stimulation of a Thi-type jmmune response against the
tumor cells. Such an immune response can kill tumor cells, either by direct action of cellular immune
system cells (e.g., CTLs) or components of the humoral immune system, or by bystander effects on cells
proximal to.cells targeted by the immune system. See, for example, Ch_o et al. (2000) Nat. Biotechnol.
18:509-514. In the cancer context, édmini'straﬁon of a composition of the invention may further
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comprise administration of one or more additional therapeutic agents such as, for example, anti-tumor
antibodies, chemotherapy regimens and/or radiation treatments. Anti-tumor antibodies, including, but
not limited to anti-tumor antibody fragments and/or derivatives thereof, and monoclonal antl—tumor
antibodies, fragments and/or derivatives thereof, are known in the art as is administration of such
antibody reagents in cancer therapy (e.g- RITUXAN® (rituximab); HERCEPTIN® (trastuzumab)).
Administration of one or more additional therapeutic agents maj' oceur before, after and/or concurrent
 with administration of the particulate composition.

[0214] Immunomodulatory therapy in accordance with the invention is also useful for individuals
with infectious diseases, particularly infectious diseases which are resistant to humoral immune
responses (e.g., diseases caused by mycobacterial infections and intracellular pathogens).
Immunomodulatory therapy may be used for the treatment of infectious diseases caused by celiular
pathogens {e.g., bacteria or protozoans) or by subcellular pathogens (e.g., viruses). The composition of
the mvent:on may be administered to individuals suffering from mycobacterial diseases such as
tuberculosis (e.g., M. tuberculosis and/or M. bovis infections), leprosy (i.e., M. leprae infections), or M.
marinum or M. uleerans infections. The composition of the invention is also useful for the treatment of
viral infections, including infections by influenza virus, respiratory syncytial virus (RSV), hepatitis virus

- B, hepatitis virus C, herpes viruses, particularly herpes simplex viruses, and papilloma viruses. Diseases
caused by intracellular parasites such as malaria (e.g., infection by Plasmodium vivax, P. ovale, P. '
falciparum andfor P. malariae), leishmaniasis (e.g., infection by Leishmania donovani; L. tropica, L.
mexicana, L. braziliensis, L. peruviana, L. infantum, L. chagasi, and/or L. aethiopica), and toxoplasmosis

. (i.e., infection by Toxoplasmosis gondii) also benefit from particulate composition therapy.
Immmomodulatory composition therapy is also useful for ireatment of parasitic diseases such as
schistosomiasis (i.e., infection by blood flukes of the genus Schistosoma such as S. haematobium, S.

" mansoni, 5. japonicum, and S. mekongi) and clonorchiasis (i.e., infection by Clonorchis sinensis).

. Administration of a particulate composition of the invention to an individual suffering from an infectious -

- disease results in an amelioration of symptoms of the infectious disease. In some embodiments, the
‘infectious disease is not-a viral disease.

{0215} The invention further provides methods of increasing or stimulating at least one Thl-
associated cytokine in an individual, including 1L-2, JL-12, TNF-B, IFN-y and TFN-o. In certain
‘embodiments, the invention provides methods of increasing or stimulating IEN-y in an individual,
“particularly in an individual in need of increased IFN-y levels, by administering an effective amount of an.
-immunomodulatory composition io the individual such that TEN-y is increased. Individuals in need of
‘increased IFN-y are those having disorders which generally respond to the admlnmtaﬁon of IFN=y. Such
disorders include a number of mﬂaﬂnnatory disorders including, but not limited to, ulcerative colitis.

Such disorders also include a number of fibrotic disorders, including, but not limited to, idiopathic
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pulmonary fibrosis (IPF), scleroderma, cutancous radiation-induced fibrosis, hepatic fibrosis including
schistosomiasis-induced hepatic fibrosis, renal fibrosis as well as other conditions which may be
improved by administration of IFN-y. Administration of an immumomodulatory composition in
accordance with the invention resulis in an increase in JFN-y levels, and results in amelioration of one or
more symptoms, stabilization of one or more symptoms, and/or prevention or slowing of progression
(e.g., reduction or elimination of additional lesions or symptoms) of the disorder which responds to IFN-
Y.

[0216] The methods of the invention may be practiced in combination with other therapies which
make up the standard of care for the disorder, such as adminisl:ratidn of anti-inflammatory agents such as
systemic corticostefoid therapy (e.g., cortisone) in IPF.

{0217] In certain émbodiments, the invention provides methods of increasing IFN-o. in an
individual, particularly in an individual in need of increased [FN-at levels, by administering an effective
amount of an immunomodulatory composition fo the individual such that IFN-o levels are increased.

- Individuals in need of increased IFN-o. are those having disorders which generally respond to the

_administration of IFN-t, including recombinant JFN-a, including; but not limited to, viral infections and
cancer. In certain embodiments, the IMC includes one or more immunomodulatory poly.rnucleotides
effective for inducing IFN-¢ production comprise one or more TCG and/or T, 5-bromocytosine, G
sequence(s) in addition to the 5°-CG-3°, particularly at the 5’ end of the immunomodulatory
polynucleotide, as- described herein. The additional TCG(s) and/or T, 5-bremocytosine, G(s) may be
immediately 5’ and adjacent to the- CG sequence or may be 5” to the CG sequence with one or more bases
separating the TCG and/or T, S-broch.ytosine; G from the CG sequence. In some embodiments, the
additional TCG and/or T, 5-bromocytosine, G sequence(s) is created by the additionofa TeraTC ora
T, 5-bromocytosine to the 5° end of the CG sequence. Tn some embodiments where the additional TCG
or T, S—bromocytbsine, G sequence is created by the addition of a Tora TC or a T, S-bromocytosine to
the 57 end of the immunomodulatory polynucleotide, the additional sequence may create a TCGAoraT,
S-bromocytosine, G, A sequence with the ISS. | |

{0218] Examples of immnnomodulatqry 'polyﬁuc']eéﬁdes' particularly effective for inducing IFN-o.
production include, but are not limited to, 5 * TCGTCGAACGTTCGTTAACGTTCG-3’ (SEQID
- NO:27), 5. TCGTCGAACGTTCGTT-3’ (SEQ ID NO:17), 5>-TCGTCGTGAACGTTCGAGATGA-3 '

' (SEQ ID NO:28), 5*-TCGTCGGTATCGGTCGGTATGA-3’ (SEQ ID NO:29), '
5*-TCGTCGGAACCGTTCGGAATGA-3’ (SEQ ID NO:30), 5>~ TCGTCGAACGTTCGAGATG-3’
(SEQ ID NO:31), - TCGTBGAACGTTICGAGATG-3" (SEQ ID NO:3 2), |
5. TTCGAACGTTCGTTAACGTTCG-3 (SEQ' ID NO:33), 5 *TCGTCGGAAABGUTCGGAATGA-3’
{SEQ ID NO:34), _ : e
5. TCGTBGAABGUTCGGAATGA-3" (SEQ ID NO:3 5), and
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5’ TCGTBGTGAACGTTCGAGATGA-3’ (SEQ ID NO:36), wherein B = 5-bromocytosine.

[0219] As will be understood by those of skill in the art, the invention also provides for the use of
the compositions of the invention for manufacture of a medicament for use in the methods of treatment
described herein, including modulating an immune response, treatment of a disorder associated with a
Th2-type immune response, and increasing or stimulating at least one Thl-associated cytokine in an

" individual.

[0220] Administration of an immunomedulatory composition in accordance with the invention
results in an increase in IFN-o levels, and results in amelioration of one or more symptoms, stabilization
of one or more symptoms, and/or prevention or slowing of progression (e.g., reduction or elimination of

additional lesions or symptomns) of the disorder which responds to IFN-0.. The methods of the invention
may be practiced in combination with other therapies which make up the standard of care for the
disorder, such as administration of anti-viral agents for viral infections.

[0221] Also provided are methods of reducing levels, particularly serum levels, of IgE in an
individual having an IgE-related disorder by administering an effective amount of a particulate
composition to the individual. In such methods, the immunomodulatory particulate composition may be
administered alone (e.g., without antigen) or administered with éntigen, such as an allergen. Reduction
in IgE results in an amelioration of one or more symptoms of the IgE-related disorder. Such symptoms
include allergy symptoms such as rhinitis, conjunctivitis, in decreased sensitivity to allergens, a reduction
in the symptoms of .allergy- in an individual with allergies, or a reduction in severity of an allergic
response. Accordingly, the invention also provides methods of treating an allergic condition jn an
individual. In some embodiments, methods of ireating an allergic condition include administering the
immunomodulatory composition with a particular amount or dose of antigen. With any additional
anﬁgen administration, the amount or dose of antigen administered can remain the same, can decease or
can increase (as in conventional desensitization therapy) over the course of treatment.

[0222] In some embodiments, the invention provides methods of stimulating CTL production inan
-:individual, particularly in an individual in need of increased number and/or activity of CTLs, éomprising
administering an effective amount of an immunomodulatory composition to the individual such that CTL
production is increased. Individuals in need of increased CTL production are those having disorders
which generally respond to CTL activity. Such disorders include, but not limited to, cancer and
intracellular infections. Administration of particulate composition in accordance with the invention
results in an increase in CTL levels, and results in amelioration of one or more symptoms, stabilization of
“one or more symptoms, and/or prevention or slowing of progression (e.8., reduction or elimination of
-additional lesions or symptoms) of the disorder which responds to CTL activity. |

{0223] Methods of the invention include any embodiments described herein, such as administering

particulate compositions with or without antigen.
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[0224] As will be apparent to one of skill in the art, the methods of the invention may be practiced in
combination with other therapies for the particular indication for which the particulate composition is
administered. For example, immunomodilatory composition may be administered in conjunction with
anti-malarial drugs such as chloro—quine for malaria paﬁenfé, in conjunciion with leishmanicidal drugs
such as pentamidine and/or allopurinol for leishmaniasis patients, in conjunction with anti-mycobacterial
drugs such as isoniazid, rifampin and/or ethambutol in fuberculosis patients, or in conjunction with
allergen desensitization therapy for atopic (allergy) patients.

[0225] As described herein, administration of immunomodulatory compositions may further
comprise administration of one or more additional immunotherapeutic agents (i.e., an agent which acts
via the immune system and/or is derived from the immune system) including, but not limited to;
cytokine, adjuvants and antibodies (including, but not limited to, antibody fragments and/or derivatives
and monoclonal antibodies, fragments and/or derivatives thereof). Examples of therapeuti¢ antibodies
include those used in the cancer context (e.g., anti-famor antibodies). Administration of such additional
immunotherapeutic agents applies to all the methods described herein. .

[0226] An immunomodulatory particulate composition may also be administered in conjunction
with an adjuvant. Administration of an antigen with an immunomodulatory particulate composition and
an adjuvant leads to a potentiation of a immune response to the antigen and thus, can result in an
enhanced immune response compared to that which results from a composition comprising the particulate
composition and antigen alone. Adjuvants are known in the art and include, but are not limited to; oil-in-

“water emulsions, water-in oil emulsions, alum (aluminum salts), liposomes and microparticles, including
but pot limited to, polystyrene, starch, polyphosphazene and polylacﬁdelp'olyglycosides. Other suitable
adjuvants also include, but are not limited to, MF59, DETOX™ (Ribi), squalene mixtures (SAF -1),
muramyl peptide, saponin derivatives, mycobacterium cell wall preparations, monophosphoryl lipid A,
‘mycolic acid derivatives; nonionic block copolymer surfactants, Quil A, cholerét_ toxin B subunit,
polyphosphazéne and derivatives, and immunostimulating complexes (ISCOMSs) such as those described
by Takahashi eral. (1990) Nature 344:873-875, as well as, lipid-based adjuvants and others described
herein. Adjuvants are also disclosed in U.S. Patent Nb. 6,406,705. For veterinary ﬁsa and for production -
of antibodies in animals, mitogenic components of Freund’s adjuvant (both complete and incomplete)

can be used.

Administration and assessment of the immune 16SpO nse
[0227] The immunomodulatory composition can be administered in combination with other
pharmaceutical and/or ‘ixutnunc;:gen’ié and/or immunostimulatory agents, as described herein, and can‘be o

combiﬁed with a physiologically acceptable carrier thereof {and as such the invention includes these
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compositions). Accordingly, the immunomodulatory composition can be administered in conjunction
with other immunotherapeutic agents including, but not limited to, c;,ytokine, adjuvants and antibodies.

[0228] As with all immunogenic compositions, the immunologically effective amounts and method
of administration of the particular immunomodulatory composition can vary based on the individual,
what condition is to be treated and other factors evident to one skilled in the art. Factors to be considered
include the antigenicity of antigen if administered, whether or not the immunomodulatory composition
will be administered with or attached, covalently or otherwise, an adjuvant, delivery molecule and/or
antigen, route of administration and the number of immunizing doses to be administered. Such factors
are known in the art and it is well within fhe skill of those in the art to make such determinations without
undue experimentation. A suitable dosage range is one that provides the desired modulation of immune
response (e.g., stimulation of IFN-y and/or IFN-a). When an immune responise to an antigen is desired, a
suitable dosage range is one that provides the desired modulation of immune response to the antigen.
Generally, dosage is determined by the amount of the IMC administered to the patient, rather than the
overall quantify of particulate composition administered. Useful dosage ranges of the particulate
~ composition, given in amounts of IMC delivered, may be, for exarﬁple? from about any of the following:
1 to 500 pg/ke, 160 to 400 pg/ke, 200 to 300 pg/ke, 1 to 100 pglkg, 100to 200 ug/k;g, 300 to 400 pg/ke,
400 to 500 pg/kg. The absolute amount given to each patient depends on pharmacological properties '
such as bioavailability, clearance rate and route of administration.

[0229] The effective amount and method of adminjstration of the particular particulate composition
can vary based on the; individual patient, desired result and/or type of disorder, the stage of the disease
| and other factors evident to one skilled in the art. The route(s) of administration qseﬁll in a particular
application are apparent to one of skill in the art. Routes of édminish‘ation include but are not lirnited to
topical, dermal, transdermal, transmucosal, apidennal-, parenteral, gastrointestinal, and naso-pharyngeal
and pulmonary, including transbronéhial and transalveolar. A suitable dosage range is one that. provides
sufficient particulate composition to attain a tissue concentration of about 1-10 pM as measured by blood
levels. The absolute amount giveﬁ to each patient depends on pharmacological properties such as
bioavailability, clearance rate and route of administration. ' | | '

{0230] As described herein, ARCs and»-tissueé with high éoncentrat_ion'of APCs are preferred targets
for the immunomodulatory particulate composition. Thus, administration of particulate composition to
mammalian skin and/or mucosa, where APCs are present in relatively high concentration, is preferred.

[0231] The present invention provides immunomodulatory particulate composition formulations
suitable for topical application including, but not 'liim'ted to, physiologically acceptable implants,
ointments, creams, rinses and gels. Tepical admiﬁislratidn is, for instance, by a dressing or bandage
having dispersed therein a delivery system, by direct administration of a delivery system into incisions or
open wourids, or by transdermal administration device directed at a site of interest. Creams, rinseé, gels
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or ointments having dispersed therein an immunomodulatory particulate composition are suitable for use
as topical ointments or wound filling agents.
[0232] Preferred routes of dermal administration are those which are least invasive. Preferred
among these means are transdermal {ransmission, epidermal administration and subcutaneous injection.
Of these means, epidermal administration is preferred for the greater concentrations of APCs expected to
be in intradermal tissue.
[0233] Transdermal adminisiration is accomplished by application of a cream, rinse, gel, efc.
capable of allowing the immunomodulatory particulate composition to penetrate the skin and enter the
~ blood stream, although due to the size of the particles, transdermal administration should be performed in
conjunction with dermabrasion or other techniques which comprise the integrity of the skin.
Compositions suitable for transdermal administration include, but are not limited to, pharmaceutically
acceptable suspensions, oils, creams and ointments applied directly to the skin or incorporated into a

- protective carrier such as a transdermal device (so-called “patch”). Examples of suitable creams,
ointments etc. can be found, for instance, in the Physician’s Desk Reference. .

[0234] An exemplary patch product for use in this method is the LECTRO PATCH trademarked

product of General Medical Company of Los Angeles, CA. This product electronically maintains
' reservoir electrodes at neutral pH and can be adapted to provide dosages of differing concentrations, to
dose continuously and/or periodically. Preparation and use of the patch should be performed according
to the manufacturer’s printed instructions which accompany the LECTRO PATCH product; those
instructions are incorporated herein by this reference. Other oociusive patch systems are also suitable.

'[0235] For transdermal transmission, low-frequency ultrasonic delivery is also a suitable method.
Mitragpﬁ-i et al. (1995) Science 269:850-853. Application of low-frequency ulirasonic frequencies
(about 1 MHz) allows the general controlled delivery of therapeutic compositions, including those of
high molecular weight.

[0236] Epidermal administration essentially involves mechanically or chemically irritating the
eutermost layer of the epidermis sufficiently to provoke an immune response to the irritant. Specifically,
the irritation should be sufficient to attract APCs to the site of irritation. . '

{0237] An exemplary mechanical irritant means employs a multiplicity of very narrow diameter,

- short tines which can be used to irritate the skin and attract APCs to the site'of jrritation, to take up
. particuléte composition transferred from the end of the fines. For example; the MONO-VACC old

tuberculin test manufactured by Pasteur Merieux of Lyon, France contains a device suitable for
-introduction of immunomodﬁlatory particulate compositions. |

[0238] The device (which is distributed in the U.S. by Connaught Laboratories, Inc. of Swiftwater,
‘PA) consists of a plastic contaiser having a syringe plunger at one end and a tine disk at the other. The

tine disk supports a multiplicity of narrow diameter tines of a length which will just scratch the outermost
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layer of epidermal cells. Each of the tines in the MONO-VACC kit i coated with old tuberculin; in the
present invention, each needle is coated with a pharmaceutical composition of immunomodulatory
particulate composition. Use of the device is preferably according to the manufacturer’s written
instructions included with the device product. Similar devices which can also be used in this
embodiment are those which are currently used to perform allergy tests.

{0239] Another suitable approach to epidermal administration of immunomodulatory compositions
is by use of a chemical which irritates the outermost cells of the epidermis, thus provoking a sufficient
immune response to attract APCs to the area. Aﬁ example is a keratinolytic agent, such as the salicylic
acid used in the commercially available topical depilatory creme so0ld by Noxema Corporation under the
trademark NAIR. This approach can also be used to achieve epithelial adminisiration in the mucosa.
The chemical irritant can also be applied in conjunction with the mechanical irritant (as, for example;
would occur if the MONO-VACC type tine were also coated with the chemical irritant). The particulate
composition can be suspended in a carrier which also contains the chemical irritant or coadministered
therewith. :

[0240] Parenteral routes of administration inchude but are not limited to electrical (iontophoresis) or
direct injection such as direct injection into a central venous line, intravenous, intramuscular,
intraperitoneal, intradermal, or subcutaneous injection. Formulations of immunomodulatory particulate
composition suitable for parenteral administration are generally formulated in USP water or water for
injection and may further comprise pH buffers, salts bulking agents, preservatives, and oﬂ;ier
pharmaceutically acceptable excipients. Immunomodulatory composition for parenteral injection may be
formulated in pharmaceutically acceptable sterile isotonic solutions such as saline and phosphate
buffered _séline for injection,

{0241) Gastr’oiﬁtes‘tina_l- routes of administration include, but are not limited to, ingestion and rectal.
The invention includes formulations of the immunomodulatory particulate composition suitable for
. gastrointestinal administration including, but not limited to, phanﬁaceuﬁcally acceptable powders, pills

or liquids for ingestion and suppositories for rectal administration. As will be apparent to one of skill in
the att, pills or suppositories will further comprise pharmaceutma]ly acceptable solids, such as starch, to
- provide bulk for the composition.

{0242] Naso-pharyngeal and pulmonary administration include are accomplished by inhalation, and
include delivery routes such as intranasal, tlansbronchlal and transalveolar routes. The invention
rmciudes formulations of immunomodulatory partlculate composition suitable for administration by
mhalatton including, but not limited to, liquid suspensions for forming aerosols as well as powder forms
~ for dry powder inhalation delivery systems. Devices suitable for administration by inhalation include,

_ but are not limited to, atomizers, vaporizers, nebuhzers, and dry powder inhalation. delivery devices.
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[0243] As is well known in the art, solutions or suspensions used for the routes of admipistration
described herein can include any one or more of the following components: a sterile diluent such as water
for injection, saline solution, fixed oils, polyethylene glycols, glycerine, propylene glycol or other
synthetic solvents; antibacterial agents such as benzyl alcohol or methy! parabens; antioxidauts such as
ascorbic acid or sodium bisulfite; chelating agents such as ethylenediaminetetraacetic acid; buffers such
as acetates, citrates or phosphates and agents for the adjustment of tonicity such as sodium chloride or
dextrose. pH can be adjusted with acids or bases, such as hydrochloric acid or sodium hydroxide. The
parenteral preparation can be enclosed in ampoules, disposable syringes or multiple dose vials made of
glass or plastic.

© 10244] As is well known in the art, pharmaceutical compositions suitable for injéctable use include
sterile aqueous solutions or dispersions and sterile powders for the extemporaneous preparation of sterile -
injectable solutions or dispersion. As will be understood by those of skill in the art, sterile powders are
reconstituted by mixing with a suitable carrier before administration. For intravenous administration,
suitable carriers include physiological saline, bacteriostatic water, Cremophor EL™ (BASF, Parsippany,
NI) or phosphate buffered saliné (PBS). In all cases, the composition must be sterile and should be fluid
to the extent that easy syringability exists, ¥t should be stable under the conditions of manufacture and
. storage and must be preserved against the contaminating action of microorganisms such as bacteria and
fungi. The carrier can be a solvent or dispersion medium containing, for example, water, ethanol, polyol
(for example, glycerol, propylene glycol, and liquid polyethylene glycol, and the like), and suitable
mixtures thereof. Prevention of the action of microorganisms can be achieved by various antibacterial -
and antifungal agents, for example, parabens, chlorobutanol, phenol, ascorbic acid, thimerosal, and thie
like. It may be preferable to include isotonic agents, for exampl’e, sugars, polyalcobols such-as mannitol,
sorbitol, sodium chloride in the composition. Prolonged absorf)ﬁon of the injectable compositions ¢an be
brought about by including in the composition an agent which delays absorption, for example, aluminum
monestearate and gelatin. ' 7

[0245] As is well known in the art, sterile m_]ectable solutions can be prepared by mcorporatmg the
active compound(s) in the required amount in an appropriate solvent with one ora combination of
~ ingredients enumerated above, as required, followed by filtered sterilization. Generally, dispersions are

| prepared by incorporating the active c‘onipound into a sterile vehicle which contains a basic dispersion
- medium and the required other ingredients ﬁom those enumerated above. In the case of sterile powders
 for the preparation of sterlle injectable solutmns, the preferred methods of preparatwn are vacuum drymg :
- and freeze-drying which yields a powder of the active ingredient plus any additional desired mgredlent
from a previously sterile-filtered solution thereof.
{0246) The choice of delivery routes can be used to modulate the immune respanse elicited. For

~example, IgG titers and CTL activities were identical when an influenza virus vector was adnumstered
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via intramuscular or epidermal (gene gun) routes; however, the muscular inoculation yielded primarily
IgG2a, while the epidermal route yielded mostly IgG1. Pertmer et al. (1996) J. Virol. 70:6119-6125.
Thus, one skilled in the art can take advantage of slight differences in immunogenicity elicited by
different routes of administering the immunomodulatory polynucleotides of the present invention.

{0247] The above-mentioned compositions and methods of administration are meant to describe but
not limit the methods of administering the formulations of immunomodulatory compositions of the
invention. The methods of producing the various compositions and devices are within the ability of one
skilled in the art and are not described in. detail here.

[0248] Analysis (both qualitative and quantitative) of the immune response to the particulate
compositions can be by any method known in the art, including, but not limited to, measuring antigen-
specific antibody productibn (including measuring specific antibody subclasses), activation of specific
populations of lymphocytes such as CD4+ T cells, NK cells or CTLs, production of cytekines such as
IFN-y, IFN-o, IL-2, HL-4, IL-5, IL~10 or JL.-12 and/or release of histamine. Methods for measuring
specific antibody responses include enzyme-linked immunosorbent assaj (ELISA) and are well known in
the artt. Measurement of numbers of specific types of lymphocytes such as CD4+ T cells can be
achieved, for example, with fluorescence-activated cell sorting (FACS). Cytotoxicity and CTL assays

“can be performed for instance as described in Raw'et al. (1994) Proc. Natl. Acad. Sci. US4 91:9519-9523
and Cho et al. (2000). Cytokine concentrations can be measured, for example, by ELISA. These and
other assays to evaluate the immune response to an immunogen are well known in the art. See, for
example, Selected Methods in Cellular Immunology (1980) Mishell and Shiigi, eds., W.H. Freeman and
Co. ‘

[6249] Preférably, a Thl-type rresponse is stimulated, i.e., elicited and/or enhanced. With reference:
to the invention, stimulating 2 Thl-type immune response can be determined i vitro or ex vivo by
measuring cytokine production from cells treated with immumnomodulatory particulate composition as
compired to those treated without the p;'miculate composition. Methods to determine the eytokine:
production of cells include those methods described herein and any known in the art. The type of
«cytokines produced in response to particulate composition treatment indicate a Thl-type or a Th2-type
biased immune response by the cells. As used herein, the term “Th1-type biased” cytokine production
refers to the measurable increased production of cytokines associated with a Thi-type immune response
in the presence of a stimulator as compared to production of such cytokines in the absence of stimulation.
Examples of such Th1-type biased cytokines include, but ére not limited to, [L-2, IL.~12, IFN-y and JFN-

‘o In contrast, “Th2-type biased cytokines™ refers to those associated with a Th2-ty‘pe'immune response,

and include, but are not limited to, IL-4, IL-5; and IL.-13. Cells useful for the determination of activity of
the particulate compositions include cells of the immune system, primary cells isolated from a host

_gndlor cell lines, preferably APCs and lymphocytes, even more preferably macrophages and T cells.
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{0250] Stimulation of a Thl-type immune response can also be measured in a host treated with an
immunomodulatory particulate composition by any method known in the art including, but not limited to:
(1) areduction in levels of IL-4 or IL-5 measured before and after antigen-challenge; or detection of
Tower (or even absent) levels of IL-4 or IL-5 in a host treated with the nnmunomodulatory particulate
composition, optionally as compared to an anngen-pmned or primed and challcnged control treated
without the particulate composition; {2) an increase in levels of IL-12, IL-18 and/or IFN (a, P or y) before
and after antigen challenge; or detection of higher levels of IL-12, IL-18 and/or IFN (¢, p ory) in a host
treated with immunomodulatory particulate composition as compared toan antigen-primed or, primed
and challenged, control treated without the particulate composition; (3) “Thi-type biased” antibody
production in a host treated with immunbmodulatory particulate composition as compared to a control
treated without particulate composition; and/or (%) a reduction in levels of antigen-specific IgE as
measured before and after antigen challenge; or detection of lower for even absent) levels of antigen-
specific IgE in a host treated with immunomodulatory particulate composition as compared to an antigen-
primed, or primed and challenged, control treated without particulate composition. A variety of these
determinations can be made by measuring cytokines made by APCs and/or lymphocytes, preferably -
macrophages and/or T cells, in vitro or ex.vivo using methods described herein or any known in the art.
Some of these determinations can be made by measuﬁng the class and/or subclass of antigen-specific
antibodies using methods described herein or any known in the art.

[0251] The class and/or subclass of antigen-specific antibodies produced in response to
im'munomo'dulatdry particulate composition treatment indicate a Thi-type or a Th2-type biased immune
response by the cells. As used herein, the term “Th1-type biased” antibody production refers to the
measurable increased production of antibodies associated with a Th1-type immune response (i.e., Thi-
associated antibodies). One or more Th1 associated antibodies may be measured. Examples of such
'Thl-type biased antibodies include, but are not limited to, human IgG1 and/or IgG3 (see, e.g., Widhe et

al. (1998) Scand. J. Immunol. 47:575-581 and de Martino et al. (1999) Ann. Allergy Asthma Immumol.
83:160-164) and murine fgG2a. In contrast, “Th2-type biased antibodies” refers to those associated with
“a Th2-type immune response, and include, but are not Hmited to, human IgG2, Ig(G4 and/or IgE (see, e.g,
Widhe et al. (1998) and de Martino ef al. (1999)) and murine IgG1 and/or IgE..

- [0252} The Tﬁl-type biased cytokine induction which occurs‘as a result of administration of
imiunomodulatory particulate composition produces enhanced cellular immune responses, such as those
performed by NK cells, cytotoxic killer cells, Th1 helper and memory cells. These responses are

 particularly beneficial for use in protective or therapeutic vaccination against viruses, fungi, protozoan
- parasites, bacteria, ailergic diseases and asthma, as well as tumors.

[0253] In some embodiments, a Th2 response is suppressed (reduced) Suppression of a Th2
-response may be determined by, for example, reduction in levels of Th2-associated cytokines, such as ]L—
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4 and IL-5, reduction in the levels of Th2-associated antibodies, as well as IgE reduction and reduction in

histamine release in response to allergen.

Kits

{0254] The invention provides kits. In certain embodiments, the kits of the invention generally
comprise one or more containers comprising any immunomeodulatory particulate composition as
described herein. Alternately, the kits may comprise one or more containers of the components of the
compositions of the invention. Configurations of this embodiment include kits with a container of
IMC/stabilizing agent mixture and a container of cationic condensing agent and kits with a container of
IMC, a container of stabilizing agent, and 2 container of cationic condensing agent. The kits may further
comprise a suitable set of instructions, generally written instructions, relating to the use of the particulate
composition for any of the methods described herein (e.g-, immunomodulation, ameliorating one or more
symptoms of an infectious disease, increasing TFN-y levels, increasing IFN-o. levels, or ameliorating an
IgE-related disorder). The kit embodiments that comprise containers of the components of the
compositions will generally include instructions for production of the compositions in accordance with
the methods disclosed herein. In addition to the composition and/or components of the composition of
the invention, kit embodiments may also enclose instructions for production of the compositions in
accordance with the methods disclosed herein and instructions for use of the immunomodulatory
compositions for any of the methods described herein.

[0255) The kits may comprise immunomodulatory particulate composition p_ackaged in any
convernient; appropriate packaging. For example; if the particulate composition is a dry formulation (e.g.,
freeze dried or a dry powder), a vial with a resilient stopper is norﬁal]y'used, sothat the |
immunomodulatory particulate compos'ition may be easily reéﬂspende& by injecting fluid through the
resilient stopper. Ampoules with non-resilient, removable closures (e g., sealed glass) or resilient
stoppers are most conveniently used for liquid formulations of particulate composmon although flexible
packaging, similar to "blood bags", may also be employed. Also contemplated are packages for use in
combination with a specific device, such as an inhaler, nasal admnustratlon device (e.g., an atomizer) or
an infusion device such as a minipump.

[0256] The instructions relating to the use of immunomodulatory parﬁculate'composition—gencrally
include information as to dosage, dosing schedule, ahd route of administration for the intepded method of
use. The containers of immunomodulatory particulate composition may be unit doses, bulk packages
{(e.g., multi-dose packages) or sub-unit doses. Instructions supplied in the kits of the.invenﬁon are
typically written instructions on a label or package insert (e. 2. a paper sheet mcluded in the kit), but
miachine-readable instructions (e.g., mstmctwns catried on a magneuc or opttcal storage disk) are also
acceptable. )
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[0257] In some embodiments, the kits further comprise an aptigen (or one or more antigens), which
may or may not be packaged in the same container (formulation) as the immunomodulatory particuiate
composition. Antigens have been described herein.

{0258] The foliowing Examples are offered to illustrate but not to limit the invention.

Examples

ample 1
Immunomodulation of human cells with particulate formulations using albumin as the sta.blhzma agent

[0259] Polymyxin B (PMXB), polymyxin E (PMXE, also known as colistin), and amphotericin B
(AMTB) were combined with an immunomodulatory polynucleotide in seruin containing medium (which
supplied the stabilizing agent albumin) to create particulate compositions. -Immunomodulatory activity
of the formulations was tested in an assay which measures interferon (JFN) alpha and gamma production
by human peripheral blood lymphocytes (the “hPBMC assay™). The IMC (“+85”) had the sequence
5. TGACTGTGAACGTTCGAGATGA-3’ (SEQ ID NO:1), and the negative control oligonucleotide (-
1SS”) had the sequence 5°-TGACTGTGAACCTTAGAGATGA-3’ (SEQ ID NO:26). Bath
oligonucleotides were fully modified phosphorothioate oligodeoxynucleotides.

[0260] Peripheral blood was collected from volunteers by venipuncture using heparinized syringes.
Bleod was layered onto FIC_OLL@ {Amersham Pharmacia Biotech) cushion and cenﬁifuged. PBMCs,
located at the FICOLL® interface, were collected, then washed twice with cold phosphate buffered saline
(PBS). The cells were resuspended and cultured in 24 or 48 well plates at 2 x 10° cells/mL in RPMI
complete medium (RPMI 1640 with 10% heat-inactivated human AB serum plus 50 units/mL peniciflin,
50 pg/ml. streptomycin, 300 pg/mL glutamine, 1 mM sodium pyruvate, and 1 x MEM non-essential
amino acids (NEAA). |

[0261] Particulate composmons were prepared by adding oligbnucleotide (+ISS or -ISS) to 20

_pg/ml and PMXB o 100 pg/ml directly to the wells. The cells were cultured in the presence of test
samples for 24 hours, then cell-free medium was collected from each well and assayed for IFN-y and
IFN-c: concentration. YFN-y and IFN-o. were assayed using CY TOSCREEN™ ELISA. kits from
BioSource Titernational, Inc., according to the manufacturer’s instructions. In the hPBMC assay,
‘background levels of IFN—Y can vary, even significantly, with the donor. Other cytokines such as IFN-c,
~ however, demonstrate a generally stable pattern of activation and routinely exhibit low background levels
:under unstinulated conditions.

~ {0262] Combination of PMXB and IMC in the presence of albumin resulted in significantly greater
IFN-q.and IFN-y secretion as compared to IMC alone (p < ‘0.01) or -ISS in a particulate formulation (p <
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0.001). This result was particularly impressive because PMXB has no immunomodulatory activity on its

own. Results are summarized in Table 2.

Table 2
Donor IFN-y
#
Medium  +HISS -ISS PMXB PMXBAHISS PMXB/-ISS
120 1 291 4 20 - 2157 -250
B 1 22 1 6 474 127
96 6 49 9 55 568 41
a7 1 23 5 21 510 151
137 4 15 5 228 3000 : 172
95 4 6 4 17 3506 - 249
9 0 20 0 ‘ 153 20
94 0 30 0 197 42
90 ¢ 13 0 0 240 25
91 0 27 30 47 1327 104
1 88 9 367 70 112 3924 2075
-89 3 100 7 3 406 ' 5.
86 6 182 12 23 2275 675
87 4 341 12 33 4500 . 425
Mean .3 e 11 47 1434 312
Donor ' IFN-o
# . ] .
Meditm  +ISS -IS8 PMXB PMXB/+HISS PMXB/-ISS
137 6 70 0 0 1244 l;
95 0 26 1] 0 1377 0
9 0 131 0 318 41
194 0 274 0 574 182
20 1 119 0 0 833 0
91 2 0 0 I 278 0
88 6 264 19 33 : 2535 0
89 - [| 207 17 9 671 16
86 _ 165 358 15 353 - 864 341
187 o113 - 212 0 326 . 889 125
_ Mean | 29 . 166 5 90 972 _ 78

- 10263] An additional experiment was performed to test amphotencm B as the cat;omc condensing
agent. MC (+ISS) was mixed with-either PMXB (100 pg/ml final concentration) or AMTB (10 pg/ml
. final concentmtxon) in serum containing medium {(which supphed the stabilizing agent albumin) in the
- culture wells and tested in the iPBMC assay. Like PMXB, AMTB had 10 activity on its own, but
 resulted in increased immunomodulatory activity as compared 1o -+ISS alone. Results are summarized in
“Table 3. ‘ ' '
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Table 3

Medium

+ISS

-ISS

PMXB
 PMXB/4ISS/HSA

PMXB/-ISS/HSA
AMTB
AMTB/+ISS/HSA
AMTB/-ISS/HSA

Donor 1
0

29

1

23

767

17

0

6

0

IFN-y (pg/ml)
Donor2 Mean
0 0
0 15
0 0
6 15
190 479
45 31
0 0
48 27
0 0

Donor 1

4
il

N~ (pg/ml)
Donor2  Mean
1 2
2 6
0 1
0 0
90 335
0 0
0 0
2 3
0 0

[0264] Particulate compositions using polymyxin E, a compound closely related to PMXB; as the

cationic condensing agent were also tested in the APBMC assay. The particulate formulations were

- premade by either (a) O/S+C: mixing oligonucleotide with the stabilizing agent (human serum albumin
(HSA) or polyethylene glycol sorbitan monooleate (TWEEN® 80), then combining the oligo/HSA
mixture with cationic condensing agent (PMXE or PMXB); or (b) O/C+8: mixing oligonucleotide with

cationic condenser, then combining with stabilizing agent. Final concentrations of the components in the
formulations were 1 mg/mL IMC, 5 mg/mL PMX, and either 20 mg/mL HSA or 0.4% (v/v) TWEEN®
80. The formulations were allowed to stand for one day at room temperature (approximately 22°C)

before use. Precipitate at the bottom of the vessel was resuspended by vortexing prior to administration

to the cultures.

10265) Samples.were added to the cultures to a final concentration of 20 pg/mi of oligonucleotide

- (100 pg/ml of polymyxin for polymyxin cantrols), Results are summarized in Table 4.

Table 4
IFN-y {pg/ml) . IFN-0, (pg/ml)
Donor Donor Mean Donorr Donor Mean
28212 28213 28212 28213

1 Confrols ' '

't Medium 5 5 5 59 32 46
+ISS 5 17 11 135 109 “122
-ISS 5 7 6 225 156 191
PMXB 5 4 5 268 213 241
PMXB/ISS 15 21 18 632 470 551

L PMXB/-ISS 5 15 10 207 142 175

1 0/C+S ' :

1 PMXBAHISS/HSA 1685 67 876 3303 039 - 4171

{ PMXB/ISS/Tween 1577 105 841 32 478 255
PMXEMISS/HSA 155 18 87 711 699 705

1 PMXE/MHISS/Tween 149 - 13 81 32 32 . 32
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PMXB/HISS/HSA 2333 109 1221 1047 1082 1065

PMXEMHISS/HSA 230 12 121 417 295 356
Example 2
Tmmunomodulation of human cells with particulate qompositions utilizing nonionic detergents as
stabilizing agents

[0266] Particulate compositions produced using polyoxyethylene detergents as the stabilizing agent
were tested in the BPBMC assay. Additionally, compositions further incorporating a fatty acid were
tested.
 [0267] Immunomodulatory oligonucleotide +HISS was mixed with polyethylene glycol sorbitan
monoaleate (TWEEN® 80), then mixed with PMXB to form the particulate compositions. The
preparations were allowed to stand for up to seven days before assay in the HPBMC system, which was
run as described in Example 1. Final concentrations of the components in the formulations were '
1 mg/mL IMC, 5 mg/mL PMX, and either 20 mg/mlL HSA or 0.1%-0.4% (v/v) TWEEN® 80. The
formulations were allowed to stand for one day at room temperature (approximately 22°C) before use.
Precipitate at the bottom of the vessel was resuspended by vortexing prior to administration to the
cultures. _

[0268) Samples were added to the cultures to a final concentration of 20 pg/ml of oligonucleotide
{100 pg/ml polymyxin for polyfnyxin controls) and assayed-using the hPBMC assay run as described in
Example 1. All of the particulate compositions were active, including those which were allowed to stand

“for 7 days before they were assayed. Results are summarized in Table 5.
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Table 5

Sample Time TFN-y (pg/mi) IFN-a (pg/ml)

Donor Donor Mean Donor Donor Mean
_ 198 199 ' 193 199

Medium 1 7 4 173 126 150

+ISS 10 167 i3 224 271 250

-ISS 5 i8 12 i51 279 215

PMXB/HISS/HSA 3 hours 353 939 646 1447 632 1640

PMXB/+ISS/ 3 hours 406 1054 730 1814 790 - 1302

0.2 % Tween 80 .

PMXB/MISS/ 3 hours 457 871 667 1617 822 1219

0.3 % Tween 80

PMXB/AISS/ 3 hours 425 729 577 1746 749 1247

0.4 % Tween 80

PMXB/HISS/HSA 1 day 360 Fi6 568 1286 456 871

PMXB/AISS/ 1 day 394 324 609 1719 1207 1463

0.1 % Tween 80

PMXB/HISS/ 4 days 596 300 445 o901 130 515

0.1 % Tween 80 ‘

PMXBMHISS/HSA 7-days 4000 1455 2727 1529 613 1071

[0269] A further experiment was performed testing another polyoxyethylene nonionic detergent
(TWEEN® 85) as the stabilizing agent and compositions including a fatty acid (oleic acid).
Additionally, one sample was filtered with 2 2.7 um filter prior to assay. '

[6270] Immunomodulatory oligonucleotide +ISS was mixed with polyoxyethylene(20) sorbitan
trioleate (TWEEN® 85), then mixed with PMXB to form the particulate compositions. Final
concentrations of the components in the formulations were 1 mg/mi, IMC, S‘mg/mL PMX, and either
0.4% (v/v) TWEEN® 85 plus 0.4% oleic acid or 20 mg/mL HSA. The formulations were allowed to
stand for one day at room temperature (approximately 22°C) before use. Thé preparations were allowed
to stand for up to 12 days before assay and resuspended before use.

[0271] Samples were added to the‘ cultures to a final -concentr;iﬁon of 20 pg/ml of oligonucieotide
(100 pg/ml polymyxin for polymyxin controls) and assayed in the hPBMC assay as described in
Example 1. Compositioﬁs incorporating or polyoxyethylene(20) sorbitan trioleate (TWEEN® 85), with
or without oleic acid) as the stabilizing agent were active, even after filtration through a 2.7 pm filter.

Results are summarized in Table 6.
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Table 6

- Size distribution within the particulate compositions

. j0272} Particulate composition was produced by mlxmg olig_énucleoﬁde -+HSS {2 mg/mL) with a
premixed combination of 0.4% (v/v) polyoxyethylene(20) sorbitan trioleate and 0.4% (v/v) oleic acid,
then adding PMXB to S mg/ml. The resulting suspension was allowed to stand overnight at room
temperature. The supemnatant was removed and either used directly {Sﬁpei) or filtered through a 2.7pm
filter (Whatman GF/D with GMF prefilter; Supe2). The pellet was resuspended in an equal volume of

PRBS.

§0273] Particle sizes in aliquots from each of the three samples were measured by laser light
Scattering with a Malvern Mastersizer instrument, and +1SS concemmt_ibn was measured by size’
exclusion chromatography after dissociation of the particles with 0.1 N NaOH. Immunomodu_latory

activity was measured using the hPBMC assay as described in Example 1.
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Sample Time ¥FN-y (pg/ml)
Donor Donor Mean
28232 28233
Medium 2 9 6
PMXB 8 7 7
+ISS 276 20 148
Tween 85 15 6 11
PMXB/MHISS 458 11 234
PMXB/HISS/HSA 3 hours 737 661 699
| PMXB/+ISS/Tween 85 3 hours 1770 492 1131
PMXBMISS/Tween 85/0leic acid 3 hours 785 411 631
PMXB/MHISS/Tween 85 ~ lday 2662 760 1711
| PMXB/+ISS/Tween 85 1 day/Filter | 4000 33 2017 |
PMXB/+ISS/Tween 85 12 days - 4600 4000 4000 -
Sample ' Time IFN-a (pg/mi)
Donor Donor Mean
28232 28233
Medinom 16 70 43
PMXB 1 34 50
+IS8 9 103 56
Tween 85 66 55 60
PMXB/HISS 60 93 77
PMXB/+ISS/HSA 3 hours 2262 474 1368
PMXB/HISS/Tween 85 3 bours 2636 843 1739
PMXBHISS/Tween 85/0leic acid 3 hours 2297 663 1480
PMXB/AISS/Tween 85 lday { 4000 768 2384
| PMXB/HSS/Tween 85 1 day/Filter 115 91 103
PMXB/+ISS/Tween 85 12 days. 3382 645 2013
Example 3




{0274] Supel contained particles of about 0.1 to 10 pum in diameter, and was 0.53 mg/mL in +ISS.
Supe?2 contained particles of about 0.1 to 1 pm in diameter, and was 0.3 mg/mL in +ISS. The pellet
contained particles ranging from about 0.1 to 90 pm in diameter (the majority of which were 20-90 pm
diameter), and was 0.95 mg/mL in +ISS. All three samples were active in the hPBMC assay, although
the pellet was the least active. Results of the tPBMC assay are summarized in Table 7.

Table 7
Sample IFN+y (pg/ml) IFN-a (pg/ml)
_ Donor Donor .
222 1 223 1224 | 225 | Mean | 222 | 223 | 224 | 225 | Mean
None T 1 1 [ S 1 32 107 | 103 _103 36

[ Supel 4000 | 256 | 404 | 272 | 1283 | 1567 | 265 | 327 | 571 | 682
"Supe2 | 1757 | 110 | 280 | 294 | 610 | 1498 | 240 | 344 { 407 | 624
Peilet 311 | 101 | 96 | 74 | 146 | 997 | 144 | 130 | 154 | 356

Example 4
Immunomodulation of human cells with particulate compositions incorporating various

immimomodulatory polynucleotides

[0275] A panelof IMCs were incotporated into the particulate compositions and tested for
immuuomodulatory.acﬁvity in the APBMC assay. The pancl of IMCs is listed in Table 8
~ (oligonucleotide backbones are phospherothioate unless otherwise indicated; bases joined by
phosphodiester bonds are in lower case and "ds" indicates double stranded).

Table 8
_ ,‘Naz‘n'e_" | 'chu.ence A ' ‘ '_SEQ 1]3 NO
liss 5*-TGACTGTGAACGTTCGAGATGA-3’ 1
{Iss 5*-TGACTGTGAACCITAGAGATGA-3’ - 26
[FISS(0/8) * 5-TGActgtgaaceticgAGATGA-3" 40
[20-pG(OIS)  5-GGtgeatcgatgeagGGGGG-3° 37

[CICHEG  (5™-TCGTCGA-3"-HEG)2-glycerokHEG-5"-AACGTTC-3"

[CICHEG ~ 5"-TCGTCG-HEG-AACGTT-HEG-AGATGAT-3’

lacc;  $-TCGTCGA-C3-ACGTTCG-C3-AGATGAT-3’

 [ds+1SS(P=0) 5-TGACTGTGAACGTTCGAGATGA-3" - 1

-
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HSS(P=0) 5’-TGACTGTGAACGTTCGAGATGA-3’ 1
16rcq - 5>-TCGTCGAACGTTCGTT-3’ 17
l4res 5-TCGTCGAACGTTCG-3’ i8
121cq 5> TCGTCGAACGTT-3’ 19
10vcc 5-TCGAACGTTC-3’ 20
81cs 5-TCGTCGAT-3’ '

e 5>-TCGTCGA-3’

TCG, 5’-TCGTCG~3f

Sto6 5-TCGTT-3*

[0276] Particulate formulations were prepared by first preparing a 1 mg/mi oligon-ucledtide, 0.4%
TWEEN® 85, 0.4% oleate solution, then making that solution 5 mg/ml in PMXB. The formulations
were allowed to stand for 24 hours at room temperature before assay. :

{02771 The formulations were vortexed fo resuspend any settled precipitate, then added to the
cultures to a final concentration of 20 pg/ml of oligonucleotide (100 pg/ml polymyxin for polymyxin
controls) and assayed using the APBMC assay run as described in Example 1. Results are summarized
in Table 9.

‘Table 9
, IFN-y (pg/ml)
Sample 149 206 208 Mean
Contrals s ' :
Medium ‘32 4 4 13
PMXRB 195 1 171 127
+ISS _ 78 5 _ 146 76
Formulations
+HSS/PMXB 2446 518 1377 1447
+ISS(O/S)/PMXB_ . 546 . 134 752 477
- 20-pG(O/S)PMXB 1576 . - 379 1179 1045
CIC-HEG/PMXB 3604 660 2866 2377
CIC—HEG/PW(B 2554 . 240 025, ' 1240
CIC-C5/PMXB 2596 514 1357 1489
dsHSS(P+OYPMXB 187 6 "~ 186 126
+ISS(P+0) 154 4 202 - 120
S1ce/PMXB 4 23 14 197 78
TGG./PMXB 4 - 5 280 - 99
Tico/PMXB 48 - , 18 224 97
8ios/PMXB 132 4 188 108
107/ PMXB 106 4 320 143
127c6/PMXB - 165 .53 189 136
1440e/PMXB 1772 716 990 - 1159
161ca/PMXB . 1719 678 1399 1265
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IFN-0. (pg/ml)

Sample 149 208 209 Mean

Controls '
Mediam 32 32 32 32
PMXB 32 32 32 32
+ISS 59 32 ' 32 41

Formulations
+ISS/PMXB 5298 - 566 1999 2167
+ISS(O/S)YPMXB 32 32 277 114
20-pG(O/SyPMXB 17915 2825 15336 12025
CICy,-HEG/PMXB 2684 412 3183 2093
CIC-HEG/PMXB 415 32 349 265
CIC-C:/PMXB 3905 700 1890 2165
dsHSS(PHOYPMXB 32 - 32 32 32
+ISS(P+0) 32 32 32 32
51cc/PMXB 32 - 32 32 . 32
TGG,/PMXB 32 32 32 32
Trea/PMXB 32 32 32 32
81cc/PMXB 32 32 32 32
10mcc/PMXB 32 32 32 32
127c6/PMXB 32 32 32 32
Vrce/PMXB 2345 1240 . 2189 1925
161ce/PMXB 5245 875 3175 3098

Exa mple

_B_lmmn domains and enhancement of ISS activity

{0278] PMXB has two major domains: (1) a cyclic peptide that contains 5 positively charged amino
acid residues and (2) an N-terminal lipophilic fatty acyl derivative. In order to determine whether one or
both domains are required in order to enhance IMC activity, IMC-enhancing potentiat of two derivatives
of the polymyxin family was examined. The derivatives tested were colistin methanesulfonate (CMS),
which lacks the polycationic domain, and polymyxin B nonapeptlde (PMXB-9), which lacks the
lipophilic domain.

[6279) PBMCs from 6 individual donors were stimulated with 20 pg/ml IMC oligonucleoﬁde
(s ’-TGACTGTGAACGTTCGAGAT GA-3’ (SEQ ID NO:1) or 20 pg/m! -ISS ofigonucleotide (5°-
TGCTYTGCAAGCTTGCAAGCA-3 ’(SEQ ID'NO:SB}, negative control) with or without 100 pg/ml
PMXB, colistin (CLN), CMS, or PMXB-9 for 24 hours. For these assays, the ISS and the polymyxin
were added separately to the PBMC cell culture which contained human serum albumin. The results are
shown in Table 10.
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Table 10

TFN-y (pg/mb)
stimulus donor 1 | donor2 | donor 3 } donor 4 | donor 5 | donor 6 | mean SEM
medium 2 2 2 2 2 2 2 0
IMC 13 3 2 2 99 14 22 16
mMC +PMXB 432] 577 216 333 2000 461 670 271
IMC + CLN 858 2000 218 386 541 496 750 264
IMC + CMS 147 2 2 2 372 319 141 69
MC +PMXB-9 | 32 2 2 2 107 11 26| 17
-ISS 2 2 2 2 10 2 3 1
-ISS + PMXB 94 84 74 3 225 50 88 30
-ISS+CLN 2 57 31 2} 299 22 69 47
| -ISS+CMS 2 2 2 2 15 23 8 4
-ISS + PMXB-9 2 2 2 2 211 10 7 3
EN-¢t (pg/ml) '
stimulus donor 1 | donor 2 | donor 3 { donor 4 | donor 5 | donor 6 | mean SEM
medivm 52 52 52 52 26| 26 43 5
- IMC 263 225 52 52 218 26 139 44
MC + PMXB 8148 3275 3657 1003 80741 13160 6220} 1805
IVMIC+ CLN 10291 1972 1259 i15 4187 4020 3641 1478
MC + CMS 4972 336 52 52| 2152 290 562 325
MC +PMXB9 | 1881 529 52 52 831 26 562 205
_ IS8 52 52) 32 52 26 26} 43 5
~ISS + PMXB 52 52 52 52 26 26 437 5
-I8S.+ CLN 52 52 52 52 26| - 26 43 5
-ISS + CMS 52 52 52 52 26 26 43 5
1SS+ PMXB-9 521 52 52 52 26 26 43 5

{0280} As shown in Table 10, although both CMS and PMXB-9 enhance the IFN-y/o-stimulating -
 activity of the IMC, both CMS and PMXB-9 exhibited substantially reduced ]PN-'ylot-enhancing activity
in comparison to PMXB or CLN. These data indicate that both the polycationic and lipophilic domains

of the polymyxin molecule are necessary for optimal IMC-enhanCiﬁg activity of polymyxin.

" Example 6

xin particulate formulations ax_ld I8S activity

.’[0281] In human PBMCs, IMC stimulation induces a well-defined and specific patiern of gene

' activation, ‘inc‘ludiug‘ cytokines, chemokines, and antiviral factors. This pattern was examined during -
PMXB erhancement of IMC activity. Human PBMCs from 4 donors were stimulated for 4 and 10 hours
with IMC with or without PMXB. Two different IMCs were tested:
. (5-TGACTGTGAACGTTCGAGATGA-3’ (SEQID NO:1) and
 {5’“TCGTCGAACGTTCGAGATGAT-3’ (SEQ ID NO:39). For tliese assays, the IMC and the PMXB
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were added separately to the PBMC cell culture which contained human serum albumin. For the
assessment of gene expression, cDNA was synthesized from RNA isolated from the cell suspensions and
RNA was quantitated using TAQMAN® Technology. Expression of the following genes weré assessed
at these time points: IFN-y and IFN-q, interferon-inducible protein-10 (IP-10), monokine induced by
IFN-y (MIG), 2,5-oligoadenylate synthetase (2,5-OAS) and interferon-stimulating gene-54K. (I5G-54K).

The results are presented in Table 11.

Table 11
Fold Induction
TFN-or 2,5-0AS | ISG-54K | IFN-y | P10 MIG
time stimuius  |mean| SEM | mean | SEM | mean | SEM | mean | SEM [ mean | SEM | mean | SEM
SEQ ID NO:1 08 o1} os9f 02 11 03 09 02t 06 062 13[° 08
SEQID'NO:1+ 1
4h PMXB , 24 1.1 1.4 ‘ 04 25 07 500 30 7.7 Al 140 77
SEQDNOC:39| 23 1.1 10 031 14 04 09 03 077 03 12 05
SEQ ID NO:39 1 '
H PMXB 155.11 833} 10.5F 4.70 2474 11.0] 379 32.1 454F 37.6] 339 25.1
SEQIDNO:1 | 769 64.77 135 29 34.8 10.6 1870 5.7] 492 329 4.6 120
SEQ ID NO:1 + : : _ : ' '
thMXB 12393 1217] 29.0; 3.'2. 105.1] 21.3} 461.8} 183.9 105.0] 64.8} 34.6; 14.3
[SEQ IDNO:39 { 6552 4156 105.3] 16.0] 455.3] 129.6; 100.4; 10.3j 512.6; 169.5] 47.3F 17.1
SEQ ID NG:39 o :
+PMXB 3463 1146| 1861 3.11 659 10.8 2733} 117.2] 75.9] 47.1 35.5 202

[0282] By 10 h of stimulation, PMXB clearly boosted the ability of IMC SEQ ID NO:1 to induce
the ‘expressio.n of various genes including IFN-y and IFN-o, chemokines such as IP-10 and MIG, and the
‘antiviral penes 2,5-OAS and ISG-54K. IMC SEQ ID NO:39 displays accelerated kinetics of gene
induction compared to IMC SEQ ID NO:1 and thus an earlier timepoint was chosen fo look for
ephancement by PMXB. By 4 h, PMXB was markedly enhancing the transcription-inducing activity of ’
IMC SEQ ID NO:39 in similar fashion to IMC SEQ ID NO:1 at 10 h. Therefore, PMXB appears to
increase the IMC-transduced signal for gene activation quantitatively but does riot alter it qualitatively.

Example 7 .
IMC particulate formulations enhance IFN-o production from plasmacytoind dendritic cells

‘[0283] Intracellular staining assays and FACS analysis were used to examine IFN-c. production
from the plasmacytoind dendritic cells (PDCs) of human PBMCs, These assays were performed with 20
g/ml IMC oligonucleotide 5"—TGACTGTGAACG’I‘TCGAGATGA—3 ’ (SEQIDNO:1) or
R 5 TCGTCGAACGTTCGAGATGAT-3’ (SEQ ID NO:39) or 20 pg/ml -ISS oligonucleotide (5
“TGCTTGCAAGCTTGCAAGCA-3°(SEQ ID NO:38), negative control). Forthese assays, the IMC or -
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1SS and the polymyxin were added separately to the PBMC cell culture which contained human serum
albumin.

[0284] Human PBMCs were stimulated with 20 pg/mL IMC or -ISS, with or without 100 ug/mL
PMXB for six hours, the last two of which were also in the presence of brefeldin A, a reagent which
prevents release of newly synthesized protien from the Golgi. After the six hours, the cells were stained
with a fluorescently Jabeled PDC marker, anti-BCDA-2 labeled with FITC, and with énti—lFN-m labeled
with PE. FACS analjrsis of the labeled cells was performed. The assay was performed with 2 different
IMCs and the double-staining cell population (BCDA-2", IFN-or*) as a percentage of total PBMCs is
listed in Table 12.

Table 12 '
BCDA-2/JFN-a d.p. %
sample stimulus donor1  |domor2 lmean
1 medium. 0.00 0.00 0.00
2 IMC SEQIDNO:1 [0.01 0.03 0.02
3 | -ISS SEQIDNO:38 }0.00 0.00 0.00
4 IMC SEQ IDNO:39 [0.08 0.14 0.11
' IMC SEQIDNO:1 + '
5 PMXB 0.06 0.35 0.21
-ISS SEQIDNO:38 +
6 - PMXB 0.00 0.00 - 0.00
IMC SEQ ID NO:39 + '
7 . PMXB 0.21 0.39 0.30

[0285] As can be seen in Table 12, the percentage of doublé—_staining cells was substantially
increased whén the PBMCs were treated with bath of the IMCs in the presence of PMXB, but not with
the -ISS oligonucleotide in the presence of PMXB. This result indicates that the enhanced IFN-ot
production from PBMCs observed in the presence of IMC/PMXB formulations is derived from PDCs. In
addition, no detectable TFN-ct production was observed in the BCDA-2" (non-PDC) fraction of cells.

Example 8

Induction of natural killer cell activity from human cells with particulate compositions

, "[0286] The Iytic activity of natural kitler (NK) cells i§ activated by immunomoduiatury
polynucleotides. NK cells are indirectly activated by IMC through signals transmitted from the
_plasmacytoid dendritic cells (PDC). The exact nature of this signial has not yet been 1dent1fied although

: 'lFN-a appears to play a major role in this signaling.

[0287] IMC particulate formulatzons were tested for NK cell stlmulatory actmty 'PBMCs from two

.donors were stimulated for 48 hours with 10 pg/mL IMC (“+I8S”) '
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5. TGACTGTGAACGTTCGAGATGA-3’ (SEQ ID NO:1) with or without 100 pg/mL PMXB. The
PBMCs were then assayed for lytic activity against K562 cells loaded with **Cr as target cells. For
controls, K562 cells were cultured alone, K562 cells were lysed with Triton and K562 cells were
stimulated with untreated PBMC cells. Determination of *'CR released into culture media was vsed to
measure the extent of target cell lysis. ] The presence of PMXB increased the NK cell Iytic activity
stimulated by the IMC alone. Results are summarized in Table 13.

Table 13
mean
Effector: donor 1 - donor 2 of
, stimulus Target ratio | cpm1 | cpm2 | cpm3 | mean | cpmi | cpm?2 | epm3 | mean | both
K562 alone 4 4155] 4378 4303] 4279| 4352] 4262} 4537 4384] 4331
562 -+ Triton, 117136} 17476 17576 17396} 177011 17666} 182311 17866; 17631
[PBMC untreated 50:1] 6043| 5953| 5810} 5935 7482 8103] 7918} 7834} 6835
BMC unireated 25:1) 5764] 5980] 5924} 5889 7124f 7962} 7720{ 7602t 6746}
BMC untreated 12.5:1) 6343] 6659 6665 6556] 5709) 6190; 66941 61981 6377
BMC untreated 6:1] 6668 6895 66431 6735| 6319} 6630 6671 6540 6638
BMC +IMC 50:1) 7660; 7586 9169 8138 9975 9623| 9660] 9753} 8946]
BMC +IMC _ 25:1] 8205| 8408 8048| 8220} 9263 9642 9149 9351 8736
PBMC + IMC 12.5:1) 7412 7240 7344} 7332 8370[ 8370{ 7745 8162 7747
PBMC +IMC - 6:1§ 6935 6689 6473] 6699] 7181 7060 71221 7121 6910
[PBMC +IMC + PMXB| 50:1| 10888 10634 11205| 10909} 11379 11292711062} 11244] 11077
PBMC +IMC + PMXB 25:1] 11048} 10496]- 9981} 10508] 11835} 10948} 11935} 11573} 11041
PBMC +IMC + PMXB 12.5:1] 8549 75821 7674] 7935{10762;10311} 9474/10182f 9059
PBMC + IMC + PMXB 6:1] 6999] 6952 7227 7059; 8471| 81751 9185 8610 7835
Example 9

In vivo immunomodulation with particulate compositions in mice

{0288] Immune responses to hepatitis B-surface antigen (HBsAg) in combination with either an
IMC (“+ISS”) particulate formulation or plain +ISS were measured in mice. The IMC (“+1SS™) had the
‘sequencc 5’-’I’GACTGTGAACGTTCGAGATGA-B’ (SEQ ID NO:1) and was a fully modified
phosphorothioate oligodeoxynucleofide. '

10289} Particulate formulations were produced by first preparing either a 1 mg/ml oligonucleotide,
0.4% TWEEN® 85, 0.4% oleate solution, or a 1 mg/m! oligonucleotide, 20 mg/mL, HSA solution, then
" making that solution 5 mg/ml in PMXB. The formulations were allowed to stand for 24 hours at room
_ temperature before use. HBsAg was added to the fonnu’laﬁons prior to injection. HBsAg alone and
' HBsAg with +HISS were used. as controls. |
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{0290] Mice (BALB/c) were divided into groups of 10 and dosed with the test articles (5 pg of HISS
a‘;ad 1 pg of HBsAg) by intramuscular injection at weeks zero and two. Serum samples were obtained by
tail bleed at weeks two and four. All mice were euthanized at week six.

[0291] Serum samples were assayed for IgG1 and IgG2a titers by ELISA. Mice receiving the
particulate formulations showed significantly greater IgG2a titers, indicative of a Thl response. Week
two and four antibody titers (reciprocal of the sample dilution at the cut-off OD) are summarized in Table
14 as titer - standard deviation.

Table 14
Test Article 1IgG1 Titer (x 10°) 1gG2a Titer (x 10°)
_ Week2 | Weck 4 Week 2 Week 4
HBsAg alone 0.0610.09 616 0.03+.002 2.512.6
HBsAgHISS 1 0.0050.12 | 3.8i3.6 | 0231025 | 43.6135.9

THBsAg/+ISS/HSA/PMXB 0461066 | 203+185 | 3.8+3.3 | 217.74261.1

HBsAg/ 1SS/ Tween/Oleate/P | 0583087 | 2494102 | 63138 | 351209079 |

[0292] Splenocytes were isolated from spleens harvested from the euthariized mice and assayed
individually for antigen-stimulated cytokine release or peptid&sﬁnﬂated cytolytic activity. '

[0293] Cytokine release was measured by culturing cells from 10 animals per group in RPMI 1640
plus 10% FCSat5x 10° splenocytes/well in 96 well flat bottomed plates. Cells were cultured for four
days in the presence of 5 pgme HBsAg, medium alone (negative control). or PMA/ionomycin (positive
conirol). Medium was collected and assayed for IFN-y and IL-5 levels. Splenocytes from animals
treated with either of the immunomodulatory formulations showed increased IFN_-‘{ release and decreased

IL-5 release. Results are summarized in Table 15.

 Tablels
Immunogen ' T IFNey (ogiml) | I[,-S(ﬂg/fni)

' Medivm HBsAgz | Mediom HBsAg
HBsAg alone T 1415 47568 | 01300 17
HBsAg/+ISS : L6415 4223 | 013006 01401
HBsAg/HSSHSA/PMXB | 30425 3574178 | 03:03 06405
-mggg/ﬂSSfTweenIOIeatefP [ 14+0.7 27.5422.1 01402 0.1202
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[0294] Splenocytes from five animals in each group were resuspended in RPMI 1640 plus 10% FCS
at 3 x 107 cells per well and were incubated for four days with or without the peptide PQSL.DSWWTSL,
(SEQ ID NO:41), a hepatitis B virus CTL epitope at 1 pg/mL. Cells were washed and diluted to 4 x 10°
cells/mL, transferred to antibodyncoatefi ELISPOT plates, and incubated five to sixteen hours. After
incubation, the cells were lysed with deionized water, reacted with either anti-IL-4 or anti-TFN-y -
antibodies, and scored for positive cells (spot forming units, SFU). Splenocytes from animals treated
with the particulate formulations had increased numbers of IFN-y positive cells and increased ratios of
TFN-y:IL-4 producing cells. Results are summarized in TabIé 16 (expressed as positive cells/1 0’ cells).

Table 16
L4  IFNy
(SFU per 10° cells) (SFU per 10° cells)
+Peptide ~Peptide -+Peptide -Peptide
{cells alone) (cells alone)
Controls '
HBsAg alone 8+5 442 38417 46127
~ HBsAg/+ISS 2+1 ' 613 38422 34420
‘Formulations ' ‘
HBsAg/+HISS/HSA/PMXB - 20+14 22413 63124 32418
HBsAg/+SS/Tween/Oleate/PM| -~ 431 A+l 49+10 1043
XB |

[0295] Splenocytes from the remaining five animal in each group were suspended in 15 mL of
RPMI 1640 plus 10% FCS. Tweive milliliters of the suspension was divided into 6 wells of a 12 well
plate. The remaining cell suspension was mixed with 1 uglmL of the CTL peptide IPQSLDSWWTSL
(SEQ ID NO:41), diluted with three voliumes of 5.33% Rat T-Stim, and divided among the previously
plated, unstimulated cells. The cﬁiﬁires were incubated for four days, washed with 2% Rat T-Stim,
replated, and incubated a further two days. Effector cells generzited by this process were assayed against
MEIC-matched cells loaded with Cr®® or Cr** and the CTL peptide IPQSLDSWW1TSL (SEQ ID NO:41).
Cells from animals treated with +ISS (either in solution or in a particulate formulation) plus HBsAg
demonstrated killing of > 70% of target cells. Results are summarized in Table 17. '
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Table 17

% Liysis MHC-
Immunization Group Effector:Target Ratio matche.d,
no peptide

40:1 v 10:1 2.5:1 40:1
HBsAg alone 1+3 00 00 _ 00
HBsAg/+HISS 91+42 38+22 77 0x0
HBsAg/+ISS/HSA/PMXB 7135 30426 43 00
HBsAg/+ISS/Tween/Oleate/P 87+ 13 3316 3x2 00
MXB :

Example 10

" Immunomodulation of mouse lung cells with P articulate compositions

[0296] Maodulation of a variety of genes in response to immunomodulatory formulations was
measured in mouse lung cells.

{0297} Particulate formulations were produced by first preparing either a 1 mg/mL +ISS, 0.4%

TWEEN@ 85, 0.4% oleate solution or a 20 mg/mL. HSA solution, then making that solution 5 mg/ml in

| PMXB. The formulations were allowed to stand for 24 hours at room temperature, then dialyzed using a
10 kDa membrane. Particulate formulations and +ISS alone (50 pL dose) were administered by
intranasal instilfation to lightly anestbetized mice (5 mice per group). Animals were sacrificed 6 hours
after administration, lung tissue was surgically removed, and cell suspe_nsions were made by
homogenization of the Tung tissne. cDNA was synthesized from RNA isolated from the cell suspensions,
and RNA was quantitated using TAQMAN® Technology. The particulate formulations induced

significant increases in the majority of the genes tested. Results are summarized in Table 18.
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Table 18

Relative Cycle Thresholds (CTs)

Gene +ISS +ISS/HSA +ISS/Tween HSS/Tween/Oleate
il-la 1523 19808 16318 6487
II-1b 1643 5224 3815 1496
-6 755 1022 828 329
IL-10 4 21 16 7
1L-12p40 6 40 25 9
23 266 322 269 83
IFN-02 3 7 2 2
IFN-y 25 105 75 25
TNF-« 7170 14367 11004 3095
G-CSF 92 102 111 29
BCA-1 5026 6102 6025 2711
Eotaxin 273 838 - 649 350
I1P-10 23436 70759 34996 17923
LPTN 976 2254 1742 816
MCP-1 5265 10897 9629 4102
MCP-3 3905 6549 6419 2596
MDC 2869 6642 4217 1967
MIG 3411 16971 5826 2389
MIP-1a 6156 7557 6449 2553
MIP-1b 12918 22326 18235 6117
MIP-2 1792 3545 3414 1201
MIP-3a 885 16998 1594 684
MIP-3b 2030 3338 2815 1411
TARC 1505 2732 . 3202 1286
TCA-3 16 40 - 32 10
NOS2 308 1038 669 354
COX-1 2145 2041 - 1554 1262
COX-2 446 1380 - 1475 642
12/15-lipoxg 65 249 166 179
CD380 205 763 453 256
CDS6 103 429 254 231
MMP-8 1505 1928 . 1499 653
Example .11

- Particulate formuations and HBsAg antibody responses in primates

10298] Tmmune responses to the surface antigen of hepatitis B virus (HBsAg) combined with the
particulate PI\.@(B/fISS/TweenfOleate (Tween) formulation were meastred in baboons. Particulate
formulations were produced by first preparing a 1 mg/ml oligomicleotide, 0.4% TWEEN® 85, 0.4%
oleate solution, then making that solution 5 mg/mt in PMXE. The formulation was allowed to stand for
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24 hours at room temperature before administration. HBsAg (20 pg) was added to the formulation prior
to injection. HBsAg alone and HBsAg with +ISS were used as confrols.

[0299] Groups of 5-10 animals were immunized intramuscularly at week 0 and 8 with HBsAg alone
(20 pg, n=5), HBsAg(20 1g) +1SS (SEQ ID NO:1) (1000 pg, n=5), or HBsAg 20 ug -+ the Tween
formulation (1000 pg +SS (SEQ ID NO:1), n=10). Two weeks after cach immunization, baboons were
bled and serum samples collected.

[0300] HBsAg specific antibody responses were quantified from the serum samples using the
AUSAB enzyme immunoassay from Abbott Laboratories. In humans, a titer of 10 mU/ml is considered
- protective. The results are summarized in Table 19 as the geomean of each group £SE.

Table 19
Post 1¥ Tmm Post 2™ Tmm

Tmmunization Group Anti—_HBsAg {mIU/nil) Anti-BBsAg (mIU/mi)
HBsAg alone (20 pg) ' 0 4

S =2 +24
HBsAg (20 pg) + 1SS (1000 pig) 8 260

+6 +3,939

“HBsAg (20 ug) + Tween *26 *797
formulation (1000 pg +ISS) 269 +1,326

*p<0.05 vs FiBsAg alone by Kruskal-Wallis test

[0301] Immunization of baboons with HBsAg + the Tween formulation induced statistically higher

. HBsAg specific antibody responses following both the first and second immunizations cornpared to
HBsAg alone imsmunized animals. This data indicates that in addition to enhancing immune responses in
mice as previously shown, the particnlate Tween formulation also enhances immune responses in primate

species.

Example 12
| Lyophilization of immunomodulatory compositions
.‘[0302]' A 10 mL batch of an immunomodulatory composition was produced by mixing 0.4 mL of
10% oleic acid (iﬁ water), 4 mL of 1% -Tweeii 85 (in water), 1 mL of 20 mg/ m1 +I8S (SEQ ID NO:1) and
36 ml Dulbecco Modified Phosphate Bufféred Saline.. After thorough mixing, 1 mL of 50 mg/mL
PMXBsu]féte was siowly added with vortex mixing. 816 mg of sucrosé were dissolved into 8 mL of the
suspension which was allowed to stand overnight. Particles were resuspended by vortexing and the
material was divided into 2 ml aliquots. Two of the aliquots were frozen by immersion of the vial into
dry icefethanol. One aliquot was lyophilized ovemight»in a LABCONCO Freezone 4.5 fieeze dryer

under ~0.06 mBar pressure. The sample was stored 2 weeks at room temperaiure before resuspension in

84



deionized water. Analysis of the reconstituted composition showed that the sizc distribution of particles-

in the suspension was equivalent to the unlyophilized time zero control sample.

Example 13

Antibody responses to lyophilized particulate formulations

[0303] Immune responses to HBsAg in combination with a lyophilized particulate Tween
(PMX/+1SS/Tween/Oleate) formulation were mea's'ured in mice. Groups of 10 BALB/c mice were
immunized infradermally with 1 pg doses of HBsAg alone, HBsAg mixed with 1 or 5 pg HSS (SEQ ID
NO:1), or HBsAg mixed with the lyophilized (i, Tween) formulation made as described in Example 12

but with 1 or 5 pg +ISS oligonucleotide (SEQ ID NO:1). Animals received 2 immunizations at a two

week interval. Two weeks after each immunization, mice were bled and serum samples collected.

[0304] Serum samples were assayed for HBsAg-specific IgG1 and IgG2a responses by ELISA. In

the mouse, the IgG2a subclass is induced by Th1 responses. The antibody titers are summarized as mean

titer for each group £8D in Table 20.

*p<0.01, *¥p<0.001 vs HBsAg alone by Kruskal-Wallis test
1p<0.05, {p<0.001 vs HBsAg + ISS by Kruskal-Wallis test

Table 20
-{ Immunization Group 1gG1 Titers | IgG2a Titers IgG1 Titers IgG2a Titers
} Post1Imm | Post1¥Imm | Post2nd Jmm | Post2nd Immn
{ HBsAg alone (1 ug) 71 - 46 10,345 : C 2,122
: » +73 +47 48,397 +2,479
-HBsAg (1 pg) ++SS (I pg) - 84 324 5,797 25,561
. , ] +98 +331 . 5,256 435,909
HBsAg (1 pg) + o Tween 282 *+1.583 17,257 #%3].280
formulation (1 pg +ISS) 348 +1,359- £15,405 447,435
HBsAg (1 pg) +HSS (S ug) | 44 171 4,179 31,323
' +26 234 +3,494 29,455
| HBsAg (1 pg) + yoTween *F 739 17,461 130,498 5274491 |
formulation {5 pg +ISS) +604 +7,004 £16,940 +243,949

[0305] The IgG1, and especially the 1gG2a titers are dramatically enbanced in mice that received the
HBsAg -+ Iyophilized Tween formulations foIIowing both the first and second immunizations compared

to animals immunized with HBsAg alone demonstrating that the Iyophilized Tween formulation has the

same ability. to eithance immiune responses seen with the non-lyophilized Tween formulation.
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Claims

‘What is claimed is:

1. An immunomodulatory composition comprising immunomoduiatory particles, said
particulate composition made by mixing a cationic condensing agent; an immunomodulatory compound

comprising the nucleotide sequence 5°-CG-3’; and a nonionic detergent.

2. The composition of claim 1, wherein said cationic condensing agent is selected from the

group consisting of polymyxins, circulins, octapeptin, and amphotericins.

3. The composition of claim 2, wherein said cationic condens-ing‘agent is a polymyxin.
4. The composition of claim 3, wherein said cationic condensing agent is polymyxin B.
5. The composition of claim 1, wherein said nonionic detergent is a

polyoxyethylenesorbitan detergent.

6. The composition of claim 5, wherein said polyoxyethylenesorbitan detergent is
polyoxyethylenesorbitan trioleate

7. The composition of claim 1, wherein_ said particulate composition is made by ﬁm:ﬁer

mixing with a fatty acid.
8. The composition of claim 7, wherein said fatty acid is'a salt of oleic acid.”
9. A pharmaceutical composition GOmpﬁsh_g: .

an aqueous suspension of immunomodulatory particles, said patticles made by mixing a cationic
condensing agent, an immunomodulatory compound comprising the sequence 5°-CG-3°, and 2 nonionic

detergent.

10.  The composition of claim 9, wherein said cationic condensing agent is sélected from the

group consisting of polymyxins, circulins, octapeptin, and amphotericins.
11.  The composition of claim 10, wherein said cationic condensing agent is a polymyxin.

12. The composition of claim 13, wherein said cationic condensing agent is polymyxin B.
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13. The composition of claim 9, wherein said nonionic detergent is a

polyoxyethylenesorbitan detergent.

14, The composition of claim 13, wherein said polyoxyethylenesorbitan detergent is
polyoxyethylenesorbitan trioleate

15. The composition of claim 9, wherem said particulate composition is made by further

mtxmg with a fatty acid.
16.  The composition of claim 15, wherein said fatty acid is a salt of oleic acid.
7. The composition of claim 9, further comprising an antigen.

18. The composition of claim 17, wherein said antigen is selected from the group consisting

of allergens and antigens associated with infectious agents,

19, A particulate suspension made by the process comprising:

{a) combining an immunomodulatory compound comprising the sequence 5°-CG-3° (IMC) and a
nonionic detergent, thereby forming an IMC/nonionic detergent mixture,

(b) combining a cationic condensing agent with said IMC/nonionic detergent mixture, and

(¢} collecting a particulate suspension.

20. A method of modulating an fmmune response in an individﬁai oomprising'

administering fo an individual an immunomodulatory composition in an amount sufficient to
modu!ate an immune response in said individual, wherein said composition compnses an
immunomodulatory particulate composition in an aqueous suspension, said unmunomo&ulatoxy
Pparticulate composition made by mixing a cationic condensing agent, an immunomodulatory compound

: comprising the nucleotide sequence 5°-CG-3°, and a nonionic detergent.

21, An immunomodulatory composition comprising inmiuﬂomodulatory__parﬁcies, said
" particulate composition made by mixing polymyxin, an immunomodulatory compound comprising the
.- nucleotide sequence 5°-CG-3’ (IMC), and a stabilizing agent, wherein said stabxhzmg agent is not a

~ bovine serum protein.

37



22, The composition of claim 21, wherein said stabilizing agent is selected from the group
consisting of proteins, nonionic detergents, polymeric surfactants , cationic detergents, anjonic detergents
and fatty acids.

23, The composition of claim 22, wherein said stabilizing agent is a nonionic detergent.

24. The composition of claim 23, wherein said nonionic detergent is a

polyoxyethylenesorbitan detérgent.

25. The composition of claim 23, wherein said polyoxyethylenesorbitan detergent is
- polyoxyethylenesorbitan trioleate.

26.  The composition of claim 21, wherein said polymyxin is polymyxin B.

27.  The composition of claim 21, wherein said particulate composition is made by further

mixing with a fatty acid. -
28.  The composition of claim 27, wherein said fatty acid is a salt of oleic acid.

29. The composition of claim 21, wherein said IMC comprises the nucleotide sequence 5°-
TCG-3°.

30.  The composition of claim 21, wherein said IMC comprises the nucleotide sequence 5°-

purize, purine, C, G, pyrimidine, pyrimidine-3°.
31 The composition of claim 21, Wherein said IMC comprises at least 14 nucleotides.

32. A pharmaceutical composition comprising:

an aqueous suspension of immunomodalatory parhcles said partlcles made by mixing a-

B ~ polymyxin, an immunomodulatory compound compnsmg the nucleotide sequence 5°-CG-3°, anda

- stabilizing agent, wherein said stabilizing agent is not a bovine serum protein.

33.  Aparticulate suslaensio'ﬂ'made by the process comprising:

(2) combining an immunomodulatory compound comprising the sequence 5°-CG-3* (IMC) and a
stabﬂ:zmg agenf, thereby forming ap IMC/stabilizing agent mixture,

{b) combining polymyxm with said IMC/stabilizing agent mixture, and
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(¢) collecting a particulate suspension.

| 34. A method of modulating an immune response in an individual comprising:
administering to an individual an immunomodulatory composition in an amount sufficient to
modulate an immune response in said individual, wherein said composition comprises an
immunomodulatory particulate composition in an aqueous suspension, said immunomodulatory
particulate composition made by mixing a polymyxin, an immunomodulatory compound comprising the
nucleotide sequence 5’-CG-3’; and a stabilizing agent.

35. An immunomodulatory composition comprising immunomdduiatory particles, said
 particulate composition made by mixing a cationic condensing agent, an immunomodulatory .

polynucleotide comprising the sequence 5°-CG-3°, an antigen, and a stabilizing active agent.

36. A pharmaceutical composition comprising:

an antigen; and |

an aqueous suspension of immunomodulatory particles, said particles made by mixing a cationic
condensing agent, an immunomodulatory polynucleotide compriéing the sequence 5°-CG-3°, and a

stabilizing agent.

37. A method of modulating an immune response in an individual comprising:

administering to an individual aa immunomodulatory composition in an amount sufficient to
modulate an immune response in said individual, wherein said composition comprises anjénﬁgen and
immunomodulatory particulate composition in an agueous suspension, said immunomodulatory
particulate composition made by mixing a cationic condensing agent, an immunorhodulatory

polynucleotide comprising the nucleotide setjuence 5°-CG-3°, and a stabilizing agent.
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AN

<110>

SEQUENCE LISTING

Dynavax Technologies Corporation
Van Nest, Gary
Tuck, Stephen

<120> IMMUNOMODULATORY COMPOSITIONS, METHODS
OF MAKING, AND METHODS OF USE THEREOF
<130> 377882001940
<140> PCT/US03/25415
<141> 2003-08-12
~ <150> 60/402,968
<151> 2002-08-12
<160> 41
<170> FastSEQ for Windows Version 4.0
<210> 1
<211> 22
<212> DNA
<213> Artificial Sequence
<220>
<223> IMC polynucleotide
<400> 1 ‘ .
tgactgtgaa cgttegagat ga 22
<210> 2
<211l> 22
 <212> DNA
<213> Artificial Sequence
<220
<223> IMC polynuclecotide
<400> 2
tgaccgtgaa cgttcgagat ga 22
<210> 3
<211> 23
<212> DNA
<213> Artificial Sequence
<220>
<223> IMC polynucleotide
<400> 3
tcatctegaa cgttecacag tea . 23
<210> 4
<211> 22
<212> DNA
<213> Artificial Sequence
<220>
<223> IMC polynucleotide



<400> 4
tgactgtgaa cgttccagat ga

<210> 5

<211> 26

<212> DNA

<213> Artificial Sequence

<220
<223> IMC polynucleotide

<400> 5 )
tccataacgt tegectaacg ttegte

<210> 6

<211> 22

<212> DNA

<213> Artificial Sequence

<220> .

<221> variation

<222> (0)...(0)

<223> b = 5-bromocytosine

<400> 6
tgactgtgaa bgttecagat ga

<210> 7

<211> 22

<212> DNA

<213> Artifieial Sequence

<220>
<221> variation
<222> (0)...(0)

<223> b = 5-bromocytosine

<400> 7
tgactgtgaa bgttcgagat ga

<210> 8

<211> 22

<212> DNA .

<213> Artificial Sequence

<220>

<221> variation

<222> (0)...(0)

<223> b = 5-bromocytosine

<400> 8
tgactgtgaa bgttbgagat ga

<210> 9

<211> 10

<212> DNA

<213> Artificial Sequence

<220>

<221> variation

<222> (0}...{0)

<223> b = 5-bromocytosine

22

26

22

22

22




T

<400> 9
gaaabgutcg

<210> 10

<211> 10

<212> DNA

<213> Artificial Sequence

<220>

<221> variation

<222> (0} ...{(®)

<223> b = 5-bromocytosine

. <400> 10

bgaabgutecg

<210> 11

<211> 11

<212> DNA

<213> Artificial Sequence

<220>
<223> IMC polynucleotide

<400> 11
tegagegtto &

<210> 12

<211> 10

<212> DNA

<213> Artificial Sequence

<220> :
<223> IMC polynucleotide

<400> 12
tgaacgutecg

<210> 13
<211> 10

<212> DNA

<213> Artificial Sequence

<220>
<223> IMC polynucleotide

<400> 13
gaaccgtteg

<210> 14

<211> 10

<212> DNA

<213> Artificial Seguence

<220>»

~<223> IMC polynucleotide

<400> 14
cgaacgttcg

<210> 15
<211l> 20

10

10

11

16

10

10



N,

<212> DNA
<213> Artificial Sequence

<220>
<223> IMC polynucleoctide

<400> 15
atcgactcte gagegttcete

<210> 16

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> IMC polynucleotide

<400> 16
tegtegttet gtegttttgt cgtt

<210> 17

<211l> 16

<212> DNA

<213> Artificial Sequence

<220>
<223> IMC polynuclectide

<400= 17
tecgtegaacyg ttcgtt

<210> 18

<211> 14

<212> DNA

<213> Artificial Sequence

<220>
<223> IMC polynucleotide

<400> 18
tegtegaacg tteg

<210> 18

<211l> 12

«<212> DNA

<213> Artificial Sequence

<220>
<223> IMC polynucleotide

<400> 19
tegtegaacyg tt

<210> 20

<211> 10

<212> DNA

<213> Artificial Sequence

<220>
<223> IMC polynucleotide

<400> 20
tegaacatte

20

24

16

14

12

10



S

<210>
<211l>
<212>
<213>

<220>
<221>
<222>
<223

<221>
<222>
<223>

<221>
<222>
<223>»

<221>
<222
<223>

<400>

21

10

DNA

Artificial Sequence

variation

1

Xx==t, g, corb

b = 5-bromocytosine

i

variation
2
x=t, g, a, oru

variation
3
x=t, a, or ¢

variation
[
x=t, g, oru

21

nnancgntcg

<210>
<21l>
<212>
<213>

<220>
<223

<400>

22

10

DNA

Artificial Sequence

polynucleotide

22

tgaacgttcg

<210
<211>
<212>
<213>

<220>
<223>

<400>

23

10

DNA

Artificial Sequence

polynucleotide

23

ggaacgttcg

<210>
<211>
<212>
<213>

<220>
«221>
<222>
<223>

<221>
<222>
<223>

24

10

DNA

Artificial Sequence

variation

1

X=1t, g c, orb

b = 5-bromocytosine

variation
2
X=t, g a, oru

10

10

10



TN

<221> variation
<222>» 4
223> x = t, a, or c

<221> variation
<222% 5
<223> b = 5-bromocytosine

<221> variation
<222> 7
<223> x = t, g, or u

<400> 24
nnanbgntog

<210> 28

<211> 10

<212> DNA

<213> Artificial Sequence

<220>

<221> variation

<222> {0)...(0)

<223> b = 5-bromocytosine

<400> 25
tgaabgttcg

<210> 26

<211> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> inactive control compound

<400> 26
tgactgtgaa ccttagagat ga

<210> 27

<211 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Immunomodulatory polynucleoctide

<400> 27
tcgtegaacy ttcgttaacg tteg

<210> 28

<211l> 22

<2125 DNA ‘

<213> Artificial Sequence

<220>
<223> Immunomodulatory polymucleotide

<400> 28

10

10

22

24



SN

tegtegtgaa cgttegagat ga

<210> 29
<211l> 22
<212> DNA

-<213> Artificial Sequence

<220>
<223> Immunomodulatory polynucleotide

<400> 29
tcgteggtat cggteggtat ga

<210> 30

<211> 22

«212> DNA

<213> Artificial Sequence

<220>
<223> Immunomodulatory polynucleotide
<400> 30

tcgteggaac cgttceggaat ga

<210> 31

<211> 19
- <212> DNA

<213> Artificial Sequence

<220>
<223> Immunomodulatory polynucleotide

<400> 31
tcgtecgaacyg ttegagatg

«210> 32

<211> 19

<212> DNA

<213> Artificial Sequence

<220>

<221> variation

<222> (0)...{0}

<223> b = 5-bromocytosine

<400> 32
tcgtbgaacg ttegagatg

<210> 33

<211> 22

«212> DNA

<213> Artificial Sequence

<220>
<223> Jmmunomodulatory polynucleotide

<400> 33
ttcgaacgtt cgttaacgtt cg

22

22

22

is

19

22




r""."\‘

<210> 34

<211> 22

<212> DNA

«213> Artificial Sequence

<220>
<221> variation
<222> (0)...(0)

<223> b = 5-bromocytosine

<400> 34
tegteggaaa bgutcggaat ga

<210> 35

<211 20

<212> DNA

<213> Artificial Sequence

<220>

<221> variation

<222> (0)...(0)

<223> b = 5-bromocytosine

<400> 35
tcgtbgaabg utcggaatga

«<210> 36

<211> 22

<212> DNA

<213> Artificial Seguence

<220>

<221> variation

<222> (0)...(0)

<223> b = 5-bromocytosine

<400> 36
tcgtbgtgaa cgttcgagat ga

<210> 37

<21%> 20

«<212> DNA

<213> Artificial Sequence

<220>
<223> IMC polynucleotide

<400> 37 -
ggtgcatcga tygeagggggy

<210> 38

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> IBS oligonucleotide

<400> 38
tgettgcaag cttgcaagea

22

20

22

20

20




<210=> 39

<211> 21

<212> DNA

<213> Artificial Sequence

<220>
«223> IMC polynucleotide

<400> 39
tcgtegaacy ttegagatga t

<210> 40

<211> 22

<212> DNA

<213> Artificial Seguence

<220>
<223> IMC polynucleotide

<400> 40
tgactgtgaa cgttecgagat ga

<210> 41

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> CTL peptide

<400> 471
Ile Pro Gln Ser Leu Asp Ser Trp Trp Thr Ser Leu
1 5 10

21

22
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