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METHODS AND COMPOSITIONS FOR INDUCTION OR PROMOTION
OF IMMUNE TOLERANCE

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Patent
Application Serial No. 60/637,359, filed December 17, 2004, which 1S hereby

incorporated by reference herein in its entirety.

TECHNICAL FIELD

[0002] The present invention relates to non-immunostimulatory
polynucleotide-antigen conjugates. It also relates to the administration of the non-
immunostimulatory polynucleotide-antigen conjugates for treating unwanted

immune reactions in individuals.

BACKGROUND OF THE INVENTION

[0003] The immune system provides highly specific and often very
protective responses against potentially pathogenic microorganisms. In some
cases, however, inappropriate and/or unwanted immune activation can cause
injurious processes leading to damage or destruction of one’s own tissues.
Tolerance is the acquired lack of specific immune responsiveness to an antigen to
which an immune response would normally occur. Typically, to induce tolerance,
there must be an exposure to a tolerizing antigen, which results in the death or
functional inactivation of certain lymphocytes. This process generally accounts
for tolerance to self antigens, or self-tolerance. Complete tolerance 1s
characterized by the lack of a detectable immune response to an antigenic
challenge. Partial tolerance is typified by the quantitative reduction of an immune
response. Although generally steady state and lifelong, tolerance to particular
antigens can be disrupted and result in inappropriate immune activation.

[0004] Inappropriate and unwanted immune activation occurs, for
example, in autoimmune diseases where antibodies and/or T lymphocytes react
with self antigens to the detriment of the body’s tissues. This is also the case 1n
allergic réactions characterized by an exaggerated immune response to certain

environmental matters and which may result in inflammatory responses leading to
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tissue destruction. This is also the case in rejection of transplanted organs which
is significantly mediated by alloreactive T cells present in the host which
recognize donor alloantigens or xenoantigens.

[0005] In some cases, powerful immunosuppressive drugs are used to
prevent or reduce inappropriate or unwanted immune responses 1n order to treat
patients with an autoimmune disease or with an allogeneic transplant. The
infusion of individuals with drugs that prevent or suppress a T-cell immune
response does inhibit the unwanted immune activation, but can also result in
general immune suppression, toxicity and even death due to opportunistic
infections.

[0006] One of the primary goals in developing effective therapies against
diseases caused by unwanted or tissue damaging immunological reactions such as
allograft rejection, autoimmune diseases, and tissue destructive allergic reactions
to infectious microorganisms or to environmental antigens, 1s to specifically
suppress or decrease to an acceptable level the intensity of deleterious immune
processes without affecting the remainder of the immune system.

[0007] There remains a need to identify strategies to control inappropriate
and unwanted immune activation. There is a need for the prevention and/or
reduction of inappropriate immune activation and response 1n, for example,
autoimmune disease and allergies. There is also a need for the prevention and/or
reduction of an unwanted immune response by a host to a transplant and by a
donor tissue against a recipient tissue, known as graft-versus-host disease.

[0008] All patents, patent applications, and publications cited herein are

hereby mcorporated by reference in their entirety.

DISCLOSURE OF THE INVENTION

[0009] The invention relates to non-immunostimulatory polynucleotide -

antigen conjugates (non-immunostimulatory conjugate or NISC) and methods for
regulating unwanted or inappropriate immune responses in subjects using these
conjugates, particularly in humans.

[0010] In one aspect, the invention provides non-immunostimulatory
conjugate (NISC) comprising a non-immunostimulatory polynucleotide linked to

an antigen. In certain embodiments, the invention includes compositions which
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comprise any of the NISCs described herein. The compositions may also include,
for example, a pharmaceutically acceptable excipient or any of a number of other
components.

[0011] In another aspect, the invention provides methods for inducing or
promoting peripheral tolerance to an antigen comprising administering to a
subject an effective amount of a non-immunostimulatory conjugate.
Administration of the NISC in accordance with the invention induces or promotes
peripheral tolerance to the antigen in the NISC.

[0012] In another aspect, the invention provides methods for ameliorating
a symptom of an unwanted immune activation comprising administering to a
subject in need thereof an effective amount of a non-immunostimulatory
conjugate. Administration of the NISC in accordance with the invention
ameliorates a symptom of the unwanted immune activation directed to the antigen
in the NISC. In some examples, the unwanted immune activation is an
autoimmune response, an allergy, asthma, a graft-versus-host reaction or a graft
rejection reaction.

[0013] In another aspect, the invention provides methods for suppressing
an autoimmune response comprising administering to a subject in need thereof an
effective amount of a non-immunostimulatory conjugate. Administration of the
NISC in accordance with the mvention suppresses an autoimmune response
directed to the antigen 1n the NISC.

[0014] In another aspect, the invention provides methods for suppressing a
symptom of an autoimmune disease comprising administering to a subject in need
thereof an effective amount of a non-immunostimulatory conjugate.
Administration of the NISC 1n accordance with the invention suppresses a
symptom of an autoimmune disease involving an immune response to the antigen
in the NISC.

[0015] In another aspect, the invention provides methods for preventing an
autoimmune disease comprising administering to a subject at risk of developing
an autoimmune disease a non-immunostimulatory conjugate. Administration of
the NISC in accordance with the invention prevents a symptom of an autoimmune

disease involving an immune response to the antigen in the NISC.
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10016] In another aspect, the invention provides methods for suppressing

an allergic response comprising administering to a subject in need thereof an

4j

effective amount of a non-immunostimulatory conjugate. Administration of the
NISC in accordance with the invention suppresses an allergic response directed to
the antigen in the NISC.

[0017] In another aspect, the invention provides methods for suppressing
an allergy symptom comprising administering to a subject in need thereof an
effective amount of a non-immunostimulatory conjugate. Administration of the
NISC in accordance with the invention suppresses a symptom of an allergy
involving an immune response to the antigen in the NISC.

[0018] In another aspect, the invention provides methods for preventing an
allergic response comprising administering to a subject at risk of developing an
allergic response a non-immunostimulatory conjugate. Admunistration of the
NISC in accordance with the invention prevents an allergic response involving an
immune response to the antigen in the NISC.

[0019] In some embodiments, the NISC of the invention comprises an
autoantigen, an alloantigen or an allergen. In some embodiments, the non-
immunostimulatory polynucleotide of the NISC of the invention comprises an
immunoregulatory sequence (IRS). In some examples, the IRS 1s a TLR9 class
IRS, a TLR7/8 class IRS or-a TLR7/8/9 IRS. In some embodiments, the non-
immunostimulatory polynucleotide of the NISC of the invention comprises an

antisense molecule or an aptamer.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020] Figs. 1A-1C depicts graphs showing antigen uptake by murine

dendritic cells after incubation with indicated compositions: mixture of OVA and
immunostimulatory oligonucleotide 1018 (left) Fig. 1 A, immunostimulatory
oligonucleotide (1018)-OVA conjugate (center) Fig. 1B, non-immunostimulatory
oligonucleotide (1040)-OV A conjugate (right) Fig. 1C.

[0021] Figs. 2A-2H depicts graphs showing expression of maturation
markers (CD40 and CD86) on murine dendritic cells after incubation in medium
alone (Figs. 2A-2B) or with the indicated conjugates: OVA-C661 (non-
immunostimulatory oligonucleotide) (Figs. 2C-2D), OVA-1040 (non-
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immunostimulatory oligonucleotide) (Figs. 2E-2F) , and OVA-1018

(immunostimulatory oligonucleofide) (Figs. 2G-2H).

MODES OF CARRYING OUT THE INVENTION

[0022] According to the present invention, coupling a non-
immunostimulatory polynucleotide with an antigen enhances and/or facilitates
uptake of the antigen by antigen presenting cells (APCs) and/or dendritic cells
(DCs) with little or no APC or DC activation or maturation. Also, coupling a
non-immunostimulatory polynucleotide with an antigen increases antigen
presentation by APCs and/or DCs with little or no APC or DC activation or
maturation.

[0023] Thus, the present invention provides methods in which non-
immunostimulatory polynucleotide antigen conjugates (NISCs) are used to
regulate unwanted or inappropriate immune responses 1n individuals, particularly
humans. The compositions of the invention comprise a non-immunostimulatory
polynucleotide coupled to an antigen, where the antigen 1s mmvolved 1n the
unwanted immune response. The NISCs of the invention particularly suppress
and/or inhibit an unwanted immune response to an antigen. The NISCs of the
invention are also of use in inducing or promoting pertpheral self-tolerance.
[0024] - Accordingly, the invention provides methods and compositions for
suppressing and/or inhibiting an unwanted immune response to an antigen,
including, but not limited to, an autoimmune response, an alloimmune response,
an allergic response, and similarly aberrant immune responses, for example, celiac
disease. The invention also provides methods for generation of antigen-specific T
regulatory cells and methods for inhibiting Thl and/or Th2 cell differentiation.
[0025] The invention also provides methods and compositions for
ameliorating symptoms associated with unwanted immune activation, including,
but not limited to, symptoms associated with autoimmunity, symptoms associated
with alloimmunity, symptoms associated with allergy, and symptoms associated
with similarly aberrant immune responses, such as celiac disease. Accordingly,
the invention also provides methods for aiding in transplantation, such as reducing

graft rejection and/or graft-versus-host (GVH) disease.
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[0026] The invention also provides methods and compositions to induce
or promote peripheral seli-tolerance.
[0027] Further provided are kits comprising the NISCs of the mvention.
The kits may further comprise instructions for administering a NISC of the
invention for immunoregulation in a subject.

General Techniques
[0028] The practice of the present invention will employ, unless otherwise
indicated, conventional techniques of molecular biology (including recombinant
techniques), microbiology, cell biology, biochemistry and immunology, which are
within the skill of the art. Such techniques are explained fully in the literature,
such as, Molecular Cloning: A Laboratory Manual, second edition (Sambrook et
al., 1989); Oligonucleotide Synthesis (M.J. Gait, ed., 1984); Animal Cell Culture
(R.I. Freshney, ed., 1987); Handbook of Experimental Immunology (D.M. Weir &
C.C. Blackwell, eds.); Gene Transfer Vectors for Mammalian Cells (J.M. Miller
& M.P. Calos, eds., 1987); Current Protocols in Molecular Biology (F.M.
Ausubel et al., eds., 1987); PCR: The Polymerase Chain Reaction, (Mullis et al.,
eds., 1994); Current Protocols in Immunology (J.E. Coligan et al., eds., 1991);
The Immunoassay Handbook (D. Wild, ed., Stockton Press NY, 1994);
Bioconjugate Techniques(Greg T. Hermanson, ed., Academic Press, 1990); and
Methods of Immunological Analysis (R. Masseyeff, W.H. Albert, and N.A.
Staines, eds., Weinheim: VCH Verlags gesellschaft mbH, 1993).

Definitions
[0029] The term “immunostimulatory” or “stimulating an immune
response” as used herein includes stimulation of cell types that participate in
immune reactions and enhancement of an immune response to a specific antigenic
substance. An immune response that is stimulated by an immunostimulatory
nucleic acid is generally a “Thl-type” immune response, as opposed to a “ITh2-
type” immune response. Thl-type immune responses are normally characterized
by “delayed-type hypersensitivity” reactions to an antigen and activated

macrophage function and can be detected at the biochemical level by increased
levels of Thl-associated cytokines such as IFN-y, IL-2, IL-12, and TNF-3. Th2-

type immune responses are generally associated with high levels of antibody

production, especially IgE antibody production and enhanced eosinophils
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numbers and activation, as well as expression of Th2-associated cytokines such as
IL-4, IL-5 and IL-13.

[0030] The term “immunostimulatory nucleic acid” or
“immunostimulatory polynucleotide” as used herein refers to a nucleic acid
molecule (e.g., polynucleotide) that effects and/or contributes to a measurable
immune response as measured in vitro, in vivo and/or ex vivo. Examples of
measurable immune responses include, but are not limited to, antigen-specific
antibody production, secretion of cytokines, activation or expansion of
lymphocyte populations such as NK cells, CD4+ T lymphocytes, CD8+ T
lymphocytes, B lymphocytes, and the like. Immunostimulatory nucleic actd
sequences are known to stimulate innate immune responses, in particular, those
response occur through TLR-9 signalling in the cell. Generally, an
immunostimulatory nucleic acid sequence includes at least one CG dinucleotide,
with the C of this dinucleotide being unmethylated.

[0031] The term “conjugate” refers to a complex in which a non-
immunostimulatory polynucleotide and an antigen are coupled. Such conjugate
couplings include covalent and/or non-covalent linkages.

[0032] The term “non-immunostimulatory polynucleotide™ as used herein
refers to a nucleic acid molecule (e.g., polynucleotide) that does not effect or
contribute to a measurable immune response as measured in vitro, in vivo and/or
ex vivo. In particular, a non-immunostimulatory polynucleotide stimulates little,
if any, APC or DC activation or maturation. Indicators, and assays for indicators,
of APC and DC activation and maturation are known 1n the art.

[0033] The term “immunoregulatory sequence” or “IRS” as used heremn
refers to a nucleic acid sequence that inhibits and/or suppresses a measurable
innate immune response as measured in vitro, in vivo and/or ex vivo. The term
“immunoregulatory polynucleotide” or “IRP” as used herein refers to a
polynucleotide comprising at least one IRS that inhibits and/or suppresses a
measurable innate immune response as measured in vitro, in vivo and/or ex vivo.
Inhibition of a TLR, e.g., TLR-7, 8, or 9, includes without limitation inhibition at
the receptor site, e.g., by blocking ligand - receptor binding, and inhibition of the
downstream signal pathway after ligand - receptor binding. Examples of

measurable innate immune responses include, but are not limited to, secretion of
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cytokines, activation or expansion of lymphocyte populations such as NK cells,
CD4+ T lymphocytes, CD8+ T lymphocytes, B lymphocytes, maturation ot cell
populations such as plasmacytoid dendritic cells and the like.

[0034] The term “immunoregulatory compound™ or “IRC”, as used herein,
refers to a molecule which has immunoregulatory activity and which comprises a
nucleic acid moiety comprising an IRS. The IRC may consist of a nucleic acid
moiety that comprises more than one IRS, consists of an IRS, or has no
immunostimulatory activity on its own. The IRC may consist of a polynucleotide
(a “polynucleotide IRC”) or it may comprise additional moieties. Accordingly,
the term IRC includes compounds which incorporate one or more nucleic acid
moieties, at least one of which comprises an IRC, covalently linked to a non-
nucleotide spacer moiety.

[0035] As used interchangeably herein, the terms “nucleic acid,”
“polynucleotide” and “oligonucleotide” include single-stranded DNA (ssDNA),
double-stranded DNA (dsDNA), single-stranded RINA' (ssRNA)) and double-
stranded RNA (dsRNA), modified oligonucleotides and oligonucleosides or
combinations thereof. The oligonucleotide can be linearly or circularly
configured, or the oligonucleotide can contain both linear and circular segments.
Oligonucleotides are polymers of nucleosides joined, generally, through
phosphodiester linkages, although alternate linkages, such as phosphorothioate
esters may also be used in oligonucleotides. A nucleoside consists of a purine
(adenine (A) or guanine (G) or derivative thereof) or pyrimidine (thymine (),
cytosine (C) or uracil (U), or derivative thereof) base bonded to 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.

[0036] The term 3’  generally refers to a region or position 1n a
polynucleotide or oligonucleotide 3’ (downstream) from another region or
position in the same polynucleotide or oligonucleotide. The term “3 end” refers
to the 3’ terminus of the polynucleotide.

[0037] The term “5° ” generally refers to a region or position 1n a

polynucleotide or oligonucleotide 5’ (upstream) from another region or position In
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the same polynucleotide or oligonucleotide. The term ©5° end” refers to the 5°
terminus of the polynucleotide.

[0038] The term “peptide” generally refers to 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 1s 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.

[0039] A “delivery molecule” or “delivery vehicle” 1s a chemical moiety
which facilitates, permits, and/or enhances delivery of a NISC to a particular site
and/or with respect to particular timing.

[0040] An “individual” or “subject™ is a vertebrate, such as avian, and is
preferably a mammal, more preferably a human. Mammals include, but are not
limited to, humans, primates, farm animals, sport animals, rodents and pets.
[0041] 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 1t
is being applied. An effective amount can be administered in one or more
administrations.

[0042] “Suppression” or “inhibition” of a response or parameter includes
decreasing that response or parameter when compared to otherwise same
conditions except for a condition or parameter of interest, or alternatively, as
compared to another condition.

[0043] As used herein, and as well-understood in the art, “treatment” 1s 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 1f not receiving treatment.
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[0044] “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 autoimmune disease context, as 1s well
understood by those skilled in the art, palliation may occur upon regulation or
reduction of the unwanted immune response. Further, palliation does not
necessarily occur by administration of one dose, but often occurs upon
administration of a series of doses. Thus, an amount sufficient to pallate a
response or disorder may be administered in one or more administrations.
[0045] As used herein, the term “comprising” and its cognates are used 1n
their inclusive sense; that is, equivalent to the term “including”™ and 1its
corresponding cognates.
10046] As used herein, the singular form “a”, “an”, and “the” includes
plural references unless indicated otherwise. For example, “an’ antigen includes
one or more antigens.

Compositions of the invention
[0047] The invention provides polynucleotide-antigen conjugates wherein
the polynucleotide facilitates or enhances uptake of the antigen by dendritic cells
(DCs) and/or antigen presenting cells (APCs) with little or no DC or APC
activation or maturation. Alternatively, the invention provides polynucleotide-
antigen conjugates wherein the polynucleotide increases antigen presentation by
DCs and/or APCs with little or no DC or APC activation or maturation. The
polynucleotides in such conjugates are non-immunostimulatory polynucleotides.
Accordingly, such conjugates are referred to herein as “non-immunostimulatory
conjugates’” (NISCs). Upon administration, conjugates of the invention can lead
to tolerance to the administered antigen since the conjugates do not promote APC
and/or DC cells activatation or maturation.
[0048] The conjugates contain polynucleotides which stimulate little or no
DC or APC maturation. The non-immunostimulatory polynucleotides include,
but are not limited to, (a) a polynucleotide containing an immunoregulatory

sequence (IRS), (b) a polynucleotide with a particular activity (e.g., an aptamer or

an antisense polynucleotide) but which are non-immunostimulatory, and (c)

10
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polynucleotides without a particular known activity and which are non-
immunostimulatory, i.e., oligonucleotides that are neither (a) or (b).
[0049] Compositions of the invention comprise an NISC alone (or a
combination of two or more NISCs). Compositions of the invention may also
comprise an NISC in conjunction with another agent, such as a second
unconjugated antigen, suppressive cytokine (e.g., IL-10, TGF-beta) or other
immunosuppressive agents. Compositions of the invention may comprise an
NISC and a pharmaceutically acceptable excipient. Pharmaceutically acceptable
excipients, including buffers, are described herein and well known 1n the art.
Remington: The Science and Practice of Pharmacy, 20th edition, Mack
Publishing (2000).

Non-immunostimulatory polynucleotides
[0050] As described herein, non-immunostimulatory polynucleotides of
the NISCs facilitate or enhance uptake of the antigen by cells, particularly
dendritic cells (DCs) and/or antigen presenting cells (APCs). These
polynucleotides facilitate or enhance antigen uptake but stimulate little or no cell
activation or maturation. This facilitated or enhanced antigen uptake results 1n
increased antigen presentation by the APC and/or DC. In some instances, non-
immunostimulatory polynucleotides facilitate or enhance antigen presentation
without the polynucleotides stimulating cell activation or triggering cell
maturation.
[0051] In accordance with the present invention, a non-stimulatory
polynucleotide of the NISC may be an immunoregulatory polynucleotide (IRP) or
an immunoregulatory complex (IRC) which contain at least one
immunoregulatory sequence (IRS) as described in copending U.S. Application
Serial No. 60/606,833 and U.S. Application Serial No. 11/212,297 (hereby
incorporated by reference in their entirety). In some instances, an IRS comprises
a 5°-G,C-3’ sequence. In some instances, an IRS includes at least one TGC
trinucleotide sequence at or near the 5° end of the polynucleotide (i.e., 5’-TGC).
In some instances,"an IRS comprises a 5’-GGGG-3’ sequence. In some 1nstances,
an IRS does not comprise a 5’-GGGG-3’ sequence. Accordingly, in some
instances, an IRP or IRC does not comprise a 5’-GGGG-3’ sequence. In some

instances, an IRP or IRC comprising a 5°-GGGG-3’ sequence 1s particularly

11
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effective when used in the single-stranded form. In some instances, an IRP or
TRC comprising a 5°-GGGG-3’ sequence is particularly effective when made with
a phosphorothioate backbone.

[0052] As demonstrated in copending U.S. Application Serial No.
11/212,297 and U.S. Application No. 60/606,833, particular IRPs and IRCs
inhibit TLR-7 and/or TLR-8 dependent cell responses. Also, particular IRPs and
IRCs inhibit TLR-9 dependent cell responses, and particular IRPs and IRCs
inhibit TLR-7/8 dependent cell responses and TLR-9 dependent cell responses.
As used herein, “TLR-7/8” refers to “TLR-7 and/or TLR-8.” Accordingly, as
used herein, “TLR-7/8/9” refers to “(TLR-7 and/or TLR-8) and TLR-9.” Certain
IRPs do not inhibit TLR4 dependent cell responses.

[0053] Non-immunostimulatory polynucleotides are defined by the absence of
stimulatory activity of innate immune responses. They have been described in the art and
the absence of stimulatory activity may be readily measured using standard assays which
indicate various aspects of an innate 1mmune response, such as cytokine secretion,
antibody production, NK cell activation, B cell proliferation, T cell proliferation, and
dendritic cell maturation. DC matﬁration can be evaluated by the up-regulation of

various markers at the cell surface including, but not limited to, costimulatory molecules

such as CD40, CD80 and CDg6.

[0054] Immunostimulatory nucleic acids and other stimulators of an innate
immune response have been described in the art and their activity may be readily
measured using standard assays which indicate various aspects of an mnate
immune response, such as cytokine secretion, antibody production, NK cell

activation, B cell proliferation, T cell proliferation, dendritic cell maturation. See,

e.g. Krieg et al. (1995) Nature 374:546-549; Yamamoto et al. (1992) J. Immunol.
148:4072-4076; Klinman et al. (1997) J. Immunol. 158:3635-3639; Pisetsky
(1996) J. Immunol. 156:421-423; Roman et al. (1997) Nature Med. 3:849-854;
WO 98/16247; WO 98/55495; WO 00/61151 and U.S. Pat. No. 6,225,292.
'Accordingly, these and other methods can be used to identify, test and/or confirm
sequences, polynucleotides and/or compounds which lack effective
immunostimulatory activity, for example those which do not activate APC or DC

and those which do not stimulate APC to mature. For example, the effect of
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NISCs can be determined when cells or individuals 1n which an autoreactive
immune response has been stimulated.

[0055] As is clearly conveyed herein, it 1s understood that, with respect to
formulae described herein, any and all parameters are independently selected. For
example, if x=0-2, y may be independently selected regardless of the values of x
(or any other selectable parameter in a formula). Preferably, the IRP or IRC
which comprises the IRS is a polynucleotide with at least one phosphorothioate
backbone linkage.

[0056] An IRS particularly effective in inhibiting TLR9 dependent cell
stimulation is referred to as “TLR9 class™ IRS.

[0057] In some embodiments, an IRS may comprise a sequence of the
formula: X;GGGGX,X3 (SEQ ID NO:1) wherein X, X5, and X3 are nucleotides,
provided that if X;= C or A, then X,X3 1s not AA. In some embodiments, an IRS
may comprise a sequence of the formula SEQ ID NO:1 wherein X;1s Cor A. In
some embodiments, an IRS may comprise a sequence of the formula:
X,GGGGX,X;5 (SEQ ID NO:2) wherein X, X», and X; are nucleotides, provided
that if X;= C or A, then X;X; is not AA, and wherein X, is C or A.

[0058] In some embodiments, an IRS may comprise a sequence of the
formula: GGN,X;GGGGX,Xs (SEQ ID NO:3), wherein n 1s an integer from 1 to
about 100 (preferably from 1 to about 20), each N 1s a nucleotide, and X;, X5, and
X3 are nucleotides, provided that if X;= C or A, then X,X3 1s not AA. In some
embodiments, an IRS may comprise a sequence of the formula SEQ 1D NO:3
wherein X 1s C or A.

[0059] In some embodiments, an IRS may comprise a sequence of the
formula: NiTCCN;(GG) N X1GGGGX,X3 (SEQ ID NO: 4), wherein each N 1s a
nucleotide, wherein i is an integer from 1 to about 50, wherein j 1s an mteger from
1 to about 50, k is O or 1, m is an integer from 1 to about 20, and X;, X;, and X3
are nucleotidés, provided that 1f X,= C or A, then X,X; 1s not AA. In some
embodiments, an IRS may comprise a sequence of the formula SEQ ID NO:4
wherein X; 1s C or A.

[0060] In some embodiments, an IRS may comprise a sequence of the
formula: X;X,X3GGGGAA (SEQ ID NO:5), wherein X, X5, and X3 are
nucleotides, provided that if X3= C or A, then X;X; 15 not GG.

13
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[0061] Examples of oligonucleotide sequences comprising SEQ ID NO:1,
2, 3, 4, or 5 iclude the following sequences:

5°-TCCTAACGGGGAAGT-3’ (SEQ ID NO:10 (C827));
5-TCCTAAGGGGGAAGT-3" (SEQ ID NO:11 (C828));
5°-TCCTAACGGGGTTGT-3" (SEQ ID NO:12 (C841));
5-TCCTAACGGGGCTGT-3" (SEQ ID NO:13 (C842));
5-TCCTCAAGGGGCTGT-3" (SEQID NO:14 (C843));
5-TCCTCAAGGGGTTGT-3" (SEQ ID NO:15 (Cg44));
5-TCCTCATGGGGTTGT-3" (SEQ ID NO:16 (C845));
5-TCCTGGAGGGGTTGT-3’ (SEQ ID NO:17 (C869));
5-TCCTGGAGGGGCTGT-3" (SEQ ID NO:18 (C870));
5-TCCTGGAGGGGCCAT-3" (SEQ ID NO:19 (C871));
5-TCCTGGAGGGGTCAT-3" (SEQ ID NO:20 (C872));
5-TCCGGAAGGGGAAGT-3" (SEQ ID NO:21 (C873));
5°-TCCGGAAGGGGTTGT-3" (SEQ ID NO:22 (C874));

5°-TGC HEG TGG AGG GGT TGT-3’ (SEQ ID NO:74(C9383));

5’-TGC TEG TGG AGG GGT TGT-3" (SEQ ID NO:75(C984));

5°-TGC ddd TGG AGG GGT TGT-3" (SEQ ID NO:76(C985));

5°-GC TCC TGG AGG GGT TGT-3’ (SEQ ID NO:77(C9806));

5°-C TCC TGG AGG GGT TGT-3" (SEQ ID NO:78(C987));

5°-AAA TCC TGG AGG GGT TGT-3’ (SEQ ID NO:79(C988));

5-TCC TGG dGG GGT TGT-3" (SEQ ID NO:80(C989));

5°-TCC TGG ddG GGG TTG T-3’ (SEQ ID NO:81(C990)); and

5°-TGC TCC TGG AGG GGT TGT HEG HEG-3’ (SEQ ID NO:82(C991)),
wherein “d” refers to abasic nucleotides (i.e., lacking a nucleotide base, but
having the sugar and phosphate portions).

[0062] In some embodiments, an IRS may comprise a sequence of any of
SEQ ID NO:1, 2, 3, 4, or 5, wherein at least one G 1s replaced by 7-deaza-dG. For
example, in some embodiments, the IRS may comprise the sequence 5’-
TCCTGGAGZ GGTTGT-3’ (Z’=7-deaza-dG; SEQ ID NO:23 (C920)).

[0063] IRPs comprising SEQ ID NO:1, 2, 3, 4, or 5 or an IRP comprising
SEQ ID NO:1, 2, 3, 4, or 5, wherein at least one G is replaced by 7-deaza-dG are
particularly effective in inhibiting TLR9 dependent cell stimulation. Other IRS
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sequences which are also effective in inhibiting TLR9 dependent cell signalling
include the following:

5’-TGACTGTAGGCGGGGAAGATGA- 3 (SEQ ID NO:24 (C533));
5’-GAGCAAGCTGGACCTTCCAT-3" (SEQ ID NO:25 (C707)); and
5’-CCTCAAGCTTGAGZ’GG-3* (Z’=7-deaza-dG; SEQ ID NO:26 (C891)).
[0064] As shown herein, some IRS are particularly effective in inhibiting
TLR7/8 dependent cell stimulation. Accordingly, IRS with this activity are
refered to as “TLR7/8 class” IRS. For example, an oligonucleotide comprismng
the sequence 5°-TGCTTGCAAGCTTGCAAGCA- 3’ (SEQ ID NO: 27 (C661))
inhibits TLR7/8 dependent cell stimulation.

[0065] In some embodiments, an IRS comprises a fragment of SEQ ID
NO:27 (C661) and includes at least a 10 base palindromic portion thereof. For
example, such sequences include the following sequences:
5-TGCTTGCAAGCTTGCAAG-3" (SEQ ID NO:28 (C921));
5’-TGCTTGCAAGCTTGCA-3" (SEQ ID NO:29 (C922));
5-GCTTGCAAGCTTGCAAGCA-3’ (SEQ ID NO:30 (C935));
5-CTTGCAAGCTTGCAAGCA-3’ (SEQ ID NO:31 (C936)); and
5’-TTGCAAGCTTGCAAGCA-3* (SEQ ID NO:32 (C937)).

[0066] In some embodiments, the IRP consists of SEQ ID NO:27(C661),
or a fragment thereof. In some embodiments, an IRP consists of a fragment of
SEQ ID NO:27 (C661) and includes at least a 10 base palindromic portion
thereof.

[0067] In some embodiments, an IRP effective in inhibiting TLR7/8
dependent cell stimulation consists of the sequence 5’-TGCNp-3’, where N 1s a
nucleotide, m is an integer from 5 to about 50 and wherein the sequence Ni-Ny,
comprises at least one GC dinucleotide. In some embodiments, such an IRP
consists of the sequence 5’-TGCN,,A-3’, the sequence 5’-TGCN,CA-3’ or the
sequence 5’-TGCN,GCA-3’. For example, in some embodiments, the IRP may
consist of the following sequences: .

5°-TGCTTGCAAGCTAGCAAGCA-3" (SEQ ID NO:33 (C917));
5’-TGCTTGCAAGCTTGCTAGCA-3’ (SEQ ID NO:34 (C918));
5’-TGCTTGACAGCTTGACAGCA-3’ (SEQID NO:35 (C932));
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5-TGCTTAGCAGCTATGCAGCA-3" (SEQ ID NO:36 (C933)); or
5’-TGCAAGCAAGCTAGCAAGCA-3" (SEQ ID NO:37 (C934)).

[0068] Other IRS sequences which are also effective in inhibiting TLR7/8
dependent cell signalling include the following:
5°-TGCAAGCTTGCAAGCTTG CAA GCT T-3° (SEQ ID NO:38 (C793));
5°-TGCTGCAAGCTTGCAGAT GAT-3" (SEQ ID NO:39 (C794));
5-TGCTTGCAAGCTTGCAAGC-3’ (SEQ ID NO:40 (C919));
5’-TGCAAGCTTGCAAGCTTGCAAT-3’ (SEQ ID NO:41 (C923));
5°-TGCTTGCAAGCTTG-3" (SEQ ID NO:42 (C930));
5°-AGCTTGCAAGCTTGCAAGCA-3’ (SEQ ID NO:43 (C938));
5’-TACTTGCAAGCTTGCAAGCA-3" (SEQ ID NO:44 (C939)),
5>-TGATTGCAAGCTTGCAAGCA-3’ (SEQ ID NO:45 (C940));
5°-AAATTGCAAGCTTGCAAGCA-3’ (SEQ ID NO:46 (C941)),
5°-TGCTGGAGGGGTTGT-3" (SEQ ID NO:47 (C945));
5°-AAATTGACAGCTTGACAGCA-3’ (SEQ ID NO:48 (C951));

5" TGATTGACAGCTTGACAGCA-3’ (SEQ ID NO:49 (C959));
5-TGATTGACAGATTGACAGCA-3’ (SEQ ID NO:50 (C960)); and
5°-TGATTGACAGATTGACAGAC-3’ (SEQ ID NO:51 (C961)).

[0069] Another class of IRS include those which are particularly effective
in inhibiting both TLR7/8 and TLRY dependent cell stimulation. Accordingly,
IRS with this activity are refered to as “TLR7/8/9 class” IRS. In some nstances,
a combination of a TLR7/8 class IRS with a TLRO class IRS results in an IRS of
the TLR7/8/9 class.

[0070] The TLR7/8/9 class of IRS include those comprising the sequence
TGCN,, TCCTGGAGGGGTTGT-3’ (SEQ ID NO:6) where each N 1s a nucleotide
and m is an integer from 0 to about 100, in some instances from 0 to about 50,
preferably from 0 to about 20.

[0071] In some embodiments, an IRS comprises SEQ ID NO:6, wherein
the sequence N; - N;, comprises a fragment of the sequence 5°-
TTGACAGCTTGACAGCA-3’ (SEQ ID NO:7). A fragment of SEQ ID NO:7 1s
any portion of that sequence, for example, TTGAC or GCTTGA. In some
embodiments, the fragment of SEQ ID NO:7 is from the 5° end of SEQ ID NO:7,
including, for example, TTGAC or TTG.
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[0072] In some embodiments, the IRS comprises the sequence 5’-
TGCRRZNYY-3’ (SEQ ID NO:8), wherein Z is any nucleotide except C, wherein
N is any nucleotide, wherein when Z is not G or inosine, N 1S guanosine or
inosine. In other embodiments, the IRS comprises the sequence 5°-
TGCRRZNpoly(Pyrimidine)-3’ (SEQ ID NO:9), wherein Z 1s any nucleotide
except C, wherein N is any nucleotide, wherein when Z is not G or inosine, N 1s
ouanosine or 1NosIne.
[0073] Examples of IRS sequences which are also effective in inhibiting
TLR7/8/9 dependent cell signalling include the following:
5’-TGCTCCTGGAGGGGTTGT-3" (SEQ ID NO:52 (C954));
5°-TGCTTGTCCTGGAGGGGTTGT-3" (SEQ ID NO:53 (C956)),
5-TGCTTGACATCCTGGAGGGGTTGT-3" (SEQ ID NO:54 (C957));
5’-TGCTTGACAGCTTGACAGTCCTGGAGGGGTTGT-3" (SEQ ID NO:55
(C962));
5’-TGCTTGACAGCTTGATCCTGGAGGGGTTGT-3" (SEQ ID NO:56
(€963));
5-TGCTTGACAGCTTCCTGGAGGGGTTGT-3" (SEQ ID NO:57 (C964));
5°-TGCTTGACAGCTTGCTCCTGGAGGGGTTGT-3" (SEQ ID NO:58
(C965));
5°-TGCTTGACAGCTTGCTTGTCCTGGAGGGGTTGT-3 (SEQ ID NO:59
(C966));
5"-TGCTTGACAGCTTGACAGCATCCTGGAGGGGTTGT-3" (SEQ ID
NO:60 (C967));
5’-TGCTTGACAGCTTGACAGCATCCTGGAGGGGTTGT-3" (SEQID
NO:61 (C908));

- 5-TGCTTGACAGCTTGACAGCATCCTGGAGGGGT-3" (SEQ ID NO:62
(C269));
5°-TGCTTGACAGCTTGACAGCATCCTGGAGGGG-3" (SEQ ID NO:63
(C970));
5-TGCTTGCAAGCTTGCTCCTGGAGGGGTTGT-3" (SEQ ID NO:64
(C971));
5. TGCTTGCAAGCTTCCTGGAGGGGTTGT-3" (SEQ ID NO:65 (C972)); and
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5-TGCTTGCAAGCTTGCAAGCATCCTGGAGGGGTTGT-3” (SEQ ID
NO:66 (C908)).
[0074] As described Herein, some IRPs are particularly effective in
suppressing TLR9 dependent cell responses. Such IRPs include, but are not
limited to, SEQ ID NO:24 (C533); SEQ ID NO:25 (C707); SEQ ID NO:86
(1019); SEQ ID NO:91 (C891); SEQ ID NO:10 (C827); SEQ ID NO:11 (C328);
SEQ ID NO:12 (C841); SEQ ID NO:13 (C842); SEQ ID NO:14 (C843); SEQ ID
NO:15 (C844); SEQ ID NO:16 (C845); SEQ ID NO:17 (C869);SEQ ID NO:18
(C870); SEQ ID NO:19 (871); SEQ ID NO:20 (C872); SEQ ID NO:21 (C873);
SEQ ID NO:22 (C874); SEQ ID NO:23 (C920), and SEQ ID NO:66 (C908). As
described herein, some IRPs are particularly effective in suppressing TLR7/8
dependent cell responses. Such IRPs include, but are not limited to, SEQ 1D
NO:17 (C869); SEQ ID NO:23 (C920); SEQ ID NO:27 (C661); SEQ ID NO:38
(C793); SEQ ID NO:29 (C794); SEQ ID NO:33 (C917); SEQ ID NO:34 (C913);
SEQ ID NO:40 (C919); SEQ ID NO:28 (C921); SEQ ID NO:29 (C922); SEQ ID
NO:41 (C923), and SEQ ID NO:66 (C90R).
[0075] Non-immunostimulatory polynucleotides include a polynucleotide
with a particular activity but which are non-immunostimulatory, for example
aptametrs or antisense molecules. Aptamers are of use as targeting ligands for
delivery of imaging and/or therapeutic reagents to particular cells or tissues.
Aptamers are high affinity, high specificity RNA or DNA-based ligands produced
by in vitro selection experiments (SELEX: systematic evolution of ligands by
exponential enrichment). Aptamers are generated from random sequences o1 20

. to 30 nucleotides, selectively screened by absorption to molecular antigens or
cells, and enriched to purify specific high affinity binding ligands.
[0076] A NISC polynucleotide may be single stranded or double stranded
DNA, as well as single or double-stranded RINA or other modified
polynucleotides. A NISC polynucleotide may be linear, may be circular or
include circular portions and/or may include a hairpin loop. A NISC
polynucleotide may contain naturally-occurring or modified, non-naturally
occurring bases, and may contain modified sugar, phosphate, and/or termini.

Various such modifications are described herein.

18



CA 02591582 2007-06-15
WO 2006/066003 PCT/US2005/045433

[0077] The heterocyclic bases, or nucleic acid bases, which are
incorporated in the NISC polynucleotide can be the naturally-occurring principal
purine and pyrimidine bases, (namely uracil, thymine, cytosine, adenine and
guanine, as mentioned above), as well as naturally-occurring and synthetic
modifications of said principal bases. Thus, a NISC polynucleotide may include
2’-deoxyuridine and/or 2-amino-2’-deoxyadenosine.

[0078] The NISC polynucleotide may comprise at least one modified base.

As used herein, the term “modified base” is synonymous with “base analog”, for
example, “modified cytosine” is synonymous with “cytosine analog.” Simularly,
“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 NISC polynucleotide. Preferably, the electron-
withdrawing moiety is a halogen, e.g., 5-bromocytosine, 5-chlorocytosine, 5-
fluorocytosine, 5-iodocytosine. Other 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 uracil of the NISC polynucleotide. Preferably, the electron-withdrawing
moiety is a halogen. Such modified uracils can include, but are not limited to, 5-
bromouracil, 5-chlorouracil, 5-fluorouracil, 5-iodouracil.

[0079] Other examples 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. Other examples of base modifications include,
but are not limited to, N4-ethylcytosine, 7-deazaguanine, and 5-hydroxycytosine.
See, for example, Kandimalla et al. (2001) Bioorg. Med. Chem. 9:307-813.
[0080] The NISC polynucleotide can contain phosphate-modified
polynucleotides, some of which are known to stabilize the polynucleotide.
Accordingly, some embodiments includes stabilized NISC polynucleotides. For
example, in addition to phosphodiester linkages, phosphate modifications nclude,
but are not limited to, methyl phosphonate, phosphorothioate, phosphoramidate
(bridging or non-bridging), phosphotriester and phosphorodithioate and may be
used in any combination. Other non-phosphate linkages may also be used. In
some embodiments, oligonucleotides of the present invention comprise only

phosphorothioate backbones. In some embodiments, polynucleotides of the
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present invention comprise only phosphodiester backbones. In some
embodiments, a NISC polynucleotide may comprise a combination of phosphate
linkages in the phosphate backbone such as a combination of phosphodiester and
phosphorothioate linkages.

[0081] NISC polynucleotides used in the mvention can comprise one or
more ribonucleotides (containing ribose as the only or principal sugar
component), deoxyribonucleotides (containing deoxyribose as the principal sugar
component), or, as is known in the art, modified sugars or sugar analogs can be
incorporated in the NISC polynucleotide. Thus, in addition to ribose and
deoxyribose, the sugar moiety can be pentose, deoxypentose, hexose,
deoxyhexose, glucose, arabinose, xylose, lyxose, and a sugar “analog”
cyclopentyl group. The sugar can be in pyranosyl or in a furanosyl form. In the
polynucleotide, the sugar moiety is preferably the furanoside of ribose,
deoxyribose, arabinose or 2’-0-alkylribose, and the sugar can be attached to the
respective heterocyclic bases either in o or B anomeric configuration. Sugar
modifications include, but are not limited to, 2’-alkoxy-RNA analogs, 2’-amino-
RNA analogs, 2’-fluoro-DNA, and 2’-alkoxy- or amino-RNA/DNA chimeras.
For example, a sugar modification in the polynucleotide includes, but 1s not
limited to, 2°-O-methyl-uridine and 2’-O-methyl-cytidine. The preparation of
these sugars or sugar analogs and the respective “nucleosides” wherein such
sugars or analogs are attached to a heterocyclic base (nucleic acid base) per se 1s
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 an NISC
polynucleotide.

[0082] The NISC polynucleotide can be synthesized using techniques and
nucleic acid synthesis equipment which are well known in the art mcluding, 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. Pat.
No. 5,124,246. Polynucleotide degradation can be accomplished through the
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exposure of an oligonucleotide to a nuclease, as exemplified in U.S. Pat. No.
4,650,675.

[0083] The NISC polynucleotide can also be isolated using conventional
polynucleotide isolation procedures. Such procedures include, but are not limited
to, hybridization of probes to genomic or cDNA libraries to detect shared
nucleotide sequences, antibody screening of expression libraries to detect shared
structural features and synthesis of particular native sequences by the polymerase
chain reaction.

[0084] Circular NISC polynucleotides can be isolated, synthesized
through recombinant methods, or chemically synthesized. Where the circular
NISC polynucleotide is obtained through isolation or through recombinant
methods, the NISC polynucleotide 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 et al. (1995) Nucleic Acids Res.
23:2025-2029; and Wang et al. (1994) Nucleic Acids Res. 22:2326-2333.

[0085] The techniques for making polynucleotides and modified
polynucleotides are known in the art. Naturally occurring DNA or RNA,
containing 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
oxidation of the intermediate phosphite triester to a phosphate triester. Once the
desired polynucleotide sequence has been synthesized, the polynucleotide 1s
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, Beaucage (1993)
“Oligodeoxyribonucleotide Synthesis” in Protocols for Oligonucleotides and
Analogs, Synthesis and Properties (Agrawal, ed.) Humana Press, Totowa, NJ;
Warner et al. (1984) DNA 3:401 and U.S. Pat. No. 4,458,006.

[0086] Synthesis of polynucleotides containing modified phosphate
linkages or non-phosphate linkages is also known in the art. For a review, see
Matteucci (1997) “Oligonucleotide Analogs: an Overview” in Oligonucleotides as
Therapeutic Agents, (D.J. Chadwick and G. Cardew, ed.) John Wiley and Sons,
New York, NY. The phosphorous derivative (or modified phosphate group)
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which can be attached to the sugar or sugar analog moiety in the polynucleotides
of the present invention can be a monophosphate, diphosphate, triphosphate,
alkylphosphonate, phosphorothioate, phosphorodithioate, phosphoramidate or the
like. The 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 et al. (1996) Nucleic Acids Res.
24:2318-2323: and Schultz et 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) “Oligonucleoside
Phosphorothioates” in Protocols for Oligonucleotides and Analogs, Synthesis and
Properties (Agrawal, ed.) Humana Press, pp. 165-190). Similarly the synthesis of
other phosphate analogs, such as phosphotriester (Miller et al. (1971) JACS
93:6657-6665), non-bridging phosphoramidates (Jager et al. (1988) Biochem.
27:7247-7246), N3’ to P5’ phosphoramidiates (Nelson et al. (1997) JOC 62:7278-
7287) and phosphorodithioates (U.S. Pat. No. 5,453,496) has also been described.
Other non-phosphorous based modified oligonucleotides can also be used
(Stirchak et al. (1989) Nucleic Acids Res. 17:6129-6141).

[0087] 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 NISC polynucleotide
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 NISC polynucleotide includes, but 1s not limited to,
uracil-5-yl, cytosin-5-yl, adenin-7-yl, adenin-8-yl, guanin-7-yl, gnamn-8-yl, 4-
aminopyrrolo [2.3-d] pyrimidin-5-y1, 2-amino-4-oxopyrolo [2,3-d] pyrimidin-5-
yl, 2-amino-4-oxopyrrolo [2.3-d] pyrimidin-3-yl groups, where the purines are
attached to the sugar moiety of the NISC polynucleotide via the 9-position, the
pyrimidines via the 1-position, the pyrrolopyrimidines via the 7-position and the

pyrazolopyrimidines via the 1-position.
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[0088] The preparation of base-modified nucleosides, and the synthesis of
modified polynucleotides using said base-modified nucleosides as precursors, has
been described, for example, in U.S. Pat. Nos 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 oligonucleotide. Such base-modified nucleosides, present at either terminal or
internal positions of an oligonucleotide, can serve as sites for attachment of a
peptide. Nucleosides modified in their sugar moiety have also been described
(including, but not limited to, e.g., U.S. Pat. Nos. 4,849,513, 5,015,733,
5,118,800, 5,118,802) and can be used similarly.

[0089] In some embodiments, a NISC polynucleotide 1s 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, 200; 175; 150; 125; 100; 75; 60; 50; 40;
30; 25;20; 15; 14; 13; 12; 11, 10; 9; 8; 7; 6; 5; 4. In some embodiments, a NISC
polynucleotide is greater than about any of the following lengths (in bases or base
pairs): 4;5;6,7,8,9,10; 11; 12; 13; 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. Alternately, the NISC polynucleotide 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; 60; 50; 40; 30; 25; 20; 15; 14; 13; 12;
11;10;9; 8; 7; 6; 5; 4 and an independently selected lower limit of 4; 5; 6; 7; 8; 9;
10; 11;12; 13; 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 1s less
than the upper limit. In some embodiments, a NISC polynucleotide 1s preferably
about 200 or less bases 1n length.

[0090] The invention also provides methods of making the NISC
polynucleotides described herein. The methods may be any of those described
herein. For example, the method could be synthesizing the NISC polynucleotide
(for example, using solid state synthesis) and may further comprise any
purification step(s). Methods of purification are known in the art.

[0001] In certain embodiments, the invention 1s directed to non-
stimulatory conjugates comprising immunoregulatory compounds (IRCs) as the

polynucleotide component. Such IRCs have immunoregulatory activity and
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comprise a nucleic acid moiety comprising an IRS. IRCs contain one or more
nucleic acid moieties and one or more non-nucleic acid spacer moieties.
Compounds conforming to a variety of structural formulas are contemplated for
use as IRCs in the NISCs, including the core structures described in formulas I-
V1L, below. Formulas I-III show core sequences for “linear IRCs.” Formulas [V-
V1 show core sequences for “branched IRCs.” Formula VII shows a core
structure for “single-spacer IRCs.”

[0092] 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-
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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 (*--7)
designates covalent bonds between a non-nucleic acid spacer moiety and at least 2
nucleic acid moieties. A triple dash (“---"") designates covalent bonds between a
non-nucleic acid spacer moiety and multiple (i.e., at least 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 subscripts to distinguish
different spacer moieties is not intended to indicate that the moieties necessarily
have different structures. For example, in formula II, infra, the nucleic acid
moieties designated N; 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 linking groups, and/or spacer moieties) may be covalently bound at the
termini of the core structures.

10093] Linear IRCs 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 IRCs conform to the following formulas:

N1-S1-N, (1)
N1-S1-N2-52-N3 (ID).
N] -S 1-N2-Sz~ [Nv"sv] A (III)
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where A is an integer between 1 and about 100 and [N,-S,] indicates A
additional iterations 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 “[Ny-Sy].” “A” 1s sometimes between 1 and about
10, sometimes between 1 and 3, sometimes exactly 1, 2, 3,4 or 5. In some
embodiments, A is an integer in a range defined by a lower limit of 1, 2, 3, 4, or 5,

and an independently selected upper limit of 10, 20, 50 or 100 (e.g., between 3
and 10).

[0094] Exemplary linear IRCs include:
N{-HEG-N,-OH (Ia)
N;-HEG-N;-PO4 (Ib)
N;-HEG-N;-HEG (Ic)
HEG-N{-HEG-N{-HEG (Id)
N1-HEG-N,;-HEG-N; (Ie)
N1-HEG-N;>-(HEG)4-N3 (If)
(N1)2-glycerol-N;-HEG-N; (Ig)
PO4-N;-HEG-N> (Ih)
Ni-(HEG)1s-T (In)
(N1-HEG),-glycerol-HEG-N,  (I))
N;-HEG-T-HEG-T (Ik)

[0095] Wherein HEG refers to hexa- (ethylene glycol). TEG refers to

tetra-(ethylene glycol).

0096} Preferred linear IRCs include:
5-TGCTTGCAAGCTTGCAAGCA-HEG-TCCTGGAGGGGTTGT-3" (SEQ ID
NO:67 (C907, C661-HEG-C869);
5’-TGCTTGCAAGCTAGCAAGCA-HEG-TCCTGGAGGGGTTGT-3” (SEQ ID
NO:68 (C913, C917-HEG-C869);
5’>-TGCTTGCAAGCTTGCTAGCA-HEG-TCCTGGAGGGGTTGT-3" (SEQ ID
NO:69 (C914, C918-HEG-(C869);
5-TGCTTGCAAGCTTGCTAGCA-HEG-TCCTGGAGZGGTTGT-3" (SEQ ID
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NO:70 (C916, C661-HEG-C920); and
5’-TCCTGGAGGGGTTGT-HEG-TGCTTGCAAGCTTGCAAGCA-3’ (SEQ ID
NO:71 (C928, C869-HEG-C661).

[0097] Branched IRCs comprise a multivalent spacer moiety (Sp)
covalently bound to at least three (3) nucleic acid moieties. Exemplary branched

IRCs are described according to the following formulas

[NV]A""SP (IV)
[Sv-NyJa-—-Sp (V)
(51-N1)-Sp-(Ny)a (VI)

where S, is a multivalent spacer covalently bonded to the quantity “A”
independently selected nucleic acid moieties Ny, Sy-Ny (which comprises a spacer
moiety covalently bound to a nucleic acid moiety). For formulas IV and V, A 1s
at least 3. In various embodiments of formulas IV and V, A 1s 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 integer 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.

[0098] Exemplary branched IRCs include:
(N1),-glycerol-Nj (IVa)
(N;-HEG);-glycerol-N; (IVDb)
(N;-HEG-N3),-glycerol-N; (IVc)
[(N);-glycerol-Ni |>-glycerol-N; (IVd)
[0099] Preferred branched IRCs include (5°-N1-3’-HEG),-glycerol-HEG-
5’-N;-3” and (5°-N1-3’-HEG);-glycerol-HEG-5"-N;".
[0100] Single spacer IRCs comprise a structure in which there 1s a single

nucleic acid moiety covalently conjugated to a single spacer moiety, 1.€.,

Ni-S; (VII)
[0101] 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 described infra. See, e.g.,
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formula Vlla, infra. The multimer can be heteromeric or homomeric. In one
embodiment, the spacer is a heteromer of monomeric units (e.g., 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 VIIb, infra.

[0102] Exemplary single spacer IRCs include:
Ni-(HEG);5 (VI1Ia)
N-HEG-propyl-HEG-propyl-HEG (VIIb)
[0103] In certain embodiments, the terminal structures of the IRC are

covalently joined (e.g., nucleic acid moiety-to-nucleic acid moiety; spacer moiety-
to-spacer moiety, or nucleic acid moiety-to-spacer moiety), resulting in a circular
conformation.

[0104] IRCs for use in the NISCs of the invention include at least one
nucleic acid moiety. The term “nucleic acid moiety,” as used herein, refers to a
nucleotide monomer (i.e., a mononucleotide) or polymer (1.e., comprising at least
2 contiguous nucleotides). 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 described infira. In an IRC comprising more than one
nucleic acid moiety, the nucleic acid moieties may be the same or different.
[0105] Nucleic acid moieties used in IRCs incorporated in the NISCs may
comprise any of the IRS sequences disclosed herein, and may additionally be
sequences of six base pairs or less. It is contemplated that in an IRC comprising
multiple nucleic acid moieties, the nucleic acid moieties can be the same or
different lengths. In certain embodiments where the IRC comprises more than
one nucleic acid moiety, only one of the moieties need comprise the IRS.

[0106] It is contemplated that in a IRC comprising multiple nucleic acid
moieties, the nucleic acid moieties can be the same or different. Accordingly, mn
various embodiments, IRCs incorporated into the NISCs comprise (a) nucleic acid
moieties with the same sequence, (b) more than one iteration of a nucleic acid
moiety, or (¢) two or more different nucleic acid moieties. Additionally, a single

nucleic acid moiety may comprise more than one IRS, which may be adjacent,
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overlapping, or separated by additional nucleotide bases within the nucleic acid
moiety.

[0107] As described herein, some IRPs are particularly effective in
suppressing TLR9 dependent cell responses and some IRPs are particularly
effective in suppressing TLR7/8 dependent cell responses. Since an IRC may
comprise more than one IRP, IRPs with various activities can be combined to
create an IRC with a particular activity for a particular use.

[0108] In some instances, the combination of two IRPs 1n an IRC leads to
an immunoregulatory activity of the IRC different from either of the IRPs alone.
Whatever the combination, the oligonucleotide in the NISC stimulates little of no
APC/DC activation or maturation. For example, IRC SEQ ID NO:68 (C913
contains IRP SEQ ID NO:33 (C917) linked to IRP SEQ ID NO:17 (C869)
through a HEG moiety. IRP SEQ ID NO:33 (C917) inhibits TLR-7/8 dependent
cell responses but not TLR-9 dependent cell responses. IRP SEQ ID NO:17
(C869) have greater inhibitory activity for TLR-9 dependent cell responses than
for TLR-7/8 dependent cell responses. The IRC SEQ ID NO:68 (C913) however
is very active in inhibiting both TLR-7/8 dependent cell responses and TLR-9
dependent cell responses. The same is also true for IRC SEQ ID NO:69 (C914)
and its component IRPs SEQ ID NO:34 (C918) and SEQ ID NO:17 (C869).
[0109] The IRCs comprise one or more non-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 1n the
scientific literature as “non-nucleic acid linkers,” “non-nucleotidic hinkers,” or
“valency platform molecules” may be used as spacers in an IRC. In certain
embodiments, a spacer comprises multiple covalently connected subunits and may
have a homopolymeric or heteropolymeric structure. It will be appreciated that

mononucleotides and polynucleotides are not included in the definition of non-
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nucleic acid spacers, without which exclusion there would be no difference
between nucleic acid moiety and an adjacent non-nucleic acid spacer moiety.
(0110} In certain embodiments, a spacer may comprise one or more abasic
nucleotides (i.e., lacking a nucleotide base, but having the sugar and phosphate
portions) designated herein as “d”. Exemplary abasic nucleotides include 1°2°-
dideoxyribose, 1’-deoxyribose, 1’-deoxyarabinose and polymers thereof.

[0111) Other suitable spacers comprise optionally substituted alkyl,
optionally substituted polyglycol, optionally substituted polyamine, optionally
substituted polyalcohol, optionally substituted polyamide, optionally substituted
polyether, optionally substituted polyimine, optionally substituted
polyphosphodiester (such as poly(1-phospho-3-propanol), and the like. Optional
substituents include alcohol, alkoxy (such as methoxy, ethoxy, and propoxy),
straight or branched chain alkyl (such as C1-C12 alkyl), amine, aminoalkyl (such
as amino C1-C12 alkyl), phosphoramidite, phosphate, thiophosphate, hydrazide,
hydrazine, halogen, (such as F, Cl, Br, or I), amide, alkylamide (such as amide
C1-C12 alkyl), carboxylic acid, carboxylic ester, carboxylic anhydride, carboxylic
acid halide, sulfonyl halide, imidate ester, isocyanate, isothiocyanate, haloformate,
carbodiimide adduct, aldehydes, ketone, sulfthydryl, 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,p-unsaturated sulfone.

[0112] 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,
acephenathrylene, aceanthrylene, triphenylene, pyrene, chrysene, naphthacene,
thianthrene, isobenzofuran, chromene, xanthene, phenoxathiin, which may be
substituted or modified, or a combination of the 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
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suitable spacers. The spacer may also be a polyalcohol, such as glycerol or
pentaerythritol. In one embodiment, the spacer comprises 1-phosphopropane)s-
phosphate or 1-phosphopropane)s-phosphate (also called tetraphosphopropanediol
and pentaphosphopropanediol). In one embodiment, the spacer comprises
derivatized 2,2’ -ethylenedioxydiethylamine (EDDA).

[0113] Specific examples of non-nucleic acid spacers useful m IRCs
include “linkers” described by Cload et al. (1991) J. Am. Chem. Soc. 113:6324;
Richardson et al. (1991) J. Am. Chem. Soc. 113:5109; Ma et al. (1993) Nucleic
Acids Res. 21:2585; Ma et al. (1993) Biochemistry 32:1751; McCurdy et al.
(1991) Nucleosides & Nucleotides 10:287; Jaschke et al. (1993) Tetrahedron Lett.
34:301:; Ono et al. (1991) Biochemistry 30:9914; and International Publication
No. WO 89/02439.

[0114] Other suitable spacers include linkers described by Salunkhe ez al.
(1992) J. Am. Chem. Soc. 114:8768; Nelson et al. (1996) Biochemistry 35:5339-
5344; Bartley et al. (1997) Biochemistry 36:14502-511; Dagneaux et al. (1996)
Nucleic Acids Res. 24:4506-12; Durand et al. (1990) Nucleic Acids Res. 18:6353-
59; Reynolds et al. (1996) Nucleic Acids Res. 24:760-65; Hendry et al.(1994)
Biochem. Biophys. Acta 1219:405-12; Altmann et al. (1995) Nucleic Acids Res.
23:4827-35. Still other suitable spacers are described in European Pat.

No. EP0313219B1 and U.S. Pat. No. 6,117,657.

[0115] Exemplary non-nucleic acid spacers comprise oligo-ethylene
glycol (e.g., triethylene glycol, tetraethylene glycol, hexaethylene glycol spacers,
and other polymers comprising up to about 10, about 20, about 40, about 50,
about 100 or about 200 ethylene glycol units), 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 nucleotide spacers, symmetric or asymmetric spacers
derived from glycerol, pentaerythritol or 1,3,5-trthydroxycyclohexane (e.g.,
symmetrical doubler and trebler spacer moieties described herein). Spacers can
also comprise heteromeric or homomeric oligomers and polymers of the
aforementioned compounds (e.g., linked by an amide, ester, ether, thioether,
disulfide, phosphodiester, phosphorothioate, phosphoramidate, phosphotriester,
phosphorodithioate, methyl phosphonate or other linkage).
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[0116] Suitable spacer moieties can contribute charge and/or
hydrophobicity to the IRC, contribute favorable pharmacokinetic properties (e.g.,
improved stability, longer residence time in blood) to the IRC, and/or result in

targeting of the IRC to particular cells or organs. Spacer moieties can be selected

0

or modified to tailor the IRC for desired pharmacokinetic properties or suitability
for desired modes of administration (e.g., oral administration). It will be
appreciated by the reader that, for convenience, a spacer (or spacer component) 1s
sometimes referred to by the chemical name of the compound from which the
spacer component is derived (e.g., hexaethylene glycol), with the understanding
that the IRC actually comprises the conjugate of the compound and adjacent
nucleic acid moieties or other spacer moiety components.

[0117] In an IRC comprising more 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 an IRC have the same structure. In one embodiment, an
IRC 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.

[0118] In some contemplated embodiments of the invention, the spacer
moiety of an IRC is defined to exclude certain structures. Thus, 1n some
embodiments of the invention, a spacer 1s other than an abasic nucleotide or
polymer of abasic nucleotides. In some embodiments of the invention, a spacer 1s
other than a oligo(ethyleneglycol) (e.g., HEG, TEG and the like) or
poly(ethyleneglycol). In some embodiments a spacer 1s other than a C3 alky]
spacer. In some emBodiments, a spacer is other than a polypeptide. Thus, in
some embodiments, an immunogenic molecule, e.g., a protein or polypeptide, 1s
not suitable as a component of spacer moieties. However, as discussed infra, 1t 1s
contemplated that in certain embodiments, an IRC is a “proteinaceous IRC™ 1.€.,
comprising a spacer moiety comprising a polypeptide. However, 1n some
embodiments, the spacer moiety is not proteinaceous and/or 1s not an antigen (1.€.,
the spacer moiety, if isolated from the IRC, 1s not an antigen).

[0119] Generally, suitable spacer moieties do not render the IRC of which
they are a component insoluble in an aqueous solution (e.g., PBS, pH 7.0). Thus,
the definition of spacers excludes microcarriers or nanocarriers. In addition, a

spacer moiety that has low solubility, such as a dodecyl spacer (solubility <35
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mg/ml when measured as dialcohol precursor 1,12-dihydroxydodecane) 1s not
preferred because it can reduce the hydrophilicity and activity of the IRC.

Preferably, spacer moieties have solubility much greater than 5 mg/ml (e.g.,
>20 mg/ml, =50 mg/ml or 2100 mg/ml) when measured as diaicohol precursors.

[0120] The charge of an IRC 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 embodiments 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 IRC has
a net negative charge. In some embodiments, the negative charge ot a spacer
moiety in an IRC 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 an IRC (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 IRC. Charge can be calculated
based on molecular formula, or determined experimentally, e.g., by capillary
electrophoresis (Li, ed., 1992, Capillary electrophoresis, Principles, Practice and
Application Elsevier Science Publishers, Amsterdam, The Netherlands, pp202-
206).

[0121] 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 (1.€., “multiunit 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., heteropolymeric) 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 to about 50, e.g., about 5 to about 20).
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(0122} For illustration, IRCs containing SEQ ID NO:17 (C869) and
multiunit spacers include

5’-TCCTGGAGGGGTTGT-(C3)5-1

5°-TCCTGGAGGGGTTGT-(glycerol)is-T

5°-TCCTGGAGGGGTTGT-(TEG)s-T

5’-TCCTGGAGGGGTTGT-(HEG)4-T

where (C3)15 means 15 propyl linkers connected via phosphorothioate
esters; (glycerol);s means 15 glycerol linkers connected via phosphorothioate
esters; (TEG)g means $ triethyleneglycol linkers connected via phosphorothioate
esters; and (HEG)s means 4 hexaethyleneglycol linkers connected via
phosphorothioate esters. It will be appreciated that certain multiunit spacers have
a net negative charge, and that the negative charge can be increased by increasing
the number of e.g., ester-linked monomeric units.
[0123] [n certain embodiments, a spacer moiety 1s a multivalent non-
nucleic acid spacer moiety (i.e., a “multivalent spacer”). As used in this context,
an TRC containing a multivalent spacer contains a spacer covalently bound to
three (3) or more nucleic acid moieties. 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-hydroxymethyl glycerol, levulinyl-glycerol);
tetraaminobenzene, heptaaminobetacyclodextrin, 1,3,5-trihydroxycyclohexane,
pentaerythritol and derivatives of pentaerythritol, tetraaminopentaerythritol,
1,4,8,11-tetraazacyclo tetradecane (Cyclam), 1,4,7,10-tetraazacyclododecane
(Cyclen), polyethyleneimine, 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; U.S.
Pat. No. 5,171,264), and dendrimers.
[0124] Dendrimers are known in the art and are chemically defined
globular molecules, generally prepared by stepwise or reiterative reaction of
multifunctional monomers to obtain a branched structure (see, e.g., Tomala et al.
(1990) Angew. Chem. Int. Ed. Engl. 29:138-75). A variety of dendrimers are

known, e.g., amine-terminated polyamidoamine, polyethyleneimine and
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polypropyleneimine dendrimers. 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, including so-
called “poly(amidoamine) ("PAMAM") dendrimers.” Still other multimeric
spacer molecules suitable for use within the present invention include chemically-
defined, non-polymeric valency platform molecules such as those disclosed m
U.S. Pat. No. 5,552.,391; and PCT application publications WO 00/75105, WO
96/40197, WO 97/46251, WO 95/07073, and WO 00/34231. Many other suitable
multivalent spacers can be used and will be known to those of skill in the art.
[0125] Conjugation of a nucleic acid moiety to a platform molecule can be
effected in any number of ways, typically involving one or more crosslinking
agents and functional groups on the nucleic acid moiety and platform molecule.
Linking groups are added to platforms using standard synthetic chemuistry
techniques. Linking groups can be added to nucleic acid moieties using standard
synthetic techniques.

[0126] Multivalent spacers with a variety of valencies are useful in the
practice of the invention, and in various embodiments the multivalent spacer of an
IRC 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 an IRC comprises a multivalent spacer, the
invention provides a population of IRCs with slightly different molecular
structures. For example, when an IRC is prepared using a dendrimer as a high
valency the multivalent spacer, a somewhat heterogeneous mixture of molecules
is produced, i.e., comprising different numbers (within or predominantly within a
determinable range) of nucleic acid moieties joined to each dendrimer molecule.
[0127] Polysaccharides derivatized to allow linking to nucleic acid
moieties can be used as spacers in IRCs. Suitable polysaccharides include
naturally occurring polysaccharides (e.g., dextran) and synthetic polysaccharides
(e.g., ficoll). For instance, aminoethylcarboxymethyl-ficoll (AECM-Ficoll) can
be prepared by the method of Inman (1975) J. Imm. 114:704-709. AECM-Ficoll
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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.

[0128] It will be well within the ability of one of skill, guided by this
specification and knowledge in the art, to prepare IRCs using routine methods.
Techniques for making nucleic acid moieties (e.g., oligonucleotides and modified

oligonucleotides) are known and described herein.

[0129] For instance, DNA or RNA polynucleotides (nucleic acid moieties)
containing phosphodiester linkages are generally synthesized by repetitive
iterations of the following steps: a) removal of the protecting group from the 5°-
hydroxyl group of the 3’-solid support-bound nucleoside or nucleic acid, b)
coupling of the activated nucleoside phosphoramidite to the 5’-hydroxyl group, c)
oxidation of the phosphite triester to the phosphate triester, and d) capping of
unreacted 5°-hydroxyl groups. DNA or RNA containing phosphorothioate
linkages is prepared as described above, except that the oxidation step 1s replaced
with a sulfurization step. 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, Beaucage
(1993) “Oligodeoxyribonucleotide Synthesis” in PROTOCOLS FOR
OLIGONUCLEOTIDES AND ANALOGS, SYNTHESIS AND PROPERTIES (Agrawal, ed.)
Humana Press, Totowa, NJ; Warner et 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; Radhakrishna et al. (1989) J. Org. Chem. 55:4693-
4699. and U.S. Pat. No. 4,458,066. Programmable machines that automatically

synthesize nucleic acid moieties of specified sequences are widely available.
Examples include the Expedite 8909 automated DNA synthesizer (Perseptive
Biosystem, Framington MA); the ABI 394 (Applied Biosystems, Inc., Foster City,
CA); and the OligoPilot II (Amersham Pharmacia Biotech, Piscataway, NJ).
[0130] 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
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5°-0-(4,4’-dimethoxytrityl)-protected nucleoside-3’-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. In this case, the solid support used
contains a 3’-linked protected nucleoside. Alternatively, 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’-0-(4,4’-dimethoxytrityl)-protected nucleoside-5’-O-(IN,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). In this case, the solid support used contains a 5°-linked
protected nucleoside. Circular nucleic acid components can be 1solated,

synthesized through recombinant methods, or chemically synthesized. Chemical

synthesis can be performed using any method described in the literature. See, for
instance, Gao et al. (1995) Nucleic Acids Res. 23:2025-2029 and Wang et al.
(1994) Nucleic Acids Res. 22:2326-2333.

[0131] Addition of non-nucleic acid spacer moieties can be accomplished
using routine methods. Methods for<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>