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(7) ABSTRACT

The present invention provides a method of reducing the
immunostimulatory effects of certain phosphorothioate oli-
gonucleotides used to treat pathogen-mediated disease states
and other medical conditions. Immunostimulatory effects of
phosphorothioate oligonucleotides are reduced in accor-
dance with the method of the invention by administering the
phosphorothioate oligonucleotide in a therapeutic formula-
tion which includes at least one cyclodextrin to a mammal
afflicted with the disease or condition being treated. The
immune response of the mammal is also monitored in the
method of the invention.
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USE OF CYCLODEXTRINS TO MODULATE GENE
EXPRESSION WITH REDUCED
IMMUNOSTIMULATORY RESPONSE

[0001] The present invention relates to the field of anti-
sense pharmaceuticals, and more specifically to methods for
reducing the immunostimulatory response which may be
induced in treated individuals by such antisense pharmaceu-
ticals.

BACKGROUND OF THE INVENTION

[0002] Antisense oligonucleotide technology presents an
exciting new therapy for many diseases, including patho-
genic infections, cancer, and inherited conditions. The field
has progressed enormously over the past decade, and cur-
rently numerous clinical trials are in progress or are pro-
posed. Antisense oligonucleotides act by binding to a target
nucleic acid by Watson-Crick or Hoogsteen base-pairing.
Antisense oligonucleotides may be designed to target and to
inhibit any single gene within an organism’s genome. For
example, the oligonucleotides of SEQ ID NO:1 and SEQ ID
NO:2 are phosphorothioate oligonucleotides complemen-
tary to the gag and rev regions of HIV-1 which inhibit HIV-1
replication, and the phosphorothioate oligonucleotide of
SEQ ID NO:3 binds to the human p53 oncogene. The
antisense approach is currently the only known strategy that
has broad potential for precise and effective modulation of
the expression of specific genes in a disease situation.

[0003] However, some antisense oligonucleotides contain-
ing phosphorothioate linkages exhibit an immunostimula-
tory response, causing B cell proliferation and/or an anti-
body response both in vitro and in vivo. This
immunostimulatory response is not characteristic of all
antisense oligonucleotides containing phosphorothioate
linkages. For example, it is known that the phosphorothioate
oligonucleotide of SEQ ID NO:3 does not induce an immu-
nostimulatory effect.

[0004] Phosphorothioate oligonucleotide immunostimula-
tory effects appear to be dependent on particular sequences
within the oligonucleotide but remain independent of
whether the oligonucleotide is antisense, sense, or scrambled
with respect to the respective target gene. Some phospho-
rothioate oligonucleotides induce cell proliferation, and
other phosphorothioate oligonucleotides produce no immu-
nostimulatory effect at all. Mclntyre et al. (1993) Antisense
Res. Dev. 3:309-322 discloses that certain oligonucleotides
can cause pronounced splenomegaly in athymic nude mice.
Messina et al. (1993) Cell Immunol. 147:148-157; and
Pisetsky et al. (1994) Life Sciences 54:101-107 disclose that
DNA as well as structurally related synthetic oligonucle-
otides and polynucleotides stimulate lymphocytes, but the
mechanism for this stimulation is still not fully understood.
B cells are usually activated from the resting state by antigen
binding to surface immunoglobulin. In mice, activation can
also be modulated by physiological mediators, such as
interleukin-2 (IL-2), interleukin-4 (IL-4), y-interferon, and
non-physiological mitogens, such as lipopolysaccharide
(LPS), Concanavalin A (con A), and pokeweed mitogen
(PWM).

[0005] Certain sequence motifs or structures of oligo-
nucleotides may play important roles in causing stimulation
of murine cells. Kuramoto et al. (1992) Jpn. J. Cancer Res.
83:1128-1131 discloses that the presence of particular pal-
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indromic sequences including 5'-CG-3' motif(s) is a critical
determinant in oligonucleotides for induction of natural
killer cell activation and interferon production. Krieg et al.
(1995) Nature 374:546-549 discloses that optimal B cell
activation requires a DNA motif in which an unmethylated
CpG dinucleotide is flanked by two 5'-purines and two
3'-pyrimidines.

[0006] Because of the continued need for specific treat-
ments for diseases and inherited conditions, and the high
level of specificity provided through use of antisense thera-
peutics capable of modulating the expression levels of
targeted genes, a need exists for reducing the immunostimu-
latory response induced by certain phosphorothioate oligo-
nucleotides.

[0007] Some cyclodextrins, also known as cycloamyloses,
and various substituted derivatives thereof, such as hydrox-
ypropyl-, hydroxyethyl-, methyl-, or sulfate-substituted
cyclodextrins, have the ability to enhance the solubility and
availability of a variety of pharmacological agents. For
example, 2-hydroxypropyl f-cyclodextrin (HPCD) substan-
tially enhances solubility and uptake of some sparingly
soluble drugs such as hydrophobic protein containing drugs
(Brewster et al. (1991) Pharmaceut. Res. 8:792-795; Yaksh
et al. (1991) Life Sci. 48:623-633) such as insulin (Merkus
et al. (1991) Pharmaceut. Res. 8:588-592), bovine growth
hormone (Simpkins et al. (1991) J. Parenteral Sci. Technol.
45:266-269), and methyltestosterone (Muller et al. (1991)J.
Pharmaceut. Sci. 80:599-604). In addition, ethylated-f-
cyclodextrin has been used as slow-release type carriers for
hydrophilic drugs such as diltiazem (Horiuchi et al. (1990)
J. Pharmaceut. Sci. 79:128-132). Cyclodextrins have also
been found to eliminate some of the undesirable side-effects
of the drugs to which they have been complexed. For
example, when used as a vehicle for rectal absorption,
HPCD can suppress the local irritation of certain drugs
(Arima et al. (1992) J. Pharmaceut. Sci. 81:1119-1125).

[0008] Other cyclodextrins have unique biological fea-
tures. For example, cyclodextrin sulfates have anti-inflam-
matory, antilipemic, and antiviral activity, and have been
found to inhibit replication of HIV by either prevention of
viral absorption or budding (Pitha et al. (1991) J. Pharma-
ceutic. Res. 8:1151-1154; Anand et al. (199) Antiviral Chem.
Chemother. 1:41-46); Moriya et al. (1991) J. Med. Chem.
34:2301-2304; Weiner et al. (1992) Pathobiol. 60:206-212).
In addition, cyclodextrin sulfates have protective effects on
the gentamicin-induced nephrotoxicity (Uekama et al.
(1993) J. Pharm. Pharmacol. 45:745-747) and on hemolysis
of erythrocytes (Weisz et al. (1993) Biochem. Pharmacol.
45:1011-1016).

[0009] Since cyclodextrins are biocompatible polymers
composed of naturally occurring D-glucose subunits, their
therapeutic application has been regarded are relatively safe.
Indeed, in vivo administration of cyclodextrin concentra-
tions of 5 to 10% has been generally used to enhance
adsorption of drugs in animal studies, and no significant
cytotoxic effects have been reported. (Gerloczy et al. (1994)
J. Pharmaceut. Sci. 83:193-196). Besides standard intrave-
nous administration, cyclodextrins can be easily absorbed
through nasal (Merkus et al. (1991) Pharm. Res. 8:588-592;
Shao et al. (1992) Pharm. Res. 9:1157-1163), intestinal
(Nakanishi et al. (1992) Chem. Pharm. Bull. 40:1252-1256),
corneal (Jansen et al. (1990) Lens Eye Tox. Res. 7:459-468),
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rectal epithelium (Arima et al. (1992) J. Pharm. Soc. Japan
112:65-72) routes, and by transdermal injection (Yoshida et
al. (1990) Chem. Pharm. Bull. 38:176-179).

[0010] However, cyclodextrins have not been known to
alter the effects of drugs which stimulate the mammalian
immune system.

SUMMARY OF THE INVENTION

[0011] The present inventors have discovered a method of
reducing the immunostimulatory effects of certain phospho-
rothioate oligonucleotides by adding a cyclodextrin to the
pharmaceutical formulation containing the phosphorothio-
ate oligonucleotide

[0012] In one embodiment, the invention provides a
method of reducing an immunostimulatory response of a
mammal to a phosphorothioate oligonucleotide which com-
prises the steps of administering a therapeutic formulation
containing the phosphorothioate oligonucleotide and at least
one cyclodextrin to the mammal; and monitoring the
immune response of the mammal.

[0013] In another embodiment, the invention provides a
method of reducing an immunostimulatory response of a
mammal to a protein which comprises the steps of admin-
istering a therapeutic formulation containing the protein and
at least one cyclodextrin to the mammal; and monitoring the
immune response of the mammal. In one embodiment, the
formulation comprises a protein-cyclodextrin complex.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The various features of the invention may be more
fully understood from the following description when read
together with the accompanying drawings.

[0015] FIG. 1 shows the effect of cyclodextrins on cell
proliferation induced by the phosphorothioate oligonucle-
otide of SEQ ID NO:2. Results are presented as
meanszstandard deviation of a triplicate experiment.

[0016] FIG. 2 shows the effect of different concentrations
of cyclodextrins on modulation of cell proliferation induced
by the phosphorothioate oligonucleotide of SEQ ID NO:2.
Results are presented as meanssstandard deviation of trip-
licate experiment.

[0017] FIG. 3 shows the effect of cyclodextrins on cell
proliferation induced by the phosphorothioate oligonucle-
otide of SEQ ID NO:4. Results are presented as
meanszstandard deviation of triplicate experiment.

[0018] FIG. 4 shows the spleen weights of three animals
after injection of the phosphorothioate oligonucleotide of
SEQ ID NO:2, in the absence or in the presence of cyclo-
dextrins. PBS represents the vehicle alone and 5% CD
represents the HPCD with no oligomer. The bar represents
the mean weight of each group.

[0019] FIG. 5 shows IgG and IgM production measured
48 hours after injection into mice of the phosphorothioate
oligonucleotide of SEQ ID NO:2, alone or in the presence of
different concentrations of the cyclodextrin HPCD. Bars
represents the standard deviation of triplicate experiments.

[0020] FIG. 6 shows spleen weights of two animals after
injection of the phosphorothioate oligonucleotide of SEQ ID
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NO:4, alone or in the presence of 5 HPCD. The bar
represents the mean weight of each group.

[0021] FIG. 7 shows IgG and IgM production measured
48 hours after injection of the phosphorothioate oligonucle-
otide of SEQ ID NO:4, alone or in the presence of 5%
HPCD. Bars represents the standard deviation of triplicate
experiments.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0022] The patent and scientific literature referred to
herein establishes the knowledge that is available to those
with skill in the art. The issued U.S. patent and allowed
applications cited herein are hereby incorporated by refer-
ence.

[0023] In accordance with the method of the invention, at
least one cyclodextrin is used to reduce an immunostimu-
latory response induced by a phosphorothioate oligonucle-
otide or a protein. In the absence of at least one cyclodextrin,
the phosphorothioate oligonucleotide or protein induces an
immunostimulatory response. In the first step of the method
of the invention, a therapeutic formulation of a phospho-
rothioate oligonucleotide or protein and at least one cyclo-
dextrin is administered to a mammal. In the second step of
the method of the invention, the immune response of the
mammal is monitored.

[0024] Any immunostimulatory response induced by any
phosphorothioate oligonucleotide or protein may be reduced
in accordance with the method of the invention. Those of
skill in the art may determine whether a phosphorothioate
oligonucleotide or protein induces an immunostimulatory
response in a mammal using methods such as those set forth
in Examples 2 through 4 below, or by using other known
methods. For example, any of the methods set forth in
Mclntyre, et al., supra, Messina et al., supra, Pisetsky et al,
supra, Kuramoto et al., supra, or Krieg et al., supra, may be
used to determine whether a phosphorothioate oligonucle-
otide or protein induces an immunostimulatory response. In
addition, immunostimulatory sequences of phosphorothio-
ate oligonucleotides, for example, those identified in Kura-
moto, et al., supra, or in Krieg, et al., supra, may be identified
by inspection of the sequence of the phosphorothioate
oligonucleotide.

[0025] Cyclodextrins suitable for combining with phos-
phorothioate oligonucleotides or protein, in a therapeutic
formulation in accordance with the method of the invention
include any of a group of cyclic polysaccharides consisting
of six to eight naturally occurring D(+)-glucopyranose units
in a-(1,4) linkage. Cyclodextrins are classified by the num-
ber of the glucose units they contain: alpha (ct)-cyclodextrin
has six glucose units; beta (f§)-cyclodextrin has seven, and
gamma (y)-cyclodextrin has eight (Brewster et al. (1989) J.
Parenteral Sci. Technol. 43:231-240). Any one or more of
these cyclodextrin derivatives is suitable for inclusion in the
therapeutic formulation used in the method of the invention
to reduce an immunostimulatory response induced by a
phosphorothioate oligonucleotide. Cyclodextrins can be pre-
pared by methods known in the art (see. e.g., Moriya et al.
(1993) J. Med. Chem. 36:1674-1677) and are commercially
available.

[0026] In accordance with the method of the invention,
any cyclodextrin may be used to reduce an immunostimu-
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latory response induced by a phosphorothioate oligonucle-
otide, so long as the target gene expression modulating
activity of the oligonucleotide is maintained. For purposes
of the invention, gene modulating activity occurs by virtue
of complementarity of the phosphorothioate oligonucleotide
to a DNA sequence within the target gene or by virtue of
complementarity of the phosphorothioate oligonucleotide to
an RNA sequence transcribed from the target gene. The term
“complementarity” is intended to mean that the phospho-
rothioate oligonucleotide and the immunostimulatory
response-reducing cyclodextrin oligonucleotide bind to the
target nucleic acid sequence under physiological conditions,
e.g., by Watson-Crick base pairing (interaction between
oligonucleotide and single-stranded nucleic acid) or by
Hoogsteen base pairing (interaction between oligonucle-
otide and double-stranded nucleic acid) or by any other
means, including in the case of an oligonucleotide binding
to RNA, causing pseudoknot formation. Binding by Watson-
Crick or Hoogsteen base pairing under physiological con-
ditions is measured as a practical matter by observing
interference with the function of the nucleic acid sequence.

[0027] The gene modulating activity of the phospho-
rothioate oligonucleotide is maintained in accordance with
the invention when the phosphorothioate oligonucleotide in
the cyclodextrin-containing therapeutic formulation is
capable of changing the activity of the gene to which the
phosphorothioate oligonucleotide is targeted to any degree.
Preferably, the phosphorothioate oligonucleotide in the
cyclodextrin-containing therapeutic formulation is capable
of modulating the activity of a target gene when the target
gene is expressed at a level of about 10-90% of its steady
state disease expression level. More preferably, the phos-
phorothioate oligonucleotide in the cyclodextrin-containing
therapeutic formulation is capable of modulating the activity
of a target gene when the target gene is expressed at a level
of less than about 50% of its steady state disease expression
level. Most preferably, the phosphorothioate oligonucleotide
in the cyclodextrin-containing therapeutic formulation is
capable of modulating the activity of a target gene when the
target gene is not detectably expressed. The steady state
disease expression level of a target gene may be determined
using known methods, for example, by measuring the
amount of the protein encoded by the target gene in the
affected mammal or in a cell or fluid derived from the
affected mammal. When the target gene is present in the
genome of a pathogenic organism infecting the mammal, the
steady state disease expression level of a target gene may be
determined by measuring the amount of the pathogenic
organism shed by the infected mammal or by measuring a
symptom of the infected mammal which correlates with the
amount of the pathogenic organism within the mammal.

[0028] As used herein, a “phosphorothioate oligonucle-
otide” includes chemically synthesized polymers of about
five and up to about 50, preferably from about 15 to about
30 deoxyribonucleoside and/or ribonucleoside monomers
connected together or linked by at least one, and preferably
more than one, 5' to 3' phosphorothioate internucleotide
linkage as those terms are understood in the art. The
phosphorothioate linkages may be mixed Rp and Sp enan-
tiomers, or they may be stereoregular or substantially ste-
reoregular in either Rp or Sp form (see Iyer et al. (1995)
Tetrahedron Asymmetry 6:1051-1054). Phosphorothioate
oligonucleotides which may be combined with at least one
cyclodextrin in a therapeutic formulation are composed of
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deoxyribonucleotides, ribonucleotides, or a combination of
both deoxyribonucleotides and ribonucleotides. Phospho-
rothioate oligonucleotides can be prepared by art recognized
methods such as phosphoramidate or H-phosphonate chem-
istry which can be carried out manually or by an automated
synthesizer as described by Brown in A Brief History of
Oligonucleotide Synthesis. Protocols for Oligonucleotides
and Analogs, Methods in Molecular Biology (1994) 20:1-8).

[0029] The phosphorothioate oligonucleotides may also
be modified in a number of ways without compromising
their ability to hybridize to the target nucleic acid. For
example, the phosphorothioate oligonucleotides may con-
tain a number of linkages which differ from the phospho-
rothioester internucleotide linkages between the 5' end of
one nucleotide and the 3' end of another nucleotide in which
the 5' nucleotide phosphate has been replaced with any
number of chemical groups. Examples of such chemical
groups include alkylphosphonates, phosphorodithioates,
alkylphosphonothioates, alkylphosphonates, phosphorami-
dates, phosphate esters, carbamates, acetamidate, carboxym-
ethyl esters, carbonates, and phosphate triesters. Phospho-
rothioate oligonucleotides with these linkages can be
prepared according to known methods (see, e.g., Sonveaux
“Protecting Groups in Oligonucleotides Synthesis” in
Agrawal (1994) Methods in Molecular Biology 26: 1-72,
Uhlmann et al. (1990) Chem. Rev. 90:543-583).

[0030] Other modifications include those which are inter-
nal or at the end(s) of the oligonucleotide molecule and
include additions to the molecule of the internucleoside
phosphate linkages, such as cholesteryl or diamine com-
pounds with varying numbers of carbon residues between
the amino groups and terminal ribose, deoxyribose and
phosphate modifications which cleave, or crosslink to the
opposite chains or to associated enzymes or other proteins
which bind to the viral genome. Examples of such modified
oligonucleotides include oligonucleotides with a modified
base and/or sugar such as arabinose instead of ribose, or a 3',
5'-substituted oligonucleotide having a sugar which, at both
its 3' and 5' positions is attached to a chemical group other
than a hydroxyl group (at its 3' position) and other than a
phosphate group (at its 5' position). Other modified phos-
phorothioate oligonucleotides may contain at least one
2'-substituted ribonucleotide in which the 2'-OH of the
ribose molecule is substituted with an —O-lower alkyl
containing 1-6 carbon atoms, aryl or substituted aryl or allyl
having 2-6 carbon atoms, e.g., 2'-O-allyl, 2'-O-aryl, 2'-O-
alkyl (such as a 2'-O-methyl), 2'-halo, or 2'-amino, but not
with 2'-H, wherein allyl, aryl, or alkyl groups may be
unsubstituted or substituted, e.g., with halo, hydroxy, trif-
luoromethyl, cyano, nitro, acyl, acyloxy, alkoxy, carboxyl,
carbalkoxyl or amino groups.

[0031] Yet other modified phosphorothioate oligonucle-
otides may be capped with a nuclease resistance-conferring
bulky substituent at their 3' and/or 5' end(s), or have a
substitution in one nonbridging oxygen per nucleotide. Such
modifications can be at some or all of the internucleoside
linkages, as well as at either or both ends of the oligonucle-
otide and/or in the interior of the molecule.

[0032] Phosphorothioate oligonucleotides which are self-
stabilized are also considered to be modified phosphorothio-
ate oligonucleotides which may induce an immunostimula-
tory response which may be reduced by addition of
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cyclodextrins in accordance with the method of the inven-
tion (Tang et al. (1993) Nucleic Acids Res. 20:2729-2735).
Such phosphorothioate oligonucleotides comprise two
regions: a target hybridizing region; and a self-complemen-
tary region having an oligonucleotide sequence complemen-
tary to a nucleic acid sequence that is within the self-
stabilized oligonucleotide.

[0033] The preparation of these unmodified and modified
phosphorothioate oligonucleotides is well known in the art
(reviewed in Agrawal et al. (1992) Trends Biotechnol.
10:152-158). For example, nucleotides can be covalently
linked using art-recognized techniques such as phosphora-
midate, H-phosphonate chemistry, or methylphosphorami-
date chemistry (see, ¢.g., Uhlmann et al. (1990) Chem. Rev.
90:543-584; Agrawal et al. (1987) Tetrahedron. Lett. 28:
(31):3539-3542); Caruthers et al. (1987) Meth. Enzymol.
154:287-313; U.S. Pat. No. 5,149,798) Oligomeric phos-
phorothioate analogs can be prepared using methods well
known in the field such as methoxyphosphoramidite (see,
e.g., Agrawal (1988) Proc. Natl. Acad. Sci. (USA) 85:7079-
7073) or H-phosphonate chemistry (see, e.g., Froehler, “Oli-
gonucleotide Synthesis: H-phosphonate Approach” in
Agrawal (1994) Meth. Mol. Biol. 20:63-80).

[0034] The phosphorothioate oligonucleotide can be non-
covalently complexed to a cyclodextrin by mixing them
together in an aqueous solution such as a cellular growth
medium or various buffers. Alternatively, the phospho-
rothioate oligonucleotide can be covalently linked to an
adamantane molecule which is then noncovalently linked to
the cyclodextrin. Adamantane enters into the cavity of a
cyclodextrin and forms a stable, noncovalent complex with
it (Brinker et al. (1993) Angew. Chem., Int. Ed. Engl.
32:1344-1345, Ueno et al. (1993) J. Am. Chem. Soc.
115:12575-12576). Linkage of the adamantane molecule
can be accomplished at the 3'-hydroxyl or 5' amino terminus
of a phosphorothioate oligonucleotide having a (or both)
deoxyribonucleotide terminal residue(s) termini. Alterna-
tively, adamantane can be covalently complexed with the
2'-hydroxyl of a ribonucleotide residue. This can be accom-
plished with a linker phosphoramidite or H-phosphonate as
the final coupling step in machine-aided assembly of an
oligonucleotide, as has been used for the attachment of
single reporter groups to a synthetic oligonucleotide (see,
e.g., Agrawal et al. (1986) Nucleic Acids Res. 14:6229-6245;
Misiura et al. (1990) Nucleic Acids Res. 18:4345-4354;
Nelson et al. (1992) Nucleic Acids Res. 20:6253-6259).

[0035] Covalent linkage of adamantane to the phospho-
rothioate oligonucleotide can also be accomplished with the
aid of an amino linker as described by Misiura et al. (/.
Nucleic Acids Res. (1990) 18:4345-4353). The adamantane-
linked phosphorothioate oligonucleotide is then nonco-
valently associated with the cyclodextrin by mixing the two
in an aqueous medium or buffer (see, e.g., Simpkins et al.
(1991) J. Parental Sci. & Technol. 45:266).

[0036] The phosphorothioate oligonucleotides are used in
the method of the invention for treating pathogenic infec-
tions, for treating diseases having a genetic component such
as cancer, for treating an inherited condition, and the like.
Phosphorothioate oligonucleotides are used in accordance
with the invention as part of a therapeutic formulation, in
combination with a cyclodextrin and a physiologically and/
or pharmaceutically acceptable carrier. The characteristics
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of the carrier will depend on the route of administration.
Such a formulation may contain, in addition to the phos-
phorothioate oligonucleotide, at least one cyclodextrin, and
carrier, diluents, fillers, salts, buffers, stabilizers, solubiliz-
ers, and other materials well known in the art. The thera-
peutic formulation used in the method of the invention may
also contain other active factors and/or agents which
enhance the activity of the phosphorothioate oligonucle-
otides. For example, combinations of phosphorothioate oli-
gonucleotides, each of which is directed to a different region
of a pathogen genome or to a different region of an over-
expressed target gene, may be used in a therapeutic formu-
lation containing cyclodextrin in accordance with the inven-
tion. Phosphorothioate oligonucleotides and at least one
cyclodextrin may be combined with other synthetic oligo-
nucleotides within the therapeutic formulation in accordance
with the invention. The therapeutic formulation may further
contain other chemotherapeutic drugs for the treatment of
the disease or condition of the afflicted mammal. Such
additional factors and/or agents may be included in the
therapeutic formulation in accordance with the method of
the invention to produce a synergistic effect with the phos-
phorothioate oligonucleotide, or to minimize side-effects
caused by the phosphorothioate oligonucleotide. Con-
versely, oligonucleotides may be included in formulations of
a particular factor and/or agent used to treat the disease or
condition of the afflicted mammal, to minimize side effects
of the factor and/or agent.

[0037] The therapeutic formulation used in the method of
the invention may be in the form of a liposome in which the
phosphorothioate oligonucleotides and at least one cyclo-
dextrin are combined, in addition to other pharmaceutically
acceptable carriers, with amphipathic agents such as lipids
which exist in aggregated form as micelles, insoluble mono-
layers, liquid crystals, or lamellar layers which are in
aqueous solution. Suitable lipids for liposomal formulation
include, without limitation, monoglycerides, diglycerides,
sulfatides, lysolecithin, phospholipids, saponin, bile acids,
and the like. Preparation of such liposomal formulations is
within the level of skill in the art, as disclosed, for example,
in U.S. Pat. No. 4,235,871; U.S. Pat. No. 4,501,728; U.S.
Pat. No. 4,837,028; and U.S. Pat. No. 4,737,323. The
therapeutic formulation used in the method of the invention
may further include other lipid carriers, such as lipofectin
(Bennett et al. (1992) Mol. Pharmacol. 41:1023-1033)) and
the like, which enhance delivery of oligonucleotides into
cells, or such as slow release polymers.

[0038] As used herein, the term “therapeutically effective
amount” means the total amount of each active component
of the pharmaceutical formulation or method that is suffi-
cient to show a meaningful subject or patient benefit, i.c.,
healing of disease conditions characterized by the disease
being treated and/or an increase in rate of healing of such
conditions, a reduction in the expression of proteins or cells
which cause or characterize the disease or disorder being
treated (e.g., in the case of a virus, a decrease in virus load
over baseline under disease conditions. When applied to an
individual active ingredient, administered alone, the term
refers to that ingredient alone. When applied to a combina-
tion, the term refers to combined amounts of the active
ingredients that result in the therapeutic effect, whether
administered in combination, serially or simultaneously.
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[0039] A “therapeutically effective manner” refers to a
route, duration, and frequency of administration of the
pharmaceutical formulation which ultimately results in
meaningful patient benefit, as described above. In some
embodiments of the invention, the pharmaceutical formula-
tion is administered via injection, sublingually, rectally,
intradermally, orally, or enterally in bolus, continuous, inter-
mittent, or continuous, followed by intermittent regimens.

[0040] The therapeutically effective amount of synthetic
oligonucleotide in the pharmaceutical composition of the
present invention will depend upon the nature and severity
of the condition being treated, and on the nature of prior
treatments which the patent has undergone. Ultimately, the
attending physician will decide the amount of synthetic
oligonucleotide with which to treat each individual patient.
Initially, the attending physician will administer low doses
of the synthetic oligonucleotide and observe the patient’s
response. Larger doses of synthetic oligonucleotide may be
administered until the optimal therapeutic effect is obtained
for the patient, and at that point the dosage is not increased
further. It is contemplated that the dosages of the pharma-
ceutical compositions administered in the method of the
present invention should contain about 0.1 to 5.0 mg/kg
body weight per day, and preferably 0.1 to 2.0 mg/kg body
weight per day. When administered systemically, the thera-
peutic composition is preferably administered at a sufficient
dosage to attain a blood level of oligonucleotide from about
0.01 uM to about 10 uM. Preferably, the concentration of
oligonucleotide at the site of aberrant gene expression
should be from about 0.01 4M to about 10 uM, and most
preferably from about 0.05 uM to about 5 uM. However, for
localized administration, much lower concentrations than
this may be effective, and much higher concentrations may
be tolerated. It may be desirable to administer simulta-
neously or sequentially a therapeutically effective amount-of
one or more of the therapeutic compositions of the invention
when individual as a single treatment episode.

[0041] Administration of pharmaceutical compositions in
accordance with invention or to practice the method of the
present invention can be carried out in a variety of conven-
tional ways, such as by oral ingestion, enteral, rectal, or
transdermal administration, inhalation, sublingual adminis-
tration, or cutaneous, subcutaneous, intramuscular, intraocu-
lar, intraperitoneal, or intravenous injection, or any other
route of administration known in the art for administrating
therapeutic agents.

[0042] When the composition is to be administered orally,
sublingually, or by any non-injectable route, the therapeutic
formulation will preferably include a physiologically
acceptable carrier, such as an inert diluent or an assimilable
edible carrier with which the composition is administered.
Suitable formulations that include pharmaceutically accept-
able excipients for introducing compounds to the blood-
stream by other than injection routes can be found in
Remington’s Pharmaceutical Sciences (18th ed.) (Genarro,
ed. (1990) Mack Publishing Co., Easton, Pa.). The oligo-
nucleotide and other ingredients may be enclosed in a hard
or soft shell gelatin capsule, compressed into tablets, or
incorporated directly into the individual’s diet. The thera-
peutic compositions may be incorporated with excipients
and used in the form of ingestible tablets, buccal tablets,
troches, capsules, elixirs, suspensions, syrups, wafers, and
the like. When the therapeutic composition is administered
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orally, it may be mixed with other food forms and pharma-
ceutically acceptable flavor enhancers. When the therapeutic
composition is administered enterally, they may be intro-
duced in a solid, semi-solid, suspension, or emulsion form
and may be compounded with any number of well-known,
pharmaceutically acceptable additives. Sustained release
oral delivery systems and/or enteric coatings for orally
administered dosage forms are also contemplated such as
those described in U.S. Pat. Nos. 4,704,295, 4,556,552,
4,309,404, and 4,309,406.

[0043] When a therapeutically effective amount of com-
position of the invention is administered by injection, the
synthetic oligonucleotide will preferably be in the form of a
pyrogen-free, parenterally-acceptable, aqueous solution.
The preparation of such parenterally-acceptable solutions,
having due regard to ph, isotonicity, stability, and the like, is
within the skill in the art. A preferred pharmaceutical com-
position for injection should contain, in addition to the
synthetic oligonucleotide, an isotonic vehicle such as
Sodium Chloride Injection, Ringer’s Injection, Dextrose
Injection, Dextrose and Sodium Chloride Injection, Lactated
Ringer’s Injection, or other vehicle as known in the art. The
pharmaceutical composition of the present invention may
also contain stabilizers, preservatives, buffers, antioxidants,
or other-additives known to those of skill in the art.

[0044] The pharmaceutical forms suitable for injectable
use include sterile aqueous solutions or dispersions and
sterile powders for the extemporaneous preparation of sterile
injectable solutions or dispersions. In all cases the form must
be sterile. It must be stable under the conditions of manu-
facture and storage and may be preserved against the con-
taminating action of microorganisms, such as bacterial and
fungi. The carrier can be a solvent or dispersion medium.
The prevention of the action of microorganisms can be
brought about by various antibacterial and antifungal agents.
Prolonged absorption of the injectable therapeutic agents
can be brought about by the use of the compositions of
agents delaying absorption. Sterile injectable solutions are
prepared by incorporating the oligonucleotide in the
required amount in the appropriate solvent, followed by
filtered sterilization.

[0045] The pharmaceutical formulation can be adminis-
tered in bolus, continuous, or intermittent dosages, or in a
combination of continuous and intermittent dosages, as
determined by the physician and the degree and/or stage of
illness of the patient. The duration of therapy using the
pharmaceutical composition of the present invention will
vary, depending on the unique characteristics of the oligo-
nucleotide and the particular therapeutic effect to be
achieved, the limitations inherent in the art of preparing such
a therapeutic formulation for the treatment of humans, the
severity of the disease being treated and the condition and
potential idiosyncratic response of each individual patient.
Ultimately the attending physician will decide on the appro-
priate duration of intravenous therapy using the pharmaceu-
tical composition of the present invention.

[0046] In practicing the method of the present invention,
a therapeutically effective amount of one or more phospho-
rothioate oligonucleotides and at least one cyclodextrin is
administered to a subject afflicted with the disease or con-
dition being treated. The therapeutic formulation of the
invention may be administered in accordance with the
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method of the invention either alone or in combination with
other known therapies for the disease or condition being
treated. When co-administered with one or more other
therapies, the therapeutic formulation of the invention may
be administered either simultaneously with the other treat-
ment(s), or sequentially. If administered sequentially, the
attending physician will decide on the appropriate sequence
of administering the therapeutic formulation of the invention
in combination with the other therapy.

[0047] It may be desirable at times to use a mixture of
different phosphorothioate oligonucleotides targeting differ-
ent conserved sites within a given pathogen genome or target
gene. Such a mixture of phosphorothioate oligonucleotides
may be in the form of a therapeutic composition comprising
at least one, and preferably two or more phosphorothioate
oligonucleotides in a single therapeutic formulation (i.e., a
composition comprising a physical mixture of at least two
phosphorothioate oligonucleotides), along with at least one
cyclodextrin. These phosphorothioate oligonucleotides may
have the same or different sequences. At least one, prefer-
ably two or more phosphorothioate oligonucleotides may be
administered simultaneously or sequentially as a single
treatment episode in the form of separate therapeutic for-
mulations.

[0048] The following examples illustrate the preferred
modes of making and practicing the present invention, but
are not meant to limit the scope of the invention since
alternative methods may be used to obtain similar results.

EXAMPLE 1

Preparation of Oligonucleotide—Cyclodextrin
Complexes

[0049] The phosphorothioate oligodeoxynucleotides of
SEQ ID NO:2 and SEQ ID NO:4 were synthesized on an
automated synthesizer (Millipore, 8700, Bedford, Mass.)
using phosphoramidite chemistry (Beaucage (1993) In S.
Agrawal (eds), Methods in Molecular Biology: Protocols for
oligonucleotides and analogs, Humana Press, New Jersey,
pp. 33-62). The oligonucleotides were deprotected by treat-
ment with concentrated ammonium hydroxide at 55° C. for
12 hours and were purified by reverse phase HPLC as
described in Padmapriya et al. (1994) Antisense Research &
Dev. 4:185-199.

[0050] Oligonucleotides (final concentration 4 mg/ml)
were mixed with 5% of 2-hydroxypropyl-fcyclodextrin or
of 2-hydroxyethyl-f-cyclodextrin in sterile phosphate buff-
ered saline, sonicated at 4° C. for one hour and incubated at
4° C. overnight.

EXAMPLE 2

Splenic Cell Proliferation Assays

[0051] Mouse spleen was taken from male CD1 mouse
(4-5 weeks, Charles River, Wilmington, Mass.). Single cell
suspensions were prepared by gently mincing with frosted
ends of glass slides, washed twice, and then resuspended in
RPMI complete medium [RPMI 1640 medium supple-
mented with 10%-heat inactivated (56° C. for 30 minutes)
fetal bovine serum, 2 mM glutamine, 100 yg/ml streptomy-
cin, 100 U/ml penicillin, and 50 AM 2-mercaptoethanol].
The cells were then plated in 96-well dishes at a density of
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10° cells/ml, in a final volume of 100 Al. Oligonucleotides
were added to the cell culture in 10 ul of TE buffer (10 mM
Tris-HCL pH 7.5, 1 mM EDTA). Cyclodextrin analogs:
2-hydroxypropyl-f cyclodextrin (HPCD, degree of substi-
tution 5-8), hydroxyethyl-f cyclodextrin (HECD, degree of
substitution 15), and Encapsin (which is a mixture of
hydroxypropyl p-cyclodextrin but has a different degree of
substitution, 17.8), were purchased pyrogen free (Amaizo,
Hammond, Indiana) and were added to the cells at concen-
tration of 0.5% in RPMI medium except where indicated.
Cells were then set to-culture in a 37° C., 5% C0,-95% O,,
humidified air incubator for further studies. The experiments
were done in triplicate.

A. Thymidine Incorporation Studies

[0052] After 44 hours, cells were pulsed-labeled with 1
uCi [PH]-thymidine/well (in 20 ul of RPMI medium) for 4
hours. Cells were then harvested by an automatic cell
harvester (Skatron, Sterling, Va.) and the filters were
counted using a scintillation counter. The phosphorothioate
oligonucleotide of SEQ ID NO:2 increases cell proliferation
in a concentration-dependent manner (FIG. 1, “oligo 17).
When the splenocytes were incubated with the phospho-
rothioate oligonucleotide of SEQ ID NO:2 in the presence of
0.5% cyclodextrins, the level of cell proliferation decreased
significantly (FIG. 1, “oligo 1+HPCD?”, “oligo 1+HECD?,
“oligo 1+Encapsin”). At 1 ug/ml, the levels of cell prolif-
eration were reduced to almost the basal levels and at 10
ug/ml, the levels were reduced by approximately 30%. All
the three cyclodextrin analogs reduced cell proliferation to
similar levels. There was no significant change in [°H]
thymidine incorporation at 0.1 ug/ml of the phosphorothio-
ate oligonucleotide of SEQ ID NO:2 (FIG. 1). When cyclo-
dextrin analogs alone were added to the splenocytes, no
significant change in [°H] thymidine incorporation was
observed, indicating that cyclodextrin analogs by them-
selves have no effect on cell proliferation.

[0053] As shown in FIG. 2, the immunostimulatory
response reducing effects of the cyclodextrins were concen-
tration-dependent. Incubation of the cells with higher con-
centrations of cyclodextrins, such as 1%, results in cytotox-
icity (Zhao et al. (1995) Antisense Research & Dev. 5 #3 In
press). For that reason the cyclodextrin analogs were used at
0.5% concentration in further in vitro cell culture studies.

[0054] The phosphorothioate oligonucleotide of SEQ ID
NO:4 is a 20-mer that contains multiple 5'-CG-3' motifs,
which has been shown to induce an immunostimulatory
response both in vitro and in vivo (Krieg et al. (1995) supra.
FIG. 3 shows that when splenocytes were treated with 1 or
10 ug/ml of the phosphorothioate oligonucleotide of SEQ ID
NO:4 alone, a dramatic increase in cell proliferation was
observed. When cyclodextrin analogs (0.5%) were included
in the cell culture, the increase in cell proliferation induced
by the phosphorothioate oligonucleotide of SEQ ID NO:4
was markedly reduced. The effect of cyclodextrin and cyclo-
dextrin analogs on other phosphorothioate oligonucleotides
was similar, indicating that the immunostimulatory
response-reducing effect of cyclodextrins is not restricted to
a particular phosphorothioate oligonucleotide sequence.

[0055] B. Cell Cycle Analysis 1. In vitro Studies

[0056] Murine splenic lymphocytes were cultured for 48
hours in the presence of phosphorothioate oligonucleotides
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and/or cyclodextrin analogs at a density of 5x10° cells/tube,
in 250 ul RPMI complete medium. After 48 hours of culture,
cells were washed with FACS buffer [1xHank’s Balanced
Salt Solution (HBSS) supplemented with 1 bovine serum
albumin (BSA) and 0.1% sodium azide], fixed with 70%
cold alcohol with immediate mixing, and then kept on ice for
30 minutes. After fixation, cells were washed twice and
resuspended with 200 x4l PBS and treated with 50 ul of
RNAse (10 mg/ml, DNAase free) at 37° C. for 30 minutes.
Propidium iodide (50 ug/ml) was added to the cells before
flow cytometry analysis. Flow cytometric data on 10,000
viable cells were acquired in histogram on an Epics XL flow
cytometer (Coulter, Hialeah, Fla.) and analyzed by Epics
XL, version 1.5, software and multicycle software (Phoenix
Flow Systems, San Diego, Calif.) after gating on living cells
by forward scatter versus side scatter and excluding dou-
blets. The experiments were done in triplicate.

[0057] The phosphorothioate oligonucleotide of SEQ ID
NO:2 was used at 10 ug/ml to induce cell proliferation.
Consistent with the results of thymidine incorporation, Table
1 shows that there was a significant increase (44.8%) in the
percentage of cells in the S/G2 phases of the cell cycle 48
hours after in vitro treatment with the phosphorothioate
oligonucleotide of SEQ ID NO:2 compared with medium
alone. When cyclodextrin analogs were also included in the
cell culture (0.5%), the increase in cells in the S/G2 phases
of the cell cycle was less dramatic compared with the
phosphorothioate oligonucleotide of SEQ ID NO:2 alone.
These results indicate that cyclodextrin analogs can reduce
the stimulation of cell proliferation induced by phospho-
rothioate oligonucleotide of SEQ ID NO:2.

TABLE 1
% cells in % cells in

G0/G1 G2/S Increase
MEDIUM 84.6 0.3 154+ 0.3 control
SEQ ID NO:2 777 = 1.0 223+ 1.0 44.8%
SEQ ID NO:2 + HPCD 829 0.1 17.1 = 0.1 11%
SEQ ID NO:2 + HECD 82.0 £ 0.3 18.0=0.3 16.8%
SEQ ID NO:2 + ENCAP 82.0 £ 0.3 18.0=0.3 16.8%

[0058] 2. In vivo Studies

[0059] Male CD1 mice (4-5 weeks, 20-22 g, Charles river,
Wilmington, Mass.) were used in this study. The animals
were fed with commercial diet and water ad libidum and
were kept at the animal facility of the University of Mas-
sachusetts Medical Center (Worcester, Mass.). For in vivo
studies, phosphorothioate oligonucleotides (final concentra-
tion 4 mg/ml) were mixed with 5% of the cyclodextrin
HPCD or HECD in sterile PBS, sonicated at 4° C. for 1 hour,
followed by incubation at 4° C. overnight. The phospho-
rothioate oligonucleotide, either in plain PBS or mixed with
cyclodextrin, was injected into mice intraperitoneally, in a
volume of 0.25 ml (1 mg/mouse). After 24 hr (in the case of
the phosphorothioate oligonucleotide of SEQ ID NO:4) and
48 hr (in the case of the phosphorothioate oligonucleotide of
SEQ ID NO:2), mice were sacrificed and spleens were
collected and prepared for further studies. Two or three mice
were studied for each condition and analyzed individually.

[0060] Spleens from in vivo treated mice were harvested
and single cell suspensions were set in culture in RPMI
complete medium (10° cells/tube in 1 ml RPMI). After 4
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hours of culture, cells were washed with FACS buffer and
fixed for cell cycle analysis as described above. The experi-
ments were done in duplicate.

[0061] As shown in Table 2, cell cycle analysis showed
that there was approximately 30% increase in the percentage
of cells in G2/S phases in phosphorothioate oligonucleotide
of SEQ ID NO:2-treated mice compared with PBS-treated
mice. Injection of HPCD along with the phosphorothioate
oligonucleotide of SEQ ID NO:2 reduced the number of
cells cycling, in a concentration-dependent manner. When 5
and 10% HPCD was added in the absence of phosphorothio-
ate oligonucleotide, the levels of the cells in G2/S were
similar to those of vehicle alone (PBS).

TABLE 2
% cells in % cells in

G0/G1 G2/S Increase
PBS 86.4 = 0.1 13.6 £ 0.1 control
SEQ ID NO:2 2.0==1.2 180 1.2 32%
SEQ ID NO:2 + 2.5% HPCD 84.5 1.7 155« 1.7 14%
SEQ ID NO:2 + 5% HPCD 85.7 £ 0.7 143 £ 0.7 5%
SEQ ID NO:2 + 10% HPCD 86.7 £ 2.3 133 +£23 0%

[0062] Similar experiments were performed with the
phosphorothioate oligonucleotide of SEQ ID NO:4. When
the phosphorothioate oligonucleotide of SEQ ID NO:4 was
injected at the same dose as the phosphorothioate oligo-
nucleotide of SEQ ID NO:2 (50 mg/Kg), noticeable bloody
exudate and congestion in abdominal cavities was observed,
indicating toxicity. In order to reduce the toxicity, 25 mg/Kg
of the phosphorothioate oligonucleotide of SEQ ID NO:4
was injected into the animals. Cell cycle analysis shows that
the phosphorothioate oligonucleotide of SEQ ID NO:4 alone
stimulated cell proliferation but, when it was mixed with 5%
HPCD, the stimulation was reduced to the same levels as the
vehicle alone (PBS) (Table 3).

TABLE 3
% cells in % cells in
G0/G1 G2/S Increase
PBS 777 £0.7 223 £0.7 control
SEQ ID NO:4 68.5 = 0.5 22.7=0.5 41%
SEQ ID NO:4 + 5% HPCD 77.3 0.5 22.7=0.5 1%
EXAMPLE 3

Spleen Size

[0063] The weights of the spleens from phosphorothioate
oligonucleotide of SEQ ID NO:2-treated mice were about
1.5 times in size as the PBS-treated mice ((FIG. 4). There
was no significant reduction in spleen weight when 2.5%
HPCD was used together with the phosphorothioate oligo-
nucleotide of SEQ ID NO:2. However, when HPCD was
used at concentrations of 5 or 10% together with the
phosphorothioate oligonucleotide of SEQ ID NO:2, there
was a significant decrease in spleen weight compared to the
phosphorothioate oligonucleotide of SEQ ID NO:2 alone
(FIG. 4). FIG. 6 shows that the phosphorothioate oligo-
nucleotide of SEQ ID NO:4 alone induced splenomegaly,
which was reduced when the oligonucleotide was injected
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along with 5% HPCD. Injection of 5% HPCD alone had no
effect on spleen weight compared to PBS-treated mice.

EXAMPLE 4

Immunoglobulin Synthesis

[0064] Spleens from in vivo treated mice were harvested
and single cell suspensions were set in culture at a density
of 10° cells/ml, in 1 ml RPMI complete medium. After 24
hours of incubation, cell culture supernatants were harvested
by centrifugation and the supernatants were assayed for IgG
or IgM levels using a standard enzyme-linked-immunoab-
sorbent assay (ELISA). ELISA plates (96 wells) were coated
with goat anti-mouse IgG or IgM (5 pg/ml) diluted in PBS
supplemented with 0.05% sodium azide (pH 9.6) overnight
at 4° C., washed three times with PBS-T buffer (PBS
supplemented with 0.05% Tween 20 and 0.25% BSA), and
incubated with cell culture supernatants at 37° C. for 2
hours. A standard of mouse IgG and IgM (1 mg/ml) was
diluted with PBS-T to provide a standard curve between O
and 800 ng/ml. The plates were then washed three times with
PBS-T buffer and incubated at 37° C. for 2 hours with goat
anti-mouse IgG conjugated to alkaline phosphatase diluted
1:1000 with PBS-T buffer. After three washes with PBS-T
buffer, phosphatase substrate (p-nitrophenylphosphate) in
diethanolamine buffer (75 ul) was added to the plates which
were then were kept at room temperature for 1 hour. The
calorimetric reaction was stopped by addition of 25 ul of 0.5
M sodium hydroxide. The optical density (405 nm) was
measured using an automatic ELISA plate reader (Bio-Tek
Instruments, Inc). IgG and IgM levels were calculated based
on the standard curve. The experiments were done in qua-
druplicate.

[0065] When the spleen lymphocytes were measured for
immunoglobulin production, there was a highly significant
increase in production of both IgG and IgM from mice
injected with the phosphorothioate oligonucleotide of SEQ
ID NO:2 compared to vehicle alone (FIG. 5). When the
oligonucleotide was injected along with HPCD, there was a
concentration-dependent reduction in IgG and IgM produc-
tion. Measurement of IgG and IgM antibodies shows that the
phosphorothioate oligonucleotide of SEQ ID NO:4
increases production of these antibodies by approximately
10 fold (FIG. 7). FIG. 7 also shows that in the presence of
5% HPCD, antibody production was significantly decreased.
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EXAMPLE 5

[0066] 1. Preparation of Protein-Cyclodextrin Complexes

[0067] Proteins are mixed with cyclodextrin analogs in
sterile phosphate buffered saline (PBS)-. The formation of
the complex is measured by light scattering as described by
Brewster et al. (Pharmaceutical Research (1991) 8:792-
795). Briefly, a solution of the protein (5 mg/ml) is incubated
with increasing concentrations of cyclodextrin (0-40%).
Light scattering measurements indicate the concentration of
cyclodextrin required to form a complex with the protein.

[0068] 2. In vitro Experiments

[0069] Mouse spleen is taken from male CD1 mouse (4-5
weeks). Single cell suspensions are prepared by gently
mincing with frosted ends of glass slides and then resus-
pending in RPMI complete medium [RPMI 1640 medium
supplemented with 10%-heat inactivated (56° C. for 30
minutes) fetal bovine serum, 2 mM glutamine, 100 ug/ml
streptomycin, 100 U/ml penicillin, and 50 uM 2-mercapto-
ethanol]. After plating the cells in 96-well dishes at a density
of 10° cells/ml, proteins (or other compounds) are added to
the cells at different concentrations. First, the effect of these
proteins on cell proliferation and antibody production is
measured as described in Examples 2 through 4 above. Once
the immune stimulation of a protein (or other compounds) is
established, cyclodextrin and analogs are complexed to the
protein order to induce suppression of immune stimulation.

[0070] 3. In vivo Experiments

[0071] Male CD1 mice (4-5 weeks, 20-22 g, Charles
River, Wilmington, Mass.) are used. Protein (or other com-
pound) either in plain phosphate buffered saline or com-
plexed with 5% of cyclodextrin are injected into mice
intraperitoneally, in a volume of 0.25 ml (1 mg/mouse).
After 24 hr to 48 hr, mice are sacrificed and spleens are
collected and prepared for further studies. Three mice are
studied for each condition. Cell proliferation, cell cycle
analysis, and antibody production are measured as described
in Examples 2 through 4 above.

[0072] Although this invention has been described in
detail above in terms of a number of exemplary embodi-
ments, those skilled in the art will readily appreciate that the
exemplary embodiments may be modified in many ways
without materially departing from the novel teachings and
advantages of the invention. Accordingly, all such modifi-
cations are intended to be included within the scope of this
invention as defined in the following claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 4

<210> SEQ ID NO 1

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: HIV-Type 1 gag gene
<400> SEQUENCE: 1

ctctcgcacce catctctecte cttet

25
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-continued

<210> SEQ ID NO 2

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: HIV-Type 1 rev gene

<400> SEQUENCE: 2

tcgtegetgt cteccgettet tettgece
<210> SEQ ID NO 3

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Human p53
<400> SEQUENCE: 3

ccectgectcece ccetggetece

<210> SEQ ID NO 4

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Env Gene of Murine MCF

<400> SEQUENCE: 4

gagaacgctc gaccttcgat

27

20

20

What is claimed is:

1. A method of reducing an immunostimulatory response
of a mammal to a phosphorothioate oligonucleotide which
comprises the steps of:

a) administering a therapeutic formulation containing the
phosphorothioate oligonucleotide and at least one
cyclodextrin to the mammal; and

b) monitoring the immune response of the mammal.

2. The method of claim 1 wherein the cyclodextrin is
selected from the group consisting of a f-cyclodextrin, a
y-cyclodextrin, a substituted cyclodextrin, and a derivative
of a cyclodextrin.

3. The method of claim 2 wherein the B-cyclodextrin is
selected from the group consisting of 2-hydroxypropyl-p-
cyclodextrin and 2-hydroxyethyl-p-cyclodextrin.

4. The method of claim 2 wherein the y-cyclodextrin is
hydroxypropyl-y-cyclodextrin.

5. The method of claim 2 wherein the derivative of the
cyclodextrin is selected from the group consisting of a
p-cyclodextrin polysulfate and a y-cyclodextrin polysulfate.

6. The method of claim 1 wherein the therapeutic formu-
lation contains a mixture of cyclodextrins.

7. The method of claim 1 wherein the phosphorothioate
oligonucleotide is modified.

8. A method of reducing an immunostimulatory response
of a mammal to a protein which comprises the steps of:

a) administering a therapeutic formulation containing the
protein and at least one cyclodextrin to the mammal;
and

b) monitoring the immune response of the mammal.
9. The method of claim 8 wherein the therapeutic formu-
lation comprises a protein-cyclodextrin complex.
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