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(57) Abrege(suite)/Abstract(continued):
treatment of cancer). In particular embodiments, the present invention provides tumor-directed lipid particles that preferentially

target solid tumors. The tumor-directed formulations of the present invention are capable of preferentially delivering a payload such
as a nucleic acid to cells of solid tumors compared to non-cancerous cells.
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(57) Abstract: The present invention provides novel, serum-stable lipid particles comprising one or more active agents or thera-
peutic agents, methods of making the lipid particles, and methods of delivering and/or administering the lipid particles. More par-
ticularly, the present invention provides serum-stable nucleic acid-lipid particles (SNALP) comprising a nucleic acid (e.g., one or

& more interfering RNA molecules), methods of making the SNALP, and methods of delivering and/or administering the SNALP
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(e.g., for the treatment of cancer). In particular embodiments, the present mvention provides tumor-directed lipid particles that
preterentially target solid tumors. The tumor-directed formulations of the present invention are capable of preferentially delivering
a payload such as a nucleic acid to cells of solid tumors compared to non-cancerous cells.
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NOVEL LIPID FORMULATIONS FOR DELIVERY OF THERAPEUTIC

AGENTS TO SOLID TUMORS
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Application No. 61/222,469,
filed July 1, 2009, and U.S. Provisional Application No. 61/295,134, filed January 14, 2010,
the disclosures of which are hereby incorporated by reference in their entirety for all

purposes.

BACKGROUND OF THE INVENTION
[0002] Cell proliferation and programmed cell death play important roles in the growth
and development of an organism. In proliferative diseases such as cancer, the processes of
cell proliferation and/or programmed cell death are often perturbed. For example, a cancer
cell may have unregulated cell division through either the overexpression of a positive
regulator of the cell cycle or the loss of a negative regulator of the cell cycle, perhaps by
mutation. Alternatively, a cancer cell may have lost the ability to undergo programmed cell
death through the overexpression of a negative regulator of apoptosis. Therefore, there 1s a
need to develop new therapeutic agents that will restore the processes of checkpoint control
and programmed cell death to cancerous cells.
10003] RNA interference (RNNA1) 1s an evolutionarily conserved process in which
recognition of double-stranded RNA (dsRNA) ultimately leads to posttranscriptional
suppression of gene expression. In particular, RNA1 induces specific degradation of mRNA
through complementary base pairing between the dsRNA and the target mRNA. In several
model systems, this natural response has been developed into a powerful tool for the
investigation of gene function (see, e.g., Elbashir ef al., Genes Dev., 15:188-200 (2001);
Hammond ef al., Nat. Rev. Genet., 2:110-119 (2001)).
j0004] RNAI1 1s generally mediated by short dsRNAs such as small interfering RNA
(siRNA) duplexes of 21-23 nucleotides in length or by longer Dicer-substrate dsRNAs of 25-
30 nucleotides in length. Unlike siRNAs, Dicer-substrate dsSRNAs are cleaved by Dicer
endonuclease, a member of the RNase I1I family, to produce smaller functional 21-mer
siRNA duplexes. The 21-mer siRNA (whether synthesized or processed by Dicer) recruits

the RNA-1nduced silencing complex (RISC) and enables effective gene silencing via

sequence-specific cleavage of the target sequence.
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[0005] Although the precise mechanism is still unclear, RNAI1 provides a powerful
approach to downregulate or silence the transcription and translation of a gene of interest. In
particular, for the treatment of neoplastic disorders such as cancer, RNAi may be used to
modulate (e.g., reduce) the expression of certain genes, e.g., an anti-apoptotic molecule, a
growth factor, a growth factor receptor, a mitotic spindle protein, a cell cycle protein, an
angiogenic factor, an oncogene, an intracellular signal transducer, a molecular chaperone,
and combinations thereof.

[0006] However, a sate and effective nucleic acid delivery system is required for RNAI to
be therapeutically useful. Viral vectors are relatively efficient gene delivery systems, but
suffer from a variety of limitations, such as the potential for reversion to the wild-type as
well as immune response concerns. Furthermore, viral systems are rapidly cleared from the
circulation, limiting transfection to “first-pass” organs such as the lungs, liver, and spleen.

In addition, these systems mduce immune responses that compromise delivery with
subsequent injections. As a result, nonviral gene delivery systems are receiving increasing
attention (Worgall ef al., Human Gene Therapy, 8:37 (1997); Peetei‘s et al., Human Gene
Therapy, 7:1693 (1996); Yei et al., Gene Therapy, 1:192 (1994); Hope et al., Molecular
Membrane Biology, 15:1 (1998)).

[0007] Complexes of nucleic acid and cationic liposomes (i.e., lipoplexes) are a commonly
emploved nonviral gene delivery vehicle. For instance, lipoplexes made of an amphipathic
compound, a neutral lipid, and a detergent for transfecting insect cells are disclosed in U.S.
Patent No. 6,458,382. Lipoplexes are also disclosed in U.S. Patent Publication No.
20030073640. However, lipoplexes are large, poorly defined systems that are not suited for
systemic applications and can elicit considerable toxic side-effects (Harrison ef al.,
Biotechniques, 19:816 (1995); Li et al., The Gene, 4:891 (1997); Tam et al, Gene Ther.,
7:1867 (2000)). As large, positively charged aggregates, lipoplexes are rapidly cleared when
administered iz vivo, with highest expression levels observed in first-pass organs,
particularly the lungs (Huang et al., Nature Biotechnology, 15:620 (1997); Templeton et al.,
Nature Biotechnology, 15:647 (1997); Hofland et al., Pharmaceutical Research, 14:742
(1997)).

[0008] Other liposomal delivery systems include, for example, the use of reverse micelles,

anionic liposomes, and polymer liposomes. Reverse micelles are disclosed in U.S. Patent
No. 6,429,200. Antonic liposomes are disclosed in U.S. Patent Publication No.
20050026831. Polymer liposomes that incorporate dextrin or glycerol-phosphocholine
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polymers are disclosed 1 U.S. Patent Publication Nos. 20020081736 and 20030082103,
respectively. However, such liposomal delivery systems are unsuitable for delivering
nucleic acids such as interfering RNA to tumors because they are not of the desired size (i.e.,
less than about 150 nm diameter), are not preferentially delivered to tumor sites, and do not
remain intact in the circulation for an extended period of time in order to achieve delivery to
tumor sites. Rather, effective intracellular delivery of nucleic acids such as interfering RNA
to tumors requires a highly stable, serum-resistant nucleic acid-containing particle that
preferentially targets tumors such as solid tumors and does not interact with cells and other
components of the vascular compartment.

[0009] Thus, there remains a strong need in the art for novel compositions and methods for
preferentially introducing nucleic acids such as interfering RNA into tumor cells. In
addition, there 1s a need in the art for methods of downregulating the expression of genes

associated with tumorigenesis or cell transformation to treat or prevent cancer. The present

invention addresses these and other needs.

BRIEF SUMMARY OF THE INVENTION
|0010)  The present invention provides novel, serum-stable lipid particles comprising one
or more active agents or therapeutic agents, methods of making the lipid particles, and
methods of delivering and/or administering the lipid particles (e.g., for the treatment of a
disease or disorder). More particularly, the present invention provides serum-stable nucleic
acid-lipid particles (SNALP) comprising a nucleic acid (e.g., one or more interfering RNA)),
methods of making the SNALP, and methods of delivering and/or administering the SNALP
(e.g., for the treatment of cancer).
[0011] In certain preterred embodiments, the present invention provides tumor-directed
lipid particles (e.g., tumor-directed SNALP) that preferentially target solid tumors.
Advantageously, the tumor-directed SNALP formulations of the present invention are
capable of preferentially delivering the nucleic acid payload to cells of solid tumors
compared to non-cancerous cells. In addition, it has been unexpectedly found that the
tumor-directed SNALP formulations of the present invention comprising at least one
interfering RNA as described herein demonstrate increased potency (i.e., increased silencing

activity) and/or increased tolerability (e.g., a more favorable toxicity profile) when targeting
a genc of interest such as PLK-1 in a tumor cell when compared to other nucleic acid-lipid

particle compositions previously described. In preferred embodiments, the present invention
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provides nucleic acid-lipid particles (e.g., SNALP) comprising one or more (e.g., a cocktail)
of the PLK-1 siRNA molecules described herein and the cationic lipid DLinDMA and
methods of use thereof, which nucleic acid-lipid particles (e.g., SNALP) unexpectedly
possess increased potency and increased tolerability when silencing PLK-1 expression in
cells of solid tumors in vivo compared to other nucleic acid-lipid particle compositions
previously described.

[0012] In some aspects, the nucleic acid-lipid particle (e.g., SNALP) comprises: (a) one or
more nucletc acids (e.g., intertering RNA); (b) one or more of cationic lipids comprising
from about 50 mol % to about 65 mol % of the total lipid present in the particle; (¢) one or
more non-cationic lipids comprising from about 235 mol % to about 45 mol % of the total
lipid present in the particle; and (d) one or more conjugated lipids that inhibit aggregation of
particles comprising from about 5 mol % to about 10 mol % of the total lipid present in the
particle.

[0013] In some embodiments, the nucleic acid-lipid particle comprises: (a) a nucleic acid
(e.g., an mterfering RNA); (b) a cationic lipid comprising from about 50 mol % to about 60
mol % of the total lipid present in the particle; (¢) a mixture of a phospholipid and
cholesterol or a derivative thercof comprising from about 35 mol % to about 45 mol % of the
total l1p1d present 1n the particle; and (d) a PEG-lipid conjugate comprising from about 5 mol
Yo to about 10 mol % of the total lipid present in the particle. This embodiment of nucleic
acid-lipid particle is generally referred to herein as the “7:54” formulation. In certain
instances, the non-cationic lipid mixture in the 7:54 formulation comprises: (i) a
phospholipid of from about 5 mol % to about 10 mol % of the total lipid present in the
particle; and (11) cholesterol or a derivative thereof of from about 25 mol % to about 35 mol
% of the total lipid present in the particle. In one particular embodiment, the 7:54
formulation 1s a four-component system which comprises about 7 mol % PEG-lipid
conjugate (e.g., a PEG-lipid conjugate having an average molecular weight of from about
550 daltons to about 1000 daltons such as PEG750-C-DMA), about 54 mol % cationic lipid
or a salt thereot (e.g., DLinDMA and/or any other cationic lipid as described herein), about 7
mol % DPPC (or DSPC), and about 32 mol % cholesterol (or derivative thereof). In

preterred embodiments, the nucleic acid present in the 7:54 formulation is an interfering
RNA such as an siRNA.

{0014] In other embodiments, the nucleic acid-lipid particle comprises: (a) a nucleic acid

(e.g., an interfering RNA); (b) a cationic lipid comprising from about 55 mol % to about 65
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mol % of the total lipid present in the particle; (¢) cholesterol or a derivative thereof
comprising from about 30 mol % to about 40 mol % of the total lipid present in the particle;
and (d) a PEG-lipid conjugate comprising from about 5 mol % to about 10 mol % of the total
lipid present in the particle. This embodiment of nucleic acid-lipid particle 1s generally
referred to herein as the “7:58” formulation. In one particular embodiment, the 7:58
formulation 1s a three-component system which 1s phospholipid-frec and comprises about 7
mol % PEG-lipid conjugate (e.g., a PEG-lipid conjugate having an average molecular weight
of from about 550 daltons to about 1000 daltons such as PEG750-C-DMA), about 58 mol %
cationic lipid or a salt thereof (e.g., DLInDMA and/or any other cationic lipid as described
herein), and about 35 mol % cholesterol (or derivative thereof). Preferably, the nucleic acid
present in the 7:58 formulation is an interfering RNA such as an siRNA.

[0015] In certain preferred embodiments, the nucleic acid (e.g., interfering RNA) is fully
encapsulated within the lipid portion of the nucleic acid-lipid particle such that the nucleic
acid 1s resistant in aqueous solution to nuclease degradation. Non-limiting examples of
interfering RNA include siRNA, aiRNA, miRNA, Dicer-substrate dsRNA, shRNA, and
mixtures thereof. In certain other preferred embodiments, the nucleic acid-lipid particles are
substantially non-toxic to mammals such as humans.

[0016] The present invention also provides pharmaceutical compositions comprising a
nucleic acid-lipid particle described herein (e.g., SNALP) and a pharmaceutically acceptable
carrier. ‘

[0017] In another aspect, the present invention provides methods for introducing one or
more nucleic acids (e.g., interfering RNA) into a cell, the method comprising contacting the
cell with a nucleic acid-lipid particle described herein (e.2., SNALP). In one embodiment,
the cell (e.g., a cancer cell such as a solid tumor cell) is in a mammal and the mammal is a
human.

[0018] In yet another aspect, the present invention provides methods for the in vivo
delivery of one or more nucleic acids (e.g., interfering RNA) to solid tumors, the method
comprising administering to a mammal a nucleic acid-lipid particle described herein (e.g.,
SNALP). Advantageously, the nucleic acid-lipid particies of the invention preferentially
deliver the nucleic acid to solid tumors as compared to other tissues. In some embodiments,

the nucleic acid-lipid particles (e.g., SNALP) are administered by one of the following
routes of administration: oral, intranasal, intravenous, intraperitoneal, intramuscular, intra-

articular, intralesional, intratracheal, subcutaneous, and intradermal. In particular
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embodiments, the nucleic acid-lipid particles (e.g., SNALP) are administered systemically,
e.g., via enteral or parenteral routes of administration. In preferred embodiments, the
mammal 1s a human.

[0019] In a further aspect, the present invention provides methods for treating a cell
proliferative disorder such as cancer in a mammal in need thereof, the method comprising
administering to the mammal a therapeutically effective amount of a nucleic acid-hipid
particle (e.g., SNALP) comprising one or more nucleic acids (e.g., interfering RNA). In
certain embodiments, the nucleic acid-lipid particle (e.g., SNALP) can be administered in
combination with a chemotherapy drug. The nucleic acid-lipid particle can additionally or
alternatively be co-administered with conventional hormonal, immunotherapeutic, and/or
radiotherapeutic agents. In certain other embodiments, the nucleic acid-lipid particle (e. g,
SNALP) can be administered in combination with a dose of a glucocorticoid such as, e.g.,
dexamethasone, wherein the glucocorticoid is administered prior to (i.e., pretreatment with
the glucocorticoid), during, and/or after administering the nucleic acid-lipid particle. Non-
limiting examples of suitable glucocorticoid dosing regimens are described in U.S. Patent
Publication No. 20070054873, the disclosure of which is herein incorporated by reference in
its entirety for all purposes.

[0020] In one particular aspect, the present invention provides methods for introducing an
interfering RNA (e.g., an siRNA molecule) that silences the expression of a gene associated
with tumorigenesis or cell transformation into a tumor cell of a mammal (e.g., a human), the
method comprising administering to the mammal a nucleic acid-lipid particle described
herein (e.g., SNALP), wherein the interfering RNA (e.g., siRNA molecule) is preferentially
introduced mto the tumor cell as compared to other cells (e.g., normal or non-tumor cells).
0021} The nucleic acid-lipid particles of the invention (¢.g., SNALP) are advantageous
and suitable for use in the administration of nucleic acid such as interfering RNA to a subject
(e.g., amammal such as a human) because they are stable in circulation, of a size required
tor pharmacodynamic behavior resulting in access to extravascular sites, and are capable of
reaching target cell populations (e.g., solid tumor cells).

[0022] Other objects, features, and advantages of the present invention will be apparent to

one of skill in the art from the following detailed description and figures.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0023] Figure 1 shows that better encapsulation efficiencies were achieved when a higher
mol % of a PEG750-lipid conjugate was used in SNALP formulations.
[0024] Figure 2 shows a comparison of the blood clearance profile of exemplary 1:57 and

5  7:54 DLinDMA SNALP formulations.

[0025] Figure 3 shows a comparison of the silencing activity of exemplary 1:57 and 7:54
DLinDMA SNALP formulations in normal liver tissue and liver tumors.
[0026] Figure 4 shows a comparison of the silencing activity of exemplary 1:57 and 7:54
DLinDMA SNALP formulations in subcutaneous tumors.

10 [0027] Figure 5 shows a comparison of the silencing activity of exemplary 7:54
DLinDMA and C2K SNALP formulations in liver tumors.

[0028] Figure 6 shows a comparison of the silencing activity of exemplary 7:54
DLinDMA and C2K SNALP formulations in liver tumors at two different doses.
[0029] Figure 7 shows a comparison of the silencing activity of exemplary 1:57 and 7:54

15 DLinDMA and C2K SNALP formulations in subcutaneous tumors at two ditferent doses.
[0030] Figure 8 shows another comparison of the silencing activity of exemplary 1:57 and
7:54 DLinDMA and C2K SNALP formulations in subcutaneous tumors.

[0031] Figure 9 shows a comparison of the potencies of different batches ot 7:54
DLinDMA and C2K SNALP formulations in subcutancous tumors.

20  [0032] Figure 10 shows a comparison of the anti-tumor efficacy of exemplary 1:57 and
7:54 DLinDMA and C2K SNALP formulations in reducing subcutaneous tumor volume.
[0033] Figure 11 shows the effect of administering exemplary 7:54 DLinDMA and C2K.
SNALP formulations on liver enzyme levels.

(0034] Figure 12 shows the immunogenic effect of admimstering exemplary 1:57 or 7:54

25  DLinDMA SNALP formulations.

[(0035] Figure 13 shows a comparison of the tumor PLK-1 mRNA knockdown activity of

exemplary 7:54 SNALP formulations containing various cationic lipids described herein.

DETAILED DESCRIPTION OF THE INVENTION
30 L Introduction
[0036] 'The present invention 1s based in part on the surprising discovery that lipid
particles (e.g., SNALP) containing a higher mol % of PEG-lipid conjugates with shorter
PEG chain lengths impart beneficial tumor-targeting properties to the particles while
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retaining high payload encapsulation efficiencies. Advantageously, it has been discovered
that the tumor-directed lipid particles of the invention are more effectively shielded by the
PEG-lipid conjugate following in vivo administration because the PEG-lipid conjugate is
more evenly distributed over the particle surface when present at a higher concentration. As
a result, the lipid particles of the invention are capable of targeting distal tumor sites and
provide desirable tumor-targeting properties such as longer blood circulation times,
enhanced tumor delivery, and decreased delivery to non-tumor tissues. In certain
embodiments, the tumor-targeting properties of the lipid particles described herein are
further enhanced by using PEG-lipid conjugates with longer alkyl chain lengths, which are
more effectively incorporated into the particle and provide longer blood circulation times.
[0037] Using the 7:54 DLinDMA SNALP formulation as an exemplary tumor-directed
lipid particle formulation, the Examples set forth herein demonstrate that lipid particles
containing about 7 mol % of a PEG750-1lipid conjugate advantageously provide better
nucieic acid encapsulation efficiencies, longer blood circulation times, enhanced tumor
delivery, and decreased delivery to non-tumor tissues when compared to lipid particles
containing a lower mol % of a PEG-lipid conjugate with a longer PEG chain length. For
instance, Example 2 1llustrates that better encapsulation efficiencies were achieved when a
higher mol % ot a PEG750-lipid conjugate such as PEG750-C-DMA was used. Example 3
ilustrates that extended blood circulation times were observed for the tumor-directed 7:54
DLinDMA SNALP formulation, thereby enabling the increased accumulation and activity of
such particles at distal tumor sites. Example 4 illustrates that the tumor-directed 7:54
DLinDMA SNALP formulation displayed enhanced silencing activity in liver tumors
compared to normal liver tissue. Example 5 illustrates that the tumor-directed 7:54
DLinDMA SNALP formulation displayed increased potency at distal tumor sites and thus
can also be used to preferentially target solid tumors outside of the liver. Example 8
1llustrates that the tumor-directed 7:54 DLinDMA SNALP formulation is a safe and non-
immunogenic nucleic acid delivery system. Example 9 illustrates that tumor-directed 7:54
SNALP formulations which comprise an exemplary cationic lipid of Formula II-XVT as
described herein displayed similar potencies as DLinDMA 1n silencing PLK-1 expression.
[0038] As such, the tumor-directed SNALP formulations of the invention are capable of

safely, eftectively, and preferentially delivering a nucleic acid payload to solid tumor cells

compared to non-cancerous cells.



10

15

20

23

30

CA 02767127 2011-12-30
WO 2011/000107 PCT/CA2010/001030

IL Definitions

[0039] As used herein, the following terms have the meanings ascribed to them unless
specified otherwise.

[0040] The term “interfering RNA” or “RNA1” or “interfering RNA sequence™ as used
herein includes single-stranded RNA (e.g., mature miRNA, ssRNA1 oligonucleotides,
ssDNA1 oligonucleotides), double-stranded RNA (i.e., duplex RNA such as siRNA, Dicer-
substrate dsRNA, shRNA, aiRNA, or pre-miRNA), a DNA-RNA hybrid (see, e.g., PCT
Publication No. WO 2004/078941), or a DNA-DNA hybrid (see, e.g., PCT Publication No.
WO 2004/104199) that 1s capable of reducing or inhibiting the expression of a target gene or
sequence (e.g., by mediating the degradation or inhibifing the translation ot mRNAs which
are complementary to the interfering RNA sequence) when the interfering RNA 1s in the
same cell as the target gene or sequence. Interfering RNA thus refers to the single-stranded
RNA that is complementary to a target mRNA sequence or to the double-stranded RNA
formed by two complementary strands or by a single, self-complementary strand.

Interfering RNA may have substantial or complete 1identity to the target gene or sequence, or
may comprise a region of mismatch (i.e., a mismatch motif). The sequence of the interfering
RNA can correspond to the full-length target gene, or a subsequence thercof. Preferably, the
interfering RNA molecules are chemically synthesized. The disclosures of each of the above
patent documents are herein icorporated by reference 1n their entirety for all purposes.
[0041] Interfering RNA mcludes “small-interfering RNA™ or “siRNA,” e.g., interfering
RNA of about 15-60, 15-50, or 15-40 (duplex) nucleotides in length, more typically about
15-30, 15-25, or 19-25 (duplex) nucleotides in length, and is preferably about 20-24, 21-22,
or 21-23 (duplex) nucleotides 1n length (e.g., each complementary sequence of the double-
stranded siRNA 1s 15-60, 15-50, 15-40, 15-30, 15-25, or 19-25 nucleotides in length,
preferably about 20-24, 21-22, or 21-23 nucleotides in length, and the double-stranded
siRNA 1s about 15-60, 15-50, 15-40, 15-30, 15-25, or 19-25 base pairs in length, preterably
about 18-22, 19-20, or 19-21 base pairs in length). siRNA duplexes may comprise 3’
overhangs of about 1 to about 4 nucleotides or about 2 to about 3 nucleotides and 5°
phosphate termini. Examples of siRNA include, without limitation, a double-stranded
polynucleotide molecule assembled from two separate stranded molecules, wherein one
strand is the sense strand and the other is the complementary antisense strand; a double-
stranded polynucleotide molecule assembled from a single stranded molecule, where the

sense and antisense regions are linked by a nucleic acid-based or non-nucleic acid-based
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linker; a double-stranded polynucleotide molecule with a hairpin secondary structure having
self-complementary sense and antisense regions; and a circular single-stranded
polynucleotide molecule with two or more loop structures and a stem having self-
complementary sense and antisense regions, where the circular polynucleotide can be
processed in vivo or in vifro to generate an active double-stranded siRNA molecule. As used
herein, the term “siRNA” includes RNA-RNA duplexes as well as DNA-RNA hybrids (see,
e.g., PCT Publication No. WO 2004/078941).

[0042] Preferably, siRNA are chemically synthesized. siRNA can also be generated by
cleavage of longer dsRNA (e.g., dSRNA greater than about 25 nucleotides in length) with the
E. coli RNase III or Dicer. These enzymes process the dsRNA into biologically active
siRNA (see, e.g., Yang ef al., Proc. Natl. Acad. Sci. USA, 99:9942-9947 (2002); Calegar1 et
al., Proc. Natl. Acad. Sci. USA, 99:14236 (2002); Byrom et al., Ambion TechNotes, 10(1):4-
6 (2003); Kawasaki et al., Nucleic Acids Res., 31:981-987 (2003); Knight et al., Science,
293:2269-2271 (2001); and Robertson et al., J. Biol. Chem., 243:82 (1968)). Preferably,
dsRNA are at least 50 nucleotides to about 100, 200, 300, 400, or 500 nucleotides in length.
A dsRNA may be as long as 1000, 1500, 2000, 5000 nucleotides in length, or longer. The
dsRNA can encode for an entire gene transcript or a partial gene transcript. In certain
instances, siRNA may be encoded by a plasmid (e.g., transcribed as sequences that
automatically fold into duplexes with hairpin loops).

[0043] As used herein, the term “mismatch motif” or “mismatch region” refers to a portion
of an interfering RNA (e.g., siRNA) sequence that does not have 100 % complementarity to
its target sequence. An interfering RNA may have at least one, two, three, four, five, six, or
more mismatch regions. The mismatch regions may be contiguous or may be separated by
1,2,3,4,5,6,7,8,9,10, 11, 12, or more nucleotides. The mismatch motifs or regions may
comprise a single nucleotide or may comprise two, three, four, five, or more nucleotides.
[0044] The phrase “inhibiting expression of a target gene” refers to the ability of an
iterfering RNA (e.g., siRNA) to silence, reduce, or inhibit the expression of a target gene
(e.g., PLK-1). To examine the extent of gene silencing, a test sample (e.g., a sample of cells
in culture expressing the target gene) or a test mammal (e.g., a mammal such as a human or
an animal model such as a rodent (e.g., mouse) or a non-human primate (e. g., monkey)
model) 1s contacted with an interfering RNA (e.g., siRNA) that silences, reduces, or inhibits
expression of the target gene. Expression of the target gene in the test sample or test animal

1s compared to expression of the target gene in a control sample (e.g., a sample of cells in
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culture expressing the target gene) or a control mammal (e.g., a mammal such as a human or
an animal model such as a rodent (e.g., mouse) or non-human primate (e.g., monkey) model)
that 1s not contacted with or administered the interfering RINA (e.g., stRNA). The
expression of the target gene 1n a control sample or a control mammal may be assigned a
value of 100%. In particular embodiments, silencing, inhibition, or reduction of expression
of a target genc 1s achieved when the level of target gene expression in the test sample or the
test mammal relative to the level of target gene expression in the control sample or the
control mammal is about 95%, 90%, 85%, 80%, 75%, 70%, 65%, 60%, 55%, 50%, 45%,
40%, 35%, 30%, 25%, 20%, 15%, 10%, 5%, or 0%. In other words, the interfering RNAs
(e.g., sSiRNAs) of the present invention are capable of silencing, reducing, or mhibiting the
expression of a target gene (e.g., PLK-1) by at least about 5%, 10%, 15%, 20%, 25%, 30%,
35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or 100% 1n a test
sample or a test mammal relative to the level of target gene expression in a control sample or
a control mammal not contacted with or administered the interfering RNA. Suitable assays
tor determining the level of target gene expression mclude, without limitation, examination
of protein or mRNA levels using techniques known to those of skill in the art, such as, e.g,,
dot blots, Northern blots, in sifu hybridization, ELISA, immunoprecipitation, enzyme
function, as well as phenotypic assays known to those of skill in the art.

10043] An “eftective amount” or “therapeutically effective amount™ of an active agent or
therapeutic agent such as an interfering RNA 1s an amount sufficient to produce the desired
eftect, e.g., an inhibition of expression of a target sequence in comparison to the normal
expression level detected 1n the absence of an interfering RNA. Inhibition of expression of a
target gene or target sequence 1s achieved when the value obtained with an interfering RNA
relative to the control 1s about 95%, 90%, 85%, 80%, 75%, 70%, 65%, 60%., 55%., 50%,
45%, 40%, 35%, 30%, 25%, 20%, 15%, 10%, 5%, or 0%. Suitable assays for measuring
expression of a target gene or target sequence include, e.g., examination of protein or RNA
Jevels using techniques known to those of skill in the art such as dot blots, northern blots, i»
sity hybridization, ELISA, immunoprecipitation, enzyme function, as well as phenotypic
assays known to those of skill in the art.

2%

[0046] By “decrease,” “decreasing,” “reduce,” or “reducing” of an immune response by an

interfering RNA is intended to mean a detectable decrease of an immune response to a given
interfering RNA (e.g., a modified interfering RNA). The amount of decrease of an immune

response by a modified interfering RNA may be determined relative to the level of an
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immune response in the presence of an unmodified interfering RNA. A detectable decrease
can be about 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,
75%, 80%, 85%, 90%, 95%, 100%, or more lower than the immune response detected in the
presence of the unmodified interfering RNA. A decrease in the immune response to
interfering RNA 1s typically measured by a decrease in cytokine production (e.g., IFNy,
IFNo, TNFa, IL-6, IL-8, or IL-12) by a responder cell in vitro or a decrease in cytokine
production in the sera of a mammalian subject after administration of the interfering RNA.
[0047] As used herein, the term “responder cell” refers to a cell, preferably a mammalian
cell, that produces a detectable immune response when contacted with an
immunostimulatory interfering RNA such as an unmodified siRNA. Exemplary responder
cells include, e.g., dendritic cells, macrophages, peripheral blood mononuclear cells
(PBMC:s), splenocytes, and the like. Detectable immune responses include, e.g., production
of cytokines or growth factors such as TNF-a, IFN-a, IFN-3, IFN-y, 1L-1, IL.-2, IL-3, 1L-4,
[L-5, IL-6, IL-8, IL-10, IL-12, IL-13, TGF, and combinations thereof. Detectable immune
responses also include, e.g., induction of interferon-induced protein with tetratricopeptide
repeats 1 (/F117) mRNA.

[0048] ““Substantial identity” refers to a sequence that hybridizes to a reference sequence
under stringent conditions, or to a sequence that has a specified percent identity over a
specified region of a reference sequence.

[0049] The phrase “stringent hybridization conditions” refers to conditions under which a
nucleic acid will hybridize 1o its target sequence, typically in a complex mixture of nucleic
acids, but to no other sequences. Stringent conditions are sequence-dependent and will be
different in different circumstances. Longer sequences hybridize specifically at higher
temperatures. An extensive guide to the hybridization of nucleic acids is found in Tijssen,
Techniques in Biochemistry and Molecular Biology--Hybridization with Nucleic Probes,

“Overview of principles of hybridization and the strategy of nucleic acid assays™ (1993).

Generally, stringent conditions are selected to be about 5-10°C lower than the thermal
melting point (Ty,) for the specific sequence at a defined ionic strength pH. The T, is the
temperature (under defined 1onic strength, pH, and nucleic concentration) at which 50% of
the probes complementary to the target hybridize to the target sequence at equilibrium (as

the target sequences are present 1n excess, at Ty, 50% of the probes are occupied at

equilibrium). Stringent conditions may also be achieved with the addition of destabilizing
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agents such as formamide. For selective or specific hybridization, a positive signal is at least
two times background, preferably 10 times background hybridization.

[0050] Exemplary stringent hybridization conditions can be as follows: 50% formamide,
5x SSC, and 1% SDS, incubating at 429C, or, 5x SSC, 1% SDS, incubating at 65°C, with
wash 1n 0.2x SSC, and 0.1% SDS at 659C. For PCR, a temperature of about 36°C is typical

for low stringency amplification, although annealing temperatures may vary between about
320C and 489C depending on primer length. For high stringency PCR amplification, a
temperature of about 62°C 1s typical, although high stringency annealing temperatures can

range from about 509C to about 65°C, depending on the primer length and specificity.

Typical cycle conditions for both high and low stringency amplifications include a
denaturation phase of 90°C-959C for 30 sec.-2 min., an annealing phase lasting 30 sec.-2

min., and an extension phase of about 720C for 1-2 min. Protocols and guidelines for low
and high stringency amplification reactions are provided, e.g., in Innis ef al., PCR Protocols,
A Guide to Methods and Applications, Academic Press, Inc. N.Y. (1990).

[0051] Nucleic acids that do not hybridize to each other under stringent conditions are still
substantially 1dentical if the polypeptides which they encode are substantially identical. This
occurs, for example, when a copy of a nucleic acid is created using the maximum codon
degeneracy permitted by the genetic code. In such cases, the nucleic acids typically
hybridize under moderately stringent hybridization conditions. Exemplary “moderately

stringent hybridization conditions” include a hybridization in a buffer of 40% formamide, 1

M NaCl, 1% SDS at 379C, and a wash in 1X SSC at 459C. A positive hybridization is at
least twice background. Those of ordinary skill will readily recognize that alternative
hybridization and wash conditions can be utilized to provide conditions of similar
stringency. Additional guidelines for determining hybridization parameters are provided in
numerous references, e.g., Current Protocols in Molecular Biology, Ausubel e al., eds.
[0052] The terms *“substantially identical” or “substantial identity,” in the context of two
or more nucleic acids, refer to two or more sequences or subsequences that are the same or
have a specified percentage of nucleotides that are the same (i.e., at least about 60%,
preferably at least about 65%, 70%, 75%, 80%, 85%, 90%, or 95% identity over a specified
region), when compared and aligned for maximum correspondence over a comparison
window, or designated region as measured using one of the following sequence comparison

algorithms or by manual alignment and visual inspection. This definition, when the context
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indicates, also refers analogously to the complement of a sequence. Preferably, the
substantial identity exists over a region that is at least about 5, 10, 15, 20, 25, 30, 35, 40, 45,
50, 55, or 60 nucleotides in length.

[0053]  For sequence comparison, typically one sequence acts as a reference sequence, to
which test sequences are compared. When using a sequence comparison algorithm, test and
reterence sequences are entered into a computer, subsequence coordinates are designated, if
necessary, and sequence algorithm program parameters are designated. Default pro gram
parameters can be used, or alternative parameters can be designated. The sequence
comparison algorithm then calculates the percent sequence identities for the test sequences
relative to the reference sequence, based on the program parameters.

0054] A “comparison window,” as used herein, includes reference to a segment of any
one of a number of contiguous positions selected from the group consisting of from about 5
to about 60, usually about 10 to about 45, more usually about 15 to about 30, in which a
sequence may be compared to a reference sequence of the same number of contiguous
posttions after the two sequences are optimally aligned. Methods of alignment of sequences
for comparison are well known in the art. Optimal alignment of sequences for comparison
can be conducted, e.g., by the local homology algorithm of Smith and Waterman, Adv. Appl.
Math., 2:482 (1981), by the homology alignment algorithm of Needleman and Wunsch, J.
Mol. Biol., 48:443 (1970), by the search for similarity method of Pearson and Lipman, Proc.
Natl. Acad. Sci. USA, 85:2444 (1988), by computerized implementations of these algorithms
(GAP, BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics Software Package,
Genetics Computer Group, 575 Science Dr., Madison, WI), or by manual alignment and
visual inspection (see, e.g., Current Protocols in Molecular Biology, Ausubel er al., eds.
(1995 supplement)).

[0055] Non-limiting examples of algorithms that are suitable for determining percent
sequence 1dentity and sequence similarity are the BLAST and BLAST 2.0 algorithms, which
are described in Altschul ef al., Nuc. Acids Res., 25:3389-3402 (1977) and Altschul ef al., J
Mol. Biol., 215:403-410 (1990), respectively. BLAST and BLAST 2.0 are used, with the
parameters described herein, to determine percent sequence 1dentity for the nucleic acids of

the invention. Software for performing BLAST analyses is publicly available through the

National Center for Biotechnology Information (http://www.ncbi.nlm.nih.gov/). Another

example 1s a global alignment algorithm for determining percent sequence 1dentiy such as

the Needleman-Wunsch algorithm for aligning protein or nucleotide (e.g., RNA) sequences.
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[0056] The BLAST algorithm also performs a statistical analysis of the similarity between
two sequences (see, e.g., Karlin and Altschul, Proc. Natl. Acad. Sci. USA, 90:5873-5787
(1993)). One measure of similarity provided by the BLAST algorithm 1s the smallest sum
probability (P(N)), which provides an indication of the probability by which a match
between two nucleotide sequences would occur by chance. For example, a nucleic acid 1s
considered similar to a reference sequence if the smallest sum probability in a comparison of
the test nucleic acid to the reference nucleic acid is less than about 0.2, more preferably less
than about 0.01, and most preferably less than about 0.001.

[0057] The term “nucleic acid™ as used herein refers to a polymer containing at least two
deoxyribonucleotides or ribonucleotides in either single- or double-stranded form and
includes DNA, RNA, and hybrids thereof. DNA may be in the form of, e.g., antisense
molecules, plasmid DNA, DNA-DNA duplexes, pre-condensed DNA, PCR products,
vectors (P1, PAC, BAC, YAC, artificial chromosomes), expression cassettes, chimeric
sequences, chromosomal DNA, or derivatives and combinations of these groups. RNA may
be in the form of small interfering RNA (siRNA), Dicer-substrate dsSRNA, small hairpin
RNA (shRNA), asymmetrical interfering RNA (aiRNA), microRNA (miRNA), mRNA,
tRNA, rRNA, tRNA, viral RNA (vRNA), and combinations thereof. Nucleic acids include
nucleic acids containing known nucleotide analogs or modified backbone residues or
linkages, which are synthetic, naturally occurring, and non-naturally occurring, and which
have similar binding properties as the reference nucleic acid. Examples of such analogs
include, without limitation, phosphorothioates, phosphoramidates, methyl phosphonates,
chiral-methyl phosphonates, 2°-O-methyl ribonucleotides, and peptide-nucleic acids (PNAs).
Unless specifically limited, the term encompasses nucleic acids containing known analogues
of natural nucleotides that have similar binding properties as the reference nucleic acid.
Unless otherwise indicated, a particular nucleic acid sequence also implicitly encompasses
conservatively modified variants thereof (e.g., degenerate codon substitutions), alleles,
orthologs, SNPs, and complementary sequences as well as the sequence explicitly indicated.
Specttically, degenerate codon substitutions may be achieved by generating sequences in
which the third position of one or more selected (or all) codons 1s substituted with mixed-
base and/or deoxyinosine residues (Batzer ef al., Nucleic Acid Res., 19:5081 (1991); Ohtsuka
et al., J. Biol. Chem., 260:2605-2608 (1985); Rossolini et al., Mol. Cell. Probes, 8:91-98
(1994)). “Nucleotides” contain a sugar deoxyribose (DNA) or ribose (RNA), a base, and a
phosphate group. Nucleotides are linked together through the phosphate groups. “Bases”
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include purines and pyrimidines, which further include natural compounds adenine, thymine,
guanine, cytosine, uracil, inosine, and natural analogs, and synthetic derivatives of purines
and pyrimidines, which include, but are not limited to, modifications which place new
reactive groups such as, but not limited to, amines, alcohols, thiols, carboxylates, and
alkylhalides.

[0058] The term “gene” refers to a nucleic acid (e.g., DNA or RNA) sequence that
comprises partial length or entire length coding sequences necessary for the production of a
polypeptide or precursor polypeptide (e.g., PLK-1).

[0059] “Gene product,” as used herein, refers to a product of a gene such as an RNA
transcript or a polypeptide.

[0060] The term “lipid” refers to a group of organic compounds that include, but are not
limited to, esters of fatty acids and are characterized by being insoluble in water, but soluble
in many organic solvents. They are usually divided into at least three classes: (1) “simple
lipids,” which include fats and oils as well as waxes; (2) “compound lipids,” which include
phospholipids and glycolipids; and (3) “derived lipids™ such as steroids.

[0061] The term “lipid particle™ includes a lipid formulation that can be used to deliver an
active agent or therapeutic agent, such as a nucleic acid (e.g., an interfering RNA), to a target
site of interest (e.g., cell, tissue, organ, and the like). In preferred embodiments, the lipid
particle of the invention 1s a nucleic acid-lipid particle, which 1s typically formed from a
cationic lipid, a non-cationic lipid, and optionally a conjugated lipid that prevents
aggregation of the particle. In other preferred embodiments, the active agent or therapeutic
agent, such as a nucleic acid, may be encapsulated 1n the lipid portion of the particle, thereby
protecting 1t from enzymatic degradation.

0062] As used herein, the term “SNALP” refers to a stable nucleic acid-lipid particle. A
SNALP represents a particle made from lipids (e.g., a cationic lipid, a non-cationic lipid, and
optionally a conjugated lipid that prevents aggregation of the particle), wherein the nucleic
acid (e.g., an mterfering RNA) is fully encapsulated within the lipid. In certain instances,
SINALP are extremely usetul for systemic applications, as they can exhibit extended
circulation lifetimes following intravenous (i.v.) injection, they can accumulate at distal sites
(e.g., sites physically separated from the administration site), and they can mediate silencing
of target gene expression at these distal sites. The nucleic acid may be complexed with a

condensing agent and encapsulated within a SNALP as set forth in PCT Publication No. WO
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00/03683, the disclosure of which is herein incorporated by reference in its entirety for all
PUrposes.

[0063] The lipid particles of the invention (e.g., SNALP) typically have a mean diameter
of from about 30 nm to about 150 nm, from about 40 nm to about 150 nm, from about 50 nm
to about 150 nm, from about 60 nm to about 130 nm, from about 70 nm to about 110 nm,
from about 70 nm to about 100 nm, from about 80 nm to about 100 nm, from about 90 nm to
about 100 nm, from about 70 to about 90 nm, from about 80 nm to about 90 nm, from about
70 nm to about 80 nm, or about 30 nm, 35 nm, 40 nm, 45 nm, 50 nm, 55 nm, 60 nm, 65 nm,
70 nm, 75 nm, 80 nm, 85 nm, 90 nm, 95 nm, 100 nm, 105 nm, 110 nm, 115 nm, 120 nm, 125
nm, 130 nm, 135 nm, 140 nm, 145 nm, or 150 nm, and are substantially non-toxic. In
addition, nucleic acids, when present in the lipid particles of the present invention, are
resistant in aqueous solution to degradation with a nuclease. Nucleic acid-lipid particles and
their method of preparation are disclosed 1n, e.g., U.S. Patent Publication Nos. 20040142025
and 20070042031, the disclosures of which are herein incorporated by reference in their
entirety for all purposes.

[0064] As used herein, “lipid encapsulated” can refer to a lipid particle that provides an
active agent or therapeutic agent, such as a nucleic acid (e.g., an interfering RINA that targets
PLK-1), with full encapsulation, partial encapsulation, or both. In a preferred embodiment,
the nucleic acid 1s fully encapsulated in the lipid particle (e.g., to form a SNALP or other
nucleic acid-lipid particle).

[0065] The term “lipid conjugate” refers to a conjugated lipid that inhibits aggregation of
lipid particles. Such lipid conjugates include, but are not limited to, PEG-lipid conjugates
such as, e.g., PEG coupled to dialkyloxypropyls (e.g., PEG-DAA conjugates), PEG coupled
to diacylglycerols (e.g., PEG-DAG conjugates), PEG coupled to cholesterol, PEG coupled to
phosphatidylethanolamines, and PEG conjugated to ceramides (see, e.g., U.S. Patent No.
5,885,613), cationic PEG lipids, polyoxazoline (POZ)-lipid conjugates (e.g., POZ-DAA
conjugates; see, e.g., U.S. Provisional Application No. 61/294,828, filed January 13, 2010,
and U.S. Provisional Application No. 61/295, 140, filed January 14, 2010), polyamide
oligomers (e.g., ATTA-lipid conjugates), and mixtures thercof. Additional examples of
POZ-lipid conjugates are described in PCT Publication No. WO 2010/006282. PEG or POZ
can be conjugated directly to the lipid or may be linked to the lipid via a linker moiety. Any
linker moiety suitable for coupling the PEG or the POZ to a lipid can be used including, e.g.,

non-ester containing linker moieties and ester-containing linker moieties. In certain
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preferred embodiments, non-ester containing linker moieties, such as amides or carbamates,
are used. The disclosures of each of the above patent documents are herein incorporated by
reference 1n their entirety for all purposes.

[0066] The term “amphipathic lipid” refers, in part, to any suitable material wherein the
hydrophobic portion of the lipid material orients into a hydrophobic phase, while the
hydrophilic portion ortents toward the aqueous phase. Hydrophilic characteristics derive
from the presence of polar or charged groups such as carbohydrates, phosphate, carboxylic,
sulfato, amino, sulthydryl, nitro, hydroxyl, and other like groups. Hydrophobicity can be
conferred by the inclusion of apolar groups that include, but are not limited to, long-chain
saturated and unsaturated aliphatic hydrocarbon groups and such groups substituted by one
or more aromatic, cycloaliphatic, or heterocyclic group(s). Examples of amphipathic
compounds include, but are not limited to, phospholipids, aminolipids, and sphingolipids.
[0067] Representative examples of phospholipids include, but are not limited to,
phosphatidylcholine, phosphatidylethanolamine, phosphatidylserine, phosphatidylinositol,
phosphatidic acid, palmitoyloleoyl phosphatidylcholine, lysophosphatidylcholine,
lysophosphatidylethanolamine, dipalmitoylphosphatidylcholine,
dioleoylphosphatidylcholine, distearoylphosphatidylcholine, and
dilinoleoylphosphatidylcholine. Other compounds lacking in phosphorus, such as
sphingolipid, glycosphingolipid families, diacylglycerols, and B-acyloxyacids, are also
within the group designated as amphipathic lipids. Additionally, the amphipathic lipids
described above can be mixed with other lipids including triglycerides and sterols.

10068] The term “neutral lipid” refers to any of a number of lipid species that exist either
In an uncharged or neutral zwitterionic form at a selected pH. At physiological pH, such
lipids include, for example, diacylphosphatidylcholine, diacylphosphatidylethanolamine,
ceramide, sphingomyelin, cephalin, cholesterol, cerebrosides, and diacylglycerols.

[0069] The term “non-cationic lipid” refers to any amphipathic lipid as well as any other
neutral lipid or anionic lipid.

[0070] The term “anionic lipid” refers to any lipid that is negatively charged at

physiological pH. These lipids include, but are not limited to, phosphatidylglycerols,

cardiolipins, diacylphosphatidylserines, diacylphosphatidic acids, N-dodecanoyl

phosphatidylethanolamines, N-succinyl phosphatidylethanolamines, N-

glutarylphosphatidylethanolamines, lysylphosphatidylglycerols,
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palmitoyloleyolphosphatidylglycerol (POPG), and other anionic modifying groups joined to
neutral lipids.

[0071]  The term “hydrophobic lipid” refers to compounds having apolar groups that
include, but are not limited to, long-chain saturated and unsaturated aliphatic hydrocarbon
groups and such groups optionally substituted by one or more aromatic, cycloaliphatic, or
heterocyclic group(s). Suitable examples include, but are not limited to, diacylglycerol,
dialkylglycerol, N-N-dialkylamino, 1,2-diacyloxy-3-aminopropane, and 1,2-dialkyl-3-
aminopropane.

[0072]  The term “fusogenic” refers to the ability of a lipid particle, such as a SNALP, to
fuse with the membranes of a cell. The membranes can be either the plasma membrane or
membranes surrounding organelles, e.g., endosome, nucleus, efc.

[0073]  As used herein, the term “aqueous solution” refers to a composition comprising in
whole, or in part, water.

[0074]  As used herein, the term “organic lipid solution” refers to a composition
comprising in whole, or in part, an organic solvent having a lipid.

[00735] “Distal site,” as used herein, refers to a physically separated site, which is not
limited to an adjacent capillary bed, but includes sites broadly distributed throughout an
organism.

|0076] ““Serum-stable” in relation to nucleic acid-lipid particles such as SNALP means that
the particle is not significantly degraded after exposure to a serum or nuclease assay that
would significantly degrade free DNA or RNA. Suitable assays include, for example, a
standard serum assay, a DNAse assay, or an RNAse assay.

[0077] “Systemic delivery,” as used herein, refers to delivery of lipid particles that leads to
a broad biodistribution of an active agent such as an interfering RNA (e.g., siRNA) within an
organism. Some techniques of administration can lead to the systemic delivery of certain
agents, but not others. Systemic delivery means that a useful, preferably therapeutic, amount
of an agent is exposed to most parts of the body. To obtain broad biodistribution generally
requires a blood lifetime such that the agent is not rapidly degraded or cleared (such as by
first pass organs (liver, lung, efc.) or by rapid, nonspecific cell binding) before reaching a
disease site distal to the site of administration. Systemic delivery of lipid particles can be by

any means known in the art including, for example, intravenous, subcutaneous, and
intraperitoneal. In a preferred embodiment, systemic delivery of lipid particles is by

intravenous delivery.
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[0078] “Local delivery,” as used herein, refers to delivery of an active agent such as an
interfering RNA (e.g., siRNA) directly to a target site within an organism. For example, an
agent can be locally delivered by direct injection into a disease site such as a tumor or other
target site such as a site of inflammation or a target organ such as the liver, heart, pancreas,
kidney, and the like.

[0079]  The term “mammal” refers to any mammalian species such as a human, mouse, rat,
dog, cat, hamster, guinea pig, rabbit, livestock, and the like.

[0080] The term “cancer” refers to any member of a class of diseases characterized by the
uncontrolled growth of aberrant cells. The term includes all known cancers and neoplastic
conditions, whether characterized as malignant, benign, soft tissue, or solid, and cancers of
all stages and grades including pre- and post-metastatic cancers. Examples of different types
of cancer include, but are not limited to, liver cancer, lung cancer, colon cancer, rectal
cancer, anal cancer, bile duct cancer, small intestine cancer, stomach (gastric) cancer,
esophageal cancer; gallbladder cancer, pancreatic cancer, appendix cancer, breast cancer,
ovarian cancer; cervical cancer, prostate cancer, renal cancer (e.g., renal cell carcinoma),
cancer of the central nervous system, glioblastoma, skin cancer, lymphomas,
choriocarcinomas, head and neck cancers, osteogenic sarcomas, and blood cancers. Non-
limiting examples of specific types of liver cancer include hepatocellular carcinoma (HCC),
secondary liver cancer (e.g., caused by metastasis of some other non-liver cancer cell type),
and hepatoblastoma. As used herein, a “tumor” comprises one or more cancerous cells.
[0081] The term "polo-like kinase 1," "PLK-1," "polo-like kinase." or "PLK" refers to a
serine/threonine kinase containing two functional domains: (1) a kinase domain: and (2) a
polo-box domain (see, e.g., Barr et al., Nat. Rev. Mol. Cell Biol., 5:429-440) (2004)). The
activity and cellular concentration of PLK-1 are crucial for the precise regulation of cell
division. PLK-1 expression and activity are low throughout the GO, G1, and S phases of the
cell cycle, but begin to rise in G2 and peak during M phase. PLK-1 is essential for mitosis
and cell division and contributes to the following processes: centrosome maturation and the
activation of maturation-promoting factors by Cdc25C and cyclinB1 phosphorylation;
bipolar spindle formation; and DNA damage checkpoint adaptation (DNA damage inhibits
PLK-1 1n G2 and mitosis). PLK-1 is also involved in the activation of components of the
anaphase promoting complex for mitotic exit and cytokinesis. PLK-1 is overexpressed 1n

many cancer types including hepatoma and colon cancer, and PLK-1 expression often

correlates with poor patient prognosis. Overexpression of PLK-1 (wild-type or kinase
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inactive) results in multinucleation (genetic instability). Hyperactive PLK-1 overrides the
DNA damage checkpoint. Constitutive PLK-1 expression causes transformation of NIH 3T3
cells. PLK-1 phosphorylates the p53 tumor suppressor, thereby inhibiting the pro-apoptotic
eftects of p53. Human PLK-1 mRNA sequences are set forth in Genbank Accession Nos.
NM 005030, X73458, BC014846, BC003002, HSU01038, and .19559. A mouse PLK-1
mRNA sequence 1s set forth in Genbank Accession No. NM 011121. PLK-1 is also known
as serine/threonine protein kinase 13 (STPK13).

I1I.  Description of the Embodiments

[0082] The present invention provides novel, serum-stable lipid particles comprising one
or more active agents or therapeutic agents, methods of making the lipid particles, and
methods of delivering and/or administering the lipid particles (e.g., for the treatment of a
disease or disorder).

[0083] In certain embodiments, the active agent or therapeutic agent comprises a nucleic
acid. In some instances, the nucleic acid comprises an interfering RNA molecule such as,
e.g., an siRNA, Dicer-substrate dsSRNA, shRNA, aiRNA, miRNA, or mixtures thereof. In
other instances, the nucleic acid comprises single-stranded or double-stranded DNA, RNA,
or a DNA/RNA hybrid such as, e.g., an antisense oligonucleotide, a ribozyme, a plasmid, an
immunostimulatory oligonucleotide, or mixtures thereof.

[0084] In one aspect, the present invention provides lipid particles comprising: (a) one or
more active agents or therapeutic agents; (b) one or more cationic lipids comprising from
about 50 mol % to about 65 mol % of the total lipid present in the particle; (¢) one or more
non-cationic lipids comprising from about 25 mol % to about 45 mol % of the total lipid
present in the particle; and (d) one or more conjugated lipids that inhibit aggregation of
particles comprising from about 5 mol % to about 10 mol % of the total lipid present in th<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>