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COMPOSITIONS AND METHODS FOR EFFICACIOUS AND
SAFE DELIVERY OF siRNA USING SPECIFIC CHITOSAN-
BASED NANOCOMPLEXES

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority from U.S. provisional patent
application 61/489,306 filed on May 24, 2011 and from U.S. provisional patent
application 61/489,302 filed on May 24, 2011, herewith incorporated in their

entirety.

TECHNICAL FIELD
[0002] The present description relates to a composition and a method for the
efficient delivery of a therapeutic RNAi-inducing nucleic acid using specific

chitosan based nanocomplexes.

BACKGROUND

[0003] Gene silencing by siRNA (short interfering RNA) is a developing field
in biology and has evolved as a novel post-transcriptional gene silencing
strategy with therapeutic potential. Based on the sequencing of the human
genome and the understanding of the molecular causes of diseases, the
possibility of turning off pathogenic genes at will is an appealing approach for
treatment of a wide variety of clinical pathologies, such as diabetes,
atherosclerosis and cancer. With siRNAs, virtually every gene in the human
genome contributing to a disease becomes amenable to regulation, thus
opening opportunities for drug discovery. Whereas locally administered siRNAs
have already entered the first clinical trials, strategies for successful systemic

delivery of siRNA are still in a preclinical stage of development.

Type |l diabetes mellitus

[0004] Type |l diabetes mellitus (T2DM) is a progressive metabolic disorder
with diverse pathologic manifestations and is often associated with lipid
metabolism and glycometabolic disorders (Bell et al.,, 2001, Nature, 414:788-
791). Type Il diabetes is characterized by a resistance to insulin action in
peripheral tissues such as muscle, adipose tissue and liver. It is also

characterized by a progressive failure in the ability of the islet p-cell to secrete
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insulin. The long term effects of diabetes result from its vascular complications;
micro vascular complications, retinopathy, neuropathy and nephropathy. Macro
vascular complications are associated with type Il diabetes as well, and include

cardiovascular and cerebrovascular complications.

[0005] The main classes of anti-diabetic drugs known today are the
following. Biguanides are a class of drugs that help control blood glucose by
inhibiting hepatic glucose production, reducing intestinal absorption and
enhancing peripheral glucose uptake. This class includes metformin, a drug that
lowers both glucose and blood triglycerides level. Sulfonylurea is a class of
drugs that helps in controlling or managing type Il diabetes by stimulating the
release of endogenous insulin from the B-cells of the pancreas. This class
includes: tolbutamide, tolazamide, glisoxepide, glimipeide and glibomuride
among others. Glycosidase inhibitors stimulate the release of insulin from
pancreatic cells thus lowering blood sugar level and include repaglinide and

nateglinide.

[0006] Unfortunately, these treatment modalities, even when combined, are
frequently constrained by safety, tolerability, weight gain, oedema and
gastrointestinal intolerance (Drucker et al., 2010, Nat Rev Drug Discov, 9:267-
268; Nauck et al., 2009, Diabetes Care, 32:84-90; Ng et al., 2010, Prim Care
Diabetes, 4:61-63; Truitt et al., 2010, Curr Med Res Opin, 26:1321-1331; and
Wajcberg and Tavaria, 2009, Expert Opin Pharmacother, 10:135-142). In
addition, as the disease progresses and B-cell function declines, efficacies of
current treatments diminish (Turner et al., 1999, JAMA, 281:2005-2012).

[0007] The discovery of the incretin effect has provided a new avenue of
treatment using a class of therapeutics capable of controlling T2DM with
minimal adverse effects. The incretin effect is mainly mediated by glucagon like
peptide 1 (GLP-1) which regulates postprandial blood glucose level via the
stimulation of insulin secretion. GLP-1 has also indirect effects such as delay of
gastric emptying, promoting satiety through its effect on the central nervous
system, promoting B-cell growth and inhibiting B-cell apoptosis as demonstrated
in animal models (Nauck et al., 2002, J Clin Endocrinol Metab, 87:1239-1246;
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and Creutzfeldt et al., 1996, Diabetes Care, 19:580-586). However, the potential
of GLP-1 in the clinic was hindered due to its rapid degradation by the
ubiquitous serine protease dipeptidyl peptidase IV (DPP-1V). The discovery that
DPP-IV cleaves the His:Ala:Glu sequence at the N-terminal region of GLP-1
permitted the development of DPP-IV resistant GLP-1 analogues and the

development of DPP-IV inhibitors.

[0008] DPP-1V inhibitors are a new class of drugs that inhibit the proteolytic
activity of dipeptidyl peptidase IV. The proteolytic activity of DPP-IV decreases
blood level of glucoregulatory peptides, known as incretins. Inhibition of
dipeptidyl peptidase IV thereby potentiates the action of these incretin, notably
glucagon like peptide 1 (GLP-1). These inhibitors include Sitagliptin, Vildagliptin

and Saxagliptin and are orally administrated once daily.

Atherosclerosis

[0009] Atherosclerosis is a chronic disease caused by the formation of
atherosclerotic plaque in arteries. Atherosclerosis represents a multitude of
cardiovascular diseases such as coronary heart disease, acute coronary
syndrome and angina pectoris (Lloyd-Jones et al., 2010, Circulation, 121:e46-
e215). In the United-States, the predicted economic cost of atherosclerosis for
2010 was US$503 billion, mainly due to direct medical and indirect productivity
costs (Lloyd-Jones et al., 2010, Circulation, 121:948-954). Although causal
factors for atherosclerosis remain unknown, increasing evidence suggest a high
role of dyslipidemia, hyperlipidemia and inflammation in the pathogenesis of this
disease (Hanson et al., 2006, Nat Rev Immunol, 6:508-519; Montecucco and
Mach, 2008, Clin Interv Aging, 3:341-349). Currently, the reduction of morbidity
and mortality due to atherosclerosis and related pathologies - Cardiovascular
Diseases (CVD) - are mainly attributable to the aggressive clinical use of 3-
hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reducatase inhibitors
commonly named statin-based therapies (Vermissen et al., 2008, BMJ,
337:a2423). These therapies reduce low density lipoprotein cholesterol (LDL-C).
Intervention studies have demonstrated reduced risk of CVD morbidity and

mortality when lipid lowering therapies were administered. Additionally, the
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decreased morbidity/mortality and LDL-C lowering demonstrate a log-linear
association (Law et al., 1994, BMJ, 308:367-372).

[0010] An alternative approach to lowering LDL-C, and thus reducing
atherosclerosis, is the inhibition or blocking of very low density lipoprotein
(VLDL) secretion from the liver. This inhibition can be achieved through
apolipoprotein B (ApoB) targeting since ApoB is necessary for VLDL secretion
(Rutledge et al., 2010, Cell Biol, 88:251-267). ApoB is mainly expressed by

hepatocytes and entherocytes in humans.

[0011] In humans, the ApoB gene is located on chromosome 2 (2q) and
spans over 43kb. ApoB mRNA consists of 28 introns and 29 exons and is
characterized by a 16 hour half life (Ludwig et al., 1987, DNA, 6:363-372; Scott,
1989, Curr Opin Cell Biol, 1:1141-1147). The translation of ApoB mRNA yields a
protein with 4,536 amino acids and an apparent molecular weight of 517-
550kDa thus representing one of the largest monomeric proteins. The
importance of ApoB inhibition as an alternative therapy for atherosclerosis and
its associated CVDs resides in the ability of ApoB to physically interact through
its B-sheet domains with lipids such as phospholipids, cholesterol and
cholesteryl esters to form large lipoproteins particles, namely VLDL, in the liver
and cholymicrons in the intestine (reviewed in Rutledge et al., 2010, Biochem
Cell Biol, 88:251-267).

Cancer

[0012] Classical cancer therapy includes the use of one or several
chemotherapeutic drugs. These treatment modalities are associated with
toxicity and severe side effects due to their non-specificity. Another major
problem associated with chemotherapy is the development of chemoresistance
with time. For example, resistance to chemotherapy is one of the major

problems associated with the management of breast cancer.

[0013] Cancer cells employ a plethora of mechanisms to acquire resistance
to one or more chemotherapeutic agent. Major mechanisms of drug resistance

include (1) decreased intracellular uptake of soluble drugs, (2) genetic and
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phenotypic changes in cells that change the capacity of drugs to cause the
desired cell damage and (3) increased efflux of drugs by cell-surface
transporters, leading to multidrug resistance (MDR). In all these cases
resistance to a single chemotherapeutic entity is always associated with a wide-

range drug resistance pattern against other chemotherapeutics.

[0014] One of the most common and studied resistance mechanisms is the
reduction of intracellular drug concentration by transporter proteins that pump
drugs out of cells before they reach the site of action, so that the cells adapt to
low drug concentration without undergoing drug-induced cell death. Most of
these transporters are in the ATP-binding cassette transmembrane protein

super-family.

[0015] In humans, 48 ABC genes (genes in the ATP-binding cassette family)
have been identified to date. In breast cancer, practically all MDR resistance
reported to date were closely related to one of the following: p-glycoprotein (P-
gp), multidrug resistance-related protein (MRP), and breast cancer resistance
protein (BCRP).

[0016] The P-gp is the most common protein involved in ATP-dependent
efflux of drugs in various cancer tissues. The over expression P-gp was
believed for some time to be the only protein capable of conferring MDR in
mammalian tumor cells. In breast cancer, 52% of chemotherapy-treated
patients had their P-gp up regulated due to therapy. The gene encoding P-gp is
termed ABCB1 (mdr1) and is located on chromosome 7 at the position g21.12.
ABCB1 is composed of 28 exons whose product yield a 1.2 kb mRNA. Protein
sequence analysis of P-gp revealed the presence of two extracytoplasmic
domains, each containing 6 putative transmembrane segments, and an ATP-

binding consensus motif.

[0017] Furthermore, one class of interesting enzymes involved in
maintenance of genomic integrity and stability are DNA helicases. These

proteins play important roles in DNA replication, repair, recombination and
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transcription by an ATP dependant mechanism that unwinds duplex genomic

strands allowing the repair machinery access to damaged or mispaired DNA.

[0018] For example, the RecQ family of helicases has been shown to play
an important role in recombination, repair and Holliday junction formation. More
recently, these helicases have been implicated in the process of
posttranscriptional gene silencing (Cogoni and Macino, 1999, Science,
286:2342-2344). In this process, the helicase is required to separate the double
stranded DNA before any hybridization and silencing mechanism could be
initiated. Other roles have been put forward for proteins of this family. For
example, RecQL1 is believed to play a role in nuclear protein transport since it
interacts with both QIP1 and QIP2 proteins which function as nuclear
localization signals as demonstrated in a two hybrid screening (Seki et al., 1997,
234:48-53).

[0019] The RecQ family consists of five members and can be divided into
two groups according to whether they contain an additional carboxy- or amino-
terminus group. Mutations in these genes lead to increased incidence of cancer
as well as other physiologic abnormalities (Karow et al., 2000, Curr Opin Genet
Dev, 10:32-38; Kawabe et al., 2000, Oncogene, 19:4767-4772). Such
abnormalities include Blooms syndrome (BLM), Werner's syndrome (WRN) and
the Rothmund-Thompson syndrome (RecQ4). The human RecQL1 gene was
the first human member of this family to be identified and was shown to have
extensive homology with the E.coli DNA helicase, RecQ, and is located on
chromosome 12p11 (Puranam and Blackshear, 1994, J Biol Chem, 269:29838-
29845; Puranam et al., 1995, Genomics, 26:595-598).

[0020] RecQL1 over expression in cancerous cell lines such as AsPC1,
A549 and LS174T among others is believed to be driven in order to
compensate the high recombination rate in these cancerous cells, thus
preventing apoptosis (Futami et al., 2008, Cancer Sci, 99:71-80). RecQL1 gene
silencing using specific siRNA in these cell lines or in a murine Xenograft model
lead to an increased cancerous cell death and tumor mass reduction (Futami et
al., 2008, Cancer Sci, 99:71-80).
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[0021] Another class of enzymes involved in maintenance of homeostatic
stability and functional integrity are RNA helicases. These enzymes are
characterized by the presence of a centrally located “helicase domain”,
consisting of eight conserved motifs. Based on these motifs, RNA helicases are
classified into families. These conserved motifs are required to perform the NTP
hydrolysis and RNA unwinding functions (Linder et al., 2001, Trends Biochem
Sci., 26:339-341; Tanner and Linder, 2001, Mol Cell, 8:251-262). Another
function that has been associated with RNA helicases is disruption of RNA-
protein interactions (Jankowsky et al., 2001, Science, 291:121-125). These
enzymes are members of molecular complexes that can regulate both their
NTPase and helicase activities (Silverman et al., 2003, Gene, 312:1-16). The
intrinsic characteristics of these helicases play an important role in post
transcriptional events since the modulation of RNA secondary structure
regulates steps such as splicing (Balvay et al., 1993, Bioessays, 15:165-169)
and translation (van der Velden and Thomas, 1999, Int J Biochem Cell Biol,
31:87-106).

[0022] Dysregulation of RNA processing molecules such as RNA helicase
have been implicated in human pathologies and cancer development. Examples
of these helicases implicated in human pathologies include DDX1/5/6/9/10 and
DHX32 among others (Abdelhaleem, 2004, Anticancer Res, 2004, 24:3951-
3953; Abdelhaleem, 2004, Biocim Biophys Acta, 1704:37-46). These helicases
contain a characteristic DEAD box domain and are up-regulated in most
cancers (Abdelhaleem, 2004, Anticancer Res, 2004, 24:3951-3953;
Abdelhaleem, 2004, Biocim Biophys Acta, 1704:37-46).

[0023] There is still a need today to be provided with alternative therapies by
sustaining siRNA delivery in vivo. Particularly, it would be highly desirable to be
provided with an alternative means for treating type Il diabetes mellitus,

atherosclerosis and cancer.

SUMMARY
[0024] One aim of the present description is to provide a composition

comprising chitosan and an RNA-inducing nucleic acid sequence wherein the
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chitosan has a molecular weight (Mn) of 5 kDa to 200kDa, a degree of
deacetylation (DDA) of 80% to 95%, and wherein the chitosan amine to nucleic

acid phosphate ratio (N:P) is below 20.

[0025] Another aim of the present description is to provide a composition as
described herein for the treatment of diabetes mellitus, atherosclerosis or

cancer and/or related conditions in a patient.

[0026] In accordance with the present description there is provided a method
of producing a composition for treating diabetes mellitus, atherosclerosis or or
cancer and/or related conditions comprising admixing chitosan and an RNA-
inducing nucleic acid sequence in an acidic medium, wherein the chitosan has a
molecular weight (Mn) of 5 kDa to 200kDa, a degree of deacetylation (DDA) of
80% to 95%, and wherein the chitosan amine to nucleic acid phosphate ratio
(N:P) is below 20.

[0027] In accordance with the present description, it is also provided the use
of a composition as defined herein for the treatment of diabetes mellitus,
atherosclerosis or cancer and/or related conditions in a patient; or in the
manufacture of a medicament for the treatment of diabetes mellitus,

atherosclerosis or cancer and/or related conditions in a patient.

[0028] One aim of the present description is to provide a composition as
described herein for the treatment of cancer in a patient or the reversal of
chemoresistance or a combination of both. In accordance with the present
description there is provided a method of producing a composition for treating

cancer or sensitizing chemoresistant cancer to classical chemotherapy or both.

[0029] Another aim of the present description is to provide a method of
treating diabetes mellitus, atherosclerosis or cancer and/or related conditions in
a patient comprising administering to the patient an effective amount of a
composition as defined herein, more particularly a compostion comprsing
chitosan and an RNA-inducing nucleic acid sequence, wherein the chitosan has
a molecular weight (Mn) of 5 kDa to 200kDa, a degree of deacetylation (DDA) of
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80% to 95%, and wherein the chitosan amine to nucleic acid phosphate ratio
(N:P) is below 20.

[0030] It is also provided a method for delivering a nucleic acid sequence
into a cell comprising the step of contacting the compositon as described herein

with the cell.

[0031] In an embodiment, the molecular weight of chitosan is 5 to 15 kDa,
the DDA from 90 to 95% and the N:P ratio is from 2 to 10; preferably the
molecular weight of chitosan is 10 kDa, the DDA is 92% and the N:P ratio is 5.

[0032] In a further embodiment, the molecular weight of chitosan is 10 kDa,
40 kDa, 80 kDa, 150 kDa or 200 kDa.

[0033] In another embodiment, the chitosan comprises block distribution of

acetyl groups or a chemical modification.

[0034] In a further embodiment, chitosan has a polydispersity between 1.0
and 7.0.

[0035] In a further embodiment, the RNA-inducing nucleic acid sequence is a
double stranded linear deoxyribonucleic acid sequence between 10 to 50
nucleotides; the RNA-inducing nucleic acid sequence is a double stranded
linear ribonucleic acid sequence between 10 to 50 nucleotides; the RNA-
inducing nucleic acid sequence is a hairpin structure of deoxyribonucleic or
ribonucleic acid sequence; and/or the RNA-inducing nucleic acid sequence is a

short interfering RNA, a short hairpin RNA or an RNAi-inducing vector.

[0036] In another embodiment, the RNAIi-inducing nucleic acid sequence is
chemically modified either on the sugar backbone, phosphate backbone and/or

the nucleotide base ring.

[0037] Preferably, the RNA-inducing nucleic acid sequence targets a gene
involved in the pathogenesis of type Il diabetes, atherosclerosis or cancer; such
as for example a gene involved in tumor development, metastasis or the

induction or acquisition of chemoresistance, a glycoregulating protein or an
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atherogenic protein; such as for example an incretin degrading enzyme; such as
for example dipeptydilpeptidase-IV (DPP-IV); such as for example
Apolipoprotein B (ApoB), Apolipoprotein E (ApoE), Apolipoprotein B 100 (ApoB
100), Apolipoprotein B 48 (ApoB 48), Neutrophil gelatinase-associated lipocalin
(NGAL), Matrix metalloproteinase-9 (MMP-9), or Cholesteryl ester transfer
protein (CETP).

[0038] In another embodiment, the RNAIi-inducing nucleic acid sequence
targets a helicase protein, an RNA helicase, P68, DDX5, DDX32, DDX1, Akt,
PKB, a member of the ABC transporters, MDR1, MRP, a member of the RAS
family of proteins, SRC, HER2, EGFR, Abl, or Raf.

[0039] In another emdodiment, the helicase protein is a member of the RecQ
family of helicases, such as for example RecQL1 DNA helicase. Additionally,

the RNAI-inducing nucleic acid sequence targets MDR1.

[0040] In another embodiment, the diabetes mellitus related conditions are
insulin-dependent diabetes mellitus (type | diabetes), noninsulin-dependent
diabetes mellitus (type Il diabetes), insulin resistance, hyperinsulinemia,
diabetes-induced hypertension, obesity, damage to blood vessels, damage to
eyes, damage to kidneys, damage to nerves, damage to autonomic nervous
system, damage to skin, damage to connective tissue, and damage to immune

system.

[0041] In a further embodiment, the atherosclerosis related conditions are
cardiovascular diseases, such as for example coronary heart diseases, acute

coronary syndromes or angina pectori.

[0042] In another embodiment, the composition reduces ApoB plasma
levels; increases GLP-1 bioavailability; increases the control of glucose
metabolism in the patient; reduces the blood glucose level in the patient;
reduces the cholesterol level in the patient; reduces the low-density lipoprotein

level in the patient; and/or reduces the weight gain in the patient.
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[0043] In a further embodiment, the composition reduces ApoB plasma
levels of at least 35% and LDL/VLDL cholesterol level of at least 20%.

[0044] In another embodiment, the composition is formulated for a
subcutaneous administration, an intramuscular administration, an intravenous
administration, an intradermal administration, intramammary administration, an
intraperitoneal administration, an oral administration or a gastrointestinal

administration.

[0045] In a particular embodiment, the composition is formulated for an

injection at a dose of 1Tmg/kg.

[0046] In another embodiment, the composition described herein can
comprise insulin, a glucosidase inhibitor, a sulfonylurea, a DPP-IV inhibitor or a

hypoglycemic compound.

[0047] The composition described herein can also be formulated for
concurrent administration with a suitable delivery reagent, insulin or a
hypoglycemic compound; such as a delivery agent being Mirus Transit TKO®
lipophilic reagent, lipofectin®, lipofectamine™, cellfectin®, polycations or
liposomes; or such as an hypoglycemic compound being metformin, acarbose,
acetohexamide, glimepiride, tolazamide, glipizide, glyburide, tolbutamide,
chlorpropamide, thiazolidinediones, alpha glucosidase inhibitors, biguanindine
derivatives, troglitazone, or a mixture thereof, such an sulfonylurea being
tolbutanide, tolazamide, glisoxepide, glimipeide or glibomuride; such as a DPP-

IV inhibitor being sitagliptin, vildagliptin or saxagliptin.

[0048] In an embodiment, the cancer is breast cancer, glioma, large
intestinal cancer, lung cancer, small cell lung cancer, stomach cancer, liver
cancer, blood cancer, bone cancer, pancreatic cancer, skin cancer, head or
neck cancer, cutaneous or intraocular melanoma, uterine sarcoma, ovarian
cancer, rectal or colorectal cancer, anal cancer, colon cancer, fallopian tube
carcinoma, endometrial carcinoma, cervical cancer, vulval cancer, squamous
cell carcinoma, vaginal carcinoma, Hodgkin's disease, non-Hodgkin's

lymphoma, esophageal cancer, small intestine cancer, endocrine cancer,
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thyroid cancer, parathyroid cancer, adrenal cancer, soft tissue tumor, urethral
cancer, penile cancer, prostate cancer, chronic or acute leukemia, lymphocytic
lymphoma, bladder cancer, kidney cancer, ureter cancer, renal cell carcinoma,
renal pelvic carcinoma, CNS tumor, glioma, astrocytoma, glioblastoma
multiforme, primary CNS lymphoma, bone marrow tumor, brain stem nerve
gliomas, pituitary adenoma, uveal melanoma, testicular cancer, oral cancer,
pharyngeal cancer, pediatric neoplasms, leukemia, neuroblastoma,

retinoblastoma, glioma, rhabdomyoblastoma or sarcoma.

[0049] In another embodiment, the composition is formulated for concurrent
administration with at least one of a suitable delivery reagent and an anti-cancer

compound.

[0050] The suitable delivery agent can be Mirus Transit TKO® lipophilic

reagent, Lipofectin®, Lipofectamine™, Cellfectin®, polycations or liposomes.

[0051] It is also described that the compositon is formulated for concurrent
administration during a suitable anti-cancer therapy, such as an anti-cancer
therapy being at least one of a surgical procedure, chemotherapy, hormonal

therapy and localization radiation.

[0052] In a preferred embodiment, the composition does not induce liver

toxicity and inflammation when administered.

[0053] The composition described herein can further comprise a transfection
media having a pH varying from 5 to 7.1; can be formulated as a dried powder,

and/or is a particulate suspension in agqueous media.

[0054] In another embodiment, the chitosan is dissolved in hydrochloric acid

prior to admixing with the RNA-inducing nucleic acid sequence.

[0055] Preferably, the chitosan is dissolved in a glucosamine:HCI at a ratio of
1:1.
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[0056] In another embodiment, the admixing of chitosan with the RNA-

inducing nucleic acid sequence produces nanoparticles of spherical shape of

sizes below 200nm, preferably the size of 45 to 156 nm.

[0057] In an embodiment, the cell is a primary cell, a transformed cell or an

immortalized cell.

[0058] In another embodiment, the chitosan is dissolved in hydrochloric acid

prior to admixing with the RNAi-inducing nucleic acid sequence.

[0059] In another embodiment, the Mn of chitosan is 10 kDa, the DDA is of
80% or 92%, and wherein the chitosan amine to nucleic acid phosphate ratio
(N:P)is of 50r10.

BRIEF DESCRIPTION OF THE DRAWINGS
[0060] Reference will now be made to the accompanying drawings.

[0061] Fig. 1A illustrates environmental scanning electron microscopy
(ESEM) images of spherical chitosan/ dsODN nanoparticles and population size
distribution of (A) 92-10-5 chitosan/dsODN-DPP-IV nanoparticles, (B) 80-80-5
chitosan/dsODN-DPP-IVV nanoparticles, (C) 80-10-10 chitosan/dsODN-DPP-IV
nanoparticles, (D) 92-10-5 chitosan/dsODN-ApoB nanoparticles, (E) 80-80-5
chitosan/dsODN-ApoB nanoparticles and (F) 80-10-10 chitosan/dsODN-ApoB
nanoparticles; and Fig. 1B illustrates environmental scanning electron
micrograph (ESEM) images of spherical chitosan/dsODN nanoparticles and
population size distribution: (A) 92-10-5 chitosan/dsODN-RecQL1
nanoparticles, (B) 80-40-5 chitosan/dsODN-RecQL1 nanoparticles, and (C) 80-
10-10 chitosan/dsODN-RecQL1 nanoparticles.

[0062] Fig. 2A illustrates environmental scanning electron microscopy
(ESEM) images of spherical chitosan/siRNA nanoparticles and population size
distribution of (A) 80-10-5 chitosan/siRNA-ApoB nanoparticles, (B) 80-40-5
chitosan/siRNA-ApoB nanoparticles, (C) 92-10-5 chitosan/siRNA-ApoB
nanoparticles and (D) 92-40-5 chitosan/siRNA-ApoB nanoparticles; and Fig. 2B

illustrates environmental scanning electron micrograph (ESEM) images of
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spherical chitosan/siRNA nanoparticles and population size distribution: (A) 80-
10-5 chitosan/siRNA-MDR1 nanoparticles, (B) 80-200-5 chitosan/siRNA-MDR1
nanoparticles, (C) 92-10-5 chitosan/siRNA-MDR1 nanoparticles and (D) 92-150-
5 chitosan/siRNA-MDR1 nanoparticles.

[0063] Fig. 3A illustrates a photographic representation of a polyacrylamide
gel electrophoresis of chitosan/dsODN nanoparticles possessing various N:P
ratios incubated at different pH values and during different time periods.
Chitosan 92-10 complexed with (A) dsODN-DPP-IV and (B) dsODN-ApoB and
incubated for 0.5h, 4h and 20h in pH6.5 (MES) and pH 8 (TAE) is shown; and
Fig. 3B illustrates a polyacrylamide gel electrophoresis of chitosan/dsODN
nanoparticles possessing various N:P ratios incubated at different pH and
during different time periods. Chitosan 92-10 complexed with dsODN-RecQL1
and incubated for 0.5h, 4h and 20h in pH6.5 (MES) and pH 8 (TAE). If
nanoparticles are not stable in the above-mentioned conditions, siRNA

mimicking dsODN are released and migrate in the gel.

[0064] Fig. 4A illustrates histograms of chitosan/siRNA nanoparticle stability
at a pH of 6.5, chitosan formulations at different DDA and MW were complexed
to three different anti-ApoB siRNA sequences (siApoB1, siApoB2 and siApoB3)
at N:P ratios of 5 and 10 and incubated for 20 hours, and following nanoparticle
formation Ribogreen™, an RNA intercalating dye used for nucleic acid
quantitation, was added to each sample to measure the uncomplexed RNA
fraction so that high fluorescence values represent particle disassembly and
instability; Fig. 4B illustrates a histogram demonstrating the influence of MW on
nanoparticle size, chitosan at a DDA of 92% and different MW was complexed
to anti-RecQL1 siRNA at different N:P ratio; Fig. 4C illustrates a histogram
demonstrating the influence of MW on nanoparticle size, chitosan at a DDA of
80% and different MW was complexed to anti-RecQL1 siRNA at different N:P
ratio; Fig .4D illustrates a histogram demonstrating the influence of MW on
nanoparticle size. Chitosan at a DDA of 72% and different MW was complexed
to anti-RecQL1 siRNA at different N:P ratio; and Fig. 4E illustrates a histogram
demonstrating the effect of RecQL1 siRNA concentration on nanoparticle size,

and the effect of salt on nanoparticle size as measured by dynamic light
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scattering, chitosan with a DDA of 92%, a Molecular weight of 10 at an N:P ratio

of 5 was complexed to increasing concentrations of anti-RecQL1 siRNA.

[0065] Fig. 5 illustrates the effect of DDA, MW and N:P ratio on nanoparticle
stability at different pH where low fluorescence indicates particle stability.
Chitosan with various DDA, MW was complexed to anti-MDR1 siRNA at
different N:P ratio to form nanoparticles. The latter were incubated at different

pH and siRNA release was measured using the Ribogreen ™ assay.

[0066] Fig. 6A llustrates results of nuclease protection assays of
chitosan/dsODN nanoparticles, (A) chitosan (92-10-5 or 80-10-10) complexed
with dsODN-DPP-IV, (B) dsODN-DPP-IV remaining after the DNAse | digestion,
(C) chitosan (92-10-5 or 80-10-10) complexed with dsODN-ApoB, (D) dsODN-
ApoB remaining after the DNAse | digestion, all digestions were assessed using
the signal intensity of the treated samples with the control. (i.e. OU DNAse | =
100% intensity); and Fig. 6B illustrates nuclease protection assays results of
chitosan/dsODN nanoparticles: (A) chitosan (92-10-5, 80-40-5 or 80-10-10)
complexed with dsODN-RecQL1, and (B) dsODN-RecQL1 remaining after the
DNAse | digestion, all digestions were assessed using the signal intensity of the

treated samples with the control. (i.e. OU DNAse | = 100% intensity).

[0067] Fig. 7A illustrates histogram representations of the cellular uptake of
dsODN /nanoparticles 24 hours post-transfection in several cell lines: (A)
Chitosan (92-10-5, 80-80-5 or 80-10-10)/5-6FAM labeled dsODN DPP-IV
uptake in HepG2 cell lines; and (B) Chitosan (92-10-5, 80-80-5 or 80-10-10)/5'-
B6FAM labeled dsODN-ApoB uptake in HepG2, HEK293 and RAW264.7 cells,
DharmaFECT® #1 and 4 were used as positive uptake control; and Fig. 7B
illustrates a histogram showing the cellular uptake of dsODN/nanoparticles 24
hours post-transfection in several cell lines, chitosan (92-10-5, 80-40-5 or 80-
10-10)/5-6FAM labeled dsODN RecQL1 uptake in AsPC1, LS174T and A549

cell lines, DharmaFECT™ #1 was used as positive uptake control.

[0068] Fig. 8 illustrates confocal imaging of chitosan/siRNA nanoparticle
uptake 24 hours post-transfection in (A) HepG2, (B) Caco-2 and (C) HT-29 cell
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lines transfected with chitosan/dsODN-DPP-IV nanoparticles, (D) HepG2, (E)
HEK293 and (F) RAW264.7 cell lines transfected with chitosan/dsODN-ApoB
nanoparticles. Chitosan 92-10 (DDA, Mn) was labeled with rhodamine (red) and
dsODN were 5 labeled with 6FAM (green). Chitosan 92-10 was complexed to
siRNA at an N:P ratio of 5. Cell membranes were stained prior to imaging with
CellMask™ (blue), a membrane anchoring amphipatic dye, to differentiate
between internalized and membrane bound nanoparticles. Images shown
represent each separate channel with dsODN in green, chitosan in red,
membrane in blue, transmission DIC in grey and the merged images shown on

the bottom left quadrant.

[0069] Fig. 9 illustrates confocal imaging of chitosan/siRNA nanoparticle
uptake 24 hours post-transfection. LS174T cell lines transfected with
chitosan/siRNA-RecQL1 nanoparticles. Images were taken 24 hours post
transfection. Chitosan 92-10 (DDA, Mn) was labeled with rhodamine (red) and
siRNA were 5’ labeled with 6FAM (green). Chitosan 92-10 was complexed to
siRNA-RecQL1 at an N:P ratio of 5. Cell membranes were stained prior to
imaging with CellMask™ (blue). Images shown represent each separate
channels with siRNA in green, chitosan in red, membrane in blue, transmission

DIC in grey and the merge images shown on the bottom left quadrant.

[0070] Fig. 10 illustrates confocal imaging of chitosan/siRNA nanoparticle
uptake 24 hours post-transfection. MCF-7 MDR cell line transfected with
chitosan/siRNA-MDR1 nanoparticles. Images were taken 24 hours post
transfection. Chitosan 92-10 (DDA, Mn) was labeled with rhodamine (red) and
siRNA were 5’ labeled Cy3 (green). Chitosan 92-10 (A) chitosan 80-10 (B) and
chitosan 80-200 (C) were complexed to siRNA-cy3 at an N:P ratio of 5. Cell
membranes were stained prior to imaging with CellMask™ (blue). Images
shown represent each separate channel with siRNA in green, chitosan in red,
membrane in blue, transmission DIC in grey and the merge images shown on

the bottom left quadrant.

[0071] Fig. 11A illustrates histograms of real-time PCR (qPCR) analysis of

the inhibition DPP-IV and ApoB gene expression in specific cell lines, HepG2
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cells were transfected with: (A) chitosan (92-10-5, 80-80-5 and 80-10-10/siRNA-
DPP-1V); (B) chitosan (92-10-5/siRNA-ApoB) nanoparticles, the inhibition
percentage was obtained by comparing the transfected and non-transfected
cells, using the AACT method; and Fig. 11B illustrates a histogram showing
Real-time PCR (qPCR) analysis of the inhibition RecQL1 gene expression in
specific cell lines, LS174T cells were transfected with chitosan (92-10-5, 80-40-
5 and 80-10-10/siRNA-RecQL1), the inhibition percentage was obtained by

comparing the transfected and non-transfected cells, using the AACT method.

[0072] Fig. 12 illustrates a histogram showing DPP-IV enzymatic activity in
three different DPP-IV expressing cell lines. DPP-1V inhibition percentages were
determined in comparison with siRNA-mock transfected cells. Values are

expressed as mean + s.d.; n=4 /group. *p < 0.05, ** p < 0.01.

[0073] Fig. 13 illustrates a histogram showing effects of chitosan/siRNA
administration on ApoB plasma levels. Protein levels were measured by ELISA,
for each treatment group. Columns and error bars represent the mean protein
level relative to the untreated atherosclerotic group, Da. The group Du is the

normal negative control group fed a normal low fat diet.

[0074] Fig. 14 illustrates a histogram showing the therapeutic lowering of
LDLNLDL cholesterol after chitosan/siRNA administration. LDL/LDL
cholesterol levels were measured by a quantitative colorimetric ELISA kit on
samples taken the day of euthanasia. Columns and error bars represent the
mean cholesterol levels relative to the untreated atherosclerotic group, Da. The

group Dy is the normal negative control group fed with a normal low fat diet.

[0075] Fig. 15 illustrates the reduction of liver cholesterol droplets in
Therapeutic NanoComplex (TNC) treated animal livers. Hematoxylin-eosin
stained paraffin fixed liver sections of (A) C1-1, (B) C2-1, (C) C3-1, (D) C4-1,
(E) C5-1, (F) Da-2 day, (G) Da-3, (H) DB-1 and (I) Du-1 mice demonstrating the
effects of chitosan/siRNA administration in cholesterol accumulation in the liver.

Arrows (—) indicate cholesterol droplet accumulation. The Da group is the
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positive untreated atherosclerotic control while Dy is the normal negative control

fed with a low fat diet.

[0076] Fig. 16 illustrates resorption of inflammation in TNC treated animal
liver. Safranin-Offast-green/iron-hematoxylin stained paraffin fixed liver section
of (A) C1-1, (B) C2-1, (C) C3-1, (D) C4-1, (E) C5-1, (F) Da-2 day, (G) Da-3, (H)
Dp-1 and (I) Dp-1 mice demonstrating the resorption of the inflammatory
reaction related to the chitosan/siRNA administration or atherosclerosis

development. Circles (O) and arrows (—) indicate lymphoid infiltration.

[0077] Fig. 17 illustrates a histogram showing the weekly weight (g)
measurements of all animal groups. All animals were weighed on the first day of
each week, before each chitosan/siRNA administration. Compared to the low fat
normal control Dy, a continual weight gain over 4 weeks was observed for all
animals fed with the high fat diet that was essentially unaffected by NTC
treatment.

[0078] Fig. 18 illustrates a histogram showing the percentage of weight gain
per week. All animals were weighed on the first day of each week, before
chitosan/siRNA administration. Weight gain consists in the relative difference
between the weight of the animal and its recorded weight the previous week [(t,-
1-t)/t n-1)]. This figure show immediate weight gain or loss following the first TNC

administration.

DETAILED DESCRIPTION

[0079] In accordance with the present disclosure, there is provided a novel
and specific composition of a non viral vector for the efficient delivery of RNAI
inducing entities such as short interfering RNAs (siRNAs), short hairpin RNAs
(shRNAs), and RNAi-inducing vectors (i.e., vectors whose presence within a cell
results in production of a siRNA or shRNA) to cells, tissues and organs in
mammals, e.g., human. In particular, the description provides chitosan
compositions with specific average molecular weight (Mn) and degree of
deacetylation (DDA) ranges comprising RNAI inducing entities with specific

chitosan to nucleic acid ratios.



WO 2012/159215 PCT/CA2012/050342

-19 -

[0080] There is thus provided compositions and methods of treating or
preventing diseases or conditions associated with excessive expression or
inappropriate expression of a target transcript; or inappropriate or excessive

activity of a polypeptide encoded by the target transcript.

[0081] The compositions provided herein can be used in order to provide
symptomatic relief, by administering RNAIi inducing entities using the
compositions disclosed herein to a subject at risk of, or, suffering from such a
condition within an appropriate time window prior to, during, or after the onset of

symptoms.

[0082] The compositions and methods may be applied for a variety of
purposes, such as for example, but not limited to, studying the function of the
transcript, studying the effect of different compounds of a cell or organism in the
absence of, or with reduced activity of, the polypeptide encoded by the
transcript. Furthermore, the composition and methods may be applied in clinical
therapy for type Il diabetes and its related pathologies, atherosclerosis and its
related pathologies and cancer. Specifically, the compositions and methods
may be applied for the inhibition of incretin degrading enzymes (DPP-IV) or any
glycoregulating protein in order to treat diabetes, applied for the inhibition of
ApoB gene or any atherogenic protein (i.e ApoE) in order to treat
atherosclerosis, or for down-regulating the expression of RecQL1 DNA helicase
or DDX5 — p68— RNA helicase respectively, but not limited to those, for treating

cancer.

[0083] Particulalry, the present description relates to the use of such nucleic
acids coupled with the compositions described herein as direct treatment of, for
example, helicase over-expressing tumors or as radiosensitizing entities for
palliative medicine. Moreover the composition and methods described herein
can be used in conjunction with any other cancer treatment such as
radiotherapy, surgery, hormonal treatment or conventional chemotherapy. The
present description further provides compositions and methods for the
enhancement of radiotherapy or used in combination with other treatment

modalities.
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[0084] The composition disclosed herein contains an RNAI inducing nucleic
acid and a chitosan that has the following physicochemical properties: N:P ratio
below 25, a chitosan with number average molecular weight (Mn) in the range
of 5 kDa to 200kDa and a degree of deacetylation in the range of 80% DDA to
95% DDA. The present description demonstrate the effectiveness of
composition and methods to effectively transfect different cells line and induce
gene silencing comparable to commercially available lipoplexes, where
transfection efficiency reached 80% at the mRNA level and cell uptake 95% in

some instance, without any apparent cytotoxicity.

[0085] RNA interference (RNAI) is a process by which double-stranded RNA
directs sequence specific degradation of cellular transcripts such as messenger
RNA (Sharp, 2001, Genes Dev, 15:485-490; Vance and Vaucheret, 2001,
Science, 292:2277-2280). This phenomenon was initially discovered in C.
elegans (Fire et al., 1998, Nature, 391:806-811). Naturally occurring RNAI is
mediated by small double stranded fragments between 21-25 nucleotide and
are termed small interfering RNA. These siRNA are generated by a dsRNA-
specific endonuclease, called Dicer by a process cleaving long double stranded
RNA (dsRNA) into a 21 base pair small interfering RNA (siRNA) consisting of a
core region of 19 base pair duplex region flanked by two nucleotide 3'over
hangs (Bernstein et al., 2001, Nature, 409:363-366). siRNA are then
incorporated into the RNA-induced silencing complex (RISC), and direct RISC
to recognize target mMRNA with complementary sequences to the siRNA leading

to the cleavage of the specific transcript.

[0086] Subsequently, RNAIi was quickly recognized as having great potential
in clinical applications since it was discovered that RNAIi can be triggered in
mammalian cells by introducing synthetic 21 nucleotide RNA duplexes (siRNA)
(Elbashir et al., 2001, Nature, 411:494-498), thus bypassing the requirement of

Dicer mediated processing of long dsRNA.

[0087] For example, by targeting and reducing the expression of ApoB, it is
possible to prevent excess formation of VLDL, thus diminishing the

accumulation of these atherogenic agents in the organism (Soutschek et al.,
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2004, Nature, 432:173-178). ApoB targeting at the mRNA level in non-human

primate using sequence specific sSiRNAs demonstrated significant reductions in
ApoB protein, serum cholesterol and low-density lipoprotein levels 24h post-
treatment (Zimmermann et al., 2006, Nature, 441:111-114). The therapeutic
effect of such treatment using lipid based nanoparticles (SNALP-siRNA) lasted
for 11 days at the highest siRNA dose, thus demonstrating an immediate, potent
and lasting biological effect of siRNA treatment. Unfortunately, these lipid-based
vectors produced a high level of liver toxicity as indicated by elevated serum
levels of aspartate aminotransferase (AST) and alanine aminotransferase (ALT)
suggested hepatocyte necrosis (Zimmermann et al., 2006, Nature, 441:111-
114). Thus although these reports demonstrate the importance of ApoB as a
target for atherosclerotic and CVD therapies, they also highlight the current
inadequacies of siRNA delivery systems to attain a safe and efficacious

reduction in systemic ApoB.

[0088] Direct delivery of RNAI in the form of synthetic small interfering RNA
continues to be problematic, suffering from poor cellular targeting and uptake, a
short half life due to intracellular and/or extracellular nuclease degradation (i.e.
RNAse) as well as limited blood stability and toxicity (Stein, 1996, Trends
Biotechnol, 14:147-149; Urban-Klein et al., 2004, Gene Therapy, 1-6; Katas and
Alpar, 2006, J Control Release, 115:216-225). As a consequence, the
translation of RNAI into a clinical therapeutic is still pending resolution of these
issues. RNAIi has been shown to operate in a wide variety of different cell types
when introduced into cells by means such as transfection. However,
transfection efficiency depends on the delivery vehicle carrying the small
interfering RNA molecule. The delivery vehicle, referred to as the vector, should
be able to condense, protect and carry siRNA into target cells. Once in the
vicinity of the target, non-viral vectors should promote cellular uptake, avoid
lysosomal sequestration and release their content in order to achieve the

desired biological effect.

[0089] Chemical modification of synthetic siRNAs has provided resistance to
nuclease degradation and improved blood stability. For example, selective

addition of a phosphorothioate linkage or substitution with 2’-O-methyl on the
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C2 position of specific riboses increases nuclease resistance of siRNAs without
compromising activity (Corey, 2007, J Clin Invest, 117:3615-3622; Whitehead et
al., 2009, Nat Rev Drug Discov, 8:129-138; Judge et al., 2006, Mol Ther,
13:494-505). Nevertheless, some chemical modifications can increase
cytotoxicity and off target effects and reduce mRNA hybridization (Weyermann
et al., 2005, Eur J Pharm Biopharm, 59:431-438; Amarzguioui et al., 2003,
Nucleic Acids Res, 31:589-595). Despite progress achieved through chemical
modification to increase siRNA half life, transfection efficiency, cellular targeting
and uptake remain as obstacles to effective delivery. Therefore, packaging
systems which can both protect and transport chemically unmodified/modified
siRNA to target cells are required. However, transfection efficiency depends on
the delivery vehicle carrying the small interfering RNA molecule. The delivery
vehicle, referred to as the vector, should be able to condense, protect and carry
siRNA into target cells. Once in the vicinity of the target, non-viral vectors
should promote cellular uptake, avoid lysosomal sequestration and release their
content in order to achieve the desired biological effect. Such non-viral vectors
are being tested in vitro and in vivo, demonstrating the potential translation of
siRNA into a clinical reality. Nevertheless, major drawbacks are associated with
such non-viral vectors. Low transfection efficiency, serum stability, aggregation
and toxicity remain as major barriers to be addressed before commercialization
of non-viral vectors as powerful and non-toxic tools for drug delivery in the clinic

becomes a reality. The major classes of non viral vectors are discussed below:

Calcium phosphate

[0090] The major drawback of this vector is limited efficiency and its inability
to protect nucleic acids from nuclease degradation. Despite the improvement of
its ability to protect nucleic acids, its transfection efficiency remains low thus

preventing its effective use in vivo.

Cationic lipids

[0091] Cationic lipids form complexes with nucleic acids via electrostatic

interaction eventually forming multi lamellar lipid-nucleic acid complexes
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(lipoplexes). Liposome formulations usually include a cationic lipid and a neutral
lipid such as DOPE (dioleoylphosphatidylethanolamine). The neutral lipid
contributes to the stability of the liposomic formulation and facilitates membrane
fusion as well as contributing to the lysozomal escape by destabilizing the
endosome. Lipoplexes are one of the most efficient ways of delivering nucleic
acids into cultured cells. Despite their transfection efficiency, lipoplexes are toxic
as observed in cultured cells and confirmed by several in vivo findings. The
toxicity is closely associated with the charge ratio of cationic lipids to nucleic
acid in the complex as well as the administered dose. More biocompatible
formulations are being tested and developed in order to reduce lipoplexes
associated toxicity. Reduction of toxicity is mainly achieved via grafting with

other polymers or reducing the total charge of the cationic polymer.

Cationic polymers

[0092] Cationic polymers form nanoparticles of nanometric size through
interactions between oppositely charged polycation and polyanion species (i.e.
nucleic acids). These nanoparticles encapsulate nucleic acids, consequently
preventing cargo degradation from nucleases (Romoren et al.,, 2003, Int J
Pharm, 261:115-127). A large number of natural and synthetic cationic polymers
have been used as vehicles for gene delivery or silencing. Many of these
nanoparticles using cationic polymers have superior transfection efficiency and
lower serum sensitivity compared to lipoplexes. Among naturally occurring
polycation are proteins such as histones, cationized human serum albumin and

chitosan, an aminopolysaccharide.

[0093] The group of synthetic polycations includes poly-L-Lysine (PLL), poly-
L-Ornithine as well as polyamines such a polyethylenimine (PEI),

polypropylenimine and polyamidoamine dendimers.

[0094] An advantage of polyplexes is that their formation does not require
interaction of multiple polycations, contrary to the need of multiple lipid
components of liposomes which make polyplex macroscopic properties easier

to control. Another major advantage of polycation is their block structure
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therefore allowing direct chemical modification to attain higher efficiency or
specific cell targeting. However, despite these advantages, many cationic
polymers have been found toxic because of high surface charge density since
high charge density nanoparticles appear to be more toxic. Furthermore, it has
been reported that the charge density in the polymer plays a more important
role in cytotoxicity than the total amount of charge. Toxicity may be molecular
weight dependent as well, since the cytotoxicity of PEI increases linearly with
molecular weight. Moreover, accumulation of non degradable polymer such as
PEl in the lysosome, a phenomenon called lysosomal sequestration, may yet be

an additional contributor to toxicity.

[0095] Chitosan is a natural polymer of glucosamine and N-acetyl-
glucosamine monomers linked by B-1, 4 glycosidic bonds derived from alkaline
deacetylation of chitin. Chitosan molecular weight and degree of deacetylation
dictate its biological and physicochemical properties. For example chitosan
biodegradability is affected by the amount and distribution of acetyl groups. The
absence of these groups or their random rather than block distribution results in

very low rate of degradation.

[0096] Chitosan possesses a wide range of beneficial properties including
biocompatibility, biodegradability, mucoadhesive properties,
antimicrobial/antifungal activity and very low toxicity. Therefore, it has attracted
attention of the pharmaceutical and biomedical field and became one of the
most widely used non-viral vectors for nucleic acid packaging and

condensation.

[0097] Several studies have addressed the effect of chitosan molecular
weight and degree of deacetylation (DDA) on uptake of chitosan- plasmid DNA
nanoparticle, nanoparticle trafficking and transfection efficiency on different cell
lines. Huang et al. addressed this subject on A549 cells (2005, J Control
Release, 106:391-406). However this study only used seven formulations
(chitosan of 10,17,48,98 and 213kDa at 88% DDA; 213kDa at 61 and 46%
DDA) to study the effect of average molecular weight (Mn) and DDA on

transfection efficiency of pDNA without addressing the much smaller siRNA that
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is typically 21bp versus thousands of base pairs in plasmids. They found that a
decrease in Mn and DDA produces lower transfection efficiency for plasmids.
However, the relationship between those two parameters is much more
complex and demands a fine balance between chitosan Mn and DDA to achieve
optimal stability. Their inability to draw a complex relationship is due to their
limited number of formulations. Moreover, only one parameter at a time was
varied preventing them to see a coupling effect between Mn and DDA in relation
to the pH of the transfection media and to chitosan-to-DNA ratio (N:P). Another
study addressing this complex relation for plasmid-chitosan polyplexes was
performed by Lavertu et al. (2006, Biomaterials, 27:4815-4824). In their study,
they varied the molecular weight, for several distinct DDA levels and also
examined the chitosan-to-DNA ratio (N/P) and/or the pH of the transfection
media. This study demonstrated that such optimization achieved high
transfection efficiencies equivalent to broadly used commercial liposomes

(Lipofectamine™ and Fugene™) in HEK293 cells.

[0098] The DNA binding capacity/affinity of chitosan increases when its
degree of deacetylation increases to create a higher charge density along the
chain to bind more tightly with pDNA to form nanoparticles (Ma et al., 2009,
Biomacromolecules, 10:1490-1499). Thus chitosan with a very low DDA are
unable to bind DNA efficiently and cannot form physically stable complexes to
transfect cells (Koping-Hoggard et al., 2003, J Gene Med, 5:130-141). As
mentioned hereinabove, DDA also exerts a dominant influence on
biodegradability where high DDAs are difficult to degrade. In this light, a recent
study by Koping-Hoggard et al. (2001, Gene Ther, 8:1108-1121) suggested that
endosomal escape of the high Mn chitosan based complexes depends on
enzymatic degradation of chitosan and would occur less readily with high DDA
chitosans. The resulting degradation fragments are hypothesized to increase
endosome osmolarity and lead to membrane rupture. Thus, for highly
deacetylated chitosan (near 100% DDA), reduced degradability could result in

reduced endosomal escape.

[0099] The influence of chitosan Mn on the ability to bind nucleic acids was

evaluated in several studies. Binding affinity between oppositely charged
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macromolecules is strongly dependant on the valence of each molecule, with a
low valence yielding only weak binding (Danielsen et al., 2004,
Biomacromolecules, 5:928-936). The reduction in chitosan valence for lower
molecular weight with shorter chains has been shown to reduce its affinity to
DNA (Ma et al., 2009, Biomacromolecules, 10:1490-1499). Although a high
level of complex stability is desirable extracellularly for protection against
enzymatic attack, MacLaughlin et al. (1998, J Control Release, 56:259-272)
suggested that a high Mn chitosan can form complexes that are overly stable to
transfect cells since they cannot be disassembled once inside the cell.
Furthermore, Lavertu et al. (2006, Biomaterials, 27:4815-4824) showed that Mn
does not appear to be a dominant factor in cellular uptake but does appear to
play a role in nucleic acid binding affinity and intracellular release. These
interpretations and the need for a finely balanced intermediate stability of
chitosan binding to nucleic acids were further supported by direct assessment of
binding affinity by isothermal titration calorimetry (Ma et al., 2009,
Biomacromolecules, 10:1490-1499) and by live intracellular imaging of polyplex
trafficking and disassembly (Thibault et al., 2010, Mol Ther, 18:1787-1795).

[00100] The amine to phosphate ratio has been found to play an important
role in DNA binding and nanoparticle formation. For example, increasing the
N:P ratio enhances chitosan binding to DNA. For the same DDA, a lower Mn
chitosan requires a higher N:P ratio to completely bind plasmid DNA. Similarly
at equal Mn, a lower DDA requires a higher N:P ratio to completely bind DNA
(Koping-Hoggard, 2003, J Gene Med, 5:130-141; Kiang et al, 2004,
Biomaterials, 25:5293-5301). pH has been shown to play an important role in
transfection efficiency. Lavertu et al. (2006, Biomaterials, 27:4815-4824)
showed that complexes are more stable and an increase in transfection
efficiency is achieved in slightly acidic medium. This can be explained by the
fact that pH reduction increases chitosan protonation and consequently the
positive charge on the polyplex (zeta potential) and the binding affinity of
chitosan to DNA. The combined effect of the chitosan formulation parameters
(DDA, Mn, N:P and pH) was studied for plasmid DNA delivery in vitro by Lavertu
et al. (2006, Biomaterials, 27:4815-4824). They interestingly found that
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maximum transgene expression occurs for DDA: Mn values that run along a
diagonal from high DDA/low Mn to low DDA/high Mn (Lavertu et al., 2006,
Biomaterials, 27:4815-4824). Thus if one increases/decreases DDA, one must

correspondingly decrease/increase Mn to maintain maximal transfection.

[00101] As mentioned above, pH plays an important role in transfection
efficiency. Lavertu et al. (2006, Biomaterials, 27:4815-4824) showed that an
increase in pH displaces the Mn for the most efficient formulation with plasmid
DNA toward higher Mn because of the neutralisation of chitosan at higher pH
resulting in reduced chitosan charge density. On the other hand, for a given
DDA, a change in N:P ratio from 5:1 to 10:1 displaces the Mn for the most
efficient formulation towards lower Mn, probably because of the stabilizing effect
of increasing chitosan concentration. Thus, one can see the importance of these
different formulation parameters on transfection efficiency and in the

development of a more efficient and stable chitosan-DNA formulations.

[00102] The structural differences between pDNA and siRNA are believed to
affect nanoparticle complexation/stability and the optimal parameters required
for effective delivery. Chitosan has been used for siRNA delivery both in vitro
and in vivo (de Fougerolles et al.,, 2007, Nat Rev Drug Discov, 6:443-453;
Howard et al., 2006, Mol Ther, 14:476-484; Katas and Alpar, 2006, J Control
Release, 115:216-225; Zimmermann et al., 2006, Nature, 441:111-114; and Liu
et al., 2007, Biomaterials, 28:1280-1288). However, and despite attempts to
identify optimal physico-chemical parameters for siRNA delivery, inconclusive
results have been observed in the literature due to experimental discrepancies.
For example, nanoparticle formation, stability and protection of the siRNA cargo
was evaluated at pH 7.9; a pH that is unrepresentative of the physiological
milieu. At this pH, chitosan is mainly deprotonated since its apparent pKa is
close to 6.5, and thus unable to efficiently bind the siRNA cargo. Since complex
formation was tested under these conditions, several groups have used high
N:P ratios to compensate for the poor binding of chitosan to siRNA seen at pH
higher than chitosan pKa. The use of these high pH values (i.e 7.9) represents
an important design error and source of experimental discrepancy that led these

investigators to use high N:P ratios to achieve nanoparticle complexation,
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stability and cargo protection. Unfortunately, the excess chitosan may
competitively affect transfection efficiency, create multiple non-specific effects

and increase toxicity leading to incorrect conclusions.

[00103] For example, it was reported that intermediate DDA (80%) and high
Mn (64-170 kDa) were apparently more efficient than low molecular weight
chitosan (10kDa) in delivering siRNA (Katas et al., 2006, J Control Release,
115:216-225; and Liu et al., 2007, Biomaterials, 28:1280-1288). However, these
high molecular weight chitosans were found to be toxic (Howard et al., 2006,
Mol Ther, 14:476-484; and Richardson et al., 1999, Int J Pharm, 178:231-243).
Additionally, all previous reports evaluating complex formation, other physico-
chemical characteristics and transfection efficiency of chitosan/siRNA
nanoparticles uniformly concluded that formulations were efficient only at very
high N:P ratios (N:P >25) (Howard et al., 2006, Mol Ther, 14:476-484; Katas et
al., 2006, J Control Release, 115:216-225; Liu et al., 2007, Biomaterials,
28:1280-1288). These reports did not recognize that a large portion of the
excess chitosan is actually soluble and not a structural component of the
nanoparticle (Ma et al., 2010, Biomacromolecules, 11:549-554). Such
formulations with very high N:P ratios (N:P >25) display significant practical
problems including limited dosing due to aggregation and non-specific toxic

effects of large quantities of soluble chitosan.

[00104] The use here of appropriate pH conditions near chitosan pKa as well
as near the physiological pH to asses nanoparticle physicochemical
characteristics revealed that such high N:P were not required to form efficient
nanoparticle delivery vehicles, as demonstrated in the present disclosure (Fig.
3).

[00105] Chitosan was used to deliver pharmacologically active compounds
through different administrational routes including intranasal, oral, intra-
peritoneal, and intramuscular routes. Chitosan/Insulin was administered through
intranasal routes in rat and sheep. These formulation involved the use of a
water soluble chitosan of molecular weight of 10kDa or greater, with no

specification on degree of deacetylation (lllum, 1996, Danbiosyst UK Limited,
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United States, vol. 5554388; 1998, Danbiosyst UK Limited, United States, vol.
5744166).

[00106] Chitosan has also been used as adjuvant for the immunization of
mice through an intranasal route with soluble formulations (US patent
application publication no. 2003/0039665). These formulations involved
chitosan glutamate with a Mn ranging between 10-500kDa with a degree of

deacetylation between 50-90%.

[00107] Chitosan has also been used to deliver nucleic acids varying from
plasmid DNA to siRNA in vitro and in vivo as well. More than 40 examples of in
vivo studies using siRNA with various delivery vehicles have been reported (de
Fougerolles et al., 2007, Nat Rev Drug Discov, 6:443-453) to treat ocular
(Nakamura et al., 2004, Mol Vis, 10:703-711) and pulmonary targets (Howard et
al., 2006, Mol Ther, 14:476-484), or directed towards the nervous system
(Kumar et al., 2006, Plos Medicine, 3:505-514), liver (Soutschek et al., 2004,
Nature, 432:173-178), tumors (Grzelinski et al., 2006, Hum Gen Ther, 17:751-
766) and other organs by local or systemic delivery. In one example,
chitosan/siRNA nanoparticles mediated TNF-a knockdown in peritoneal
macrophages for anti-inflammatory treatment in an arthritis murine model
(Howard et al., 2006, Mol Ther, 14:476-484).

[00108] Several studies have examined the ability of chitosan to deliver siRNA
in vitro and in vivo. Katas et al. (2006, J Control Release, 115:216-225), used
two different forms of chitosan salts (CS-HCI and CS-Glutamate) with a DDA of
84% to study the influence of chitosan parameters on transfection efficiency.
Four different high molecular weight chitosans were used (470kDa, 270kDa,
160kDa and 110kDa) and they found that increasing chitosan concentration
from 25ug/ml (1.25:1) to 300pg/ml (15:1) increased nanoparticle size from
approximately 150 nm to 450 nm (Katas et al., 2006, J Control Release,
115:216-225).

[00109] Moreover, it was shown in their study that chitosan-glutamate yielded

smaller nanoparticles than chitosan-HCI. Katas et al. (2006, J Control Release,
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115:216-225) found —under their experimental conditions- that complete binding
of siRNA to chitosan occurred only at an N:P ratio of 100:1 and above,
conditions of extreme excess of chitosan where most likely >95% of the
chitosan is soluble and not complexed to siRNA (Ma et al., 2010,
Biomacromolecules, 11:549-554). This large quantity of excess moderate DDA
(84%) chitosan is expected to cause sustained inflammation in vivo and to
increase adverse immunological responses (Jean et al., 2009, Gene Ther,
16:1097-1110). In their study, chitosan glutamate with a molecular weight of 470
kDa showed the highest gene silencing effect at 24 h post-transfection in vitro
compared to its lower molecular weight or chitosan hydrochloride (Katas et al.,
2006, J Control Release, 115:216-225). lonic gelation of chitosan glutamate
with an average molecular mass of 470kDa showed a higher silencing efficiency
(82% MRNA knockdown) than chitosan—siRNA nanoparticles formed by simple
complexation (51% mRNA knockdown) (Katas et al., 2006, J Control Release,
115:216-225).

[00110] Another group led by Howard et al. (2006, Mol Ther, 14:476-484),
delivered chitosan-siRNA nanoparticles in a transgenic EGFP mouse model via
the intranasal route of administration. For their study, they used chitosan at 84%
DDA and 114kDa at four different N:P ratios (N:P 6, 33, 71 and 285). Higher
N:P ratios resulted in smaller nanoparticles (N:P 6 = 223.6 nm vs N:P 33 =
181.6 nm) at low chitosan concentration of 250ug/ml (Howard et al., 2006, Mol
Ther, 14:.476-484). The same pattern was observed at higher chitosan
concentration (1mg/ml) where chitosan nanoparticles with a DDA of 84%, Mn of
114 and an N:P ratio of 33 had an average diameter of 328 nm compared to
139 nm for the formulation 84-114-285 (Howard et al., 2006, Mol Ther, 14:476-
484).

[00111] Their preliminary in vitro study showed that nanoparticle size depends
on the N:P ratio and increases in the size at lower N:P ratios, suggesting high
N:P ratios to be required. This finding is in contradiction to the findings
presented herein, where it is demonstrated below the critical role of pH when
evaluating chitosan-siRNA complexation and stability. Based on their findings,

cell uptake and silencing efficiency were measured at the high N:P ratios of 36
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and 57 respectively in NIH 3T3 and H1299 cell lines. Chitosan formulations at
the high N:P ratio of 36 was used to study the silencing efficiency of EGFP
stable cell lines. Silencing efficiency was 77.9% and 86.9% in H1299 and
primary peritoneal mouse macrophage, respectively. The in vivo silencing
efficiency of the chitosan formulation 84-114 at N:P 36 achieved 43% silencing
efficiency in EGFP transgenic mouse model following a 30ug siRNA
injection/day for five days compared to untreated controls (Howard et al., 2006,
Mol Ther, 14:476-484).

[00112] In another in vivo study by Howard et al. (2009, Mol Ther, 17:162-
168), a 27 base-pair siRNA targeting TNF-a mRNA was complexed to chitosan
84-114 at the N:P ratio of 63 and injected in a collagen induced arthritis (CIA)
mouse model. Their formulation achieved 43% silencing as measured by TNF-a

plasma levels.

[00113] Ji et al. (2009, Nanotechnology, 20:405103) suggested that 190kDa
and 310kDa chitosans at DDA ranging from 75% to 85% are suitable delivery
vehicles for siRNA. Similarly to the above studies, Ji et al. used chitosan
formulations at a high N:P ratio of 50 for knockdown experiments of the FHL2

oncogene in Lovo cells. Their formulations achieved 69% of mRNA knockdown.

[00114] In an attempt to identify optimal parameters for chitosan delivery of
siRNA, Liu et al. (2007, Biomaterials, 28:1280-1288), tested a range of chitosan
with different DDA, Mn and N:P ratios and stated that N:P ratio > 25 are needed
for efficient silencing. They also found that low molecular weight chitosan-siRNA
(10kDa) formulations prepared at N:P 50 showed no knockdown of endogenous
EGFP in H1299 human lung carcinoma cells, whereas chitosan formulations
prepared with higher Mn (64.8—170 kDa) at DDA of 80% showed greater gene
silencing ranging between 45% and 65%. The highest gene silencing efficiency
(80%) was achieved using chitosan/siRNA nanoparticles at the extreme N:P
150 with Mn of 114 and 170 kDa respectively and DDA of 84% that correlated
with their assessments of stable formation of nanoparticles with a diameter of
approximately 200 nm. Additionally, Liu et al. (2007, Biomaterials, 28:1280-
1288) found that a 95% DDA and 9kDa chitosan complexed to anti-EGFP
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siRNA at N:P ratio of 50 had an undesirable large size of 3500 nm as measured
by dynamic light scattering (DLS). Furthermore, they stated that this specific
formulation did not form complexes with siRNA at N:P ratio as high as 50
according to their gel retardation assays for stability testing conducted at the
basic pH of 7.9 that was shown here to produce artifactual particle disassembly.
In addition, this specific formulation showed no EGFP knockdown when

compared to the negative untreated control.

[00115] The above results found by others are in contrast to the novel findings
presented herein where it is demonstrated that chitosan-siRNA nanoparticles
can be formed at moderate to low N:P ratios (below 25 and preferably 5) using
chitosan with a range of molecular weights (5 to 200kDa) at DDAs between of
80% and 95% and these nanoparticles achieve high levels of gene silencing,

good stability and small size ranges compared to previously reported systems.

[00116] Chitosan coated poly(isohexyl cynoacrylate) (PIHCA) nanoparticles
have also been used to deliver intravenously anti-RhoA siRNAs entities in a
xenografted aggressive breast cancer model (Pille et al., 2006, Hum Gen Ther,
17:1019-1026). Administration of chitosan-coated-PIHCA-anti-RhoA siRNA
nanoparticles significantly reduced cancer aggressivity in vivo by knockdown of
over-expressed RhoA in the cancer cells. Zhang et al. studied Nanogene 042, a
chitosan derived formulation, for de novo expression of siRNA targeting the NS1
protein in lung tissues for the prevention and treatment of Respiratory Syncitial
Virus (RSV) infections in a Balb/c model (Zhang et al., 2005, Nat Med, 11:56-
62). Zhang et al. used shRNA based plasmids and observed an efficient
silencing of the NS1 gene and an attenuation of RSV infection coupled with a
lowered viral titer load in vivo. Nanogene 042 showed higher transfection
efficiency and induced less inflammation compared to classical high MW
chitosan (Zhang et al.,, 2005, Nat Med, 11:56-62). However, the molecular

weight of Nanogene 042 is not disclosed in the stated reference.

[00117] For the purpose of the present description, the C57BL/6
(C57BL/6NCrl) mouse model is used for enabling different embodiments. The

C57BL/6 mouse model was developed by Charles River and Research Diets.
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The C57BL/6 mouse model can become obese when fed a fat rich diet
(D12492) with an apparent weight gain two weeks following with a fat rich diet
compared to lean control. The C57BL/6 mouse model is used in multipurpose
studies and hyperlipidemia research to study the level of LDL cholesterol in
circulation during a high-fat diet (Soutschek et al., 2004, Nature, 432:173-178;
Crooke et al.,, 2005, J Lipid Res, 46:872-884; Bose et al.,, 2008, J Nutr,
138:1677-1683). The fat rich diet (D12492) is equivalent to six times more fat
than the control diet D12450B which contains only 10kcal% fat. In addition, the
fat rich diet D12492 contains 300.8 (mg)/kg of cholesterol compared to 18
(mQ@)/kg for the control diet D12450B. Thereby, the feeding with such a high fat
chow creates instability in the accumulation of LDL in arteries versus its
elimination in the liver, driving the development of atherosclerosis in the
C57BL/6 mouse model.

[00118] It has been found as described herein below that the compositions
described herein are effective gene transfer vectors when combined with siRNA
achieving in vitro transfection efficiencies similar to the commercial liposome
DharmaFECT™. Moreover, the compositions not only achieved comparable
efficiency in delivering siRNA into cells and similar silencing as DharmaFECT™,

but with lower toxicity.

[00119] Uptake efficiency using chitosan/dsODN nanoparticles achieved
levels comparable to or higher than the commercially used lipoplex
(DharmaFECT™) with similar relative variation between cells type (Fig. 7A and
7B). Furthermore, these results are in accordance with confocal microscopy
data (Fig. 8), described below, where images show a cellular distribution of
chitosan and dsODN for all cell lines indicating a qualitative correlation to the
FACS quantitative data. It is demonstrated herein the capability of the
formulations described to transfect and efficiently deliver different siRNA into

multiple cell lines (see for example Figs. 7A and 8).

[00120] Results disclosed herein clearly reveal the effectiveness of the
described chitosan-based formulations to efficiently deliver siRNA and knock

down specific genes at N:P ratios far below those used previously in the art. In
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general, all of the low N:P ratio chitosan formulations used herein reached high

level of gene silencing.

[00121] The results show nanoparticles of spherical shape (Figs. 1 and 2) with
mean diameters ranging between 45-156 nm (Table 2) depending on the
chitosan formulation (80-10-5, 80-40-5, 92-10-5, 92-40-5, 80-10-10, 80-80-5,
92-150-5 and 80-200-5) used and the extent of chemical modification of the
siRNA. No statistical differences in nanoparticle size were observed between
dsODN and un-modified siRNA-ApoB (Seq1, SEQ ID NO:5) and moderately
modified siRNA-ApoB complexed to chitosan (Seq2, SEQ ID NO:6 and SEQ ID
NO:7). Whereas, fully modified siRNA sequence yielded larger nanoparticles

when complexed to the different chitosans.

[00122] Results obtained with specific formulations described herein are
consistent with dynamic light scattering results obtained (Table 2), thereby
indicating the robustness of the composition and method described herein.
Furthermore, the nanoparticles formed yield reproducible sizes below 200 nm
allowing for avoidance of renal clearance thus improving in vivo transfection

efficiency and increasing circulating nanoparticles half-life.

[00123] Chitosan/siRNA stability was evaluated using the Ribogreen assay™,
a fluorescence based assay, to quantitate the released siRNA following
complex destabilization. The results show that chitosan/siRNA nanoparticle with
an N:P ratio of 5 and 10 were stable for up to 20 hours at pH 6.5. Chitosan 80-
10-5 showed the least stability when compared to other formulations. Increasing
the N:P ratio for chitosan 80-10 resulted in an improvement of nanoparticle
stability. Except for chitosan 80-10, increasing the N:P ratio above five did not

result in an increase of nanoparticle stability (see for example Fig. 4A).

[00124] It is demonstrated that the formulations described herein can achieve
levels of gene silencing comparable to the commercial liposome
DharmaFECT™ without any apparent cytotoxicity. The results disclosed herein
clearly reveal the effectiveness of the described chitosan-based formulations to

efficiently deliver siRNA and knock down specific genes at N:P ratios (N:P=5)
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far below those used previously by others (N:P > 20) (see for example Fig. 11A
and 11B). In general, all of our low N:P ratio chitosan formulations reached high
levels of gene silencing supporting the FACS data (see for example Fig. 7A and
7B). A tendency for the low molecular weight (10 kDa) and high DDA (92%)
chitosan to be most efficient (Figs. 11 and 12) and smaller (Fig. 4B) was found

suggesting a particularly optimal formulation at NP ratio 5.

[00125] It has also described that the composition described herein for the
treatment of atherosclerosis reduced Jin vivo ApoB plasma levels by
approximately 30% compared to the positive untreated control (called Da
below) (Fig. 13). It is also demonstrated that such a reduction resulted in ApoB
serum levels similar to those of the non-atherosclerotic animal group negative
control, and is thus in the therapeutic range. It is also demonstrated in the
present description that the composition described herein for the treatment of
atherosclerosis produced a 20% reduction in LDL-cholesterol without any
apparent toxicity (Fig. 14). It is also demonstrated that chitosan based
therapeutic nanocomplexes containing siRNA (TNCs) did not result in any liver

toxicity as demonstrated by normal ALT/AST levels in serum.

[00126] It is further demonstrated that TNC treatment had a therapeutic effect
on cholesterol accumulation in the liver three weeks post injection, where
cholesterol accumulation in TNC treated animal liver was significantly reduced
(Fig. 15). Similarly, chitosan based TNCs induced transient immune cell
infiltration into the liver which resorbed rapidly without toxicity as demonstrated
in another embodiment herein (Fig. 16). The lack of liver toxicity and the rapid
resorption of immune cell infiltration indicated the possibility of increasing the

injected dose to achieve yet higher ApoB and LDL-C plasma reduction.

[00127] Furthermore, it is described that naked siRNA without chitosan
targeting ApoB induced an intense inflammatory response thus limiting their
dosing and potential for therapeutic use in an uncomplexed form. The lack of
toxicity/inflammation in TNCs treated animal at a tested dose of 1mg/kg anti-
ApoB siRNA coupled with their ability to reduce ApoB plasma levels by 35%

indicates their importance and potential use in a dose response study to
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determine the maximal tolerated dose (MTD) and achieve higher ApoB plasma

reduction.

[00128] It is demonstrated that TNC-treated animals had reduced ApoB
plasma levels for at least 8 weeks following the third and last injection.
Reductions in ApoB plasma levels for low N:P chitosan-based TNCs were
maintained for more than seven weeks after the last injection in the C1 animal
group (Figs. 13 and 16) without any apparent inflammation or liver toxicity.
These results indicate a particularly promising longevity of TNC treatment and

effective controlled release properties.

[00129] It is thus disclosed herein that low N:P chitosan ApoB siRNA TNCs
described herein, achieved a ~35% reduction of ApoB plasma levels and a
~20% reduction in LDL/VLDL cholesterol reduction at a 1mg/kg injected dose
(Figs. 13 and 14). These results suggest an effective therapeutic result has
been obtained since previously claimed successful results published using
liposomal delivery systems for ApoBsiRNA required higher doses to achieve
similar or higher ApoB/LDL-VLDL cholesterol reduction and these doses were
associated with liver toxicity and increased ALT and AST levels (Zimmermann
et al., 2006, Nature, 111-114; Soutschek et al., 2004, Nature 432:173-178). For
example, the use of 5mg kg™ of siRNA coupled with a lipid formulation (SNALP)
achieved a 73% reduction in ApoB plasma levels (Zimmermann et al., 2006,
Nature, 111-114); this fivefold higher injected concentration achieved 2.5 fold
higher ApoB plasma reduction compared to the results of the present invention.
Furthermore, the use of siRNA targeting ApoB in LdIr -/+, Cetp -/+ mice model
using a second generation lipid LNP-OCD (LNP201) developed by Merck Inc.
showed an approximately 70% reduction in LDL at 3mg kg™ (Tadin-Strapps et
al., 2011, J lipid Res, 52:1084-1097). Additionally, 50 mg kg' of naked
cholesterol modified siRNA were required to achieve 68% and 31% reduction in
ApoB plasma level depending on the siRNA sequence used (Soutschek et al.,
2004, Nature, 173-178). Additionally these studies were performed in normal
C57BL/6 mice fed with regular chow (lean control) on the contrary to enclosed
study where C57BL/6 mice groups were fed high fat diet to simulate

atherosclerosis until the completion of the study.
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[00130] Furthermore, intraperitoneal administration of anti-ApoB antisense
oligonucleotiode (AOS) ISIS-147764, currently in phase Il clinical trial, required
at least 25mg kg™ administered twice weekly to C57BL/6 feed with high fat in
order to achieve a 55% in ApoB plasma reduction level after six to eight week of
treatment. Additionally, Crooke et al. reported a plasma cholesterol return to
normal following 50 mg kg™ administration twice per week for six to eight weeks
(Crooke et al., 2005, J Lipid Res, 46:872-884). The effect of ISIS-147764 on
cholesterol plasma reduction was observed on the fourth week of treatment (50

mg kg™ twice/week).

[00131] The compositions and methods described herein demonstrate clearly
the efficiency of ApoB reduction using relatively low doses (1mg kg™') when
compared to prior art. Additionally, it becomes clear in the present description
that increasing dose using the present disclosure and disclosed TNCs will lead
to an enhanced ApoB and LDL/VLDL-C plasma reduction since ApoB reduction
has been always shown to be dose-dependent (Zimmermann et al., 2006,
Nature, 441:111-114; Soutschek et al., 2004, Nature, 432:173-178; Crooke et
al., 2005, J Lipid Res, 46:872-884; and Crooke, 2005, Expert Opin Biol Ther,
5:907-917).

[00132] The present description provides methods for treatment of diabetes
mellitus and related conditions and symptoms. Such diabetes mellitus and
related conditions include insulin-dependent diabetes mellitus (type | diabetes),
noninsulin-dependent diabetes mellitus (type Il diabetes), insulin resistance,
hyperinsulinemia, and diabetes-induced hypertension. Other diabetes-related
conditions include obesity and damage to blood vessels, eyes, kidneys, nerves,
autonomic nervous system, skin, connective tissue, and immune system. The
composition described herein can be used either alone or in combination with

insulin and/or hypoglycemic compounds.

[00133] The present description provides methods for treatment of cancer.
Such cancer include breast cancer, glioma, large intestinal cancer, lung cancer,
small cell lung cancer, stomach cancer, liver cancer, blood cancer, bone cancer,

pancreatic cancer, skin cancer, head or neck cancer, cutaneous or intraocular
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melanoma, uterine sarcoma, ovarian cancer, rectal or colorectal cancer, anal
cancer, colon cancer, fallopian tube carcinoma, endometrial carcinoma, cervical
cancer, vulval cancer, squamous cell carcinoma, vaginal carcinoma, Hodgkin's
disease, non-Hodgkin’s lymphoma, esophageal cancer, small intestine cancer,
endocrine cancer, thyroid cancer, parathyroid cancer, adrenal cancer, soft
tissue tumor, urethral cancer, penile cancer, prostate cancer, chronic or acute
leukemia, lymphocytic lymphoma, bladder cancer, kidney cancer, ureter cancer,
renal cell carcinoma, renal pelvic carcinoma, CNS tumor, glioma, astrocytoma,
glioblastoma multiforme, primary CNS lymphoma, bone marrow tumor, brain
stem nerve gliomas, pituitary adenoma, uveal melanoma, testicular cancer, oral
cancer, pharyngeal cancer, pediatric neoplasms, leukemia, neuroblastoma,

retinoblastoma, glioma, rhabdomyoblastoma and sarcoma.

[00134] One approach to circumvent MDR is the use of P-gp modulators or
reversal agents compounds that inhibit the transport activity of P-gp. However,
their pharmacokinetic interaction with chemotherapeutics and toxicities limit
their usage in clinics. Alternatively, the expression of P-gp can be inhibited by
RNA interference (RNAI). Unlike chemical regulators, this technology may
provide a more specific approach to dowregulation of P-gp and resistance

reversal.

[00135] Various studies using siRNA or shRNA have demonstrated the
potential use of RNAI to overcome multidrug resistance phenotype. The first
studies showing the proof of principle of RNAiI mediated reversal of resistance
by p-gp inhibition were published in 2003 (Nieth et al., 2003, FEBS letters
545(2-3):144-150) and (Wu et al., 2003, Cancer research 63(7):1515. Both
studies used a transient approach with siRNA to modulate multidrug resistant
phenotype in different cell models. Using 200 nM of siRNA, Hao et al. were able
to suppress p-gp levels by 65% in MCF-7/ADR and A2780 Dx5, to highly
resistant MDR cell lines. Furthermore, they showed that MDR1 targeted siRNA
reversed resistance to p-gp transportable drugs (Doxorubicin) but did not affect
the sensitivity to hydroxyurea a non P-gp substrate. These data suggest that
silencing of P-gp expression mediated by siRNA is specific. However, the most

pronounced transient MDR reversal of nearly 90% was achieved in the



WO 2012/159215 PCT/CA2012/050342

-39 -

pancreatic carcinoma derived cell line (EPP85-181RDB) and gastric carcinoma
cell (EPG 85-257RDB) despite the use of smaller concentration of siRNA
(100nM) (Nieth et al., 2003, FEBS letters 545(2-3):144-150. Recently, Dénmez
et al. (2011, Biomedicine and Pharmacotherapy 65(2):85-89) revealed 89% in
gene silencing activity of MDR1 in doxorubicin-resistant MCF-7 cell although the
concentration was lower as 20 nM. These data indicate that the efficacy of RNAI

may be siRNA sequence-dependent as well as cell line-dependent.

[00136] In addition to siRNA, stable antiMDR1/P-gp shRNA expression
vectors were used to modulate the MDR phenotype. In one study, shRNA
expression had similar efficiency compared to siRNA to down regulate
MDR1/P-gp in the paclitaxel-resistant SKOV-3TR and OVCARS8TR ovarian
cancer cell lines (Duan et al., 2004, Molecular cancer therapeutics 3(7):833).
Furthermore, Stege et al. (2004, Cancer gene therapy 11(11):699-706) reported
a complete reversal of P-gp expression by introducing a shRNA-expressing
vector (psiRNA/MDR-A) into an extremely high drug-resistant human gastric
carcinoma cell line EPG85-257RDB. Similarly, Yaglie et al. (2004, Gene
therapy 11(14):1170-1174) observed a complete reversal of doxorubicin
resistance in K562 leukaemic cells by introducing the shRNA-expressing vector
pSUPER. Using the same approach, Shi et al. (2006, Cancer biology & therapy
5(1):39-47) showed also a stable downregulation of MDR1/P-gp gene
expression and function induced by endogenous expression of shRNA which
expressed a novel containing MDR1-siRNA expression cassette and EGFP

expression gene in human epidermoid carcinoma cell lines (KBv200).

[00137] In all of the above mentioned studies, Lipofectamine 2000 (Li et al.,
2006, European journal of pharmacology, 536(1):93-97) and (Dénmez, Y. and
U. Goindldz, 2011, Biomedicine & Pharmacotherapy 65(2):85-89) and
oligofectamine (Nieth et al., 2003, FEBS letters 545(2-3):144-150; Wu et al.,
2003, Cancer research 63(7):1515; Stierle et al, 2005, Biochemical
pharmacology 70(10):1424-1430; and Stierle et al., 2007, Biochimie 89(8):1033-
1036), two commercially available liposomes, were used. To date, chitosan has
been used for the delivery of shRNA encoding plasmids targeting the MDRA1

gene. In this study, nanoparticles were formed by complex coacervation (Yang
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et al., 2009, J Huazhong Univ Sci Technolog Med Sci. Apr;29(2):239-42). The
maximum mRNA reduction reported in the study was 52.6% with a time
dependent reversal of paclitaxel chemoresistance of up to 61.3%. No report to

date has described the use of chitosan for the delivery of anti-P-gp siRNA.

[00138] The composition described herein can be used either alone or in
combination with other anti-cancer compound such as Acivicin; Aclarubicin;
Acodazole Hydrochloride; Acronine; Adozelesin; Aldesleukin; Altretamine;
Ambomycin; Ametantrone Acetate; Aminoglutethimide; Amsacrine; Anastrozole;
Anthramycin; Asparaginase; Asperlin; Azacitidine; Azetepa; Azotomycin;
Batimastat; Benzodepa; Bicalutamide; Bisantrene Hydrochloride; Bisnafide
Dimesylate; Bizelesin; Bleomycin Sulfate; Brequinar Sodium; Bropirimine;
Busulfan; Cactinomycin; Calusterone; Caracemide; Carbetimer; Carboplatin;
Carmustine; Carubicin Hydrochloride; Carzelesin; Cedefingol; Chlorambucil;
Cirolemycin; Cisplatin, Cladribine; Crisnatol Mesylate; Cyclophosphamide;
Cytarabine; Dacarbazine; Dactinomycin;  Daunorubicin  Hydrochloride;
Decitabine; Dexormaplatin; Dezaguanine; Dezaguanine Mesylate; Diaziquone;
Docetaxel; Doxorubicin; Doxorubicin Hydrochloride; Droloxifene; Droloxifene
Citrate; Dromostanolone Propionate; Duazomycin; Edatrexate; Eflornithine
Hydrochloride; Elsamitrucin; Enloplatin; Enpromate; Epipropidine; Epirubicin
Hydrochloride; Erbulozole; Esorubicin Hydrochloride; Estramustine;
Estramustine Phosphate Sodium; Etanidazole; Etoposide; Etoposide
Phosphate; Etoprine; Fadrozole Hydrochloride; Fazarabine; Fenretinide;
Floxuridine; Fludarabine Phosphate; Fluorouracil; Flurocitabine; Fosquidone;
Fostriecin Sodium; Gemcitabine; Gemcitabine Hydrochloride; Hydroxyurea;
Idarubicin Hydrochloride; Ifosfamide; limofosine; Interferon a-2a; Interferon a-
2b; Interferon a-n1; Interferon a-n3; Interferon B-la; Interferon y-Ib; Iproplatin;
Irinotecan Hydrochloride; Lanreotide Acetate; Letrozole; Leuprolide Acetate;
Liarozole Hydrochloride; Lometrexol Sodium; Lomustine; Losoxantrone
Hydrochloride; Masoprocol; Maytansine; Mechlorethamine Hydrochloride;
Megestrol Acetate; Melengestrol Acetate; Melphalan; Menogaril;
Mercaptopurine;. Methotrexate; Methotrexate Sodium; Metoprine;.Meturedepa;

Mitindomide; Mitocarcin; Mitocromin; Mitogillin; Mitomalcin; Mitomycin; Mitosper,
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Mitotane; Mitoxantrone Hydrochloride; Mycophenolic Acid; Nocodazole;
Nogalamycin; Ormaplatin; Oxisuran; Paclitaxel, Pegaspargase; Peliomycin;
Pentamustine; Peplomycin Sulfate; Perfosfamide; Pipobroman; Piposulfan;
Piroxantrone Hydrochloride; Plicamycin; Plomestane; Porfimer Sodium;
Porfiromycin; Prednimustine;. Procarbazine Hydrochloride; Puromycin;
Puromycin Hydrochloride; Pyrazofurin; Riboprine; Rogletimide; Safingol,
Safingol Hydrochloride; Semustine; Simtrazene; Sparfosate Sodium;
Sparsomycin; Spirogermanium Hydrochloride; Spiromustine; Spiroplatin;
Streptonigrin;. Streptozocin; Sulofenur; Talisomycin; Taxol; Taxotere; Tecogalan
Sodium; Tegafur, Teloxantrone Hydrochloride; Temoporfin; Teniposide;
Teroxirone; Testolactone; Thiamiprine; Thioguanine; Thiotepa; Tiazofurin;
Tirapazamine; Topotecan Hydrochloride; Toremifene Citrate; Trestolone
Acetate; Triciribine Phosphate; Trimetrexate; Trimetrexate Glucuronate;
Triptorelin; Tubulozole Hydrochloride; Uracil Mustard; Uredepa; Vapreotide;
Verteporfin; Vinblastine Sulfate; Vincristine Sulfate; Vindesine; Vindesine
Sulfate; Vinepidine Sulfate; Vinglycinate Sulfate; Vinleurosine Sulfate;
Vinorelbine Tartrate; Vinrosidine Sulfate; Vinzolidine Sulfate; Vorozole;

Zeniplatin; Zinostatin; or Zorubicin Hydrochloride.

[00139] Other anti-cancer drugs include: 20-epi-1,25 dihydroxyvitamin D3; 5-
ethynyluracil; abiraterone; aclarubicin; acylfulvene; adecypenol; adozelesin;
aldesleukin; ALL-TK antagonists; altretamine; ambamustine; amidox;
amifostine; aminolevulinic acid; amrubicin; amsacrine; anagrelide; anastrozole;
andrographolide; angiogenesis inhibitors; antagonist D; antagonist G; antarelix;
anti-dorsalizing morphogenetic protein-1; antiandrogen, prostatic carcinoma;
antiestrogen; antineoplaston; antisense oligonucleotides; aphidicolin glycinate;
apoptosis gene modulators; apoptosis regulators; apurinic acid; ara-CDP-DL-
PTBA; arginine deaminase; asulacrine; atamestane; atrimustine; axinastatin 1;
axinastatin 2; axinastatin 3; azasetron; azatoxin, azatyrosine; baccatin Il
derivatives; balanol; batimastat; BCR/ABL antagonists; benzochlorins;
benzoylstaurosporine; beta lactam derivatives; beta-alethine; betaclamycin B;
betulinic acid; bFGF inhibitor; bicalutamide; bisantrene; bisaziridinylspermine;

bisnafide; bistratene A; bizelesin; breflate; bropirimine; budotitane; buthionine
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sulfoximine; calcipotriol; calphostin C; camptothecin derivatives; canarypox IL-2;
capecitabine; carboxamide-amino-triazole; carboxyamidotriazole; CaRest M3;
CARN 700; cartilage derived inhibitor; carzelesin; casein kinase inhibitors
(ICOS); castanospermine; cecropin B; cetrorelix; chlorins; chloroquinoxaline
sulfonamide;. cicaprost; cis-porphyrin; cladribine; clomifene analogues;
clotrimazole; collismycin A;. collismycin B; combretastatin A4; combretastatin
analogue; conagenin; crambescidin 816; crisnatol; cryptophycin 8; cryptophycin
A derivatives; curacin A; cyclopentanthraquinones; cycloplatam; cypemycin;
cytarabine ocfosfate; cytolytic factor; cytostatin, dacliximab; decitabine;
dehydrodidemnin B; deslorelin; dexifosfamide; dexrazoxane; dexverapamil;
diaziquone; didemnin B; didox; diethylnorspermine; dihydro-5-azacytidine;
dihydrotaxol, 9-; dioxamycin; diphenyl spiromustine; docosanol; dolasetron;
doxifluridine; droloxifene; dronabinol; duocarmycin SA; ebselen; ecomustine;
edelfosine; edrecolomab; eflornithine; elemene; emitefur; epirubicin; epristeride;
estramustine analogue; estrogen agonists; estrogen antagonists; etanidazole;
etoposide phosphate; exemestane; fadrozole; fazarabine; fenretinide; filgrastim;
finasteride; flavopiridol; flezelastine; fluasterone; fludarabine; fluorodaunornicin
hydrochloride; forfenimex; formestane; fostriecin; fotemustine; gadolinium
texaphyrin; gallium nitrate; galocitabine; ganirelix; gelatinase inhibitors;
gemcitabine; glutathione inhibitors;.hepsulfam; heregulin; hexamethylene
bisacetamide; hypericin; ibandronic acid; idarubicin; idoxifene; idramantone;
ilmofosine; ilomastat; imidazoacridones; imiquimod; immunostimulant peptides;
insulin-like growth factor-1 receptor inhibitor; interferon agonists; interferons;
interleukins; iobenguane; iododoxorubicin; ipomeanol, 4-; irinotecan; iroplact;
irsogladine; isobengazole; isohomohalicondrin B; itasetron; jasplakinolide;
kahalalide F; lamellarin-N triacetate; lanreotide; leinamycin; lenograstim;
lentinan sulfate; leptolstatin; letrozole; leukemia inhibiting factor; leukocyte alpha
interferon; leuprolide+estrogen+progesterone; leuprorelin; levamisole; liarozole;
linear polyamine analogue; lipophilic disaccharide peptide; lipophilic platinum
compounds; lissoclinamide 7; lobaplatin; lombricine; lometrexol; lonidamine;
losoxantrone; lovastatin; loxoribine; lurtotecan; lutetium texaphyrin; lysofylline;
lytic peptides; maitansine; mannostatin A; marimastat, masoprocol, maspin;

matrilysin inhibitors; matrix metalloproteinase inhibitors; menogaril, merbarone;
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meterelin; methioninase; metoclopramide; MIF inhibitor; mifepristone;
miltefosine; mirimostim; mismatched double stranded RNA; mitoguazone;
mitolactol; mitomycin analogues; mitonafide; mitotoxin fibroblast growth factor-
saporin; mitoxantrone; mofarotene; molgramostim; monoclonal antibody, human
chorionic gonadotrophin; monophosphoryl lipid A+myobacterium cell wall sk;
mopidamol; multiple drug resistance gene inhibitor;. multiple tumor suppressor
1-based therapy; mustard anti cancer compound; mycaperoxide B;
mycobacterial cell wall extract, myriaporone; N-acetyldinaline; N-substituted
benzamides; nafarelin; nagrestip; naloxone+pentazocine; napavin; naphterpin;
nartograstim; nedaplatin; nemorubicin; neridronic acid; neutral endopeptidase;
nilutamide; nisamycin; nitric oxide. modulators; nitroxide antioxidant; nitrullyn;
O6-benzylguanine; octreotide; okicenone; oligonucleotides; onapristone;
ondansetron; ondansetron; oracin; oral cytokine inducer; ormaplatin; osaterone;
oxaliplatin; oxaunomycin; paclitaxel analogues; paclitaxel derivatives;
palauamine; palmitoylrhizoxin; pamidronic acid; panaxytriol; panomifene;
parabactin; pazelliptine; pegaspargase; peldesine; pentosan polysulfate
sodium; pentostatin; pentrozole; perflubron; perfosfamide; perillyl alcohol,
phenazinomycin; phenylacetate; phosphatase inhibitors; picibanil, pilocarpine
hydrochloride; pirarubicin; piritrexim; placetin A; placetin B; plasminogen
activator inhibitor; platinum complex; platinum compounds; platinum-triamine
complex; porfimer sodium; porfiromycin; propyl bis-acridone; prostaglandin J2;
proteasome inhibitors; protein A-based immune modulator; protein kinase C
inhibitor; protein kinase C inhibitors, microalgal; protein tyrosine phosphatase
inhibitors; purine  nucleoside  phosphorylase inhibitors; purpurins;
pyrazoloacridine; pyridoxylated hemoglobin polyoxyethylene conjugate; raf
antagonists; raltitrexed; ramosetron; ras farnesyl protein transferase inhibitors;
ras inhibitors; ras-GAP inhibitor; retelliptine demethylated; rhenium Re 186
etidronate; rhizoxin; ribozymes; RIl retinamide; rogletimide; rohitukine;
romurtide; roquinimex; rubiginone B1; ruboxyl; safingol; saintopin; SarCNU;
sarcophytol A; sargramostim; Sdi 1 mimetics; semustine; senescence derived
inhibitor 1; sense oligonucleotides; signal transduction inhibitors; signal
transduction modulators; single chain antigen binding protein; sizofiran;

sobuzoxane; sodium  borocaptate; sodium  phenylacetate; solverol,
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somatomedin binding protein; sonermin; sparfosic acid; spicamycin D;
spiromustine; splenopentin; spongistatin 1; squalamine; stem cell inhibitor;
stem-cell division inhibitors; stipiamide; stromelysin inhibitors; sulfinosine;
superactive vasoactive intestinal peptide antagonist, suradista; suramin;
swainsonine; synthetic glycosaminoglycans; tallimustine; tamoxifen methiodide;
tauromustine; tazarotene; tecogalan sodium; tegafur; tellurapyrylium;
telomerase inhibitors; temoporfin; temozolomide; teniposide;
tetrachlorodecaoxide; tetrazomine; thaliblastine; thalidomide; thiocoraline;
thrombopoietin; thrombopoietin mimetic; thymalfasin; thymopoietin receptor
agonist; thymotrinan; thyroid stimulating hormone; tin ethyl etiopurpurin;
tirapazamine; titanocene dichloride; topotecan; topsentin; toremifene; totipotent
stem cell factor; translation inhibitors; tretinoin; triacetyluridine; triciribine;
trimetrexate; triptorelin; tropisetron; turosteride; tyrosine kinase inhibitors;
tyrphostins; UBC inhibitors; ubenimex; urogenital sinus-derived growth inhibitory
factor; urokinase receptor antagonists; vapreotide; variolin B; vector system,
erythrocyte gene therapy; velaresol, veramine; verdins; verteporfin; vinorelbine;
vinxaltine; vitaxin; vorozole; zanoterone; zeniplatin;, zilascorb; and zinostatin

stimalamer.

[00140] Anti-cancer supplementary potentiating compounds include: Tricyclic
anti-depressant drugs (e.g., imipramine, desipramine, amitryptyline,
clomipramine, trimipramine, doxepin, nortriptyline, protriptyline, amoxapine and
maprotiline); non-tricyclic anti-depressant drugs (e.g., sertraline, trazodone and
citalopram); Ca™ antagonists (e.g., verapamil, nifedipine, nitrendipine and
caroverine); Calmodulin inhibitors (e.g., prenylamine, trifluoroperazine and
clomipramine); Amphotericin B; Triparanol analogues (e.g., tamoxifen);
antiarrhythmic drugs (e.g., quinidine); antihypertensive drugs (e.q., reserpine);
Thiol depleters (e.q., buthionine and sulfoximine) and multiple drug resistance

reducing compounds such as Cremaphor EL.

[00141] Other compounds which are useful in combination therapy for the
purpose of the invention include the antiproliferation compound, Piritrexim
Isethionate; the antiprostatic hypertrophy compound, Sitogluside; the benign

prostatic hyperplasia therapy compound, Tamsulosin Hydrochloride; the
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prostate growth inhibitor, Pentomone; radioactive compounds such as
Fibrinogen | 125, Fludeoxyglucose F 18, Fluorodopa F 18, Insulin | 125, Insulin |
131, lobenguane | 123, lodipamide Sodium | 131, lodoantipyrine | 131,
lodocholesterol | 131, lodohippurate Sodium | 123, lodohippurate Sodium | 125,
lodohippurate Sodium | 131, lodopyracet | 125, lodopyracet | 131, lofetamine
Hydrochloride | 123, lomethin | 125, lomethin | 131, lothalamate Sodium | 125,
lothalamate Sodium | 131, lotyrosine | 131, Liothyronine | 125, Liothyronine |
131, Merisoprol Acetate Hg 197, Merisoprol Acetate Hg 203, Merisoprol Hg 197,
Selenomethionine Se 75, Technetium Tc 99m Antimony Trisulfide Colloid,
Technetium Tc 99m Bicisate, Technetium Tc 99m Disofenin, Technetium Tc
99m Etidronate, Technetium Tc 99m Exametazime, Technetium Tc¢ 99m
Furifosmin, Technetium Tc 99m Gluceptate, Technetium Tc 99m Lidofenin,
Technetium Tc 99m Mebrofenin, Technetium Tc 99m Medronate, Technetium
Tc 99m Medronate Disodium, Technetium Tc 99m Mertiatide, Technetium Tc
99m Oxidronate, Technetium Tc 99m Pentetate, Technetium Tc 99m Pentetate
Calcium Trisodium, Technetium Tc 99m Sestamibi, Technetium Tc¢ 99m
Siboroxime, Technetium Tc 99m Succimer, Technetium Tc 99m Sulfur Colloid,
Technetium Tc 99m Teboroxime, Technetium Tc 99m Tetrofosmin, Technetium
Tc 99m Tiatide, Thyroxine | 125, Thyroxine | 131, Tolpovidone | 131, Triolein |
125 and Triolein | 131.

[00142] As used herein, "treatment' and "treating" include preventing,
inhibiting, and alleviating diabetes mellitus and related conditions and
symptoms. The treatment may be carried out by administering a therapeutically
effective amount of the composition described herein. In other instances, the
treatment may be carried out by concurrently administering a therapeutically
effective amount of a combination of insulin and the composition described
herein. In still other instances, the treatment may involve concurrently
administering a therapeutically effective amount of a combination of a
hypoglycemic compound and the composition described herein when the
diabetes mellitus and related conditions to be treated is type Il diabetes, insulin

resistance, hyperinsulinemia, diabetes-induced hypertension, obesity, or
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damage to blood vessels, eyes, kidneys, nerves, autonomic nervous system,

skin, connective tissue, or immune system.

[00143] Examples of chitosan containing chemical modification are: chitosan-
based compounds having: (i) specific or non-specific cell targeting moieties that
can be covalently attached to chitin and/or chitosan, or ionically or
hydrophobically adhered to a chitosan-based compound complexed with a
nucleic acid or an oligonucleotide, and (ii) various derivatives or modifications of
chitin and chitosan which serve to alter their physical, chemical, or physiological
properties. Examples of such modified chitosan are chitosan-based compounds
having specific or non-specific targeting ligands, membrane permeabilization
agents, sub-cellular localization components, endosomolytic (lytic) agents,
nuclear localization signals, colloidal stabilization agents, agents to promote
long circulation half-lives in blood, and chemical derivatives such as salts, O-
acetylated and N-acetylated derivatives. Some sites for chemical modification of
chitosan include: C2(NH-CO-CHg; or NH;), C3(OH), or Cs(CH,OH).

[00144] The compositions described herein are suitable drug delivery systems
with effective controlled release properties. The present compositions can be
administered with any known combination therapy, such as the co-
administration of a suitable delivery reagent such as, but not limited to, Mirus
Transit TKO® lipophilic reagent, Lipofectin®, Lipofectamine™, Cellfectin®,

polycations (e.g., polylysine) or liposomes.

[00145] Concurrent administration" and "concurrently administering”" as used
herein includes administering a composition as described herein and insulin
and/or a hypoglycemic compound in admixture, such as, for example, in a
pharmaceutical composition, or as separate formulation, such as, for example,
separate pharmaceutical compositions  administered consecutively,

simultaneously, or at different times.

[00146] Suitable hypoglycemic compounds include, for example, metformin,

acarbose, acetohexamide, glimepiride, tolazamide, glipizide, glyburide,
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tolbutamide, chlorpropamide, thiazolidinediones, alpha glucosidase inhibitors,

biguanindine derivatives, and troglitazone, and a mixture thereof.

[00147]

parenteral

Administration of the composition described herein can be a

administration which includes subcutaneous, intramuscular,
intradermal, intramammary, intravenous, and other administrative methods

known in the art.

[00148]

the following examples.

The present invention will be more readily understood by referring to

EXAMPLE |
Reparation of Chitosan/ dsODN or siRNA based nanoparticles
formulations

[00149]

manufacturing processes eliminate contaminants including proteins, bacterial

Ultrapure chitosan samples were produced using quality controlled

endotoxins, toxic metals, inorganic and organic impurities. All chitosans had
less than 50EU/g of bacterial endotoxins. Chitosan were selected having a 92%
and 80% of degree of deacetylation (Table 1). These chitosans were produced
by heterogeneous deacetylation resulting in a block rather than random
distribution of acetyl groups. Chitosans were chemically degraded using nitrous
acid as described previously (Lavertu et al., 2006, Biomaterials, 27:4815-4824;
Lavertu et al., 2003, J Pharmaceutical and Biomedical Analysis, 32:1149-1158)
to obtain specific molecular weights of 10kDa, 40kDa and 80kDa, the former at
both DDAs of 92% and 80% and the latter at 80% DDA (Table 1).

Table 1

Chitosan degree of deacetylation (DDA), average molecular weight (Mn), poly-
dispersity index (PDI)

Experiment Chitosan DDA Mn (kDa) Mw PDI
RecQlL1 Confocal Rho-92-10 92.7 10 14 1.4
DLS, ESEM, 92-10 91.7 7.1 10.08 1.427
Protection,
RecQlL1 Stability 80-40 82.5 38.37 53.4 1.392
Assay,FACS,
gPCR 80-10 84.4 10.82 14.525 1.343
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Experiment Chitosan DDA Mn (kDa) Mw PDI
Enzvmatic test 92-10 92 7.46 9.32 1.25
DDP-IV y 80-10 80 12.40 22.41 1.80
80-80 80.0 93.8 187.6 2.0
Protection 92-10 922 8.501 12.645 1.494
ApoB
DDP-IV Assay, FAQS, 80-80 80.8 71.535 118.03 1.65
GPCR, in vivo 80-10 84.4 | 10.820 14.525 1.343
ApoB
DDP-IV Confocal Rho-92-10 92.7 10 14 1.4
92-10 91.7 7.1 10.08 1.427
ApoB Stability Assay, 80-80 80.0 93.8 187.6 2.0
DDP-IV DLS, ESEM 80-10 80 12.40 22.41 1.80
80-10 84.4 10.820 14.525 1.343
80-40-5 82.5 38.375 53.410 1.392
92-40-5 92.7 60.6 37.9 1.6

[00150] Small interfering RNAs targeting the DPP-IV gene were purchased
from Dharmacon (Thermo scientific, Dharmacon RNAi Technologies, USA).
These siRNA sense and antisense strands are synthesized with 2 nucleotides
(UU) 3' overhangs. Candidates consisted in a pool of four sequences targeting
the DPP-IV sequence (DPP-IV Seq1: CACUCUAACUGAUUACUUA, SEQ ID
NO:1; DPP-1V Seq2: UAGCAUAUGCCCAAUUUAA, SEQ ID NO:2; DPP-IV Seq
3: CAAGUUGAGUACCUCCUUA, SEQ ID NO:3; DPP-IV Seq 4:
UAUAGUAGCUAGCUUUGAU, SEQ ID NO:4). ApoB targeting siRNA sequence
was custom synthesized using the 2-ACE RNA chemistry by Dharmacon (ApoB
Seq1. GUCAUCACACUGAAUACCAAU, (antisense strands are synthesized
with 2 nucleotides (AC) 3' overhangs), SEQ ID NO:5; ApoB Seq 2 (sense): &
CUC UCA CAU ACA AUU GAA AdTdT 3, SEQ ID NO:7; ApoB seq 2
(antisense) 5 UUU CAA UUG UAU GUG AGA GUUoUoU 3’ (oU-oU) = 2-O-
methyl-uridine overhangs, SEQ ID NO:®6; ApoB Seqg3 (sense):
GGAAUCUUAUAUUUGAUCCA*A, SEQ ID NO:8; ApoB Seq3 (antisense):
UUGGAUCAAAUAUAAGAUUCCc* c*U, SEQ ID NO:9; 2’0O-Methyl modified
nucleotides are in lower case and phosphorothioate linkages are represented
by asterisks). These sequences were published by Soutschek, et al. (2004,
Nature, 432:173- 178), Zimmermann et al. (2006, Nature, 441:111-114) and
Strapps et al. (2010, Nucleic Acids Research, Vol. 38, No. 14).
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[00151] RecQL1 targeting siRNA sequence was custom synthesized using
the 2-ACE RNA chemistry by Dharmacon (Seq1: 5'-
GUUCAGACCACUUCAGCUUdTAT-3', SEQ ID NO:10). This sequence was
published by Futami et al. (2008, Cancer Sci, 99:71-80; 2008, Cancer Sci,
99:1227-1236). MDR1 targeting sequences were purchased presynthetised
from Dharmacon and are available through their catalogue under the product
number. M-003868-02-0010. Candidates consisted of four siRNA targeting the
MDR1 sequence: Seq 1 (sense): 5 GCUGAUCUAUGCAUCUUAUUU 3’, SEQ
ID NO:11; Seq 1 (antisense) 5’AUAAGAUGCAUAGAUCAGCUU 3’; SEQ ID
NO:12; Seq 2 (sense): 5’GACCAUAAAUGUAAGGUUUUU 3", SEQ ID NO:13;
Seq 2 (Antisense): §5' AAACCUUACAUUUAUGGUCUU 3', SEQ ID NO:14; Seq
3 (sense): 8 GAAACUGCCUCAUAAAUUUUU 3’, SEQ ID NO:15; Seq 3
(Antisense). AAAUUUAUGAGGCAGUUUCUU 3’, SEQ ID NO:16; Seq 4
(sense). S5’UCGAGUCACUGCCUAAUAAUUZ’, SEQ ID NO:17, Seq 4
(Antisense): UUAUUAGGCAGUGACUCGAUU 3’, SEQ ID NO:18.

[00152] dsODN sequences were synthesized using the phosphoramidite
chemistry, (Integrated DNA Technologies, Inc) and used for , nanoparticle
stability and nuclease protection assays. For flow cytometry analysis, 6-
carboxyfluorescein (6FAM) 5 labeled dsODN were used (Integrated DNA
technologies, USA).

[00153] The rationale of dsODN use for physico-chemical characterization of
chitosan nanoparticles presented herein is their siRNA mimicking properties.
These mimicking properties are due to similarities at the structural level (double
stranded structure, length (21 mers) and nucleotide over hangs) between siRNA
and dsODN. Additionally, charge densities are similar between siRNA and
dsODN due to identical phosphate residue number/spacing on their back bone.
Differences between siRNA and dsODN lie in the substitution of uracil to
thymine (U - T) in the dsODN sequences, and in the deoxyribosilation of
dsODN sugar back bone. The dsODN sequences were synthesized using the
phosphoramidite chemistry, (Integrated DNA Technologies, Inc) and used for
size and zeta potential determination, nanoparticles stability and nuclease

protection assays. For confocal microscopy, and flow cytometry analysis, 6-
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carboxyfluorescein (6FAM) 5 labeled dsODN were used (Integrated DNA
technologies, USA).

[00154] Chitosans with specific Mn and DDA were dissolved over night on a
rotary mixer at 0.5% (w/v) in hydrochloric acid using a glucosamine: HCI ratio of
1:1 at a final concentration of 5 mg/mL. Sterile filtered solutions were then
diluted with deionized water to obtain the desired ratio (N:P) of amine (chitosan
deacetylated groups) to phosphate (dsODNs or siRNA nucleic acids).
Nanoparticles (92-10-5, 92-150-5, 80-40-5, 80-10-10, 80-10-5, 80-200-5 and
80-80-5) were then prepared by rapid mixing (pippeting) of 100 pL of diluted
chitosan solution to 100 pL of dsODN or siRNA at a concentration of 0.05 pg/pL
respectively;, a concentration of 0.33 pg/uL dsODN was used for stability and
nuclease protection assays whereas a concentration of 0.1 pg/uL was used for
DLS and ESEM. Nanoparticles were incubated for 30 minutes at room

temperature prior to use.

EXAMPLE I
Transfection experiments
[00155] For in vitro transfection, High Glucose-Dulbecco’s Modified Eagle’s
Media (DMEM-HG) was prepared with 0.976 g/L of MES and 0.84 g/L of sodium
bicarbonate (NaHCO;) at pH 6.5. Transfection media without fetal bovine serum
(FBS) was equilibrated overnight at 37°C in a 5% CO, incubator and pH
adjustment to a 6.5 value at 37C was performed using sterile HCI (1N) just
before transfection. For siRNA transfection performed in a 96 well plate,
chitosan/siRNA nanoparticles were prepared as described above, 30 minutes
before use. A 100ul siRNA solution at a concentration of 0.05ug/ul (3,704 nM)
was used for siRNA complexation with chitosan at a 1:1 ratio (v/v). Following
complexation, siRNA concentration becomes 0.025ug/ul (1,852 nM) and
nanoparticles were incubated in a ghost plate containing DMEM-HG media, at a
final concentration of 0.00135 ug/pl equivalent to 100 nM per well (10 pmol/well)
of siRNA. For dsODN transfection performed in a 24 well plate, chitosan/dsODN
nanoparticles were prepared as described above, 30 minutes before use. A
100ul dsODN solution at a concentration of 0.05ug/ul (3,717 nM) was used for
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dsODN complexation with chitosan at a 1:1 ratio (v/v). Following complexation,
siRNA concentration becomes 0.025ug/ul (1,858 nM) and nanoparticles were
incubated in a ghost plate containing DMEM-HG media, at a final concentration
of 0.00135 pg/ul equivalent to 600 nM per well (60 pmol/well) of dsODN. The
slight difference in molecular weight between dsODN used for FACS and siRNA
is due to the 6FAM labelling of dsODN. Plates containing nanoparticles were
equilibrated for 10 minutes at 37°C, 5% CO,. Medium over cells was aspirated
and replenished with either 500 ul (24 well plates) or 100 ul per well (96 well
plate) of the equilibrated transfection medium at pH 6.5 containing dsODN or
siRNA based nanoparticles at a final concentration of 100 nM/well. FBS was
added four hours following transfection, to a final concentration of 10% per well.
Cells were incubated with chitosan/siRNA nanoparticles until analysis at 24
hours post-transfection. DharmaFECT™ was used as a positive control and
both untreated cells and uncomplexed siRNA treated cells were used as

negative controls.

[00156] The commercially available liposome, DharmaFECT™ (Dharmacon
RNAI Technologies, Lafayette, CO, USA), was used as a positive control for
transfection efficiency in all tested cell lines. DharmaFECT ™/dsODN (flow
cytometry and confocal microscopy) or DharmaFECT ™/siRNA (qPCR)

lipoplexes (1:2 [w/v] ratio) were prepared following the manufacturer’s protocol.

[00157] The in vitro transfections involved HEK293, HepG2 (ApoB and DPP-
V), HT-29 (DPP-1V), Caco-2 (DPP-IV), Raw264.7 (ApoB), A549, LS174T and
the AsPC1 cell lines, purchased from American Type Cell Culture (ATCC,
Manassas, VA). The MCF7-MDR cell line was a gift from Dr Hamid Morjani
(Paris, France). Cells were cultured in minimal essential medium (HepG2),
McCoys (HT-29), Dulbecco minimum essential media high glucose (HEK293
and RAW264.7) with 1.85g/L (HEK293) or 1.5g/ (RAW264.7) of sodium
bicarbonate, (LS174T), F12K (A549), RPMI-1640 (MCF-7 MDR) and RPMI-
1640 (AsPC1), and supplemented with 10% FBS (Cedarlane Laboratories,
Burlington, ON) at 37°C and 5% CO.,. HepG2 cells were supplemented with 8%

FBS. For transfection, cells were plated in 96-well or 24-well culture plates
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(Comning, NY, USA) so to obtain ~50% to ~70% of confluence the day of the
transfection.

EXAMPLE llI
RNA extractions and gene expression analysis
[00158] Total RNA extraction was performed using the NucleoSpin® RNA XS
kit from Machery-Nagel. Cells lysis was performed by adding 100ul RA1 lysis
buffer supplemented with 2ul TCEP and Streptomyces griseus chitosanase into
each well (Alameh et al.,, 2010, Int J Nanomedecine, 5:473-481). DNAse
treatment of sample was performed when sample were incubated with RA3
buffer before elution. RNA quantification and quality (integrity) assessment were
performed using the Agilent Bioanalyzer 2100. RNA Integrity Number (RIN)

equal to 7.5 was considered as an acceptance threshold for gPCR analysis.

[00159] Reverse transcription of total RNA was performed using the first
strand cDNA transcriptor kit (Roche, Laval, CA). A total of 0.5-1ug of
RNA/sample was used for the reverse transcription reaction using oligodT
primers according to the manufacturer protocol. Gene quantification of
chitosan/siRNA treated cells was performed using the ABI PRISM® 7900HT
Sequence Detection System. All reactions were run in triplicate and the average
values of Cts were used for quantification. Gene expression level was
determined using assays with the Universal Probe Library® (UPL) from
Roche™. On the other hand, gene expression level for endogenous controls
(TBP, HPRT) was determined using the pre-validated TagMan® gene
expression assays. The relative quantification of target genes was determined
using the AACT method. Briefly, the Ct (threshold cycle) values of target
genes were normalized to an endogenous control gene (Endogenous control)
(ACT = Ct target — Ct endoc) @nd compared with a calibrator: AACT = ACt sample
- ACt caibrator. Relative expression (RQ) was calculated using the Sequence
Detection System (SDS) 2.2.2 software (Applied Biosystems) and the formula is
RQ = 2744¢T,
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EXAMPLE IV
Nanoparticles analysis
[00160] Size of chitosan/dsODN and chitosan/siRNA complexes was
determined by dynamic light scattering at an angle of 137° at 25°C using a
Malvern Zetasizer Nano ZS®. Samples were measured in triplicates using
refractive index and viscosity of pure water in calculations. The zeta potential
was measured in triplicates as well using laser Doppler velocimetry at 25°C
using the same instrument and the dielectric constant of water for calculation.
For the size determination, reported as the intensity averaged diameter, 50l of
chitosan was mixed with 50l of dsODN or siRNA then completed to 500l
using 10mM NaCl. For zeta measurement, nanoparticles were diluted 1:2 using
500pl of 10mM NaCl. All formulations of chitosan/dsODN nanoparticles were in
the range of 45-156 nm, as measured by DLS. Chitosan/siRNA nanoparticles
had mean diameters in the range of 55-105 nm as measured by DLS when
complexed to siRNA sequence 1 (SEQ ID NO:5) and 2 (SEQ ID NO:6 and SEQ
ID NO:7) (Table 2). For siRNA sequence 3 (SEQ ID NO:8 and SEQ ID NO:9),
fully modified, chitosan-siRNA nanoparticles had mean diameters in the range
of 104-130 nm (Table 2). No statistical differences in nanoparticle size were
observed between dsODN and un-modified siRNA-ApoB (sequence 1; SEQ ID
NO:5) and moderately modified siRNA-ApoB complexed to chitosan (sequence
2; SEQ ID NO:6 and SEQ ID NO:7). However, fully modified siRNA sequence
yielded larger nanoparticles when complexed to the different chitosans.
Chitosan/dsODN and chitosan/siRNA nanoparticles showed higher size values
with increasing Mn. No statistically significant differences were observed when
comparing DDAs for these specific formulations. As expected, the excess
chitosan in all formulations resulted in positively charged nanoparticles as
shown by zeta potentials in Table 2, wherein DLS permitted the determination of

size and zeta potential, whereas ESEM measured size only.
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Table 2

Mean size — by intensity — and zeta potential, with standard deviation, of nanoparticles
formed with with siRNA-RecQL1 or siRNA-MDR1 in chitosan formulations: 80-10-5, 80-
10-10, 80-40-5, 80-200-5, 92-10-5, 92-150; and siRNA-DPP-IV, ODN-ApoB or siRNA-
ApoB in chitosan formulations: 80-10-5, 80-10-10, 80-40-5 80-80-5, 92-10-5, 92-40-5.

Sample Chitosan Size (nm) Zeta potential ESEM (nm)
(mV)
MDR1 80-10-5 70+2 123 6219
80-200-5 156135 18+3 1315
92-10-5 71£15 1542 6448
92-150-5 140+49 175 12316
RecQL1 80-10-10 917 18+2 7349
80-40-5 8649 18+1 97412
92-10-5 6318 2341 5416
DPP-IV (pool of siRNA 80-10-10 8115 1612 70-90
seq 1toseq4) 80-80-5 111112 202 60-100
92-10-5 717 18+2 50-90
ApoB (ODN mimics 80-10-10 6416 19+2 677
siRNA ApoB seq 1) 80-80-5 100£12 16+1 75+13
(mimics of SEQ ID NO:5) 92-10-5 4514 2112 6615
ApoB (siRNA seq 1) 80-10-5 80+7 272 625
(SEQ ID NO:5) 80-40-5 10516 2415 907
92-10-5 5543 28+2 6043
92-40-5 69+ 4 235 65+14
ApoB (siRNA seq 2) 80-10-5 90+4 26+4 7048
(SEQ ID NO:6 and SEQ 80-40-5 8916 24+5 767
ID NO:7) 92-10-5 5713 2614 5416
92-40-5 6712 24+5 5949
ApoB (siRNA seq 3) 80-10-5 13917 19+3 89+7
(SEQ ID NO:8 and SEQ 80-40-5 13042 2542 10049
ID NO:9) 92-10-5 10543 22+5 785
92-40-5 104+4 2743 8016

[00161] Nanoparticles formed as described above were imaged using an
environmental scanning electron microscope (ESEM, Quanta 200 FEG, FEI
Company Hillsboro, OR, USA). Following nanoparticle formation, TNCs were
sprayed on silicon water substrate, and then sputter-coated with gold (Agar
Manual Sputter Coater, Marivac Inc.) as described previously (Lavertu et al.,
2003, J Pharm Biomed Anal, 32:1149-1158). Observations were performed at
20 kV in the high vacuum mode of the ESEM microscope. The average particle
size (+/- standard deviation) was determined by measuring the diameter of
more than 150 particles from at least 6 different fields for each fraction using the

microscope XT Docu software (XT Docu, FEI Co). The robustness of size
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determination was analyzed by comparison of ESEM image analysis size

determination to DLS size data.

[00162] The results show nanoparticles of spherical shape (Figs. 1A, 1B, 2A
and 2B) with mean diameters ranging between 45-156 nm depending on the
chitosan formulation used (Table 2, ESEM). Results obtained with specific
formulations described herein are consistent with dynamic light scattering
results (Table 2), thereby indicating the robustness of the composition and
method described herein. Furthermore, the nanoparticles formed yield
reproducible sizes below 200 nm allowing for avoidance of renal clearance thus
improving in vivo transfection efficiency and increasing circulating nanoparticles
half-life.

[00163] Formation and stability of chitosan/dsODN nanoparticles and
chitosan/siRNA nanoparticles were tested for up to 20 hours at pH 6.5 and 8
using different methods. Chitosan/dsODN nanoparticles were formed and were
stable up to 20 hours at an N:P ratios above 2 at slightly acidic pH (pH 6.5)
(Figs. 3A and 3B). At 4 hours following nanoparticle formation, no detectable
dsODN were observed at N:P ratio of 1 (pH 6.5) and higher, whereas complete
dsODN release was observed for the same N:P ratio at pH 8. Longer exposure
time, 20h, resulted in dsODN release at N:P ratio of 2 for ApoB dsODN while
higher N:P ratio (N:P 10) was able to maintain nanoparticle stability. At pH
values of 8, and for the same N: P ratio of 10, partial dsODN release was
observed. The specific chitosan formulations described herein assured
nanoparticle stability for a minimum period of 20h at N: P ratio above 2 (N:P>2).
Chitosan/siRNA stability was evaluated using the Ribogreen assay™, a
fluorescence based assay, to quantitate the released siRNA following complex
destabilization. The results show that chitosan/siRNA nanoparticle with an N:P
ratio of 5 and 10 were stable for up to 20 hours at pH 6.5. Chitosan 80-10-5
showed the least stability when compared to other formulations. Increasing the
N:P ratio for chitosan 80-10 resulted in an improvement of nanoparticle stability.
Except for chitosan 80-10, increasing the N:P ratio above five did not result in
an increase of nanoparticle stability as demonstrated by the data (Figs. 4A and

5). Thus, at lower N:P ratios nanoparticles were unstable and the complexation
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efficiency was not optimal. At a neutral pH, nanoparticles were stable at N:P
ratios between 2 and 5. At a more basic pH of 8, nanoparticles were unstable
with a clear requirement to higher N:P ratios and higher molecular weight for

increased stability.

[00164] The effect of chitosan parameters (DDA, MW and N:P ratio) was
studied using for example anti-RecQL1 siRNA. A clear effect of the molecular
weight is apparent with increased nanoparticle size when increasing chitosan
MW (Figs. 4B, 4C and 4D). The DDA had a very slight effect on nanoparticle
size. The N:P ratio seem to have a impact on nanoparticle size with higher

nanoparticle size at increasing N:P.

[00165] The effect of siRNA concentration on nanoparticle size was studied.
Our results show increased nanoparticle size with increased siRNA

concentrations (Fig. 4E).

[00166] The ability of chitosan to protect dsODN sequences at low N:P ratios
was assessed using a DNAse | protection assay. Nanoparticles of
chitosan/dsODN (6ul) were incubated in a buffer containing (pH 6.5) 20mM
MES, 1mM MgCl, and a concentration of 0, 0.5, 1, 2, 5 or 10 units of DNAse |.
Samples were incubated for 30 min at 37°C. The reaction was stopped by
adding 2l of EDTA (50mM) then heated at 72°C for 15 min. Samples were then
assessed by gel electrophoresis. Results demonstrate the ability of the
formulations to protect siRNA mimicking double stranded oligonucleotide (Figs.
6A and 6B). All digestions were assessed using the signal intensity of the
treated samples with the control (i.e. OU DNAse | = 100% intensity). The
protection is considerable and accounts for approximately 70% of complexes
when using 1 unit of DNAse |/ug of DNA whereas the negative control is
completely digested when 0.5 unit of DNAse | per ug of DNA is used. The
protection remains efficient when increasing DNAse | concentration to 5 units

per ug of DNA.

[00167] Cell uptake of RecQL1, DPP-IV and ApoB dsODN nanoparticles at
different DDA, Mn and N:P ratio was evaluated using FACS analysis of
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fluorescein labeled dsODN following chitosanase treatment of transfected cells
thus reducing any possible bias associated with membrane bound nanoparticles
as previously described (Alameh et al., 2010, Int J Nanomedicine, 5:473-481).
Interestingly, results obtained with dsODN/chitosan nanoparticles indicate the
cell line dependency of efficient uptake. The cell line dependency of chitosan
nanoparticles uptake was associated with different endocytic pathways in
previous work (Bishop, 1997, Rev Med Virol, 7:199-209; Huang et al., 2002,
Pharm Res, 19:1488-1494). FACS results show that in general, cell uptake
using these dsODN revealed no differences between formulations (Figs. 7A and
7B). The uptake efficiency using compositions presented herein ranged from
80% to 98% for RecQL1 (LS174T, A549 and AsPC1 cell lines), from 55% to
80% for ApoB (in HEK293, HepG2 and RAW264.7 cell lines). The uptake
efficiency of the DPP-IV dsODN nanocomplexes in HepG2 cell line ranged from
73% to 99% with no statistical differences between the different formulations
(92-10-5, 80-10-10 and 80-80-5). Uptake efficiency using chitosan/dsODN
nanoparticles achieved levels comparable to or higher than the commercially
used lipoplex (DharmaFECT™) with similar relative variation between cells type
(Fig. 7A and 7B). Furthermore, these results are in accordance with confocal
microscopy data (Figs. 8 to 10), described below, where images show a cellular
distribution of chitosan and dsODN for all cell lines indicating a qualitative

correlation to FACS quantitative data.

[00168] Confocal microscopy was used in order to assess particle uptake and
internalization into the different cell lines described herein (LS174T,MCF-7
MDR, HEK293, HepG2, Caco-2 and RAW264.7). Chitosan was labeled using
rhodamine whereas RecQL1-siRNA, DDP-IV-dsODN and ApoB-dsODN were
labeled using fluorescein. For MCF-7 MDR nanoparticle assessment, a Cy3
labeled siRNA was used. Following the labeling process, nanoparticles were
formed by mixing 1:1 volume of chitosan-rhodamine and siRNA mimicking
dsODN using the procedure described above. Results suggest that formulations
described in the present description were efficiently internalized into cells with a
maximum release of siRNA or dsODN 24 hours post transfection. The enclosed

results indicate the lack of colocalisation at 24 hrs between siRNA or dsODN
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and chitosan demonstrating that complete release of the siRNA or dsODN
cargo was achieved 24h post transfection. Furthermore, the diffuse staining
pattern of siRNA or dsODN seen in most transfected cells is representative of
complexes that have escaped endocytic vesicles (Figs. 8 to 10), consistent with
previous live cell imaging work using chitosan-plasmid DNA nanoparticles
(Thibault et al., 2010, Mol Ther, 18:1787-1795). Time course studies showed
that particle internalization starts within an hour post transfection with a slow

release dynamics to reach a maximum 24 hours post transfection.

[00169] The above described results show the capability of the formulation
described in the present description to transfect and efficiently deliver different
dsODN and siRNA into multiple cell lines (Figs. 8 to 11).

EXAMPLE V
Ex vivo siRNA delivery and gene expression inhibition
[00170] Chitosan specific formulations (92-10-5, 80-40-5, 80-10-10 and 80-
80-5) were assessed for the siRNA delivery and subsequent inhibition of gene
expression (RecQL1 mRNAs, DPP-IV, or ApoB mRNAs) in different cell lines.
Results show that RecQL1, DPP-IV and ApoB coding mRNAs were down-
regulated more than two fold when measured by quantitative real time PCR
(Figs. 11A and 11B). These results demonstrate that the formulation described
herein can achieve levels of gene silencing comparable to the commercial
liposome DhamaFECT™ without any apparent cytotoxicity as observed using

the alamar blue assay.

[00171] More specifically, regarding inhibiton of RecQL1 mRNAs in LS174T
cells, chitosan 92-10-5 showed a high level of silencing (~80%), similar to the
current gold standard commercial formulation (~80%), used in the present
description as a positive control. Formulations 80-40-5 and 80-10-10 also
induced significant silencing but to a lower degree than 92-10-5 and also with
an increase of non-specific mock silencing, especially for formulation 80-10-10
(Fig. 11B). The results disclosed herein clearly reveal the effectiveness of the
described chitosan-based formulations to efficiently deliver siRNA and knock

down specific genes at N:P ratios far below (N:P=5) those used previously by
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others (N:P > 20). In general, all of our low N:P ratio chitosan formulations

reached high level of gene silencing supporting the FACS data (Fig. 7B).

[00172] It was found that 70% gene silencing at the messenger RNA level
(mRNA) of DPP-IV or ApoB mRNAs, can be achieved using the specific
formulation consisting of chitosan 92-10 with an N:P ratio of 5 (Fig. 11A).
However the 70% inhibition at the messenger level is translated to a reduction
of 50% of the enzymatic activity of DPP-IV (Fig. 12). This inhibition at the
enzymatic level is comparable to that achieved when using the commercial
lipoplex DharmaFECT ™.

EXAMPLE VI
In vivo efficiency analysis of chitosan/siRNA nanoparticles
[00173] The in vivo efficiency of siRNA-ApoB nanoparticles was evaluated in
a C57BL/6 mouse model. For each treatment modality, four animals (n= 4
except for the Da where n=2 and the C1 group where n=3) were injected with 1
mg kg of siRNA targeting the ApoB gene. The 1 mg kg™ siRNAs targeting the
ApoB gene were complexed to low molecular weight chitosan (LMW-CS) in a
final volume of 0.2 ml (injected volume For example, for a 39 g mouse a 39ug
siRNA — calculated for a dose of 1mgkg' — was administered following
complexation of a siRNA volume of 78ul at 0.5ug/ul (37,037 nM) at a 1:1 ratio of
chitosan 92-10-5. The total volume of 156 ul was then administered. The siRNA
concentration following complexation becomes 0.25ug/ul (18,518 nM).
Specifically, siRNA targeting the ApoB gene were complexed to chitosan
formulation 92-10 (DDA, Mn) at an N:P ratio of 5 (N:P 5). In total, five groups
(C1 to C5; n=4/group) were TNC treated at different times following the
schedule in Table 3, wherein data for intravenous injections schedule of
chitosan/siRNA-ApoB nanoparticles at a dose of 1mg kg™ anti-ApoB siRNA in
various C57BL/6 mice groups (n=4 animal per group) is disclosed. Each day
represents the only day in the week where injections were made or euthanasia
was performed. All the mice were injected once per week for three weeks with
the TNC 92-10-5 (Mn-DDA-N:P), with the exception of 2 mice from the Da

group which were injected with the TNC 92-10-5 just once and euthanized 2
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days later, to examine the rapidity of the therapeutic response. With the

exception of these 2 mice, all other mice were euthanized within the last week

of January 2011. The Da group served as the positive untreated atherosclerotic

control while Du was the negative control group that received the normal low fat

diet. The DB group was the negative control group for the siRNA delivery

without chitosan and was injected with uncomplexed naked siRNA. The total

number of animals used for this study was 32.

Table 3

Animal study schedule

Groups
Da Cc1 Cc2 c3 c4 C5 Da DB Du
y (n=3) (n=4) (n=4) (n=4) (n=4) (n=4) (n=4) (n=4)
23/11/10 Acclimation (All groups)
Injection
30/11/10 #1
07/11/10 Injection  Injection
#2 #1
Injection  Injection Injection
14/12/10 43 Py #1
Injection Injection Injectio Injection
2171210 #3 w0 n #1 #1
Injection  Injectio Injectio Injection
28112110 #3 n #2 n #1 #2
Injectio Injectio Injection
04/01/10 n #3 n #0 43
Injectio
11/01/11 n#3
18/01/11 Da-2day Da
Injection (n=2) n=
20/01/11 Euthanasia Da-
2day
26/01/11 Euthanasia (C1, C2, C3)
27/01111 E”thanc""ss)'a (C4, Euthanasia (Da, DB, Dy)
[00174] All animals were acclimatized for two weeks before experimentation

as requested by the University of Montreal Animal Ethic Committee (CDEA).

Following the two week of acclimatization, high fat chow — D12492 — was fed to
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all treated groups including the Da positive group (untreated group, n=4) and
the DB naked siRNA treated group (n=4) until the completion of the study which
corresponds to the day where animals were euthanatized (Table 3). The Dp
group (n=4) was fed regular chow — D12450B — and served as the normal
negative control (lean group). All treated animals were injected once a week for
three weeks (Table 3). All C group animals were injected with 1 mg kg™ of ApoB
siRNA using the low N:P chitosan formulation 92-10-5. The last of the 3 weekly
injections occurred at 7, 6, 5, 4 and 3 weeks prior to euthanizing groups C1, C2,
C3, C4, C5, in order to examine the time course of treatment. Two of the 4
positive control atherosclerotic Da animals were injected with the above
formulation two days prior to euthanasia to examine the onset of treatment, with
the other two remaining untreated. The D group was treated with uncomplexed
naked ApoBsiRNA at 1 mg kg™ while the normal low fat diet group Du was not
treated (details in Table 3)

[00175] During the experimental schedule, phlebotomy was performed once
per two weeks whereas animal weight measurement was performed once per
week before TNC injection until the completion of the study. At the end of the
experimental schedule and following the sacrifice of all animals (Table 3),

organs such as liver and intestine were removed for analysis.

[00176] Hematological, biochemical, serological and histological analysis
were performed on all animals. For instance, hematological and biochemical
analysis of sera were performed by VitaTech, Montreal, Canada. The
quantification of ApoB reduction in the sera was performed using an anti-ApoB
ELISA whereas the quantification of LDL/VLDL cholesterol was performed using
a colorimetric assay. Staining of liver sections was performed using
hematoxylin-eosin staining in order to visualize fat vacuole. For the evaluation of
immune cells infiltration into the liver, paraffin embedded sections were stained

with Safranin-O/fast-green/iron-hematoxylin.

[00177] Hematological and biochemical analysis of all animals were
performed following serum collection the day of euthanasia. Alanine

aminotrasferase (ALT) and aspartate aminotrasferase (AST), two sensitive
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indicator of liver damage were quantified in treated and untreated animals. A
comparison of ALT and ASL plasma levels between the treated group (C5) and
the positive control group (Da) did not show any significant difference indicating
an absence of liver toxicity effects of treatment with low N:P chitosan-ApoB
siRNA TNCs (Table 4).

[00178] Moreover, results show that serum albumin levels were normal both
in treated and untreated groups also indicating normal liver function. However,
total cholesterol quantification in siRNA-ApoB treated animals showed
potentially elevated serum levels similar to the positive control group (Table 4),
wherein C5-2 was administered chitosan/siARN-ApoB nanoparticles, whereas
Da-3 is a positive control for atherosclerosis development respectively. Only
one animal per group was used for haematological analysis because serum

volumes needed are high and require the sacrifice of one animal.

Table 4

Haematologic characterization of a treated (C5-2) and untreated (Da-3) mice.

Mice (Group-Mice) C5-2 Da-3
Albumin (g/L) 35 35
Bilirubin (Total) (umol/L) 0.4 0.7
Bilirubin (Conjugated) (umol/L) 0.1 0
ALP (IU/L) 58 55
ALT (IU/L) 120 121
AST (IU/L) 213 222
GGT (IU/L) 0 0
Cholesterol (mg/dL) 220 209
Hemolysis 1+ 1+
Icterus Normal Normal
Lipemia Normal Normal

[00179] Taken together these results indicate the safety of the low N:P

chitosan based siRNA nanoparticles as they do not induce any liver damage.

[00180] Apolipoprotein B plasma concentration levels in pg/ml were assessed
using an anti-ApoB commercial ELISA kit (Uscn Life science Inc., China). The
determination of ApoB plasma levels varied between 597ug/mL and 1,433
Hg/mL depending on the groups and controls tested. The results obtained show

that all treated groups had ApoB plasma levels that were ~35% reduced from
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the positive atherosclerotic control group Da to reach levels similar to those of
the normal negative control (D) (Fig. 13). The Da-2day group showed a similar
reduction two days following injection indicating a rapid silencing effect following
TNC injection.

[00181] ApoB levels were decreased by 35% in animals receiving
uncomplexed siRNA (control group; DB-1). Although this treatment modality
(DB-1) was similarly effective in ApoB plasma reduction as TNCs treatment
modalities (Fig. 13), it resulted in high inflammatory reactions in the liver (Fig.
16H) thus limiting its dosing to achieve effective and therapeutic silencing/ApoB
plasma reduction. Additionally, results show that reductions in ApoB plasma
levels for low N:P chitosan-based TNCs was maintained for more than seven
weeks after the last injection in the C1 animal group (Fig. 13) without any
apparent inflammation or liver toxicity. These results indicate a particularly
promising the longevity of TNC treatment and effective controlled release

properties.

[00182] The comparison between the DB-1 and the C1-C5 groups
toxicity/inflammatory profiles indicate the advantage of using these specific
LMW-TNCs over naked siRNA since no apparent toxicity/inflammation profile

was observed (Fig. 16 and Table 4).

[00183] The LDL/VLDL cholesterol concentration was determined using a
commercial quantitative colorimetric detection kit BioAssay Systems, USA).
Results herein show that treated animals demonstrated a reduction in
LDLNVLDL of ~20% compared to the positive control (Da) (Fig. 14).
Interestingly, group C5 demonstrated a higher concentration of VLDL/LDL
compared to the untreated group despite the observed ApoB reduction (Fig.
13); a reduction comparable to other groups showing concomitant reduction of
both ApoB and VLDL/LDL plasma concentration. The comparison between
naked siRNA treated animals and TNCs treated animals show a similar
reduction in LDL/VLDL cholesterol concentrations in accordance with previous

results where ApoB reduction was similar (Figs. 13 and 14).
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[00184] Histological analysis of paraffin fixed liver sections stained with
hematoxylin-eosin reveal that TNC treated animals had lower cholesterol
accumulation compared to the positive control Da. Liver sections form TNC
treated groups, C3 and DB, were found to have low levels of accumulated
cholesterol similar to the normal negative control group Du that was fed the low
fat diet. (Fig. 15). On the contrary, the group C4, C5 and Da2 presented fatty
livers similar to the positive control Da (Fig. 15) whereas C1 and C2 present
intermediate fatty livers. All together, results demonstrate that TNCs can
prevent excessive cholesterol accumulation in the liver through ApoB inhibition
and LDL/VLDL reduction therefore permitting the liver conversion of cholesterol
into bile in C1, C2, and C3 groups. The results observed in groups C4 and C5
appear to be due to an excessive accumulation of cholesterol before TNC
treatment. These results demonstrate the effectiveness of chitosan based TNCs

in the treatment of atherosclerosis.

[00185] Histological analysis of paraffin fixed liver sections stained with
safranin-O/fast-green/iron-hematoxylin show that chitosan based TNCs reduced
the inflammatory reaction compared to naked ApoB siRNA treatment (Fig. 16).
Results show that C5 group presented a higher lymphoid cell infiltration rates
than the atherogenic control group thus indicating that inflammation was due to
chitosan deposition in liver (Fig. 16). However, histological analysis of liver from
groups C4, C3, C3 and C1 show a time dependent resorption of inflammation
(Fig. 16). Furthermore, the comparison of Da-2day and the positive untreated
control Da-3 show that chitosan effects of lymphoid cell infiltration is time
dependent (Fig. 16, F and G). It is estimated that nanoparticles dependent
inflammation within several weeks of treatment and is preserved during

approximately three weeks until the resorption.

[00186] Comparison of Figs. 15 and 16 allows the assessment of the
efficiency of the chitosan based nanoparticles to prevent cholesterol
accumulation in the liver without disruption of liver integrity as demonstrated in
by the ALT/ASL profiles. Furthermore, the comparison between Figs. 13 and 14
pinpoint the longevity of the treatment thus confirming our previous observations

of chitosan mediated slow release.
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[00187] The effect of treatment on weight gain was assessed by measuring
the weight of each animal/group once per week during the present study.
Results show that treatment did not affect weight gain (Fig. 17). However, it was
noted that weight gain was slowed in the week following first TNC
administration. For example, group C4 and C5 received their first injection on
the 3™ and 4™ week of investigation, respectively, which caused weight
stabilization for group C4 and weight loss for group C5. This effect is also
present in groups C2 and C3 on a smaller scale (Fig. 17). In fact, C5s mean
weight had an accelerated weight gain (mean weight) compared to all groups
from the beginning of the study until its first injection on 28-12-2010. The effect
of this injection is observed on 04-01-2011 (5" week) where C5's weight

increase rate slowed drastically concordantly with what is observed in Fig. 18.

[00188] While the invention has been described in connection with specific
embodiments thereof, it will be understood that it is capable of further
modifications and this application is intended to cover any variations, uses, or
adaptations of the invention, including such departures from the present
disclosure as come within known or customary practice within the art to which

the invention pertains and as follows in the scope of the appended claims.
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WHAT IS CLAIMED IS:

1.

A composition for inhibiting a gene expression in vivo comprising
chitosan and an RNAi-inducing nucleic acid sequence against said gene
wherein the chitosan has a molecular weight (Mn) of 5 kDa to 200kDa, a
degree of deacetylation (DDA) of 80% to 95%, and wherein the chitosan

amine to nucleic acid phosphate ratio (N:P) is below 20.

The composition of claim 1, wherein the molecular weight of chitosan is 5
to 15 kDa, the DDA from 90 to 95% and the N:P ratio is from 2 to 10.

The composition of claim 1 or 2, wherein the molecular weight of
chitosan is 10 kDa, the DDA is 92% and the N:P ratio is 5.

The composition of claim 1, wherein the molecular weight of chitosan is
10 kDa, 40 kDa, 80 kDa, 150 kDa or 200 kDa.

The composition of any one of claims 1-4, wherein the chitosan

comprises block distribution of acetyl groups or a chemical modification.

The composition of any one of claims 1-5, wherein said chitosan has a

polydispersity between 1.0 and 7.0.

The composition of any one of claims 1-6, wherein the RNAi-inducing
nucleic acid sequence is a double stranded linear deoxyribonucleic acid

or ribonucleic acid sequence between 10 to 50 nucleotides.

The composition of any one of claims 1-7, wherein the RNAi-inducing
nucleic acid sequence is a hairpin structure of deoxyribonucleic or
ribonucleic acid sequence.

The composition of any one of claims 1-8, wherein the RNAi-inducing
nucleic acid sequence is chemically modified either on the sugar

backbone, phosphate backbone and/or the nucleotide base ring.
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The composition of any one of claims 1-9, wherein the RNAi-inducing
nucleic acid sequence is a short interfering RNA, a short hairpin RNA or

an RNAi-inducing vector.

The composition of any one of claims 1-10, wherein the RNAi-inducing
nucleic acid sequence targets a gene involved in the pathogenesis of

type Il diabetes, atherosclerosis or cancer.

The composition of any one of claims 1-10, wherein the RNAi-inducing
nucleic acid sequence targets a gene involved in tumor development,
metastasis or the induction of chemoresistance.

The composition any one of claims 1-11, wherein the RNAi-inducing

nucleic acid sequence targets a glycoregulating protein.

The composition of claim 13, wherein the glycoregulating protein is an

incretin degrading enzyme.

The composition of claim 13, wherein the incretin degrading enzyme is
dipeptydilpeptidase-IV (DPP-IV).

The composition any one of claims 1-11, wherein the RNAi-inducing

nucleic acid sequence targets an atherogenic protein.

The composition of claim 16, wherein the atherogenic protein is
Apolipoprotein B (ApoB), Apolipoprotein E (ApoE), Apolipoprotein B 100
(ApoB 100), Apolipoprotein B 48 (ApoB 48), Neutrophil gelatinase-
associated lipocalin (NGAL), Matrix metalloproteinase-9 (MMP-9), or

Cholesteryl ester transfer protein (CETP).

The composition of any one of claims 1-12, wherein the RNAi-inducing
nucleic acid sequence targets a helicase protein, an RNA helicase, P68,
DDX5, DDX32, DDX1, Akt, PKB, a member of the ABC transporters,
MDR1, MRP, a member of the RAS family of proteins, SRC, HER2,
EGFR, Abl, or Raf.
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The composition of claim 18, wherein the helicase protein is a member of

the RecQ family of helicases.

The composition of claim 18 or 19, wherein the helicase protein is
RecQL1 DNA helicase.

The compositon of claim 18, wherein the RNAi-inducing nucleic acid

sequence targets MDR1.

A composition as defined in any one of claims 1-21 for the treatment of
diabetes mellitus and related conditions thereof, atherosclerosis and
related conditions thereof, or cancer and related conditions thereof in a

patient.

The composition of claim 22, wherein said diabetes mellitus related
conditions are insulin-dependent diabetes mellitus (type | diabetes),
noninsulin-dependent diabetes mellitus (type Il diabetes), insulin
resistance, hyperinsulinemia, diabetes-induced hypertension, obesity,
damage to blood vessels, damage to eyes, damage to kidneys, damage
to nerves, damage to autonomic nervous system, damage to skin,

damage to connective tissue, and damage to immune system.

The composition of claim 22, wherein said atherosclerosis related

conditions are cardiovascular diseases.

The composition of claims 24, wherein the cardiovascular diseases are

coronary heart diseases, acute coronary syndromes or angina pectoris.

The composition of any one of claims 22-25, wherein said composition

reduces ApoB plasma levels.

The composition of any one of claims 22-25, wherein said composition

increases GLP-1 bioavailability.

The composition of any one of claims 22-27, said composition further

increases the control of glucose metabolism in said patient.
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The composition of any one of claims 22-28, said composition further

reduces the blood glucose level in said patient.

The composition of any one of claims 22-29, said composition further

reduces the cholesterol level in a patient.

The composition of any one of claims 22-30, said composition further

reduces the low-density lipoprotein level in said patient.

The composition of any one of claims 22-31, wherein said composition

further reduces the weight gain in said patient.

The composition of any one of claims 22-32, wherein said composition
reduces ApoB plasma levels of at least 35% and LDL/VLDL cholesterol

level of at least 20%.

The composition of any one of claims 22-32, further comprising insulin, a
glucosidase inhibitor, a sulfonylurea, a DPP-IV inhibitor or a

hypoglycemic compound.

The composition of any one of claims 22-34, formulated for concurrent
administration with a suitable delivery reagent, insulin or a hypoglycemic

compound.

The composition of claim 35, wherein the suitable delivery agent is Mirus
Transit TKO® lipophilic reagent, lipofectin®, lipofectamine™, cellfectin®,

polycations or liposomes.

The composition of claim 35, wherein said hypoglycemic compound is
metformin, acarbose, acetohexamide, glimepiride, tolazamide, glipizide,
glyburide, tolbutamide, chlorpropamide, thiazolidinediones, alpha
glucosidase inhibitors, biguanindine derivatives, troglitazone, or a mixture

thereof.

The composition of claim 34, wherein said sulfonylurea is tolbutanide,

tolazamide, glisoxepide, glimipeide or glibomuride.



WO 2012/159215 PCT/CA2012/050342

39.

40.

41.

42.

43.

-70 -

The composition of claim 34, wherein said DPP-IV inhibitor is sitagliptin,

vildagliptin or saxagliptin.

The compositon of claim 22, wherein said cancer is breast cancer,
glioma, large intestinal cancer, lung cancer, small cell lung cancer,
stomach cancer, liver cancer, blood cancer, bone cancer, pancreatic
cancer, skin cancer, head or neck cancer, cutaneous or intraocular
melanoma, uterine sarcoma, ovarian cancer, rectal or colorectal cancer,
anal cancer, colon cancer, fallopian tube carcinoma, endometrial
carcinoma, cervical cancer, vulval cancer, squamous cell carcinoma,
vaginal carcinoma, Hodgkin's disease, non-Hodgkin’s Iymphoma,
esophageal cancer, small intestine cancer, endocrine cancer, thyroid
cancer, parathyroid cancer, adrenal cancer, soft tissue tumor, urethral
cancer, penile cancer, prostate cancer, chronic or acute leukemia,
lymphocytic lymphoma, bladder cancer, kidney cancer, ureter cancer,
renal cell carcinoma, renal pelvic carcinoma, CNS tumor, glioma,
astrocytoma, glioblastoma multiforme, primary CNS lymphoma, bone
marrow tumor, brain stem nerve gliomas, pituitary adenoma, uveal
melanoma, testicular cancer, oral cancer, pharyngeal cancer, pediatric
neoplasms, leukemia, neuroblastoma, retinoblastoma, glioma,

rhabdomyoblastoma or sarcoma.

The composition of claim 22 or 40, formulated for concurrent
administration with at least one of a suitable delivery reagent and an anti-

cancer compound.

The composition of claim 41, wherein the suitable delivery agent is Mirus
Transit TKO® lipophilic reagent, Lipofectin®, Lipofectamine™,

Cellfectin®, polycations or liposomes.

The composition of any one of claims 22 and 41-42, formulated for

concurrent administration during a suitable anti-cancer therapy.
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The composition of claim 43, wherein the anti-cancer therapy is at least
one of a surgical procedure, chemotherapy, hormonal therapy and

localization radiation.

The composition of any one of claims 1-44, wherein said composition is

formulated for an injection at a dose of 1mg/kg.

The composition of any one of claims 1-45, wherein said composition

does not induce liver toxicity when administered.

A method for delivering a nucleic acid sequence into a cell comprising
the step of contacting the composition of any one of claims 1-46 with said

cell.

The method of claim 47, wherein said cell is a primary cell, a transformed

cell or an immortalized cell.

A method of producing a composition for treating diabetes mellitus,
atherosclerosis or cancer comprising admixing chitosan and an RNAi-
inducing nucleic acid sequence in an acidic medium, wherein the
chitosan has a molecular weight (Mn) of 5 kDa to 200kDa, a degree of
deacetylation (DDA) of 80% to 95%, and wherein the chitosan amine to

nucleic acid phosphate ratio (N:P) is below 20.

The method of claim 49, wherein the chitosan is dissolved in hydrochloric

acid prior to admixing with the RNAi-inducing nucleic acid sequence.

The method of claim 50, wherein the chitosan is dissolved in a

glucosamine:HCI at a ratio of 1:1.

The method of any one of claims 49-51, wherein the Mn of chitosan is 10
kDa, the DDA is of 80% or 92%, and wherein the chitosan amine to

nucleic acid phosphate ratio (N:P) is of 5 or 10.

The method of any one of claims 49-52, wherein the admixing of
chitosan with the RNAi-inducing nucleic acid sequence produces

nanoparticles of spherical shape of sizes below 200 nm.
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The method of claim 53, wherein the size of the nanoparticles is 45 to
156 nm.

A method for treating diabetes mellitus, atherosclerosis or cancer in a
patient comprising administering to said patient an effective amount of a
composition comprising chitosan and an RNA-inducing nucleic acid
sequence, wherein the chitosan has a molecular weight (Mn) of 5 kDa to
200kDa, a degree of deacetylation (DDA) of 80% to 95%, and wherein

the chitosan amine to nucleic acid phosphate ratio (N:P) is below 20.

The method of claim 55, wherein the molecular weight of chitosan is 5 to
15 kDa, the DDA from 90 to 95% and the N:P ratio is from 2 to 10.

The method of claim 55, wherein the molecular weight of chitosan is 10
kDa, the DDA is 92% and the N:P ratio is 5.

The method of claim 55, wherein the molecular weight of chitosan is 10
kDa, 40 kDa, 80 kDa, 150 kDa or 200 kDa.

The method of claim 55, wherein the chitosan comprises block

distribution of acetyl groups or a chemical modification.

The method of claim 55, wherein said chitosan has a polydispersity
between 1.0 and 7.0.

The method of claim 55, wherein the RNAIi-inducing nucleic acid
sequence is a double stranded linear deoxyribonucleic acid or ribonucleic

acid sequence between 10 to 50 nucleotides.

The method of claim 55, wherein the RNAIi-inducing nucleic acid
sequence is a hairpin structure of deoxyribonucleic or ribonucleic acid

sequence.

The method of claim 55, wherein RNAIi-inducing nucleic acid sequence is
chemically modified either on the sugar backbone, phosphate backbone

and/or the nucleotide base ring.
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The method of claim 55, wherein the RNAIi-inducing nucleic acid
sequence is a short interfering RNA, a short hairpin RNA or an RNAi-

inducing vector.

The method of claim 55, wherein the RNAIi-inducing nucleic acid
sequence targets a gene involved in the pathogenesis of type Il diabetes,
atherosclerosis or cancer.

The method of claim 55, wherein the RNAIi-inducing nucleic acid
sequence targets a gene involved in tumor development, metastasis or
the induction of chemoresistance.

The method of claim 55, wherein the RNAIi-inducing nucleic acid

sequence targets a glycoregulating protein.

The method of claim 67, wherein the glycoregulating protein is an incretin

degrading enzyme.

The method of claim 68, wherein the incretin degrading enzyme is
dipeptydilpeptidase-IV (DPP-IV).

The method of claim 55, wherein the RNAIi-inducing nucleic acid

sequence targets an atherogenic protein.

The method of claim 70, wherein the atherogenic protein is
Apolipoprotein B (ApoB), Apolipoprotein E (ApoE), Apolipoprotein B 100
(ApoB 100), Apolipoprotein B 48 (ApoB 48), Neutrophil gelatinase-
associated lipocalin (NGAL), Matrix metalloproteinase-9 (MMP-9), or

Cholesteryl ester transfer protein (CETP).

The method of claim 55, wherein the RNAIi-inducing nucleic acid
sequence targets a helicase protein, an RNA helicase, P68, DDX5,
DDX32, DDX1, Akt, PKB, a member of the ABC transporters, MDR1,
MRP, a member of the RAS family of proteins, SRC, HER2, EGFR, Abl,
or Raf.
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The method of claim 72, wherein the helicase protein is a member of the

RecQ family of helicases.

The composition of claim 72, wherein the helicase protein is RecQL1
DNA helicase.

The method of claim 55, wherein the RNAIi-inducing nucleic acid

sequence targets MDR1.

The method of claim 55, wherein said composition reduces ApoB plasma

levels.

The method of claim 55, wherein said composition increases GLP-1

bioavailability.

The method of claim 55, said composition further increases the control of

glucose metabolism in said patient.

The method of claim 55, said composition further reduces the blood

glucose level in said patient.

The method of claim 55, said composition further reduces the cholesterol

level in a patient.

The method of claim 55, said composition further reduces the low-density

lipoprotein level in said patient.

The method of claim 55, wherein said composition further reduces the

weight gain in said patient.

The method of claim 55, wherein said composition reduces ApoB plasma
levels of at least 35% and LDL/VLDL cholesterol level of at least 20%.

The method of claim 55, said composition further comprising insulin, a
glucosidase inhibitor, a sulfonylurea, a DPP-IV inhibitor or a

hypoglycemic compound.
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The method of claim 55, said composition administrated concurrently

with a suitable delivery reagent, insulin or a hypoglycemic compound.

The method of claim 85, wherein the suitable delivery agent is Mirus
Transit TKO® lipophilic reagent, lipofectin®, lipofectamine™, cellfectin®,

polycations or liposomes.

The method of claim 85, wherein said hypoglycemic compound is
metformin, acarbose, acetohexamide, glimepiride, tolazamide, glipizide,
glyburide, tolbutamide, chlorpropamide, thiazolidinediones, alpha
glucosidase inhibitors, biguanindine derivatives, troglitazone, or a mixture
thereof.

The method of claim 84, wherein said sulfonylurea is tolbutanide,

tolazamide, glisoxepide, glimipeide or glibomuride.

The method of claim 34, wherein said DPP-IV inhibitor is sitagliptin,

vildagliptin or saxagliptin.

The method of claim 55, wherein said cancer is breast cancer, glioma,
large intestinal cancer, lung cancer, small cell lung cancer, stomach
cancer, liver cancer, blood cancer, bone cancer, pancreatic cancer, skin
cancer, head or neck cancer, cutaneous or intraocular melanoma,
uterine sarcoma, ovarian cancer, rectal or colorectal cancer, anal cancer,
colon cancer, fallopian tube carcinoma, endometrial carcinoma, cervical
cancer, vulval cancer, squamous cell carcinoma, vaginal carcinoma,
Hodgkin's disease, non-Hodgkin’s lymphoma, esophageal cancer, small
intestine cancer, endocrine cancer, thyroid cancer, parathyroid cancer,
adrenal cancer, soft tissue tumor, urethral cancer, penile cancer, prostate
cancer, chronic or acute leukemia, lymphocytic lymphoma, bladder
cancer, kidney cancer, ureter cancer, renal cell carcinoma, renal pelvic
carcinoma, CNS tumor, glioma, astrocytoma, glioblastoma multiforme,
primary CNS lymphoma, bone marrow tumor, brain stem nerve gliomas,

pituitary adenoma, uveal melanoma, testicular cancer, oral cancer,



WO 2012/159215 PCT/CA2012/050342

91.

92.

93.

94.

95.

96.

-76 -

pharyngeal cancer, pediatric neoplasms, leukemia, neuroblastoma,

retinoblastoma, glioma, rhabdomyoblastoma or sarcoma.

The method of claim 55, sad compositon is administered with at least

one of a suitable delivery reagent and an anti-cancer compound.

The method of claim 41, wherein the suitable delivery agent is Mirus
Transit TKO® lipophilic reagent, Lipofectin®, Lipofectamine™,

Cellfectin®, polycations or liposomes.

The method of claim 55, said compositon is administered concurrently

during a suitable anti-cancer therapy.

The method of claim 43, wherein the anti-cancer therapy is at least one
of a surgical procedure, chemotherapy, hormonal therapy and

localization radiation.

The method of claim 55, wherein said composition is injected at a dose

of 1mg/kg.

The method of claim 55, wherein said composition does not induce liver

toxicity when administered.
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Category* | Citation of document, with indication, where appropriate, of the relevant passages |Relevant to claim No.

Y CA 2 644 347 A1 (WENGEL, I. et al.) 27 September 2007 (27-09-2007) 1-12, 16-17, 22-26, 30-39, 45, 46 and 49-
(see page 22 and claims 20 and 28) 54.

Y EP 1816 194 (TAKAGI, M. et al.) 18 February 2009 (18-02-2009) 1-12, 18-20, 22, 23, 34-39, 45, 46 and
(see entire document) 49-54.

Y US 2005/0153914 A1 (MCSWIGGEN, I. et al.) 14 July 2005 (14-07-2005) 1-12,21- 23, 34-39, 45, 46 and 49-54.

(see entire document)
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Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of the first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following
reasons :

1. [X] ClaimNos.: 47,48 and 55-96

because they relate to subject matter not required to be searched by this Authority, namely :

Claims 47, 48 and 55-96 are directed to methods of treatment of the human or animal body by surgery or therapy which the
International Search Authority is not required to search. However, this Authority has carried out a search based on the alleged
effects or purposes/uses of the products defined in the claims.

2. | ] Claim Nos. :

because they relate to parts of the international application that do not comply with the prescribed requirements to such an extent
that no meaningful international search can be carried out, specifically :

3. [ ] Claim Nos. :

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows :

1. [ ] Asall required additional search fees were timely paid by the applicant, this international search report covers all

searchable claims.

2. | ] Asall searchable claims could be searched without effort justifying additional fees, this Authority did not invite

payment of additional fees.

3. [ ] Asonly some of the required additional search fees were timely paid by the applicant, this international search report
covers only those claims for which fees were paid, specifically claim Nos. :

4. | ] No required additional search fees were timely paid by the applicant. Consequently, this international search report is

restricted to the invention first mentioned in the claims; it is covered by claim Nos. :

Remark on Protest [ ]| The additional search fees were accompanied by the applicant’s protest and, where applicable,

the payment of a protest fee.

[ ] The additional search fees were accompanied by the applicant's protest but the applicable protest

fee was not paid within the time limit specified in the invitation.

[ ] No protest accompanied the payment of additional search fees.
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Lo —Ff A PO HIAR  ZE RER A A9, AL 5o SR MR P ITIR 25 R RNAT 5 3 M %
5 751, Hod, Bk 55 55 B 5kDa 2 200kDa (194> F 5 (Mn).80% 2 95% [1] 3= Z WAL F5
(DDA, Ff H I rh 7o SR e 5 - BRI R IR ¥ L (N:PD /T 20,

2. MRPEARE SR 1 ik 64, o, iR 7 R/ 758 5 2 15kDa. DDA iy 90
% 95% JF H N:P b R 2 & 10,

3. MEBURIESK 1 8% 2 Brik 254, Horb, Prid 52 SR 1K) 4>+ &4 10kDa DDA iy 92%
JEH N:P EE W 5,

4. WRABEBCRESK 1 Prik A G, Hob, Bk 52 588K 73+ 28 10kDa. 40kDa,80kDa .
150kDa B # 200kDa.

5. MRAEBCRIE K 1 &2 4 YT —IFT iR AL &4, b Tl 5 B0 A & S e nik B 7
AT H B

6. MRIBRER 1 25 FYE—I TR A G, Hob, TR R RAE L. 0RT.02
) (1) 2 43 BCPE

7. MRIEBRER | &2 6 PAE—TATRIAL A, Hod, Frid RNAT 3 SR T 51 A2 10
2 50 Z (AN Z A IR [ XURE S TE W SR BEAZ R - 91 SR BB AL TR TP 1) o

8. MAEACFIE R 1 2 7 PAE—TRTIR A A, Lo, ik RNAL 5 SR 7512 i
A TA BRI BGA A Gl ST R

9. RPENFER | 2 8 FT—IFTIRIMLAL G, Ko, 7058 L5 BRI ES L REAT / alii%
HERIRIEEN EAL S Tk RNAL 5 S HERZIR P41 o

10. ARYEBCFIE R 1 2 9 FYT— TR I &4, S, BTk RNAT i SR 751 2 3
TPt RNAVKL &% % RNA 8 RNAT i 301K

L1 MR SR 1 2 10 T —TATR I4LE Y, S, BTk RNAL 5 S E IR 751 4
2 5 11 ZU8E PRI « o) K SR AT Rl A B0 i (%) A i AL R A

12. MRPEBFN LR 1 210 PE—TFTARRKLLAE Y, 2, ik RNAL i SR 74140
7] 25 55 R R 5 ST I 2 TR A

13, MRPENFNER 12 11 T TATRRLLE Y, Hb, BTk RNAL 5 S PEIR 751 50
BT HE

14, FRIEBCRIEER 13 Pk 4G4, Horb, Brid il 15 o o 2 il 22 PR e .

15, MAE AR K 13 Prak (4L & 4, Horr, Bl s 3 B i il o2 — RS IR -1V
(DPP-1V),

16. HRPEAFNER 1 2 11 T TATR4LE Y, Hd, Tk RNAL 3 S PE IR 751 4
EESEIG A S P

17, WRPEAFE R 16 ik A AD, L, i B ke o8& B
(ApoB) TG B E (ApoE). #iJI5 85 19 B100 (ApoB100). % JI5 2% 11 B48 (ApoB48). P fir
40 it B R i AH DGR s 2 1 (NGALD 25 i & 8 A g -9 (MMP-9) i JIH [i] i 1§ 2 % 2 1
(CETP),

18, MRPEAANER 1 22 12 T TATR LAY, Hrb, Tk RNAL i SR 751 40
[F] i e 25 1 L RNA i R . P68 DDX5. DDX32. DDX1 . Akt PKB. ABC #%iz 1-Hit i1 - MDR1 . MRP .,
RAS % 4 5 % 7 « SRC. HER2. EGFR. Abl BY Raf.
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19. WRIEBCRIEK 18 Pk 4L &4, Horb, Prid ff el e O 2 fE BERE RecQ KR KIA -

20. AR SK 18 519 Ak 20 -&4, Horb, Brid fd e a5 1 2 RecQLIDNA fi# gt .

21. FRHRBCRIELR 18 Frik (14 ), Forbr, Bk RNAL o5 MR AZ IR 3 51 #E ) MDR1 o

22, —FPRRIEARIE SR 1 2 21 AT BROE I ALGY), F TR 9T B TRl R S L
FHOCIAE BN K SR AT A A, e FCAH DO hE B e S HAH ST o

23. MRPEARNEL R 22 Frik 2064, o, B adoBE b o3 FTAH D93 90 A2 198 5 22 At 1k
PRIV CT AR B3« A T 5 25 A R M b B8 (LT PR B 9 19 25 i 52 e I 05 2% I EE
PR3 5 S 1 g 0 s« B JRESEE < IS5 9 B3 4 B (R B340 S B 04 AP 2 I 3034 B B2 R AR
(5307 « B2 SR R 4534%5 465 B ZH 4R I B A G 2 R e 453475

24. MRAEBURE K 22 Prik FA-EW), o, PR A AH SCHRE &2 O I8 50 o

25. MRYFAUCHELSK 24 Frik 204, o B ad O 1457500 2 e S P e IR B Ik 25
AAE LR .

26. FRHEBCR)EK 22 22 25 AT —IATR LA, 2o, Brid 415 Y) B ApoB Ifil 2% 7K

27. MRPEARE R 22 £ 25 PT—TATIR AL A, Hob, Frik 4l &4 GLP-1 [f12E
YRR

28. MRHRBCR)EESR 22 42 27 T TTIA 2L &4, BTk 21 & W £ it BT i i3 1)
B A R 4

29. MRIEBURNEESR 22 22 28 HPAT—TRATIR WAL E4, AT id 45 W BERA AT i 23 Hh 1 i
BEIKF o

30. FRHEBCR)ESK 22 22 29 AT —THTIA G AL G4, BT 2145 s B AT 2 3w %) L s e
KF.
31 FRPEACR TR 22 2 30 AT TRTIA 2L &4, BTk 21 & W B AR BT 16 3 h I
FEREAKF.

32. MPEAANE K 22 2 31 FAT—IFTIR LAY, Kb, Frik 4 & Wik BAR AT R 3
W AR A

33. MRAEBUR K 22 2 32 AT — I ATR AL A9, 2o, Brid 450 ApoB I /K
BEA 22 /b 35%, 3 H ¥ LDL/VLDL JIH [ B SE BRAK 5 2 20%.

34. FRPEBCR)EE SR 22 22 32 HPAT—TUFTIR I AL A4, 300,35 Jo 2 25 0 2 W BT 1039
FEADEIDR - DPP—TV )55 =3 bt BB AL 540 o

35. MPEAAIE K 22 2 34 T —IFT IR AL G, Bl H T 58 A 2% 2550 R 5
Z BRI AL S R 25T

36. AR B Bk 35 B R W AL A A, Ho, BT R S A B IR 25 ) a2 Mirus
Transit TKO® FME1E X7, Lipofectin® . Lipofectamine™. Cellfectin® - &/ 5 5L

isprig
37. MAEBUM LR 35 Frid (AL &4, Ferb, Piridt B i 8 Ak 5402 — 0O BT - 388
i R LR 81 SR 2 Tz Bt JOR 5 B LG R L A% B0 ACJIR PP 22 T R S S A MR 1 P Aot —
e ZFBE R0 ST A4 iR 27 B e AT TR 540
38. MRIEBOM LR 34 Frif 4L, Jorb, Prid i BEIRE T 1 IR Zhr i IR s 1R
3
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R K5 2 S MR Bk A1) B R o

39. MR BRI EL K 34 Prik 4G4, Hor, BTk DPP-TV #5712 Vb 17T  HERR 513 T B,
PHREHNT

40. FRYBBCHIEK 22 Frik (4G, 3orh, ik e 2 FLIE  oh 2 550 K e i
T~ /NI BRSO PR LR B eSS RS R R Sk B R ERIR N B 2R . T E A
I8\ O S B BRES B T ) S &6 e S BRSO R L S\ A B R
o HfL g B e E AT 4 ECO A A 4 UM EV R L e s /N s N i S IR IR L R
RS W B B R 2R MR | PR e L B 25 T 41 R ARk B 1 L I A
PEUK CIRE IS IR e i PR e B A P L e ONS IR AR 2 TR AR T A0 R
Z TR T BEAR MdE  JR A ME ONS Wbk 88 B 8 i A 22 i g AR I AT TR &=
Je SR AR e TR /N LB AR 1 ML A 20 40 B JRE S AV IO I 4 L g A 2 o
I« SR SO LA e B3R 98 o

A1 BRI EL K 22 840 Frk (2064, Bl A T 5384 6 I8 2550 Ptk &4
[ 22 b —Fi Rl I 257

42. WP BUR EE SR A1 R A A W, o, P i TS A B 38 I8 25 ) A2 Mirus
Transit TRO® £ 517, Lipofectin® . Lipofectamine™. Cellfectin® . 5 H & 1 8%

JIERIRE

43. FRPEBUR LR 22 F1 41 & 42 PAE—TATR A S, Be kil TEE A WPk
R A 25T

44. FRIEBCRESK 43 Frik A58, Hord, Bridbus 7 k2 FARERAE AT R EITIE
R A AR S R A 2 > — Pl

45. MRIEANE R 1 £ 44 T TFTIR LAY, o, ik TR 4145 A T UL Img/
kg (1575

46. FRIEBURE SR 1 2 45 PE—TFTRKLALEY, o, B4 T, friRdl 5 As iR
JHF I 2 2 o

AT, —FiH FBAZIR T 51616 2 40 772 B R AR BRI ZE R 1 & 46 H{T— I
TR 0 A 5 B i 41 e e i i 2 3R

48. MRABBORE SR AT PR iy 77, Horb, Frk 40 f 2 J5 A 40 i 4 40 40 Mo Bk A= 40 48
Jo

49. —Fi = H 19T R R 9~ 30 KO RE AL BUEDIE I 4 ) 8 7 1 AR FERR TE A

S PIRA ST B RNAL 5 SRR 740, Sorh, Pk 72 280 LA B5kDa 2 200kDa [1)4) &
(Mn)+80% &= 95% (1) 25 ZBEALFE AE (DDAD, I H b 52 Z Bk i 5 R IR B IR IR 1 LA (N: PR T
20,

50. *E%*R%UEZ% 49 ik i) 75, Horb, B PR FE R B AE 5 ITiA RNAL 5 S LR T )
REATRARE SRR T .

51. FFEJEW’HJEX 50 AITIR IR 75 vk, Hor, DL Le 1 97 5 0 % < HCT LUAE S B T Id e 0

52. FRIEAHELK 49 &2 51 PAE— I PTIR I 773, Horp, Pk 52 S8 % ) Mn #2 10kDa DDA
& 80% B 92%, I H I Frid 5o B M i 5% IR B R IR 1 LU A (N:PD 2 5 8K 10,

53. HRPEAURN K 49 22 52 T —IATIA I 575, Hor, VA TR0 5 FTid RNAT 75 3%

4
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W57 42 RSHAN T 200nm (1KER T 44 K S00K o

54. MRAEBUNE K 53 Frik i 751, Hodr, ok @Kok (1) R~) o8 45 42 156nm.

55. — PP A7 A OB PR S SR FERR AL BUREAE Y 7 1, AR TR R 4 TR
R AL 5 S MR RNA 55 S AL IR A AL &4, Horb, Brid 5 580 A 5kDa 22 200kDa
(13 188 (M) 80% &= 95% ] 2 ZBEALFLRE (DDA, 3 H. I b B ik 75 B8 B e 55 4% I Tl 82 s 1)
EEAE (N:P) KT 20,

56. HRHRBCHIEK 55 Frak ()77 1%, Horr, Brik 7e S8 W5 4> 88 5 & 15kDa. DDA 2 90
% 95% JFH N:P HEh 2 & 10,

57. MRAEAURNEL K 55 Jridk (1) 7715, Horr, Pk 52 S8 E 1K1 4> 84 10kDa. DDA &y 92% JF
HN:P EA 5,

58. MRIAFIE K 55 Frak (1) 7775, Forr, BTk 52 58 BB 1414 75 4 10kDa. 40kDa,80kDa .
150kDa 8% # 200kDa.

59. MBI ER 55 Frid ik ik, Forb, prid e SR A & S B [ 1) ik BL 7 Al i AL

60. MRIFBCRIELK 55 Frid (1) 75, Hor, Frid e B BE A AE 1.0 2 7. 0 Z M 2 73 R
P

61. HRHRECRIELK 55 Arid (1) 757k, Hodr, Brid RNAL 5 S HZ T4 52 10 2 50 Z [
% IR R XU 28 T 1 A2 B X IR 7 91 B B AL R 7471

62. FRILBURE K 55 Frik i 773k, Fodr, Bk RNAT i S IR 751 02 i S A% i % IR 7
TSI RLIR T IR <451 .

63. FRAEBRELSK 55 Pk i) 75 i, Hory, 70 kol 3= 5% VB RR BE =0 R/ B 1 IR Il 2
R A2 15 4 RNAL i S MR T .

64. MRIGAFIER 55 ATk 1) 57k, Hodr, Brid RNAT % S AL R 741 52 T4 RNALJE K
J& RNA B RNATL 5 SEk .

65. IR K 55 ATk 535, Hodr, ATk RNAT i S PERZ IR P )5 1R 2 55 1T 208k IR
993 ~ SR SR ASE AR Ak BT ) R LI R R R

66. HRHEBCR)ESK 55 FTid 1) 7515, 2o, Brid RNAT 5 S ML IR 3 91 HE 1) 2 15 g R e
R BT TN 255 S 2R

67. MARBOREIK 55 Prik (751, 2o, Brid RNAL 35 3 AL IR 721 B8 ) BE R Y 2R B

68. HRPEAUHNE SR 67 Frk k) 77, Horb, Brdobl 1719 25 112 i 2 B At I

69. 24 BRI E Sk 68 BT ik 1 7 v, b, Pk i Wb 2 PR AR G R TR R KR -1V
(DPP-1IV),

70. ARYFBCRIEL R 55 Frid i) 778, o, Bk RNAT i85 S HEAZ IR 7 51 48 1) B R A 4k
EA=

71 ARPEBRE R 70 Frk 7732, K ik S B R B A8 & A B (ApoB).
AR E (ApoE) AR 1 B100 (ApoB100) #5251 B48 (ApoB48) . Hp ki 41 i Il Jie i
FHICHE PUE 3 A A (NGAL) 4 B 2R 1B -9 (MMP-9) sl IH [ B2 sz #4 25 1 (CETP),

72, FRABEBIMEK 55 Prik i 77, Hodr, Brid RNAL 55 SR AL R v 21 42 1) it Tig B e
RNA fi#Jig 5 « P68 DDX5. DDX32. DDX1. Akt PKB. ABC #%iz 1-H it . MDR1 . MRP . RAS 2% 4 5 ik

5
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. SRC. HER2. EGFR. Ab1 B¥ Raf,
73, MRAEBURE K 72 Pk i 75, o, Brid g e i B 2 AR IERE RecQ ZKR I o
74, WRYRBCRIELSK 72 ik (4G9, Horb, Pk g el & A 2 RecQL1DNA f# HERE -
75. FRHRBCHIEK 55 Frik () 7715, o, Brid RNAL 5 A% R 7 41 8 7] MDR1
76. FRHRBCRIEEK 55 Frik ()75, oy, Brid 15 W) A ApoB 112K IKF
77, WRHRBCRIELSK 55 Pk ()75, o, ik -GV & GLP-1 I AE R A B
78. MRARBORE K 55 Pk (1) 7%, Frid 41 -5 Wik 4 iy v s 58 2 1) i 2 0 A i 4%
il o
79. MRAEBRELK 55 Pk K 5%, ik 4 -G 93 FEAC T 38 5 i g 7K~ o
80. MRFFAUHIEK 55 Frid (K771, ik 416 1)id FEAR A 2 vh I I [ B 7K o
81. MPHALFIEK 55 PR 1Y 7712, il 416 Wi BAR B i 25 2 Hh R 2% B IR B2 K

o

82. MRHHAUHI LK 55 Prik i) 751, Horr, Ik 41603 FeAR Bk £ v (1 PR = 3 e

83. MIHEAHNELSK 55 Frik ¥y 5k, Sorh, Tk 20 50K ApoB I 2R 7KV PG 22 /b 35%, FF
H# LDL/VLDL JH i B 7K FEAK 22 20 20%.

84. FRHRBURIEEK 55 IR (1) 7515, Tl 20 6 40y 14 A 75 ok 5% 2% 4 250 B L7 B ol ) Tk
JIK  DPP-TV #5512l B AL &4«

85. MRYFBUHNELK 55 Pk (1) 772, ik 415405 18 A 136 8 2557 JB I 22 sl b i 4k
GFRINET .

86. M2 # A M| £ =k 85 Py ik 1y Uy vk, Hoh, B iR & A 1 i 26 25 50 A2 Mirus
Transit TKO® N5 HERFA Lipofectin® + Lipofectamine™, Cellfectin® ., FMHE 1

IR R

87. WA E K 85 Bk (¥ 7532, e, Fr il B B A &5 40 5 — P OUIC BT 388 I
WR IR 8 51 SR Z DR M S ML A% 1A IR PR 2 1 0R SR T R s — i 2%
2 2 B BRI R0 SUIAT £ A% 2B s e AT TR G40 o

88. RN LK 84 Frid it Jr ik, Horb, ik iR A2 P At 1 IR S 22 S ROk A% IR
1% 51 S JIR 58k SR o

89. MRYEBUREEK 34 Frik () 753, Forbr, Brak DPP—TV J57 2 v fh 07T 4EX AT srh
WINT .

90. MRAEAUAN LK 55 Frid 18 7532, Forbr, B Jihe 2 3L e « ol 22 J TOJRg K M i
TN+ e FPERE S LR < R S TR B DT SRS B IR IR N R R T E A
TR BN SR L S LR T Ve < 5 P e O R 1 LR R S BE  R
A0 R B TE TR S < PO AR E T PGBt R BT N S N 2 AR L RO IR L R
RS MR B L L SR PRI B 2500 A0 90 e 1 P S L AR 2 40
PR L 08 5 IERE L R A DR e S M L L ONS R L MR U L AT AT R
Z TN ST BF AN OB I A 1k ONS 96K 200 R B TR 1 2 J g 3 A B o e i R
TR~ SERUIEE S VIS o PR /N LB A0 1 IR« B 2 A0 TR RS R 1 4 RS Ao 2
Jo RSV IR s R

91, MRARAUFER 55 Prik it i, Frid L 64 538 & R B 20 st s b i 2

6
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b5 1.

92. M BUA) SR 41 BT R B ik, b, TR & A 1Y I8 £ 2 ) 2 Mirus
Transit TRO® 3 g1k 7). Lipofectin® « Lipofectamine™. Cellfectin® . % & 1
SR AR

93. MIEAREE K 55 Frds 8 77k, FriR 4 & WAEiE & 0P T AR [F i 25 77

4. MRPERCRNEK 43 Frk 09 7 7%, Horp, B Huiyy o2 FARERAE A7 VBT i
SR ER S TR 2 b — P

95. MRIEBANLER 55 PRk i, o, rid i &9 0h 1ng/kg BT EES o

96. MIFAANELK 65 Tk i) ik, Hod, gh it , kA9 A 51 ke IRk
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FEAESHENETERENPARESYRETEY L£iE
1= siRNA B4R & IFN A%

[0001]  AHOKHRIFERIS]

[0002] A LFHIET R T 2011 4F 5 H 24 H$2A5 102 B 1l 15 F) H13E US61,/489306 F1
2011 4F 5 H 24 HERATI 3 Bl I % F) F US61/489302 AR SEAL, LA F &R g LLE A1
RN B FFAA L

BRI
[0003] A B9 B AT A S PRI T e B I 9K R T B0E K677 T RNAT %
SRR A SR

BREA

[0004] 3L siRNA CRLT-P0 RNAD IR TERZ A5 IEAE R RE RO HL CL 8 ek
HARTT W RER BT B SR S FE DA UBR SR o T AN ZRFEDR 200 5 LA KOG 090 1 73 i PR )
SRR, R T o S R R PRI B P VR T 22 Al PACH B CRUT B PR 3 ks RE A AL AT
TS B WS I EI 775 A8 siRNA, SEFr b AN SEEEPRI 20 T 3 S50 1 41> SR DR 33 iR A T
75, T A 25 RIS T HL2s o SRR T siRNA CREA TR T B35, iy H T 12l
42 Ep Ik siRNA SIS T340 T I A B I AR AT B o

[0005] T ZUHE R

[0006]  TT ZRHE R (T2DM)D & HAT AN [A]ps BE R IL b AT AR AR B hE » JF HLIE 3 5 IR 2R AR
UG A 5 (Bell 25 A, 2001, Nature, 414:788-791), 1T ZUH JRIF (HFIEAE T1E
SN CHILIAL IR 07 L ZURIHE I Hox i iy 22 AR FH T 52 o HCHRRIEIEAE Ty B — 41 i
O3 WA B 2R HE ) I IB MR S o Bl PR )R S S Wi G LB I RO S LTI A T R AR P
T ARZIRAE R S5 R . KIE IFRIEFFE S 1T 200 PR A 5%, I H AL 45 Lo afi A8 R0 i 1T
I RAE

[0007]  DAR AU T H AT C &1 B BRI 25 ) 22800 o UIICAZ 38 e 10 ol U i 26
77 A B AT A IR B v 71 o 7 2 B 5 DA B Sl IR P — 2R 25 IR0 HE — XL
AIC AR DD, B A e AT o 5 R IV oty = BB T W 5 (R 2540 o Tt R A o 4l 35 e Pt
B — 4 ML 1) PN YR B BB TR A B i BN X (manage) TT BUBH R I — 2K 2540 . X KA,
T FORGE T IR OB 1) b iR (RS U0 A% SR s 51 SE RIS 51 IR S o B
PO 1) 70 SR S5 N T i R T By 2% AT B AIC Mp , O B LR Bk 51 2 AR AR 41U 5%
[0008]  ANSE[R I, RIS A 205 I, 3K 28367 J7 20 5 52 22 A e VT 52 P AR 3 1 I 7 b
B I AT M 5 PR ] (Drucker 28 A, 2010, Nat Rev Drug Discov, 9:267-268 ;Nauck Z¢
A, 2009, Diabetes Care, 32:84-90 ;Ng2& A , 2010, Prim Care Diabetes, 4:61-63 ;Truitt
N, 2010, Curr Med Res Opin, 26:1321-1331 ;1 Wajcberg #l Tavaria, 2009, Expert Opin
Pharmacother, 10:135-142), 5345, B m SR B 41 DhREEIR, M ariR 7 I
955 (Turner 2% A, 1999, JAMA, 281:2005-2012),
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[0000]  Jizuih B A'E F 1) A B0 A FH R DL g /) VSR8 o) T2DM 1 — 2R VA 7 SRR VA 97 12
BEHT RS . FEm A E MR RLK 1 (GLP-1) 2RV A 244 (incretin effect),
2 e MR ZERE IR 1 i ok s 3k i 5 22 70 SR AR 45 0 TR 7K T o GLP—1 3 KA (R4 A, 48
2 W HES B KA R G R (e BRI (2 B 4T RAE KRN E] B 4l R IE T,
WL SR o T 22 B f#) (Nauck 28 A, 2002, J Clin Endocrinol Metab, 87:1239-1246 ;
Fl Creutzfeldt 25 A, 1996, Diabetes Care, 19:580-586). 4R 1M, T4 V2 EMI 245
W% B KSR IR TV (DPP-IV) PRt FA, PRI GLP-1 7RI K T IR BE 2 RIS . IR
DPP-IV 7% GLP-1 [ N R K Y1) His:Ala:Glu JF o843 B8 t% I & DPP-1V it 52 7% GLP-1
FRAN UL T DPP-TV FiIF o

[0010]  DPP—IV Fifal 5l # i) — REEAKEE TV 12 B 5o flvd ME DM 2R i 2549 . DPP-1V
(925 50 s P B TR 0 R CFR R Bl 20 I IR /K P o A L, ) — R R AR TV i
BRI 2 i 9 25 PR P R A1) R BB SRR TIR 1 (GLP—1D o IR BB FE P A YT | 4 ik
ST FYPREANT 5 3 HAER DRSS T— 1K

[0011]  BhfkERAEMELL

[0012]  Z) ik S FEAE AL A2 F Bk b Bk S A B A B B 1 T R 5 S PR 8 Pk 0 o Bl BB
FEREAL AR TR 2 B0 5 52905 » 407 /0 « 2 M e R 30 ik 45 6 i R0 2898 (Lloyd—Jones %5
A, 2010, Circulation, 121:e46-215), 7F 25 [, 1T 2010 4F 2 ik B8 £E 1 4k 11 20 3% 1%
AN 5030 1236 7T, B BT LB B 2 AR R R) 4 A 7 B AR 38 R (Lloyd—Jones 5%
A, 2010, Circulation, 121:948-954), JL& i Rl sl Ik 58 FERB AL i IR & 5 2 R 40, (B A
W N 28 G R B T AR S e IR L AR 4 R 7E 12207 9 1) R i WL EE (pathogenesis) H1
HI1E A (Hanson Z& A, 2006, Nat Rev Immunol, 6:508-519 ;Montecucco A1 Mach, 2008, Clin
Interv Aging, 3:341-349). H A, H 3 Ik 3 AE Al 40 S AH ¢ 0 BE— O 1fL 457 52 5 (CVDD —
JIT 3% B FRT 2 0 E F0 BUAE o 0 B AR B 3- B0 -3- MR RS A (HMG—CoA) iE
i il 00 o) 550 R 4R N M I PR R G i Bk A 2 T 0 2R 19T 1 45 R (Vermissen 5%
N, 2008, BMJ, 337:a2423), X487k yk /b 1AK% B2 iR &2 EUIH [E B (LDL-C) o A ABFIT 3R
BH 25 T BRARIR LT VEIT , OVD R S FIEUE AR I XU FRAK . 46, R / BRI %
KL A LDL-C [ FEAIC S HE AT ME DG 2R (Law 56 A, 1994, BMJ, 308:367-372).

[0013] P LDL—C Ff Hi sth PR ALC 3l Ak s A A A P 2 A e 7 92 2 490 ot B B BB b 0 3l 1)
WA FE G 2 (VLDLD o AT L@ I #E r B lR 82 B (ApoB) SEILX R, 1X 2 R4 ApoB
& VLDL 23 WA DA F5 1 (Rut ledge 25 A , 2010, Cell Biol, 88:251-267), 7EAKH, LH
FHF2m Mo F0 iz b Rz 40 il Centherocyte) FiA ApoB.

[0014]  7E A2, ApoB FEKIAL T4 tafk 2(2q) b IF 5k 43kb, ApoB mRNA H 28 P& 1
129 AN A0 B B HARFEAE T 16 /NN 32 (Ludwig %8 A, 1987, DNA, 6:363-372
Scott, 1989, Curr Opin Cell Biol, 1:141-1147). ApoB mRNA FJEHE =2k B A 4536 M4
SEIR AN 517-550kDa (1) 4 75 8 [ 0L, FF RIAR R B KSR s 2 — o ApoB ikl
VEA R FEREAL S ARG CVD (P AT VAR BB AE T ApoB i@t B &85 iR
Clrgfe i N 7] PR HEL [ et A > 4 B AH EL A FH AT A P I 0 TR Je R B 2 1 ks (R VDL FHAE:
10 T I FLBE Ok (X1 7 (FF Rutledge %5 A , 2010, Biochem Cell Biol, 88:251-267 H14%
x).
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[0015]  JeiE

[0016] 22 ML [RpEhE T VA A AT A —MEl LAY 2590 F TR 3R R e o, I 489897
T R GEMER B EIEHA G ST A M 55— A 2 ) AT I 24 B I [R) 7
J& o fn, AT R 52 2 5 L Mg R4S U AH DG 11 3 )

[0017] a4t MoK ] 22 Pl LASRAS XS — sl 22 Pl Ak 300 B 52 1 o T 245 92 130 32 BEH LA A
T8 CLO AP 25 1 B AT 10 L P R, (2 eS8 24 03 1l T 5 440 LA 7 140 1 0 %0 & st 4% A
TG4, (3D 0 I 40 M 3K T 1 R AR S 29 HE S 30 R 2 2 1 (MDRD . 7E
PR IX LG DL, A 5 — AT SER HIT 52 1 2 S P HAR AT ) 2 i 25 2R A G
[0018]  f5 ' LI FUAIE S (1) 52 ML 2 — A2 8 ik 75 254 BIIA R FA 55 2 Bt 2L 38 4
L) 2z 3 B A8 P 2 0 B A, AT R A48 O AT 2503k B Tt AN 2= 2 D 2500155 5 1)
MMIET. . IXEHE AR 2T ATP- G55 & E R FE .

[0019]  7E A, B H Fr o1 TR HH 48 A ABC L[l (ATP- &5 & & K EEED . 76
SUME b, SzBr 3 H FTA B TR T MDR 325 R Az — SIS p- BEEE A
(P-gp)« Z 25N 32 M AH 5 8 1 (MRP) FIFL BJee i 25 25 9 (BCRP) o

[0020]  {EZFERLLLF, P-gp /22 525K ATP SO TR i el WA 8 . — BA 1)
P AR I Rk P-gp J2 RENE 7L FL 3 70 i es 48 i 3 MDR 1 RfE— R A o 7EFLIE P, 52%
[RIALST J3E 1K) P—gp HH T B Zbs P-gp [ZERRIFR G ABCBL (mdr1) 3 HAZ T4 t4
T IALE 21, 12 4b. ABCBL Hi 28 AR T4, oM 4E 1. 2kb [¥) mRNA. P—gp 14
H BT 50 BT B R AR A AN, BN E A 6 MR E S IR BORT ATP &5 63 G 57 .
[0021] b4k, 25 4 5L DR 20 e B MR RS e PRI — 2R IEO R (1T B2 DNA i e . X 484k
B L ATP AL HIZE DNA &6 A& 5 L B 2L S b i B0 E B AR, BT iR AL R XU
FEFE R A BRI, MMTATAE SN LA RERE H i 52 17 BUAS LK) DNA.

[0022] {3141, fif e B 1¥) RecQ S0 O W /n7E 4L (& E A Hol liday 44 s B A P S 31 5
BEH . BT, X SRR e N O M 3 SR FE Rl T ER o FE (Cogoni A Macino, 1999, Science,
286:2342-2344) . TE %I FED, TE 7] LU G AR 24 A YT ERM LI AT, 75 22 A3 BBk 73 125 XUk
DNA. XFiZFIEE A O THAMER . B, #15 RecqQl. 1 FEZ 8 AL HRAEH, X 2
e S e A E S /E I QIPL R QIP2 &5 (W 3 AH HAE A, WidE P Rl 24 A2 i %6 Hh BT (5
7NH) (Seki 28 A, 1997, 234:48-53),

[0023]  RecQ 5K Ji% 5 A A o3 41 i, 3 ELAR R E A2 B & H 9 4 1 58 55 R i 5 [
B B R i P AT DL Ay O A, 3K S L IR ) S AR S B E R R AR i
KoHoAh A R % (Karow 25 A, 2000, Curr Opin Genet Dev, 10:32-38 ;Kawabe %%
N, 2000, Oncogene, 19:4767-4772), X807 AHEAN 7 48 [CLR-A1E (BLMD F B4 R LR G
fIE CWRN) 1 Rothmund-Thompson ZE&1iF (RecQ4)s A RecQL. 1 FE PR 1% 5 5 58—
ISR, 3 H B oR 5 KT R (B coli) DNA fi ek RecQ BT 32 MRV TE, JF HLAY T4
4k 12p11 | (Puranam 1 Blackshear, 1994, ] Biol Chem, 269:29838-29845 ;Puranam £¢
A, 1995, Genomics, 26:595-598).

[0024] 4 {Z 75 95 ME 40 0 & (i AsPCL. A549 I LS174T 28) o {E fff RecQL. 1 it £ ik
DL 2 3 6 e 1 40 ff A 1) /s B A 2%, AT By 1l 40 B U T2 (Futami 2% A, 2008, Cancer
Sci, 99:71-80), 7F X 46 40 Jid & b 8L 75 B o7 Ml A% A8 818U b, A8 FH e 3 7 SIRNA AT
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RecQL. 1 2 PRI YT BR 3 S0 1 40 M 26 T i 35 ki i Jeg B i) 9 /s (Futami 2% A, 2008, Cancer
Sci, 99:71-80),

[0025] 2 55 YEFF AR N~ A E ME ML D BE S8 HEPE Y 55— 25 Bl o RNA R liE Ml . X 28Il ARy
TEAE T A7 45 T S5 A7 B« g B 7, o 8 AMIRST IR P ALl Fk T IX BB I /7, 4 RNA i
FEBEY AR R R B IX SR 57 55 7 SR 34T NTP ZK 2 F1 RNA fi#Jig (RNA unwinding) I
f& (Linder 2§ A , 2001, Trends Biochem Sci., 26:339-341 ;Tanner F1 Linder, 2001, Mol
Cell, 8:251-262), L5 RNA fif Jig B A7 < 1) 3 — /> 2 B 7 B8 34 RNA- & (1 5 A B AR A
(Jankowsky % A , 2001, Science, 291:121-125), X £ i /& 7] LA 45 & A1 NTP i A1 fi
BEBGIE TER 70 T 2 AW HI L (Silverman 58 A, 2003, Gene, 312:1-16). 7E 46 3% J5 F 14
FHIK B i Je I D 7 A A B SR S PR AT RNA SR A T BT R (Balvay 4%
N, 1993, Bioessays, 15:165-169)F1EH % (van der Velden #M Thomas, 1999, Int J Biochem
Cell Biol, 31:87-106) 25 1%,

[0026]  RNA i 73 (4t RNA i Jig i) i 19 5 O R BINERE R JE o 3 NS
90 L 143K i JE A1) 52 9 40455 DDX1/5/6/9,/10 i DHX32 %% (Abde lhaleem, 2004, Anticancer
Res, 2004, 24:3951-3953 ;Abdelhaleem, 2004, Biocim Biophys Acta, 1704:37-46 ). 1X Lbfi#
e & A R AE TR DEAD &5 45438 3t HAE K2 HusiE A L1 (Abdelhaleem, 2004, Anticancer
Res, 2004, 24:3951-3953 ;Abdelhaleem, 2004, Biocim Biophys Acta, 1704:37-46).

[0027]  H AT, 7575 EHR AL IR FF siRNA AR I I8 RIS ik A, AR5 1 fe it
6T 1T B985 R 3 kR AT R A AR AE R A R D7 s

ZEANAE

[0028] AU HIIKI—A> B b S UL & 52 JEBHRT RNA 35 IR T4 AL &), b ik
F2ERE HLAY 5kDa & 200kDa {143 F & (Mn), 80% % 95% 2= ZBEAL TR (DDA, I H H b 72 5
B 5% TR BREE (nucleic acid phosphate) HILLAE (N:P) KT 20,

[0020] AR BHI 55— A B AR A WA ST IR ] T30 77 838 ol JR 9 sl Ik ok ALl A BY
JESEA / BOAH SRAE AL A

[0030]  HRHEA K B, B AL T 7 AR FH T A TR PR L B O PR R AL B RE RN/ B S
WA G T7i5, AR YEN P R & 52 B RNA 15 SR 741, Hoh 52 2Rk A
4 5kDa % 200kDa ¥4 ¥ (Mn), 80% & 95% ()2 ZBEALFEEE (DDA, I HH b e BB 5
IR BR S 1) LUAEL (N P) AT 20,

[0031]  HRIEA K B, 420 T WA SC AT B 2 4L &9 FH 1897 S iRk PR s G
TR BSERRE FT / BRAH D AE (9 R 5 B 10 38 FH T Y897 S5 o R « 3k o AR 4k B
JERERT / B SCWRRE R 259 T I

[0032] A BHR—AN H bR 2 AR WA SO AR F 3077 B8 (R e B0 4 7 i 245
(chemoresistance B AL G A EY . WA K, $e4t 7 =4 H T 7 e s i
AT T 233 A 48 MLAL T BB BOMY & B A& I T i

[0033] Ak I —A B AR ALY BB TRk PR ST FE R AL B A/ BROAH ¢
JoIE 1) 7 3 JLALHE ) FB 35 45 T R W W A SO R e 4L &) 50 B R kb 2 A0 5 Fe B
HIURNA 75 LR P9 -S4, Horh rik 52 588 B 5kDa 42 200kDa 73 5 (Mn ). 80%
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£ 95% K2 CBALFREEE (DDA, Jf HIL b 7 S0l i 55 M IR i R B8 ) LUAEL (NP IR T 20,
[0034] &AL T H T AL IR T 91) 338 B4 e o (1) 07 2%, B ASC T R (A 54 5 4
MR A ()25 5%

[0035]  #E—NSEiE 5 P, SRR B> F 24 5 2 15kDa, DDA &y 90 £ 95%, Jf H N:P Lb
N2 210 ik, SEEBER 421 24 10kDa, DDA 24 92% 3f H N:P Et24 5,

[0036]  EIHA S /7 A\, FERBH 4> T-: 2~ 10kDa, 40kDa.80kDa. 150kDa B¢ # 200kDa.
[0037]  7E 55— /Sty A, SERBEAL S B B A 1) SRR R A B AL 2 B A

[0038]  7EHARSE 7 X, MR AT 1.0 2 7. 0 Z K27 8k

[0039]  FEILARSEHE /7 A, RNA - S PERLIRITZ1 4 10 2 50 2 [AJANEE F7IR [ XUREEZR TE It
FRZHERZIR 1) sRNA 5 S UL IR 40 0 10 £ 50 2 BN 1 B2 I XUBE LR T R IR 74
RNA 35 5 PERZ B8 7 41 A Wit S8 RZ B AL IR e S B B AL IR 7 S (R R 4546 s AT/ B RNA 175 31
IR 75 TP RNALJL R % RNA B RNAT 75 S 304K

[0040]  7E 55— NSt 7 b, R8N - 0E BERR IR - RERT / B IR BRE IS B AL A B 1
RNAL %5 AL IR T4 -

[0041]  fRIEHH, RNA 5 S HAZIRITHEE I 25 1T ZU0E R « 3k ok FE il A B3 i i R
HUERBZEDR a0, 40, 23 5 Ihied R R BB AT T 25 16055 3 BUAS IO R R, B T 85
B NORFEALER B a0, 040, s 2= BRI s dn, 49, — IRFESIRIRE -TV (DPP-TV) s 41,
B4, RS A B (ApoB) & I8 1 E (ApoE). # JIF £ 11 B100 (ApoB100). % i & 11 B48
(ApoB48) . H P 41 e B I Bl AH G g iz 2 i 1 (NGALD EE i J@ ek 1l -9 (MMP-9) BiH
[ i P % e 1 (CETPD o

[0042]  7E 55— Sty A, RNATL 5 S PR IR T 41) B ] fift e W 2 11 RNA fi# ERG . P68,
DDX5. DDX32. DDX1. Akt. PKB. ABC ¥%iz ¥ ¢ i1 - MDR1. MRP, RAS £ 1 5% it « SRC. HER2,
EGFR. Abl BX Raf,

[0043] £ 55—t 7y b, eI £ 12 AR ERE RecQ ST, W1, 4911, RecQL. 1DNA
ft e, J34%, RNAL 5 LR 7 4148 [n] MDR1 .

[00441 75 55—t 7 X rb, B PR A S0 RE Ay i 5 22 (O b PR (T 2898 JR ) « B TR
By 2 MR RS R (LT OB R0 ) 0 B B 52 « e JBl B 3% IMLE R PR 75 5 140 v I A R e
ik AP AR 4540 B B A R 8B 4« B PR R 440 B K44 - 46 g A 2 4 s 4
PER BN o

[0045]  ZEILAth St 77 X, By RO A A AR A D9 i A O LS 05 4, 481 4, S 2
AR B Mk R A A B B

[0046]  7E 55— st 7y A, AV FRAK ApoB 12K 7K 42 iy GLP-1 IZERI A A 48
e X T R B PR ) 5 B A AR B IR A 5 BERAL AR 3 v % R ] K 5 BRI
S RS B FR R K AL/ SR 3 A I R S

[0047] 7 HAhS 7 R b, H-A W8 ApoB I 2 /K F FRAK %2/ 35% Jf H4# LDL/VLDL fiH [
BE KPP AR 222 20%.

[0048]  7E 5 —Aski 7 A, iEHIAAMH TR AT NG T KNS T N4
T HEWE T RN G T ORG TEUE B4 7

[0049]  7EHARMSEHE 7 A, ICHIZH & H T LA Img/kg IIFH B S
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[0050]  #E 5 —ANSEtE 5 A, A SCHT R (LA A nT DAL TR B 2 A A R R 5
TR BEIDR  DPP—TV 55 sk B 1 BE AL A4 o

[0051] & m] DAFC A< SCHT#E IR (0 20 & B T 5 318 & 0388 02 25 371 i B 3% o % ot
b5 W) R B 25 T s, 336 3% 245 55 A Mirus Transit TKO® 35 5 PE ik 7). lipofectin®.
lipofectamine™. cellfectin® . 5 FH & 7 sl I & 5 5 X 28 B B AL & 40 o — R UK
A = JH B« B R DR A% 21 S 0K« 2 R T DR A% A NEE g % A A DR R T T MR ST A TR W
PRt ] 2 2 A T R0 S UV A2 A 5 B s VR A4 i R R ol R T I0R 2%
LR K A YRAEE 5 31 SE R B 1) IR 53X 28 DPP—TV I A P At 53T 4k 53T skyb
T

[0052]  #E— NSt 5 A, S e A TR AR TR R e I « N Al A B e
FF e ML e JB B PR Sk B R R BOHR Y R 208 L 7 AR BN B B ks A
Frgee T 1960« 5 e i BV i« 1 P SR L R R A S g LR A e | BR R L E AT 4
P9 A 7E A 4 FQUR E 08 L i« /NI « N 2 W S RO B - FROIR 5% e L L B L
LR PR L RS B 2500« B 40 AR 18k B St 1 IO IR L 40 B AR R L b L
Jees PR R B AR LR B RS L ONS R R IR TR S B T A LIRS L 22 TR I TR R LR
JE R M ONS bR 8T B8 D JRT Ao 22 Jd TR Ak g ] 287 o L 080 . S L R
WEJez s 70> ) LAFRE 0 IO 1l Ao 20 00 PR o o AORL DVW) I 0 oL 8 Ao 428 J TR0 A 80 UL 4 i g
S

[0053]  7E 55— ANSEi 7y A, FLHI A & T 518 & sk 5 MPuE i &9 ih 2 b
—FEIIS 45T

[0054] 3 45 f¥) 3 3% 24 57 7T LA Mirus Transit TKO® 3 I 2K 7. Lipofectin®-
Lipofectamine™. Cellfectin® 5 FH & 18l fig Fifk.

[0055] 4R T ECHIAL & WA TLEE A MPUmE R IR F R 246 7, WhueEr ik e F AR
VEALTT BT AR e o R 2 b —

[0056]  ZEPLIERISEHE T XA, 45 T i TR AL A WA 5 | S a9

[0057] A SCHTIR 2R -Gt vl DAL pHAE 5 28 7. 1 Z IR HE A s AR SOk 20 &4
AT AR TR AR R/ AR ST [ 2050 2 K PR A SR R

[0058] 75— ANt 77 A, 755 RNA 35 S YL IR P YR A 201, B 70 SRR A AT 2R IR
s

[0059]  fRikHh, SEHEBELL 121 Y EU I A A0 A 28 B i < HCL s

[0060]  7F % — NSt 77 A, fH SR BN 5 RNA i SRR T AIRA T 42 RSP/ T 200nm,
ik R ~F 2 45 22 156nm RIERTE A0 K B0k .

[0061]  7E— 5t 5 XA, 40 i 9 SR AR 40 B L % A 40 i sk AR Ak 41 e

[0062]  7E 5 — NS 77 AN, fE 5 RNAL 5 S HERZ IR T HIVR & 0, 1 50 R IR A 2R IR
H

[0063]  7E 75— St 7 2, SEBEBEIY Mn 24 10kDa, DDA 24 80% 5k 92%, Jf H L A 78 5 b
fi S5 IR R R I ELAE (N:P) 24 5 5% 10,
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B =113 AR
[0064]  FA4 AT B L HEAT Ui B
[0065] & 1A S REKFETEEBE /dsODN g K ks (1) PR 458 $1 3 fi 1 B3k B% (ESEMD & DL K
(A 92-10-5 FEHEHE /dsODN-DPP-TV KRk . (B) 80-80-5 F2 &M /dsODN-DPP-TV 4K 5l
Fiy (C) 80-10-10 F2ZEHE /dsODN-DPP-TV ZK AR | (D) 92-10-5 Fe 50 /dsODN-ApoB 4K
WUkE (ED 80-80-5 5% ZE M /dsODN-ApoB 4K Jitki Fil (F) 80-10-10 52 M /dsODN-ApoB 44
SKIURL SR RS 20 AT 530 LB 1B R ERIE SR ERME / dsODN GKI0RL i AR B4 4 il 7 WAk
5% (ESEM) 45 LL & (A) 92-10-5 72 B 1 /dsODN-RecQL1 44 K Jki . (B) 80-40-5 5% 58 4 /
dsODN-RecQL1 44K Bk A1 (C)80-10-10 5EEEHE /dsODN-RecQL1 4Kk [ A& R ~F 43 A5
[0066] | 2A WIRIKTESEEEME /sIRNA G4 K0RL IR BR B 44 i+ 2 % (ESEMD 15 L &
(A) 80-10-5 55 BB Hl /siRNA-ApoB 4 KR . (B) 80-40-5 72 B M /siRNA-ApoB 44K ki |
(C)92-10-5 FE M /siRNA-ApoB G Kk Fl (D)92-40-5 S5 B /siRNA-ApoB 2Kk (]
SE RS0 597 BB 2B WoRERIESEIERE /siRNA QK R0R: (PR SE 44 v~ 248 (ESEMD
K% UL B (AD80-10-5 5EERME /siRNA-MDRT ZHKFIURE  (B)80-200-5 55 Ml /siRNA-MDR1 4
KRR (C)92-10-5 FZEME /siRNA-MDRL QKR Al (D)92-150-5 FEFEME /siRNA-MDR1 &4
KITORE (1) S RSE 73 A
[0067] & 3A 7R LAANIA] pHAE NG L AN [RI B R) B0 5 19 A 2 Bl NP LE 9 52 58 8% / dsODN
YK JIURL IR 28 T I e B Bt i WL vk AH i Bl B 5 (AD dsODN-DPP-TV 1 (B) dsODN-ApoB &
491 HAE pH6. 5 (MES) F1 pH8 (TAE) FIFH 0. 5h.4h F1 20h (5258 HE 92-10 ;7 HIK 3B &
TNAEANTR] pH AR AS [R]B R) B0 8 19 LA 2 04 NP LE IR 5258/ dsODN 48 K SUR 1) 586 TR 4 It
M BERR LK« 5 dsODN-RecQL1 &4 I HAE pH6. 5 (MES) 1 pH8 (TAE) FU§H 0.5h.4h Al
20h [ 7e R 92-10. WUERGIKBURIAE FIR 5 A N AR E , WIS HS L siRNA [#) dsODN Jf 71
BT
[o068] & 4A W< AE pHE. 5 N 5EZERE /siRNA GKRURAR & PRI, AS[F] ) DDA 1 MW
()5 2 B 551 5 =P AR HT —ApoB  siRNA J741) (siApoB1l.siApoB2 Fil siApoB3) LA N:P Lt
5110 B4 IFIFE 20 /N, I HAEGUKBURTE i » # F T 12 52 02 &2 1) RNA i A PR3 k)
Ribogreen™ JIN BB bl o LA 52K 524 19 RNA 43550, AT 1 2 6 (3 7= JORE 3 A FHAS
e e T 5 4B SR 7 MW 6 9K SIURE RUST IR 2 1 (R ATER P, % DDA 4 92% I H MW AN [F] 1) 76
EHELUIASF NP L2 A T RecQL1siRNA ;& 4C 575 87 MW X6 40K 00 R~ 1 52 0 F
R, H4 DDA 2 80% F H MW AR 7e 8 0 LA R N:P L 24 2251 RecQL1siRNA 518 4D 7R
T ZRTR MW R AR KIBORE RO ST 52 (P AR L o 45 DDA 2y 72% 3 H. MW AN 1) 78 8 B LAAS [ 1)
N:P LLE A 250 RecQL1siRNA ;3 HIE 4F 2738718 1 30 A6 HUH Pl = 1) RecQL. 1siRNA
TR FSE T A0 K IURE RO 552 Wi R 565 A K ORE RUST 1R 52 i R AR B, 4 L 92% [¥) DDA 1T 10 [
ST ERIFEERBELL 5 ¥ N:P LA L& ST RecQL1siRNA KA
[0069] &5 JZTET [F] ) pH ", DDA MW 1 N: P EG O A KSR RS g P I 2, e rh AR SO
FoRPURIRSE o ¥ HA A DDA, MW ¥ 55 58 LLAS R NP L= & 25t MDR1siRNA LUJE i
YRFRL. KI5 EAN R pH R 9% JE{E A Ribogreen™ I 52 M & siRNA B
[0070] & 6A o5 BE /dsODN 44 KRR IR0 A% FR I8 LR AP I 52 (1) 45 3 (AD 5 dsODN-DPP-TV
A 58 8 B (92-10-5 Bk & 80-10-10). (B) DNA & T 34 1L J5 % 4% ) dsODN-DPP-TV.
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(C) 5 dsODN-ApoB & & 1 7 58 $ (92-10-5 5% & 80-10-10). (D) DNA & T W44k J& %6 42 i1
dsODN-ApoB, {47 FH AL ZRAT: it 55 65 BRI 5 5 B PEAf A T AL (B OU DNA i T=100% 538 )5 3
HIE 6B R/ 5eZEBE /dsODN GK R0k (1A% BE B ORI 8 25 3 : (A dsODN-RecQL1 A
FEEBE (92-10-5.80-40-5 B 80-10—-10). (B)DNA ¥ T W1k J5Fl 42 1¥) dsODN-RecQL1, 1 FH &b
PEFE 500 RS 5 0 B PR A 4L (B OU DNA i T=100% 58 %)

[0071] & 7TA BRI R Th L 4 f5 24h  dsODN/ 2 K0k 1y 48 i 4 B ) AR 7 5
] : (A) HepG2 41 Jiil % v 5% S8 4 (92-10-5.80-80-5 &% 80-10-10) /5’ —6FAM kit [¥] dsODN
DPP-IV 45 HY ; #1(B) HepG2. HEK293 11 RAW264. 7 41 i &1 5% 58 # (92-10-5.80-80-5 &Y,
80-10-10) /5’ —6FAM kric [¥] dsODN-ApoB #EEX, DharmaFECT™#1 F1 4 FH A FH 1t 5L B Y
HHE 7B B T LR P Y S 24h dsODN/ 44K S50k 16 40 BB AR B, AsPCL
LSI74T 11 A549 4 Jfu 2 T 55 B8 0 (92-10-5.80-40-5 B 80-10-10) /5" —6FAM FRicf¥] dsODN
RecQL. 1 $%HY, DharmaFECT™#1 1k FH P3RBT HE .

[0072] & 8 & 7R F 72 28 B /dsODN-DPP-1V g4 2K J50 R &% 44 1¥) (A) HepG2. (B) Caco—2 F
(C) HT—29 41 g 22 A1 FH 52 28 B /dsODN-ApoB 2 K JUk % 4L 1) (D) HepG2+ (E) HEK293 AT (F)
RAW264. 7 41 il Z2 6 G Ji 24 /NI (R TS SR 08 /51 RNA 2 K S0RE 4B () L 28 B 1% . 2T
B (L EDFRIC TR BE 92-10 (DDA, Mn) I H A 6FAM (Z¢E)5" Frid dsODN, #7280 92-10
LAN:P [t 5 244 siRNA. 7EMAE AT, A CelIMask™ CHE €, FELAH 12 A S G b 5ot 4l o e s ¢
DA 73 WAL R G5 5 oK RIRE o BT 57 T MR R s B> SRR  , Herp dsODN A4 (L 52
TERE A 205 B B A B4 DIC N Ko, IF BHAE A T 72— b W T8 I
[0073] [ 9 B RELYL)E 24 /NI FEERME /siRNA K PURARE L R A k% . 7R R0 /
siRNA-RecQL1 ZKRUR L e LS174T AUl F o Fe gy )a 24 /M Hp4 5 . HZ M (AL EObR
CFEZE M 92-10 (DDA, Mn) Ff H A 6FAM (Z5) 5’ bric siRNA. K5 5e 588 92-10 DA N:P [t
5544 siRNA-RecQL1. TERAETT, A CelMask™ G ) ST4I e, BT R rBIEE
IR A TE , o siRNA R (i, SRR BE N £0 60, JEON W 45, 45 50 DIC A K ¢4, JF HoAR
N = BoR T A EE .

[0074] [ 10 S nEEYL)E 24 /NI TR EEME /siRNA 9K Bk s B 3L B A B 15 . T Se SR h
/siRNA-MDRL 22K HURE 4% 44 MCF-TMDR 4Bl &R . 4544 Ja 24 /a8 G . HZPHEH (20D
FrRid 72 M 92-10 (DDA, M) HAH Cy3 (G5 brid siRNA. 4 7cZEHE 92-10 (A) 525
B 8010 (BYFISEEEHH 80200 (COLAN:P e 5 HA4 % siRNA—cy3. {ERI% AT, H CelMask™
GE X4 Ml et . BT o BUR SRR A SRR, P siRNA 4 th, 52BN 20
o, B, &8 DIC ARG, JF AL N AN — e BoR T &R EE

[0075] ] 11A B R4 5 P40 i 5 DPP-1V Fil ApoB JE PRI FRIA PN ) 55 PCR (gPCR) 43
I AR B, (A 55 B8 B (92-10-5.80-80-5 Fll 80-10-10/siRNA-DPP-IV) ; (B) 5% 5% 4
(92-10-5/s1RNA-ApoB) 4/ K iUk 44 4% HepG2 4 M, 38 ik 4 A AACT ¥25 b 5% e % 1 = 4
A0 MARAT T AE) 2 b s B LB SRRy S M40 MU AR P RecQL. 1 2k A R I ) 5 i
PCR (qPCR) 4: M7 AR &, FH 558 B (92-10-5.80-40-5 Fl 80-10—-10/siRNA-RecQL1 ) %% 4y
LS174T 4188, k{4 FH AACT 325 bl e 2 G A5 G4 i A3 il 5 43 Lo

[0076] & 12 7R —FPASIA] 1) DPP-TV R IA 4 i 22 b DPP-TV lfg i 7 AR ] - 55 s 1RNA- #%
P04 G () 40 F AR B 5 DPP—TV FH) & 2 Lo (E R n N P31 + drvER % sn=4/ 4.
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#p<0. 05, **p<0. 01,

[0077] & 13 B R5EHEBE /siRNA 25 T X ApoB ML K-F s i AR IR ¥ o A TR b B
F ELTSA 5 85 F7KP o AEFIR 22 S ARRARKT T R AL M OB FEEALAL D« T35
AKFo A Du S Tl I AR IR A ) I B % 4

[0078] ¥ 14 B R5EERE /siRNA 45T, 097 PERRACHY LDL/VLDL JH & B AR I o @it
X422 SR AE YR T S AR I RE S 0 5 B LU 8 ELTSA S35 &0 & LDL/VLDL JIH [ i 2 &, FE IR
ZERARTAIN TR AL B BRI AL D « (P IRH R BEKSP. 2H D p A2 T E AR e
PR R AR A [ XS A

[0079]1 & 15 R ¥AT7 ) NanoComplex (TNC) AbFE (12 R A BT FE [ T2 4k 35 14 9 20
(A) C1-1.(B) €2-1.(C) €3-1. (D) C4-1.(E) C5-1. (F)Da -2 K. () Da -3, (HDB-1
(DD w1 /PN IAKRE — A A i D) B 52 8 0% /siRNA 45 T ZERF A i
[l AR B T I E A o A Sk (o) R B H A A AR 2R o D ZHR BH P SR A B ) J O A A %
HE T D w2 TR R AR PR A v B 1 ot R

[0080] ] 16 &7~ TNC AbEEZNH) T 28 AR, (AD C1-1. (B) €2-1.(C) C3-1. (D)
C4-1+ (B> C5=1.(F)Da -2 R.(G)Da -3, (DB -1 AT Du -1 /NRIFIFFLNE -0/ [H 4k /
PRIPARG G 4 5 B2 AR V) v B 572 580 / siRNA 45 T BBl IR FE R AL R R K1
FRE S PR [ B8] CO) ATk (=) FRon T Wk LRI

[0081] & 17 Wor A sl iR (O & FIARIR B o TERRIRES T 7 0E /siRNA /T,
R RIS — KR ET A M. SR EFEX I Do AL, XA Fv & 5wk sh 4 i
R T A FARE RSN, XA EASZ NTC AREE (I3 .

[0082] ¥ 18 W7 A AR 3G I 4 LL AR R . TERFIRSS T 5 5EME /siRNA |, 75
RS — R EFA . REGINZ YR ES I R BT 308 B 2 8] A X 2
[yt /to ) 1o ZE RS — IR INC 45T i S A A S 08 I el PR

BAXHEAR

[0083] MRl A& BH, $-4E T H T RNAT i S SZ 4R 4078 T30 RNA (siRNAD. % & J¢ RNA
(ShRNA) 1 RNAT 75 S84k (RILESN B2 P 77 4E S B siRNA 3 shRNA 7= 2E (848D B 3% 2
I FLBN P 5 W O 48 i A 23R B AR BB KR ) I AR R A A . Bk,
UL T B 3 1 & (Mn) 2 QBT (DDA YW 5e 4L A4, A
o HAR BT R 5% LU RNAT 5 S M STk,

[0084]  [RIk, &4t T 4697 s UBH 5 AR s AR T ik B RIS MR A H W s 838 5 H
BB BRA S A I gm b 1) 22 JIR (R0 AS 214355 Pk s P38 vty M O R0 8 B (R 25 W0 R0 g o
[0085] W] DAERER A& AE 2 BT A R) Bl f O8] 1 8l A A ST A TP &
Wy 1) A B2 E A B R R E 0 32 3 B 48 T RNAT i85 M SRR A A SCR 1LY
HAEY LRI R G/ o

[0086] BTk 20 & W A0 7 v m] AR T2 B B 9, 40, 490 G, (AN FR T B 90 S A1 2
RE HIFSEAE AT AE e S A gm B 1) 22 IR B i 3 22 O 100 0 e PR ARG PO 17 O 1 4 B SR D R AS
[FIAL A5 . SeAh, TR 20 A 90 F0 T3 k] DAAE I RT3 A N A 1T B PR 5 S L AH
S HEL L Bl K R R R AL K LA S BRI E . B, 2 A A v AT LS T ] g v
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2 P AR (DPP-1V) BYATAn B 18 775 8 11 LLYA T B8 PR e, B T3 il ApoB 25 PRI 34T ] 1 3))
Jik 5 AL T 1 (R ApoED LLYR IT B K A A4k, B0 43 73l V. FH T8 RecQL. 1DNA i it il 5%
DDX5-p6S—RNA fift HEMF 75 N 1 (EA PR T A8 UL TR e

[0087]  ELUkHL, AUl B M A SO IR AL &9 45 6 X SeRL IR 45 G V5 9 (D fift e i ik
FEIE M I A DAy S U S R I B VR T IR 5 I N o AN, ARSCITR AL A4
N7 AT LAGE G AT A SLARERE V07 A8, AU 7 v AR B 16T B AT . AN U B
AR T DA s U 7 ik sss & HoAth g 7 77 A8 FH A S T % .

[0088] AL ATFFIMAL G5 A RNAL 15 3 HEAZ IR AU LU W B AL 25 M T ) 5250 0
N:P L/ T 25, 75 5B B BLAT 76 5kDa 2 200kDa 3t [ (115034 4 -8 (Mn) PN FI7E 8O%DDA %
95%DDA UL [H PN (1) 2% ZBEALFERE o AU IR BHZ0 A 5 v 5] s T B i - IR B A m]
LU 280 A (R 40 i 28 505 S 3 R U BRI A 28, e 3% B 2803 4E mRNA 7K-F- 18 2] 80%,
H HLAE— e L N Ak B 95% 140 BB, 1fn JCAT AT BH 2 i 4 e m

[0089]  RNA + # (RNA1) & XU HE RNA 1 it H ok 45 5 4 o 5% % A ({3 % RNAD J7 4
WS M B R 1 77 ¥ (Sharp, 2001, Genes Dev, 15:485-490 ;Vance Fl Vaucheret, 200
1, Science, 292:2277-2280), #x H 7E 75 W £k HL(C. elegans) W K& UL iZ UL % (Fire %
A, 1998, Nature, 391:806-811), RAR K A1) RNAL 2B it 21-25 2 [B) AN B2 (1) /) XUk
Fr B OFRR /N T3 RNAD A S, 348 siRNA 23 i dsRNA 5 5 1 4% /% 9 1) i (FR Ay
Dicer) MWK XUHE RNA (dsRNAD P 21 AN REERT /N4 RNA (siRNAD (iR A=
(17, BT /N4 RNA F A P MZAFIR 37 SEH 1 19 NBRIEXT RBUR BE X % 00 X 4 %
(Bernstein & A, 2001, Nature, 409:363-366), %R )i, ¥ siRNA £ RNA % SIOUVIER &
Y (RISOOH, FF48F RISC LRGN siRNA HAT FLANT A1) (1 #EAR mRNA, M3 3508 2 i s A
RZIE TR

[0090]  BJ5, H TR IR L@ 5 | N & R 21 N Z R 1) RNA SR TE (siRNAD K5 | &
FLEh 4 P ¥ RNAT (Elbashir 2% A, 2001, Nature, 411:494-498), 3[R #FF T Dicer
A FHIFTHE dsRNA IR 75 22, PR i RNAT R PR FE IR RN A b B B B .

[0091] {31, 1d ik 8 1) HPAAIK ApoB 3R IA, A3 1] GeR)r 1 7 % A VLDL, 9> A4 vh
I B3 S B REAL AR B (Soutschek 28 A, 2004, Nature, 432:173-178), 18 FH 751 5
P siRNA, 7EE AR K2 P 7 mRNA 7K _F ApoB 4B [5] ¢ BHZE AL B 5 24h, ApoB 2% A I3 fH [7
it AL 25 B g 85 (1 7K T 1 B 22 B (Zimmermann 25 A, 2006, Nature, 441:111-114), L&
TR siRNA 57 &, 48 35 T B8 7 16 40K SB0kE (SNALP—siRNA)D [RIXFiATT I8 T U R 4 T
11 R, IR BT siRNA YA I7 BIPR I A RO RE A AR 25 R0 . AN, 1K eI T AR i 1
BART AT w0 R 1, 3 ik R A2 R e U (AST) FHTA 2 IR % 2 g (ALT) [y
W5 7K T TS 7 B3R 7 40 M ) PR FE (Zimmermann 25 A, 2006, Nature, 441:111-114).
PRI, RS X e AR T 3K B ApoB 1 N Bl Ik A ALK (1R CVD 7 VA R B4R I B 22 1, (2 AT
S T AT siRNA 1% RGE FI4 5 ApoB ¥122 FIA R /D A 2

[0092]  DAA i/ T4 RNA 2 2 (1) B B0 2% RNAG 542 45 i) 1, HG EL AT % 2 1) 40 it #0
o] A, DL A EH T L R/ BB A % IR I 1) 5 i (D RNA i A PR ) I 98 A o ek A
3 M 3% Rl 4 2 5 B (Stedn, 1996, Trends Biotechnol, 14:147-149 ;Urban—Klein %%
N, 2004, Gene Therapy, 1-6 ;Katas fll Alpar, 2006, ] Control Release, 115:216-225),
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U, RNAT [ PRV TT SRR A S 6 (] JUR A e ) 50 s an e e 1ty 7y X N4 e
i, RNAT O/~ 7E 2 PN R A 2R B rh e o AR, % QL ROR L T4 5 /T 48 RNA 43
TR R o BERR A BRI IR 3o 16 B PR B RE A8 5 58 ORI A s TRNA 55 BSR40
— EARIT AL R, A BB L 3 4 A E, B G VR A R IR AT I Y A4 DA SR
T 5 T AR 300

[0093] & FIF) STRNA P A4 27 15 T 4 CA X A 1 T e At 0 1K e O o3 1l v e e Mk ol
PR IR RS B sk A 2" -0 FSELER BB C2 A1 b R ER &1 siRNA (W%
W4 B 52 M T A 2 4545 35 M (Corey, 2007, ] Clin Invest, 117:3615-3622 ;Whitehead %%
N, 2009, Nat Rev Drug Discov, 8:129-138 ;Judge 2§ A , 2006, Mol Ther, 13:494-505),
SR, — S84k 2 45 i mT DL B /R 40 B 25 1 A A% Y I B I mRNA 4% A2 (Weyermann 2%
N, 2005, Eur J Pharm Biopharm, 59:431-438 ;Amarzguioui 2§ A , 2003, Nucleic Acids
Res, 31:589-595), UL A& M HE 1 siRNA 232 1 6 JeslcR iy SEIR T 3 Jg, (H 2
0 W AR BRI AR 0B I RIS o BRI, T ] DUORAP FEAE A 25 R B / S siRNA
AR MR G IR, e PR R TN TR RNA 2> T A . AR
SR AR5 16 TR R BE S R P I s iRNA BEAR BB B . — FLARIT SRR, 0 d ik
PRI 105 40 B PR » 6F H S A A7 FRRE e AT A 2540 DA ST B AT T FR AE ) 2 o Ik
AR BRI AEBEAT RSN FIAR IR, 1 B siRNA 1] I R IR SE AT BESEA . RS Tk, 188
B I AR R AR O AR YR T AR M R RN PR AR R B AR IR R
HE S K0T HLEF M 25430 T 2L i I Ab iy 5 B AR e 6 005 . DU e T 3R &
BRI E B

[0094]  fEFRES

[0095]  iZ AR 3 BEHR f R AT PRI RO LU E A REAR IR AN S A% BB P A o )R AR
PZIR B8 15 2 s, (R SLAL 8GR RAR, AT 7 10 e A AR R

[0096] &+ Jl5

[0097]  PHES ¥ Jlg Ui 7 R AR FAE FH SR E AW, ATz R 2R - IR
AW (Tipoplexes)o J TR I FIE & 6045 BH 25— B R H 4 A 5 4 DOPE (7o 9 A 1k
LTI o HENRTUA B 1 IR S R 300 AR e ok, I HAA R R fi A s o A i A A e
ATV R AR . TG - IR E G R LIRS IR R TR 4 W AW e —o A
B E M G e, UNAE 15 R 40 A BT oW 2% 3] () A ok LI Y R BT RIS T 5 - 4%
AR TN XA RS 55V R E 7 IR S R I B A L DL T 45 T 70 a2
PIAH G IEAE DR AT & A A0 AH 2 T 8 4 A 350 DA PR S5 1 5 — AR 2 & W AH R ) B o
2 R T o B LAt R A AT B 2 1 3 D ) AR SE DR 1 1 AR

[0098] [HETFERAY)

[0099]  BH &S 1 5 Wil ok 7 AH S FEL AT 1) 288 SH 25— N 3R B 8 0 o (RIZ IR 2 TR] ¥ AH
HAE R T A KT I 9K BIURE o 1% He 20 oK F0kE ) e RZ IR » MM B 1 BT 1% (1 34 (cargo)
BRI (Romoren 25 A, 2003, Int J Pharm, 261:115-127), 4342 KARFIE K
BHES 1R AW RVEEE R IR I syt BR W3 k. SRR - IR E S WAL, A& PR AW
(173K L gl KON H () 22 P B e () 4 G RO IR IS UK o RARAFAE M R IR B T2 2R
EhviE s N RS YNIIN IS ESVITE 3 HC 8- =2 DN
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[0100] & EZEPHE FRIAE SR -L- #E R (PLL) VR -L- SRR SN, W L%
P H& (PET D S8 TR # W e R SR Bk — B BB B4 o

[0101]  polyplexe WMIMLFAE T BN A T E 2 AR & 1 14H AR, iX 58 Pk
T L AR AL A ATAEAS polyplex (2 MPE LS T8 l. A& A5 — 3%
Mo SR BT K B4 1, DR Ao/ LA 22 A 1 LUk 31 58 i (R ROR Bk e PR Al M B 1) o 4R
1M, B T XLz A, ORI Z Pl BH 7 586 0 b v 2 T FRLAT 2 B T 2 23 1Y, X A A
N v FEL AT 25 B TR PR IR AP s e S i . BBk, R IE 76 58 A re Ay 5 B e Al e Bk
AR S AT B B EH . BT LR 1 B OB, X2 A PET 140 751t
B> TR MR . AN, AT RRFR SR A ) (Can PEDD ZESRS B A RN B 0] e A2t plc i M
) 5 0 D ERL, SX M 2 Ay S e A AF

[0102]  FEEREBH R B —1, 4 M 1 B 1 o 25 B Jla i N— S A B TG SR AR I AR SR
W), SRR T LT TR E & S ER . e BERI 2y TRA L QB voE T e e
YRR AL A BT A, SE SREBE ) AR B AR R ) 2 SRR B B3 AT 52 . X S8 0
1R D B AT BEATL PR T AR IR B 7 AT R 3T AR B 2R

[0103]  FEIEME HAT 2 A s e, 0 A0 48 A AR 220k L R W B B8 ) Rt RS B BT
/ BRI T LA AARI B . BRI, & g D T 2 25 AR A B 2 A Vv = FF R
M PR e fEt R 1 &) 2 A AR m sk e —.

[0104]  JLIAAFSY AR vk T Fe R B0 7 B A2 ZBEALFE B (DDAD X AN [F] 41 Mo 5 1) 72 28
Bl — JBURL DNA 28K A0RE (1) 38 X 4 KR Iz 5 DL A G2 IR oM o Huang 558 A0 A549 4
WMOEAT T iZ 3 FAFST (2005, ] Control Release, 106:391-406). 4R 1, ZHF AT FH T 7
57 (88%DDA ] 10.17.48.98 F1 213kDa (15558 FE ;61 F1 46%DDA ] 213kDa #7224 Sk
BF50F- 22373 5 (Mn DT DDA X pDNA FRY 4% B8 3 BT RE Wi, 10 AT XA T BORE -p 0T Ak
XTE/MBZ ) siRNA GRS R 21bp) e "EATARIE Mn F1 DDA 98N T BURL = A T 5 I
G o SR, IX I S AN 28 R BB 43 2 3 BLAE 72 580 Mn 1 DDA 22 1) 75 2RS40
(P74 LA SE R R FE AR 2 M o NI ANRBAS H B 2R IR R, 3K 2 T EATA PR 5504~ 25 itk
A, AT GeRE R L 1 pH FISEERME -DNA LE (N:P), FRRAL S — AN S H0BH (E A AT T 2% Mn
HMIDDA 2Z [ B IBRAE H o Lavertu 28 NIEAT T 81X Buk: — 5258 polyplexe HIIXFI 4K A
(1) 57 — IR 9T (2006, Biomaterials, 27:4815-4824), 7E AL, A 1% T JLAAS [
[ DDA 7K P22 T 43 1 8, JF HIGKY I T 5258 0E —DNA EL (N/POAIL / 8% Ge s IR 561 pHo 1%
WF5 3R B AE HEK293 40 fu h X AL AL s8Il T 5 7 2 A8 H (9 78 S A0 IR B 7 (Lipofectamine™
F Fugene™) 24 1) i85 P08

[0105] 42 SWRALFR B BRI, v 35 Bl = A 5w 1 v A 2 B DA S 5 %35 b 5 pDNA &5 & DA
T A K Rz, I TSR BRI DNA 25588 / o5& i3t m (Ma 25 A, 2009, Biomacromolecul
es, 10:1490-1499) . RlItt, BA AR DDA [ 525 BEA e A R4l & DNA JF HANRETE 5edl) BE 244
SE A UL Y40 il (Koping—Hoggard 25 A , 2003, J Gene Med, 5:130-141). 41 3¢y
FE R, £ DDA XECLRR R0, DDA JEXT AR e =k R . sk =,
Koping-Hoggard 2 A i IIAF4T (2001, Gene Ther, 8:1108-1121)3 B HE T+ 15 Mn 72 38 BH K]
AV B LT M e e B ke 570 S 0 ) (e B Aigt O ELXE 151 DDA 528G AN S Ao R
WA () ey B B IR R E M I S BURR R . BRI, 0 T /5 2 SRR IR 52 28 R

19



CN 103889457 A o P 13/35

GIT 100%DDA ), FRAR IR R B A 1k ] LA S SRR (1 40 40 e ik Jde

[0106]  7EJLIUAHIEHFAY T 5228 0H Mn X455 4R (KR IR 2 e o 17 AH S HLART IR K 23
Z RIS A TR TR0 F I &, SRS K13 55 45 & (Danielsen
2N, 2004, Biomacromolecules, 5:928-936), X1 HA5 % 55 WK 7> T = ) 50 8 b, HAb
A B RAR © 38 B BRAR LA DNA IS5 4 7 (Ma 25 A, 2009, Biomacromolecules, 10: 1490
~1499). RUELE AN B KT 1052 AW AR08 TE LR A Z B2 2 X, {2 MacLaughlin %5
A (1998, Control Release, 56:259-272) W51 e Mn 55 BB AT LLAZ sixt T 26 Y 40 i i i
OB E A, K2R — B NGRS, EAIA R . Ak, Lavertu 5§ A (2006,
Biomaterials, 27:4815-4824) & B Mn fLL-F AN /& 41 Mo £ HY (1) 3= 3 R 35, (H 2 AL I B 7
IR 4 A o 6 )R MR R O TR AE o T8 i b 25 0 2 2 0 (Ma %8 A, 2009, Biomac
romolecules, 10:1490-1499) Flif it polyplex & Ky Fl 23 fif (I35 40 e N B 4% (Thibaul t 25
N ,2010,Mol Ther, 18:1787-1795) BHIEVHL 4 G o85G 1 Nl — 2 308 T X Sb ke DL K%
Xof G LR IR 50 2R 0 (FDRS 40~ 4 1 o [R) = A A PRI 77 22

[0107] T/ IR i 55 W 8 i () LU {8 76 DNA &5 & A0 400 K SBk: 2 b e 3 46 . 9
wr, B2 NP LG 2 48 A 50 S8 OHE X DNA 1R 45 Ao X T AH [ 1 DDA, i Mn 5% 3R B 7 2
e NP LG DL SE 4 45 4 JF R DNA. 2K {BUHE, Mn AH [R] I, %88 41 B9 DDA 75 B2 8¢ 1 19 N:P LE LA
5% 4 45 4 DNA (Koping—Hoggard, 2003, J Gene Med,5:130-141 ;Kiang %% A , 2004, B
iomaterials, 25:5293-5301), [ 3 B pH 7F ¥ 4 2 K b & & T AE B, Lavertu £ A
(2006, Biomaterials, 27:4815-4824) /R HUAETU IR ME M A b, B &) A e JF HSE ol 1
B ORI X DL DA S SR pH (R PR AR 2 12 7 7 SRR (R 3R 14k, JE IR b4 v
polyplex bIEHAT (& ML FIFEIBEXT DNA (145 5355 T Lavertu S AWFST T 72 5
B 57250 (DDA Mn WN: P 1 pHOXS T ki DNA 14133 125 [ 254 521 (2006, Biomaterials, 2
7:4815-4824), il 14 MR M A BN T DDA : Mn {435 6 A1 2% M1 DDA/ X Mn 5] 46X DDA/ 75 Mn
BN, KA T f KL% (Lavertu 25 A\, 2006, Biomaterials, 27:4815-4824),
U, WAEE R/ FRAR DDA, WL Z5AH R BRI / 32 0 Mn DAZE SRR e KB 4

[ot08] 1 b By iR, pH AE ¥ B & F U7 il &2 E OE {E M. Lavertu % A
(2006, Biomaterials, 27:4815-4824) KB JFki DNA i [n) 45 1 Mn (19 5 RLHI5), pH (1)
PEEEAR T Mn, 32 U AR R pH N, Fe S800E 1) b A2 07 0 ey 285 2 FRAIC . D — 7 T,
Xf T4 72 1) DDA, % T il 25/ Mn (¥ 55 A RG], NP LA 5: 1 22 10: 1 72840 X T Mn,
IXT]RE A TR R R RIIR T AR AR o BRI, P DU HY IR e AN [ 35 S 400 e et o
DL AE T A BB A R HLE AR 2 I 72 20 —DNA 50 i S .

[0109] %1% pDNA FI siRNA 2 [B] ) 5 4] 72 ¢ 5 i 9 K R 25 46 L/ Ad e e L &
RO IR T A 2 8 SRR O TR SN IR A (1) siRNA 353X (de Fougerolles 5%
N, 2007, Nat Rev Drug Discov, 6:443-453 ;Howard 2& A, 2006, Mol Ther, 14:476-484 ;
Katas f1 Alpar, 2006, ] Control Release, 115:216-225 ;Zimmermann 2§
A, 2006, Nature, 441:111-114 ;F1 Liu Z A, 2007, Biomaterials, 28:1280-1288), 4RIfi,
RV AR F S A1) siRNA B35 (W B FE M BEAL 2= S50 (B2 HH TS0 22 5%, 8 SOk P i 22 319
e Z R BN, 76 pH7. 9 TP T siRNA e 4K BURL Y B A 8 PERIER ST 53X 4 pH
AR A BAEIAEE . 7E1% pH T, 5E 580 2R BRI, X2 R O H R M pKa #21E
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6.5, 3 HLIRIEASBER B 45 4 siRNA #. i FAEIR S 414 R IR B A8 i IR LA
W FE /N AT i N:P SR AMEAE pH iRy T 5258 B pKa 451 T P L2 2 72 Bk 5 siRNA
2R S A o XS E pH A (B 7. 9) AR T SEOXLEHF5T A 24 &5 N:P L3k
SRR RN 525 RE PRI B R4 B B B R v B R AN SE A 22 e R . AN, i B 5T
FEME T LATE MR 3 Qe e, 7 AR 2 MR R e It e IR I, AT 3 T R S IR

[o110]  oltur, PEHRIEAE 6% siRNA I, FP2% DDA (80%)FIfE Mn (64-170kDa) LLAK /> 18 5%
ZEHE (10kDa) B B 5 A% (Katas Z& A , 2006, ] Control Release, 115:216-225 ;i Liu 2&
N, 2007, Biomaterials, 28:1280-1288), 2R, KINIX L 54+ & 52 EE B B (Howard 5%
A, 2006, Mol Ther, 14:476-484 ;fl Richardson 2 A , 1999, Int J Pharm, 178:231-243).
FiAl, SEHT T VEA SC SR ME /siRNA 2R K JIURL 1Y) 52 6 W0 T A LAt 40 2 Ak 2 e R0 A
RO E 15 B LLR 450 < 50 AR A NP EE(N:PY25) IR A (Howard 4%
N, 2006, Mol Ther, 14:476-484 ;Katas 25 A\, 2006, J Control Release, 115:216-225 ;Liu
ZE N, 2007, Biomaterials, 28:1280-1288) , iX Le4f JE AR IR B KB 7 1L 2 1) 52 28 B 2 b
FE ATV I HAS 9K R A 25 7 20 4 (Ma 2% A, 2010, Biomacromolecules, 11:549-554)
o FHT KE WV PR ST SR I SR ARy e It B MR o), IX 28 HAT Al /sy N2 P LG (N:P>25) [l
T R TR S o il R, A4 A R KR

01111 FEA S, i FH T 5e R Ml pka DL ACHZIT AR 32 pH US4 pH 41 R VPAil 49 K
B (K FRAL 2E R I, R T AN TR IR T NP LU A S 4 K R 356 35 A, AR AR R
B b TR B (B 3D

[o112] A AR TR CREE &N DR EE P RN IR 1), SeRMEE T idi%k 2
HEEE A G . AR K RUANAR E Rl Il G N IRAREE TR R / TRy R . IR e KA
10kDa B LA F 73 T /KIS T 5T B0, & 25 QAL FE R VA Ui B (T1ium, 1996, Danbiosyst
UK Limited, United States, vol.5554388 ;1998,Danbiosyst UK Limited, United
States, vol. 5744166),

[0113] g ik FH AT 1 i) 5] ) 5 PN i A8 S SROB I 4 4 P T iz /s RO e 3] (3 1R % 0]
WH 5 US2003/0039665) . iXLEHil51 2 B 10-500kDa 2 [A] ] Mn i [H EL K 50-90% 2
) F) 25 SRR FE ) 5 R BE S 2 R 5

[0114] 75 5 BK b 4 T 1k &8 DL K Ak Py 3 325 M J5TKE DNA 2] siRNA B % IR, R &
T R e A BBk, H R A 2 P X E R siRNA 1 1R Y IF ST B T 40 A
52 ] (de Fougerolles 25 A, 2007,Nat Rev Drug Discov, 6:443-453) LL 38 J7 HE
(Nakamura 2§ A , 2004, Mol Vis, 10:703-711) F1 Jiti %2 #% (Howard %% A , 2006, Mol
Ther, 14:476-484), B &l X #H 48 %2 4t (Kumar %% A , 2006, Plos Medicine, 3:505-514). i
(Soutschek 2 A , 2004, Nature, 432:173-178). ' 4 (Grzelinski % A , 2006, Hum Gen
Ther, 17:751-766) FlH AL 5 o 76— AL F0 1, 7817 2 BB A, 52 EE B /siRNA 44
KBIURL A S 1S W 40 R TINF- o (195 A LU 3T & ¥ 97 (Howard 5 A, 2006, Mol
Ther, 14:476-484),

[0115]  JLIAH T A 36 1 70 B AR S R 4 3 X siRNA (KR8 7. Katas 5§ A (2006, J
Control Release, 115:216-225), 18 Fi B 84%DDA FI P A AS [\] 7 2 A 58 S8 B 21 (CS-HC1 At
CS- BRARE) KA TR MESHON R . AT T DM AR S 7 250 R
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(470kDa.270kDa. 160kDa HI 110kDa) Ff HAWA TR ILK 52 SRR E A 25 1 g/ml (1. 25:1) &
FA 300 1 g/ml (15: 1) S FGRKRIURL R ] L 150nm 34 K2 450nm (Katas 5 A, 2006, J
Control Release, 115:216-225),
[o116] 1Ak, fEARATTEIBIF 9T o 3R 52 2R Bl — 2 2R 3h ™ AR LL 7e B8 BE —HCL B/ [ 44 K
Ki. Katas 28 A (2006, ] Control Release, 115:216-225) KIRAEAATTHI 256 4441 , siRNA
LSRR M 5E A S A AAE NP EEA 100: 1 8k DL R AR, I 7 M AR i ok B 1R o, O HLH:
FRTTBE >95% e M B EI 3 H AR B4 4 siRNA(Ma 25 A, 2010, Biomacromolecul
es, 11:549-554), TIHHIXFPH%E DDA (84%)Fe FEREM KR I & & T UK P Fra 2E FF 35 Iy
AT I S s 24 AH N (Jean 25 N, 2009, Gene Ther, 16:1097-1110). 7EEATMFFT, 'ﬂﬁ%\
%ﬁ%ﬁ%%@&iﬁaiﬁﬁﬂﬂﬁﬂmtt 470kDa 73 1 B 5 SR AE D 2 R Eh AL RN
24h §on s E I EE R T ER (Katas 2% A\, 2006, J Control Release, 115:216-225), ﬁjﬁ
47T0kDa (#1221 73 5 I 5T B OM A3 24 IR 3R K 18 1 b IR Ak 7 Hh EU TR ek ] #5245 P TR I ) 5
ZEHE —siRNA ZKBURL (51%mRNA HHD B =1 T BRACR (82%mRNA FI D (Katas 25 A , 2006, J
Control Release, 115:216-225),
[0117]  Howard 28 ASH S5 — 4 /NH (2006, Mol Ther, 14:476-484) flit & W4 T4t
1 4% FE KL EGFP /)y BRASE Y Hh 36 18 576 SR —s TRNA KSR o X TARAT T 9T, A ATT A DY AN AN [
f#) N:P Lt (N:P6.33.71 FlI 285) 1 i 84%DDA 1 114kDa 528Kk . 7F 250 1 g/ml (KK FEEE B
WHEER, B NP EE = A8/ g K S0k (N :P6=223. 6nm A%} N: P33=181. 6nm)(Howard
&N, 2006, Mol Ther, 14:476-484) . TEXZF5EEMEMR AL (1mg/m1) N M ELR T AH [F] 4K,
Horp B3] 84-114-285 [ 139nm AHEL, HAT 84% ) DDAL 114 Ff Mn AT 33 f¥) N: P EU 1) 58 28 Hi
gk Bk HA 328nm [KE I B AR (Howard 25 A, 2006, Mol Ther, 14:476-484),
[0118]  flufi T4 A S I S s oK ROk RO B T N2 P LG, JF HARAUIE NP R RS
B, X R TFE NP o 2RISR KA R JE , Joh A R 7e 588l —siRNA &2
AR ARG E PRI 7 AR T pH B RBEAE T o JETlATTAT A& 3, 43 7] #5 NTH3T3 Al H1299
S Z IR T AR 36 F1 5T [y N:P ECIN 40 B SR DTER R« 7E 36 [¥) =1 N:P EEIN )
SR I A T 0F9T EGFP A2 40 M R W UTER AR o« 7E H1299 FHJR AR /> B E e & Mg
FRUTERASCRE 73 oA T7. 9% 1 86. 9%. 7E EGFP #JE PRl /)y RS A, B Ry 5 30 1 g siRNA, 7
55 R, HARMFX AR, N:P36 B 72 M5 84-114 HIAKPN DIBRSCRIE S 43% DiER
B (Howard 25 A, 2006, Mol Ther, 14:476-484),
[0119]  7E Howard %& A ) 55 — T & N B 5% 1 (2009, Mol Ther, 17:162-168), ¥ [q]
TNF- a mRNA ] 27 MBS FEXT 1K) siRNA 4% LA 63 ¥ N:P Eb 52 & & 7 580 84-114, AR IEH
ST 28 (CTA) /N B RS Py 5 o Wi g TNF— a0 27K ST B I f6 , At A1) 40 #0350 S B0 T
43% E@iﬁ%ﬁo
[0120] i Z& A (2009, Nanotechnology, 20:405103)K5 7~ DDA & F7E 75% & 85% ] 190kDa
F 310kDa i%ﬁmﬁé} siRNA [z E k. 5 FIRBFFTRAL, T1 S8 AR i1 N:P LE 50 [#)
FEEEBEHIFAILE Lovo 40 M kAT FHL2 S0 2 R DI SEES o AT RIS T 69% (1) mRNA
i i
[0121] R T 52 ST BRI siRNA (IS4, Liu 2% A (2007, Biomaterials, 28:1280-1288)
WY — FRAEAAE DDAMn FN:P LLRI5E M, FF HAR B NP LE >25 2 AU R i

22



CN 103889457 A o P 16/35 BT

AEERIRLL N:P50 IS K T 72550 —siRNA (10kDa) fHIFAI7E H1299 A4t forb oK B
HH P U BGFP [T 554G, 77 75 S0%DDA L% v Mn (64. 8-170kDa) il 18152 Sk )5) 7t 45% %8
65% Jts [ 18] (1688 e () B R TR AR N:P150 Herr 7331487 A 114kDa Rl 170kDa [ Mn BL AL
84% [ DDA, {5 FH5EZEME /s1RNA GRS T A e B ZE R TBR AR (80%), IX LS4 HH A
200nm B4R GIKIIRL AR B TE AN G 5%, SR 4b, Bt sh & LEUR (DLS) ATl &, Liu 2%
A (2007, Biomaterials, 28:1280-1288) & HLLL 50 (1 N:P t5E 4 241 EGFP siRNA (1] 95%DDA #i1
9kDa FE M HA A HEER 3500nm (KRS Se4h, Al 12 IR A 7E 7. 9 1A pH T G%
pH FEA S Z7m™ A2 T AN ARORE 73 AT IAs e MR s e B o , i B AR A 5
S1RNA DAEIE 50 [IN:P TR AW T35, 5 AR AL BN FRAHEL , 12 B ARSIRIR B t EGEP
(54 1ip8

[0122] A AR R IR ok 45 55 A ST AL B8 () R IR AH B, HeAp ol SEA¥ FH — & 41 43
& (5 2 200kDa) ] DDA 7E 80% %2 95% 2[RI 7o B BE mT LATE 55 241K N:P LL (IR T 25 JF
HAGE L 5) N TE e M —siRNA 94K BI0RE, H H 5 G AT IE 1) R GoAH L, IX Lo gl Kk S
T EKCE ISR DR L R AR PERT /N RS

[0123]  FEEFIRBIER (R CEFTANHERES ) (PIHCA g4 Kk it H T 76 5 #p %
5 28 1tk L Jes A5 28 o 5 ik PN 336 2% BT RhoA siRNA S fk (Pille 2§ A, 2006, Hum Gen
Ther, 17:1019-1026). % T 5% 28 $H ¥ 78 1) PTHCA- FT RhoA siRNA 4 K iUk i i i A e
Y0 fu b ik R IR 1) RhoA W 3% PR AR Jas A 1) 7K AR 28 1 o Zhang 55 ABIF 5T T 56 28 B 447 26 il 57
Nanogene042 [H T-#E [ i 2230 NS1 2K (%) siRNA [ ML IE, M T-7E Balb/c #7d dh
TR RVA ST FER S 4 M T (RSV) JEY (Zhang 2% A, 2005, Nat Med, 11:56—-62), Zhang %%
MNAEHIEE T shRNA [T H W 22 ) NST 25 PRI A RCUTER AN RSV IR I FRAIC, FF AT Bl & PRI
AR PR TR FE B R . 5 LR ey MW SR BEAR LG, Nanogene042 27 H R i R 2 Ju 3k 3 o
FIRE A RAE (Zhang % N, 2005, Nat Med, 11:56-62), 2R, 7675 BH 1) 226 SCRRP R 2
JF Nanogene042 [543 1 & »

[0124] T A KB H 1, % C57BL/6 (C57BL/6NCr1) /) B4R A FH T 84T A 7] ) Sz e
771, Charles River fll Research Diets JT/& T C57BL/6 /) F AR Y, 4R &1 g iy vl 4}
(D12492) I}, C57BL/6 /ISR AL n] LLAR IRy L JRE, 5 98060 REAH LE, F i 7 Lkl J P A, A4 R
B . 28 8 R CLTERT ST SR D5 DRI G 3R 22 45 LDL AH [ B K- 1
v G MLRE BT 9% T 48 T C57BL/6 /)N B 1 (Soutschek 25 A, 2004, Nature, 432:173-178 ;
Crooke % A\, 2005, ] Lipid Res, 46:872-884 ;Bose %5 A , 2008, J Nutr, 138:1677-1683).
e W R (D12492)4H 4 TALE A 10keal% i iy R0 AL D12450B IR IK 6 £ 73
Ak, 55X REEL D12450B 1#) 18 (mg) /kg AHLL, i la I AR D12492 544 300. 8 (mg) /kg [ HH[F]
B o AE I, AEORE T A (R B, Pl s g 1D RDRLAE B ik o LDL (AR 2 b A2 T AN
P, INITERAE C57BL/6 /N ST AL gl Ak SR AL B AL I A JE

[0125] 40 R 3CH Tk, RIS siRNA &5 & I A SO (4G40 520 20 JE R % 75 28
A, INITSEEL T 57 S A IR K DharmaPECT™ ZRAL RSN 6 e iR . 1AL, FTid 4L &4 AL
70 siRNA 325 2040 M T SEBE T 5 DharmaFECT™ AH 24 (2% A 2B LT T BR, 1 FLEF I 41K,
[0126] i F 7e 2R Bl /dsODN KRk (4t AR IS B T Sl A IR i - IRE &
) (DharmaFECT™) AH 245 5 &1 (KK, 71 HLAE 4N i 28780 2 18] HLA ALK AR A2 4k () 7A
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TB). ULAL, IXLEZE R an R BT i A i 35 SR AR WA B (8 8) —E o R Bt T B
A 1ML R 52 ZEBE A dsODN (140 i 5341, B 755 FACS E B8R e X R fEAH,
O 3% B 554 Qe FRf AN [F] siRNA A 208 IE 2 2 M R I RE ) (S Wl an, B 7A i 8.
[0127]  ARSCHT 24 FF B 5 SRV 8 b 0 s T 44 38 1 35 1 52 2R B 1 )57 RO 8 siRNA LA
I T Ak 5 BT A (R S8 1) N: PRI e B R A e . — A e, AR ST FH 1)
FITAAR N:P LL e R BE A B T AT IR R ER
[o128] &5 R & o & T A% H Y 52 58 8 i 57 (80-10-5.80-40-5.92-10-5,92-40-5,
80-10-10.80-80-5.92-150-5 F 80-200-5) F siRNA 1k ZFASAHFEE , BRIE 44K Bk (B 1 A
2) B A 1E 45-156nm FE ] A 14 B A2 (K 2) o £F dsODN AR A& i) siRNA-ApoB(Seql, SEQ
ID NO:5)FIE A 48 375 BB (1008 FE A4 1¥) siRNA—ApoB (Seq2, SEQ ID NO:6 1 SEQ ID NO:7)
ZNAAE GRS R ST J7 1 AR WS B R v 275 7 o AR, ARG AR TR BEN, 58 21E 1
(1] siRNA JP 23R4T T K IR K R o
[0129] A5 FHI AR SC B il 1) HL AR 1) 3849 16 25 2R 5 BRI I sl O U 45 R — B0 (R 2),
T BH A SO R (W AR G R0 i Ae g It o B4, BT T B 9K ROk 3RS 1 ] EE 1
/INT 200nm (R RST, AITTAT A5 BE A8 2 5 B VB B, AT D535 1% P 28 G 280236 0 4 im0 B 40 K
i 1) 23 1
[0130]  {FFHZ¢ 6552 Ribogreen Y52 ™ VPN FE I ME /siRNA (A2 52 MELIE R A WHER
FEAL G E B PTREIUN siRNA. g5 SRR HA 5 A1 10 ¥ N:P LU FE 280 /s1RNA 44K Uk 71
pH6 5 MAEREKIA R 20 /M. M EHARKIFIAH LI, 52 BE 80-10-5 BIR T &AKMAR
SETE. PREFEIBE 80-10 ¥y N:P Eo /™ A g KR As e PRI 2435 o BR5EEME 80-10 4F, 44 N:P
Leftmi 2 5 L EAS ARk As e M3 s (0L, 9, 18 40,
[0131]  H&IE SE A ST ATl IR 11 1570 mT LA 2 55 B 5 A6 B B4 DharmaFECT™ 0T BE (1 2 (K1 37T
BRAC T e ArT k25 HO 40 BB 1 o AR ST 0 I 45 3005 28 1 27 P R I 1R 285 T 52 SR 1) 1)
71 DAIZEAR -t A 56 BT AT A3 (9 B L8 (NP> 20D 1% N: P L (N:P=5)H 0% siRNA FF i Kfr 7
PEFE IR G 20 (2 W, B 1A AT 11BD) — R U, HHE A T N:P LL 52 28 b )
FNERN T A ZE RIITER, 1K 54 T FACS 2l (S0, i, 18] 7TA F1E 7B RIS+
& (10kDa) 5y DDA (92%) FEEMEE In] T A 24 (B 11 F1 12D FF H 8/ (K] 4B), $&7- T NP
LEA 5 ISR LA R 5D o
[0132]  JEHEIA T 5 PRI (LUR R D a ) AHEL, H T96 97 Sk kAL A AL I A8 3C
JIT IR IR 2060 P Y HEHS ApoB I K- BRAI T2 30%. 183K BHIX A BRA ™ A= 5 Al ik
Tl Ak, 24 2 ) o) R ) S 8 SR ALK ApoB ILE ZKF:, FF BRI AL T8I YE N o AR % BHIEIEBH
TSGR FEREAL IR ST AR ST HEIA I 20540 LDL— JIH [ B 7= A 7 20% 59 BRAIS, 1 JeAEAT
BEEN W 10, BERWEEH siRNA PIE T2 BRI YK E 49 (INOA S FEUE
AT PR B, Qi i3 P E R ALT/AST K BTE B
[0133]  ACIEBALEVR S )5 = J8, INC ¥ 7 R FF I rb IH ] et g R 28 A Va7 8GR, Jerb 7
TNC Y677 B34 R 1R ] e (R 22 2 BRI (T 15D 2 Altth, 5 T 72 BRI TNC 51
% 20 J T FFF T %) AR v T PR s W iy e EE M, WA E AR ST g — AN S T X B R B
() (Bl 1600 A T 75k LA R 9 95 240 A2 9] P R T8 B oS 36 B it vy S 1) e DL SRR o
ApoB F1 LDL-C Ifi 3% AR ] REPE
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[0134]  JLAL, #5IA T ¥R ApoB [IJEFE R MEIKI#REE siRNA 5 5 7 5mZL 1 28 MEAH N, A B
Hil T EAIFIE M UUR Z & A H TR A RE. B Img/kg T ApoB siRNA [#7iilk
FEAE TNC 1697 ISP A 51 / RIEFF H B ATH ApoB I3 /K- PG 35% ¥ BE 713K
T BT AR LA R AR R i KR 24 (MTD) RSB0 5 = ApoB 1ML 25 P i 771 2 MY I 5
R LER A o

[0135]  EAA T 458 = KA i — RIS 5 , TNC 3897 ShA I ApoB I 3% /K V- AR FR 4k 2 /b
8 Jil. 1E C1 B4y, fE5Ja —IREST i, 25 THIK NP 5258 BE K INC ¥ ApoB Ifil 2% 7K FEAIK
Yegr 7 DL B (B 13 FHE 16D, 1 JoAT il B 2 1) S RE B 5 0 o I b2k LR B TNC YR T7
I R PR MR R P R R R

[0136]  [KUth, AL FF T A SCHTREIA A N:P 52 28 8% ApoB siRNA INC LA Img/kg 73 4F
)& SEI T ApoB I K S 1R 35% R F#AIC LA ¢ LDL/VLDL JIH [F] B f¥) 20% ) A (Bl 13 A
14). IXEegE R O R PAT T A BMBNEIT &5 R, XA TUA R 058 57 3 7k 4 s oh 4 SR A
FH T ApoBsiRNA FRIJIE BT 1 18 FR G0 T B4 i 1) 551 & DA S IR S4Bl B8 /&1 1) ApoB/LDL-VLDL
H [3] B ARG, FLIX S8 551 B 55 BT 55 1 DL R ALT I AST 7K SF (4% 5 A 9% (Zimmermann %5
N, 2006, Nature, 111-114 ;Soutschek 2 A , 2004, Nature432:173-178), 4] &1, 1# F 5mg
kg™ ] siRNA 5 JI8 S5 454 (9179 CSNALP ) SEHRAE ApoB I3 7K 7 75 T8 73% H P A (Zimmermann
N, 2006, Nature, 111-114) ; AR B 45 FAH LG, X0y 5 A5 RvE S B SEI0 1 % 2.5
5 18] ApoB I FEAR . Uk Ah, E4F A HH Merck Inc. FF& 55 — AR B LNP-0CD (LNP201)
[¥) Ldlr—/+.Cetp~/+ /N EAERIF, DL 3mg kg ' FH#E [i) ApoB 1) siRNA 7~ 2 70% ) LDL
W/ (Tadin-Strapps 25 A, 2011, ] lipid Res, 52:1084-1097), Y 4b, B gk B 4% F i
siRNA JP 41, T2 50mg kg FRI#R 28 HH i B S A ¥ siRNA LLSEBR ApoB I3 7K >F- 68% FH 31%
({19821 (Soutschek 28 A, 2004, Nature, 173-178). 4, 5 RE I RIAFFTAH S, 78 FrRBF93 o
CH7BL/6 /) il ZH LIt e JIg J DAk LARSSHOL ) J I A B A, B 22 T 9 45 A, Pl R L) ) O %
WD IET C57BL/6 /N H AT IX LEH 51

[0137] k&b, HATAL T IRIR T1T B350 1HT ApoB K MU ZFFIR (AOS) 1STS-147764 i
FR N 45 T i 1n) FH = IR D W f¥) CBTBL/6 25 T %22 /b 26mg ke ' BEJE UK, I AE 6 %2 8 A
(AT G SEIR 55% ¥ ApoB 1L 2K FFAK A F34b, Crooke 55 AHRIEELS T 50mg kg B FH
WErE: 6 £ 8 JE i, ML H [ B2 52 1E % (Crooke 28 A, 2005, J Lipid Res, 46:872-884),
FEVRYT IV A (50mg kg ', PHIR / D WL B 1STS—147764 S HH [ B i 5 FRAR fI 52 o
[0138]  ASC AT 4 i (R 41L& ) R0 75 70305 28 Hh 3R B 29 5 IR B AH LB, A58 A AH X 51
& (Img kg B ApoB FFAK 3. T340, A & W Ao AR 13375 48 16 42 4 A Rk B 98 28 OF 2
FF 15 TNC, $2 /=1 571 = 4 5 35039 58 1% ApoB AT LDL/VLDL~C Ifil 2% F£ K, 1% 42 [l 24 ApoB i€
BBk ) K A B (Zimmermann 25 A, 2006, Nature, 441:111-114 ;Soutschek
4 N, 2004, Nature, 432:173-178 ;Crooke 25 A , 2005, ] Lipid Res, 46:872-884 ; #i
Crooke, 2005, Expert Opin Biol Ther, 5:907-917).

[0130] AR BHARAL T FH TR 7 BE PR LA AR DG RE A IR 1K 7732 o I L0 PR A O
i A B 5 3 OB T PR (T ZRH PR IR 5 2 AR R B PR s (T RO PR i I 3R
iR 52« o i B 25 IR R PR 93 5 RS F v I s o Atk 8 R 9 K S 03 i, 455 S JREEE DA B i A
IRV 3 EMME RS B g 4 ALV T % R ASCHT R A5 Y] LA
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M SRR R/ SRR L S 2 A AT

[0140] Ak B4R T FH IR E IO vk o I S A0 6 FL IV « A 28 B e « K e
e« /0 440 PR T8 « O PR IS B e B R Sk B0 R ERIR N R T
PRI ON SR B Bl B e LT V0 65 e S A N L 1 I | U\ A 9o %
DR A0 e BRI 2 A 4 B AR 7 4 FCINE BV L ST /D e s Y A S FROIR e
FRCER 55 IRges B R B g PR T8 988 < BH 25082 AT 20 e A8 M s S 1 i s 94k 2 40
JEL R AR L0 B e e A PR e A R L . ONS MR L R 2R TR At
T 2 TP B RE N B8 < S5 A Tk ONS 96 20989 1 68 980 o T 0 422 e Jc R T 1K e i 7% i
LS SRR S S TR /S LRE  F LI A 2 0 R S A ) I O R o 2
JSLIR AR SOV A e AR o

[0141]  FUlR MDR 89— AN 77 v A2 A5 $ ) P—gp Bnik v PE 1Y) P—gp VA5 sk #5540
SR, ‘AT S T I 2530 ) 25 AH BAE T CL R PEBR ) T e MR R R o A4 55 b —
Pl b8, T LLGE I RNA -4 (RNAD $i) P-gp MR 1IE . AL FIAS R, ZE AT LR
P—gp I T 1 LA B 52 P00 A B (4 B e S5 1 5 v

[0142]  {f FH siRNA gk shRNA [¥) £ BB 5UAE B8 RNAL 5 B 2 Fh 25 ) i =2 M 3R 2L (¥ 7% 7
Mo 2003 42 % 3K T 7t RNATL S8 i p—gp #0 il /i 3 i 52 0k 19 4 1) s 2R 1 IE 4R 1 IR
B 9% (Nieth 2% A , 2003, FEBS letters545(2-3):144-150 F1 Wu 2 A , 2003, Cancer
research63(7) : 15150, W WU 5T 348 FH T FH siRNA [ B I 5 325 28 18 755 A [7) 40 g A 7Y
o & Fl 2 )i 57 MR AL, A% FH 200nM [¥) siRNA, Hao %5 A B8 % 75 MCF—7/ADR H1 A2780Dx5
K 7R A2 1 MDR 41 i 3R 1 pgp AKCF$ ] 65%.  BL 4R, i A1 2 7 8 17 MDR1 1) siRNA
WL T X pgp T EIE 25 (2 F LD W 2 1, (H S AS R w4 AR pgp TR ) 1 R
SR B BB . I SRR R B STRNA A 311 P-gp KA IO UL ER R R 1. AR,
JEAE T SR Y siRNA ¥ FE (100nM), {H & 78 5 B 8 iR 8 11 40 s % (FPPS5-181RDB)
1 H S 40 e (EPG85-257RDB) 1 s B T JL T 90% (1) f: b 3 (K] % I MDR 1% % (Nieth %5
A, 2003, FEBS lettersb45(2-3) :144-150), HxiT, Donmez 25 A (2011, Biomedicine and
Pharmacotherapy65 (2) :85-89) W /x RE R EAK A 20nM, {HJE7E £ 2 LU AL 52 1 MCF-7 41
i SEEL T 89% 9 MDRL FOFE PRI ERTE ME o X LURHE 2 B RNAT LT LU siRNA 741
SRR ) R AR R R

[0143] [} siRNA Z 4F, B¢ A5 52 (15T MDRL/P—gp shRNA SR IA & 4& T 715 MDR & &, 7E
—IURE 5, 5 siRNA AH LG, 78 58 A2 B2 Tirf 2 1k SKOV-3TR 1 OVCARSTR U & 4 41 fig &
shRNA & 1k X MDR1/P-gp 17 T ¥ H A 4H L1 R % (Duan 2§ A, 2004, Molecular cancer
therapeutics3(7) :833). 4k, Stege 25 A (2004, Cancer gene therapyll(11):699-706)
R 3E T i K shRNA- 35 1K 48 K (psiRNA/MDR-A) 5| A B 4% =1 25 W i 52 PE i N B o8
40 Jfl Z EPG85-257RDB H 58 4 i # | P-gp K 1k, 2 L Hh, Yague 55 A (2004, Gene
therapyl11(14) : 1170-1174) M %2 2| 7 i i 5] A\ shRNA 3 i& 2% & pSUPER, 7E K562 [
i 95 40 g T 5e A B 2 2 b A 52 M. AF FH AH 1A 5 5, Shi 5% A (2006, Cancer
biology&therapy5 (1) : 39-47)ik i il it shRNA ) Y& 5 #2 T MDR1/P—gp F& Rl 1A Al
DhBERI AR E T, LR T % MDR1-siRNA [F58r 1 3 08 S0 F0 N 3% R A 40 i 3R (KBv200)
W) EGFP A KL
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[0144] 7R T A LRWESTH, AE FH T P9 B0 AT 1 0 9 IR 5T 1K Lipofectamine2000 (Li %%
A , 2006, European journal of pharmacology, 536 (1):93-97 F Donmez, Y. F1 U.Gund
uz, 2011, Biomedicine&Pharmacotherapy65 (2) :85-89) DL & oligofectamine (Nieth Z§
N, 2003, FEBS letters545(2-3) : 144-150 ;Wu 2 A\, 2003, Cancer research63(7):1515 ;
Stierle Z£ A, 2005, Biochemical pharmacology70 (10):1424-1430 ;1 Stierle Z£ A , 200
7,Biochimie89(8) : 10331036 2| H I A 11, 7e S ME O] T3R5 7] MDR1 J& [T ) shRNA £
MR o CEIZIFITH, I R A BRI K RIURE (Yang 55 A, 2009, J Huazhong Univ Sci
Technolog Med Sci.Apr;29 (2) :239-42), fEiZHF 5T - HLIE ¥ 55K mRNA PRI 52. 6%, 2
RAZHEAL T T 2 POt TR RSP E 100 85 S 22 15 42 61, 3%. 21 H AT b 1k, s AR IE 1 52 S8 08 T3
BT P-gp siRNA KN .

[0145] AL P RIA I 2049 ] DL SR AT A sl Hofb b b 5 a5 S A H, bl &9
W B YEsr PR LA s ShIRF 25 Ik e 5 (L bH ARl s B 22 kB SRl A 3% s S R L T
ZIREE T ER TR AL B s 2B KR (R g Rl e s S M 3 5 1 ) A IR I 5 Ak
B AT B UR PR 2 LS A s TRUR R B IG s SRR AR s — AR
KU S Ee AR IR IR 3% AT IR AN sYRULHI B s HVH % SR B2 C s 1 520
RRLEENE R DU SRR s REOT IR R R LA s RITRB s I 25 2 R T R AT 51
TR N e PR s AR v B AT TN PRI A RO EAE R
IR ER AR MG A D LT s PRRH AL T s HY BR 22 P3¢
B2 BRI E R AWV FTEIRE IRV 55 s VIR Je A N AR RS = skt 3
FRIRIE JE 28 ARV B BN s IR B AR VT WRIE s ERIR R LA JuAmig M s FhIRIK
RECE SHESER)TT sREBRME S R) VT4 s A AR Me S ARFEVE B s BERRIRAEIR 1 s R L% s 26
B e RSPV S 4E TR I R B s B IR OB PV 5 SR WENE - S S B A
) AR AN 5 VIARNE s ERIR VUM PRI NR s SRR IR LR s R IR IE I AR T
P a-2a ;TR a-2b; TR a-nl ; TIHE an3; TIE B-la; TR v-1b ;57
P SRR AT B TR == 3 O 5ok il mde s S TR 2 P B bR 5 SRR BT e 3 56 i 284 s 2VR
I I RIE RER s SN B HR ERETT B TR ER (BRSO s K AR A
T SIS I SRR RS I R B DU A PR BE WG 5 S8 23Uk oKV T 2 Wik oK
FERE 2RO R 2MER LR DWR 2/ ER 2R MR R KB BRIt E
B 22 5Ty IR sy vl IR M s ol NP7 57 25 5 LG 0 s TR IR NIE e s BBAZ T s R ) AR LI 5 TR
B BT ORIR B R 2 IR i S WR VAR WRVAET N s BRI R B 3 R
Tk S bWy AR RN AR R AR T IR IR R SR E R BRIV R ke
B MBMRAT V& ACKEE s VP55 X B IR VD 45 38 s IR EAF IR s XUt 28 5 8% S B R A 2 IR
WM AR R ERIRIB IR IR E AT R SRR R IR R R EUR IR AR R
BAOWE R RN 2N I RS R R SIS B BN E 6 PR s
PR T DK S T S W SRR R s WE MR IR AR s R P LD 5 3R B 4 1 B S AT R IR T B oK
S s MIEE (IR VOB 5 s i SeVRy s = AT v A A I 5 ot B AR 5 ERTR AT M 5 IR
WERE BT s D ETE R AR 4B YRR S SRR KRR IR KR s KR e
Wl s K i RAKCE L B R KR ILE R KB BN IR A KB AR
KEE R KEW R KHFEETT RD W IR Ry T s Friies w2 sl R Rk £t
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/B o

[0146]  HAMFU 25 ELHE 20— % —1,2, 5 "R HEYEA 5 D3 15— SHREL RMERE (] LRy
e B L 2 S T SE M s IR 3R BT (adecypenol) 5 il 22 5K 8T s Bl b (9 4 22 ALL-TK #59T
) 7S AN 28 SER)TT PR as v i (s 5 48, amidox) PR T 524 5 BRI IR 24
e == 7 U Y P 1 N e (P L O S W o = = St 1B | P 7w | VR P11 |
G R T MBS R AT -1 s HUESEY R, BT 5 e s X5 s hom
B 5 [ MCERZAFIR s H 2R CAEHU AT 7 o 4 M8 T FE RV R YT 50 5 40 B TR SR PR %
M2 ;ara—CDP-DL-PTBA ;X Z MR it 2 ZEMG ;[ 7547 )8 (asulacrine) ;Filfh3e3H Bl i 05T g
FERRIE 1 BRR 2 s Uy B K 3 s Bl L ) 3 s Bl HL 2R s AR 2R s R AL R dE &= 111 47
AW s R EE (balanol) s B2 5 w4l sBCR/ABL F5 9051 ;s 28 3 &3¢ (benzochlorins) ; 25 AL
EEEE ;B- WELIZATAEY) ; B —alethine ; B- f7 & % B ( B —clamycin B) ;HEA
M2 sbFGE il 57 5 EU R & i 5 06 AR s RUR A WE A I (bisaziridinylspermin) s BUZ%IA
PV A (bistratene AD sHUHTRBF ;A0 dmARERF (breflate) sVRICH) B ;AT 4540
TR WL R =B s R T CEMAT EY s & L8 IL-2 ;R ihix ;= 7
Wt — 2a 0k — =M R A2 SE =W ;CaRestM3 ;CARNTOO s BCE YRI5 s R ko8 B 8 B
BEITHIR) (TCOS) s SRS % s RAHUBE AR B+ 74 i i 5o s &8 (chlorins) s S LE B L %
(chloroquinoxaline sulfonamide) ;P RATHIZR NN ; sohr i s TR 2RI i
e s o BT AR 3R A s v LR 2R BB ANMRYT A4 FH AT T SR s BN FE JE (conagenin) ;
P IUE] T Cerambescidin) 816 ;50 By 4G Ga AL, crisnatol) s ARFHESE 8 s 5o FIE
B AT JERE A Ceuracin A PR BT EER s 3R f73H (cycloplatam) ; PRI 2
(cypemycin) ;B B+ )\ GEFEBEMR £k (cytarabine ocfosfate) ;¥4 MRl 1 B8 ¢
HERY 3 BT PGl (decitabin) s BEEAUANT B (dehydrodidemnin B);Hiy& ik 47
FEMMBEBENG s T A dERTIEoK sy B A4 T B s HE PR (didox) s = LEE LG
iz (diethylnorspermine) ; & —5— BAMTF ; A LM ;9- £ 552 (9-dioxamycin) ;
TORFRIRSCRNYT s T Tl 2 b B AR I 55 s JE KRR 2 RE R SA
(duocarmycin SA);fKATfiliMbk Cebselen) {5 S m] VT sAKHIARFT s W TT HRPT MR S 2R
MW s SV g AR AL AL s RSTENZ S ESE R VT 2R s MESCR I o) s MECR A U
PRARAE e S B PR AR FE V1 KV SR 3 sy it e sy FL P s 4 AR BE M I s B =) = s AT A
& s BN (flavopiridol) s YT s KRBT HE (fluasterone) s UL HIE s EhR AL
3 (fluorodaunorunicin) ;#4573 30 (forfenimex) s#m 3w H 48 7] H A (fostriecin) ;
VT (fotemustine) s4LKF b K (gadolinium texaphyrin) s AHEREX s IS Ml 3E ;I
Je Fi vt s RSB A IR 5 3 PO AR s A e H BRI IR s P RRFE Chepsul fam) s ff 48 AE Rl
Cheregulin) ;7S W 2 = L WEIE s & 22 Bk 5 PR UEBRIR s Pk B A s 8 55 B e i 54K
SEMET SO S a b s KA Y I IR SRR S (R K s S AR K R 2 Ak -1 D
H5R) s AR BB s TIE s AR 3 ORI s BUR  R s4- H SRR PR
R AR RIEHIE A M (isobengazole) ;3XHE4H 2 B (isohomohelicondrin B) ;
PHt = B M58 745 G4 AR, jasplakinolide) s3R4EMK KF (kahalalide F) ;)%
N- =R EL sAEKZM G2 fIK, lanreotide) ;TR H A (leinamycin) ;>R H) 5 ;T IR BE
T 2B AR T (leptolstatin) s M s M FPHIA + s HA M o« FHE 52N AL
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13 + BEFCER + SN s SR B AR s A0 e K s A RA) e s ELRE 22 ISR 5ok TR R AK 2R iR
TG MR BEIL 7 (lissoclinamide?) ;3 LA MM 8% T s KR s BB B 7%
TN v AT MR IR R SRR IRk (Tutetium texaphyrin) s F & % ik
(lysofylline); ¥ WK sSEHUH ;2 %Mtk T A (mannostatin A); 5557 HwE]ih (marimastat);
I 22 B My (masoprocol) s Ik #2°F (maspin) 5 5 Ui i R 5~ 900 il ) 5 25 53 < Je8 2 13 It 400 1)
) s V&M I 5 36 ) (merbarone) ;36 B Ak s AR 20 BRI+ 1740 U i SMTF 5] oK
AEFI i KR AL K7 H) 2 s BCSURE RNA KBS s IR DO lE s 2 /B Z X0 oK
FEZE % (mitonafide) s KFEFEH (mitotoxin) AT 44 Mok KK+ - IER R ED oKt
B SEDNT SRR R s BRI s NGBS MR IR R s SRR ENIR B A+ 23 AT R
(myobacterium) 41 ffuB¥ sk ; BENRIAEE (mopidamol) ; 2 25 BT VEFE R FNHIF ;36T 2 8 HD
HIF) =1 KT 59 F (mustard) HUEALE) BN HFSR B (mycaperoxide B ;43 AT
9N BE LR Y 53 HE e (myriaporone) sN— LEHLSAR sN- EUACRBEZ R 235 bk s 44
R (nagrestip) s 2EHA + Wifth Ve ;49 MA4E (napavin) ;5 — ¥ (naphterpin) s JB4E
"] (nartograstim) ;28 IAH1 s 48 SR AR R 7 RIR P I IKBE N DI B & KT JebE %
% (nisamycin) S B T) —U0 B DT JE IS (nitrullyn) ;06— 2K FHE S
WS 5 BTJIR s B SE PE R Cokicenone) s AL TR s BBl 5 53 P 7] B s BRI Coracin) ;
IR 40 B S35 540 5 B0 s B 5 By A4 s B yb & 3R (oxaunomycin) s BAZEESSN
V) s B BERT A s WA (palauamine) s WK FE 228 (palmitoylrhizoxin) s WA KGRI
NS = B KT APz vb 2 (parabactin) sJAPRJE T 2 B INMAKE (pegaspargase) ;
BRAS 2 RGN sWidtfh T ;W e (pentrozole) SV R SURBEBLRG 5575 7l s 2R F s
# 2 (phenazinomycin) ; LRI WERRIEH b7 VA ML BEER T Su s EhERUT B 5 kA ol
Fa MM v 3% 52 A (placetin A) 3% H] 2 B (placetin B) s £F 5B S0 0 i
HHEEW M EW S5 - =IEEAY) bWyl sTREAERE R NIRRT RE R TSR =
J2 s E B AR A T EE A BRI B B C I, 4 (microalgal)
R T A PR 12 Bl 0 A1 0 s MR M A IR A BV T3] s 2028 3% sk MAEWBR Y g s LT £ PR AL
(I AL AR LGS AW sraf FE5PUH) T8 28 15 250 B sras VAN IR SR LV R g )
Hil51) sras M HIF] sras-GAP P ;2 FEEATE B JE b g 5k Rel86 MOE BEIE Eh & 2
TG SRIT 4E LI 38 AOKHRE s 240 A 2 SR (romurtide) ; B9 SE ba 5 A% 35 % B
(rubiginone B1) ;W3 PG (ruboxyl) s Y025 X s 55 46 F (saintopin) ;SarCNU ; ¥b 7e AE4E A
(sarcophytol A) ;¥P#¢H]Z ;Sdil Y sH] BERIT A0 AT A HD IR 7 1 515 5
%R 5 5% WG E 55 SR BeEPURS & E 0 sV AE = s B A il
R R AR s RIERE (solvero D) s ZE KW R G EE R B RIARARR s B
RE 2 D (spicamycinD) SR R]VT (HTIEE 4013 1 (spongistatinl )&z ;1
41 Ho PRI 540 B o 24PN 3 BB % (stipiamide) ;33 i8R A BEHDHIF A AE R
(sulfinosine) ;3RAL M WE VEIIRIE DR ; IR flitifh (suradista) ;95 ] o B E R A
R PR ZERE A SR YT s A 20 R 55 5 25 3B R oA VT B R N 22 s T A
S HLL R 8 5 (tellurapyrylium) s 3m 7 B3 #i55) s B 5590 55 (temoporfin) s B SEMEfi ;
BB s & %8 (tetrachlorodecaoxide) ; PUMe i (tetrazomine) ; MEAG F7 =
(thaliblastine) ;% ) 2 i sWERI bR s L /MRAE CER s IR = BEUA) s IR IR B
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09 i A e 2% 52 RSB R s TR i R 2 ROIRIRBEER s AR AR SR s R LB s AU R
TRER AN R P AR (topsentin) sFCEK S s A RE T AU MR 7 s BHIRID I 7 s 4E
IR s = CWEIE R 5 PO G 22 5 I SEVDRE s S s bR B0 7 Bl s 2 B HERR ;9% B Uiy 1)
5] s B R A R AL 1 37) (tyrphostins) sUBC FMRIF) 3 5 2826 7] 5 R AT B YR 1 A= K
HIR T s RS2 R F5 PR O B A WE B (variolin B) ;A RS, 40 UL RIVAIT |
Yepr B EE A 4ETT (verdins) sHER AT s KEIE ;48 iV (vinxal tine) ;4Efih=¢
(vitaxin) sfR 2 Me FLIRRERE sPT R BLYT s AR HE C il T B fusk.

[0147]  Hogswbh 7o oAk S ELHE « = FRPUIAR 2549 (0, A OK R Ll 5 A B | B oK A
EP N ERIN PN RN S N iR = v NP 7L = o N R SRR = 7 DJPE | S N 111 £ 4]
W) A, <& PR pbh A R P PO 22D 5 Cat+ FEBUH (1 41, 2 PP L A b P R B R P A
R BYUERO RS 8 IR B0, e B B = PR ECK I D B R B i
A il Ath B 25D sPUT AN 29 (B an, 22 e T s i 24 (e, R s B
B2y (i n, T A e B AR UL A BRI 25 M 4 540, W Cremaphor EL,

[0148]  HFAK BN H B, FEA G772 H Ak & 6 FE U AL &9, it il 5e
FFE CHEERRIR By PRt ZI IR IG A AL S, VEFERELT s R MR RT IR AL ST VA A1), S B #h
Bk s AT AR AR I HIF, WEHC L s U AL &4, WnET 4 8 (1 R 1125 D48 f 25 P18 3
ZETFIS B E 1125 5 % TI31 AN 1123 H 40 T131 B2 B L AR T131 BifH 5
B D131 M PR R 1123 B JRERAN 1125 B Ly pRRAN T131 A BE R 1125 BB 1131,
R R MUAE AR i 1123 WS 1125, MU & 1131 ALEREY 1125, WEBKEY 1131, MLEK 2 %
T131 WSS 7 1125 ZE R 7 T131 BRI IE 197 B IR R INEE 203 7K A 197 (il S 2
% Se75. =ik — 845 Tc99m. L PHERES Te99m. M2 2K 7245 Te99m. O IR 45 Tc99m. (kb
2548 Tc99m. 48 Tc99m R RS A BERE IR 48 Tc99m. F) 2 2K T 15 Tc99m. A VR 2K 7248 Tc99mm,
TE P R 45 Tc99m. 7 FF IR — 445 Tc99m. 25 Tc99m 38k Ik . B B I IR 25 Tco9m., 155 5 ik
B Te99m. W5 B = 4045 Tco9m., Ttk EL 4% Tc99m. PHANNIGAS Tc99m, — %5 T R4S Tc99m.
B3 Te99m I ARRR 545 Te99m. & B4 Tco9m, AR IR 1125, AR AR E 1131 BTy il
1131, = 3Hiks 1125 F=JHs 1131,

[0149] WAL AE FH 1Y, “ V07 A0 46 TSTs « F0 i A I8 b PR s BAH D e AR o ] LU
L5 TR A R A ST IR A A WRIEATIRTT o« EHARE S, o LB R 25 718
7 R B S AU ST IR A S A RIEAT VR - AEHABIE IR, AR TT IR
PRIV AR SCTRAE AL 1T M PR B 5 KPRy IR 5 32 MRE A PR 9 5 | S 140 vy I s S JRE i
SR E R IR VB AR B AR R G Bk 25 40 A AR sl S R AR B, 7 AT LA,
FE R 257 9677 A 30 1 PR B AL A A SCRTIR I AL 5 AL

[0150] & A A2 e BRI S 0 5L T e BRI &4, e B A (1D wT LA i
BRLT A/ s e S nE L, sl i & ek sKE S B S MRS IR E & 115%
FERERACA D b R P SRRy T A A 3 4y, R D T R e A B Ak 2% 51
A TS R LT UM SEEE R I 2 MAT A ERAE Ao I BB 01 (1) 7 2 B 1) SE A By
S T R S A ) AR (1) T SR R AL A BB B ) L U 40 M 8 A 2y« IR AR A (A
ML AAD TR AZ 8 LA T AR AR 2 7 (k3 A KB P21 2 B AR5 RA AR 22 A A2,
mERF 0- LWAATEDAN- SBEAATED . 52580 I H T B I — 2867 A -
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C, (NH-CO-CH, &, NH,) « C, (OH) 5% C, (CH,0H).

[0151]  ASCHTHEIA KA &) 2 HA A A IR IS & & 2P IER R 5. AR
AP LS QA G975 RS T, dLes Tl a bk 257, W HAFR T Mirus
Transit TKO® MR 7). Lipofectin®. Lipofectamine™. Cellfectin® . 5 &+ (4
i, R SR AR

[0152]  WIASCHHE G “ [FIRT 25 77 A DRS4S T A TR 4L SRR 5 5
A/ BB S A S, i, 450N, 7R 254G T, BRAE D BRI SR, s, 490 G, U | [N
B LA RIS TR) 25 7 i SR i R 25 AL 5400

[0153] 34 B R A S A0 468, 49 G, — PP SSUIRE < ] - YR L BB 1R R % 7 26 R 2 r
TR IR A5 A1 0bL R A% Z1) AR IR  FR 23t TR  SURe DA R WMo — 28 L o 22 2 i ) 5] BUIR
FTAEY R S, LA EATRIR S

[0154]  ASCITRMA G YR T L2 B A G 7, A B VLN BE e 3L i
ik PR FRAR AT 0 1 HAt 25

[0155] i 2275 LA T SKTtiAh) , 45 5075 by FEAR A K

[0156]  SZjfifs] 1

[0157] il 2E T 72 ME /dsODN Bk siRNA [ 4K F0RE il 5]

[0158] s FH B 45 sl R 26 7= VA AR P B A S TR AR i, JErh W B T Vs 2o, B R R T
M NFRHETRE . CVAAETLZ . a7 A/ T 50EU/g M4 NER. &
FEEAT 92% A1 80% 15 LERALFEE R Fe M (GR 1D, X 4L SR bl Rl 4R 5] 2 LWL
(heterogeneous deacetylation) f=A:f¥), MIfi{d 15 L BEIE ik B i AN 2 BATL /0 A o A
BRIV A R A 7T B B AL 2 PR (Lavertu % A, 2006, Biomaterials, 27:4815-4824 ;
Lavertu Z& A\, 2003, ] Pharmaceutical and Biomedical Analysis, 32:1149-1158) DA%k
18 10kDa.40kDa 1 80kDa W45 E 70 T &, HI & B DDA & 92% K1 80% P&, J5 & A S80%DDA (&
DR

[0159] £ 1

[0160]  FEERFEIN = Z WAL (DDA T8 (M. 243 EdE% (PDD
[0161]
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x5 TR DDA | Mn(kDa) |  Mw PDI

RecQL1 HEE Rho-92-10 92.7 10 14 1.4
DLS, ESEM, f& | 92-10 91.7 7.1 10.08 1.427

RecQL1 | ¥, B, 80-40 82.5 38.37 53.4 1.392
FACS, qPCR 80-10 84.4 10.82 14.525 1.343

92-10 92 7.46 9.32 1.25

DDP-IV S 80-10 80 12.40 2241 1.80
80-80 80.0 93.8 187.6 2.0

B HUR A, 92-10 922 8.501 12.645 1.494

D‘;’;‘i; FACS. qPCR, 7 | 80-80 80.8 71.535 118.03 1.65
g 80-10 84.4 10.820 14.525 1343

DAD‘;:?V LR Rho-92-10 92.7 10 14 1.4
92-10 91.7 7.1 10.08 1.427

80-80 80.0 93.8 187.6 2.0

ApoB e ko, 80-10 80 12.40 2241 1.80
DDP-1V DLS, ESEM 80-10 84.4 10.820 14.525 1.343
80-40-5 82.5 38.375 53.410 1.392

92-40-5 92.7 60.6 37.9 1.6

[0162]  #f[n DPP-TV FEX 11 /NT48 RNA 1 H Dharmacon (Thermo scientific, Dharmacon
RNAi Technologies, USA)., 1X %8 siRNA IF X Fl v X #E 2 &5 M R 7 21 %
(UU)3" . f& & 3 41) 48 o] DPP-TV J7 41) 1) DY 4% 13 41) (% 3t 41 Bt (DPP-TV Seql :
CACUCUAACUGAUUACUUA, SEQ ID NO:1 ;DPP-IV Seq2 :UAGCAUAUGCCCAAUUUAA, SEQ
ID NO:2;DPP-IV Seq3 :CAAGUUGAGUACCUCCUUA, SEQ ID NO:3 ;DPP-1V Seq4 :
UAUAGUAGCUAGCUUUGAU, SEQ ID NO:4), #E [i] ApoB [f] siRNA J¥ %1 J& f# H Dharmacon
ff) 2-ACE RNA 4, %% & #] & % ) (ApoB Seql :GUCAUCACACUGAAUACCAAU, (. X B &
H2AMEE®R A3 = H A KD, SEQ T D NO:5;ApoB Seq2 (IE ) :5 ' CUC
UCA CAU ACA AUU GAA AdTdT3 ' , SEQ ID NO:7 ;ApoB seq2 (x X):5 ' UUU CAA
UUG UAU GUG AGA GUUoUoU3 ' (oU-olU)=2 ' -0- FF Z& - ¢ ¥ 5 H, SEQ ID NO:6 ;
ApoB Seq3 (IF X)) :GGAAUCuuAuAuuuGAUCcA*A, SEQ 1D NO:8 ;ApoB Seq3 (& X)) :
uuGGAUCAAAUAUAAGAUUCC*c*U, SEQ T D N0:9 ;2" 0- FIEASH 2% B F N xR, i
R A S XKD, X4 F 5 i Soutschek 2% A (2004, Nature, 432:173-178),
Zimmermann 2% A (2006, Nature, 441:111-114) F1 Strapps 2 A (2010, Nucleic Acids
Research, Vol. 38, No. 14) 25 A K FEKH .

[0163] %[ |n] RecQL. 1 ffJ siRNA & #1) 42 {# H Dharmacon [ 2-ACE RNA 4k %% & il & 1K
(Seql :5' —GUUCAGACCACUUCAGCUUATAT-3' , SEQ ID NO:10). %% 412 i Futami 26 A\ & %
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1 (2008, Cancer Sci, 99:71-80 ;2008, Cancer Sci, 99:1227-1236), ¥[a] MDR1 [£1E41 LA T
B BRI R B Dharmacon, 1 HIE S EATH H R B 55 :M=003868-02-0010 1] 15, fi
I 4 488 MDR1 1 siRNA FEFZH K :Seql (IF 3):5' GCUGAUCUAUGCAUCUUAUUU3' , SEQ

ID NO:11;Seql (Jx X):5 ' AUAAGAUGCAUAGAUCAGCUU3 ' ;SEQ 1D
NO:12;Seq2 (JE XD :5 ' GACCAUAAAUGUAAGGUUUUU3 ' ,SEQ ID NO:13;
Seq2 (xk X):5 ' AAACCUUACAUUUAUGGUCUU3 ' ,SEQ ID NO:14;
Seq3 (I X):5 ' GAAACUGCCUCAUAAAUUUUU3 ' ,SEQ ID NO:15;
Seq3 (Jx X)) :AAAUUUAUGAGGCAGUUUCUU3 ' ,SEQ ID NO:16 ;Seqg4 (IF
X)) :5 ' UCGAGUCACUGCCUAAUAAUU3 ' ,SEQ ID NO:17 ;Seq4 (Jx X :

5’ UUAUUAGGCAGUGACUCGAUU3' , SEQ ID NO:18.

[0164] i F Wikl iedb 2572 (Integrated DNA Technologies, Inc) & 1% dsODN J&41), 3
W o T g K ok A e M A% BRI 3 0 2 o RT3t i MR o M7, 4 6- FRIL O &
(6FAMD) 5" Fric i) dsODN (Integrated DNA technologies, USA),

[0165]  FH A STATHRAL (1) 7 S8 M 4K Uk (140 BEAL 2% %5 72 1¥) dsODN [ 26 A J5 B2 e A1
(K] STRNA BSBLPE T o SX U REF0L I 2 F T siRNA il dsODN 22 [AJ7E S5 M) 7K S (RUBESE #4), KB
(21 BAROFZ R R ) L (KA AL BT & ¥ o 7341, s1RNA FIT dsODN 22 1] (1) HEL 47 35 & 28401,
XA e AT 3R A R B R ik N 45/ TR B BT 3 F 11T o s 1RNA 1 dsODN 2 [1] ) 22 S 7
T+ dsODN J£41) v i i B w5 AR PR EE (U — 1), 3F HAE T dsODN B =4 (1) [ 40 K b 24k o
15 F W Bk e Ak 523 (Integrated DNA Technologies, Inc) & ik dsODN J&41), 44 HH T
JSTH & BT 8 MK SIUREAG R T FZ BRI ORI 52 o & T 3L SR AR B AR A At AR
ST AF A 6— R IEDE 2 (6FAMDS’ Fric i) dsODN (Integrated DNA technologies, USA),
[01661  {#/H 1:1 (2 fE (HCL 2 Lt UL 5mg/mL [ 5 23R B 70 AL B b2 rh L 0. 5%(w/
VO HAREE Mn F1DDA [ Fe BB AR Sh IR i i it . R0, 2 B /KRB C BB g
T LASRAT P T (1 ik Ge 28 2 S EE D 5312 £k (dsODN B siRNA 4 [ LLAE (N:P).
INJE, LR 100 w L A% B 1K 7 M W 23 0 5K 0. 051 g/ w L[] 100w L dsODN B¢
siRNA PRIEVR A (WU, pippeting) il 4 ZKMTRL (92-10-5,92-150-5.80-40-5.80-10-10.
80-10-5.80-200-5 F1 80-80-5) ;¥ &£ 0. 33 u g/ 1 L ) dsODN FH F-F& 5 M 70 B A0 AZ 1 I
Py M TR 0. 1w g/ u L A H T DLS F1 ESEM. A5 FH AT, 45 40K ki 48 =35 R E 30 2
Bl

[0167] SR 11

[o168]  FHLSLG

[0169]  XF T iA4MEE Gy, A 0. 976g/L [¥) MES 11 0. 84g/L ¥ B2 % 8l (NalCO,) 7E pH6. 5
4% R A A RE — TR JRAT 0 FG R B AR RS R E B 2R 2 (DMEM-HG) o AN &5 IR 2F I3 (FBS)
EEYLERIRILAE 3T°C N AE 5%CO, I 5 47 P 7 il 4, I HLAE RIUKE 36 Jeair {8 FH E W HCL CINDAE
3T°C ¥ pHIFT 2 6. 5. X T 96 FLAR P EAT ¥ siRNA %% 4%, 7E48 AT 30 2080, 1 b f
AR BB /siRNA Kk . B 0. 051 g/ 1 (3, 704nMDIF) 1001 1 siRNA 3§ H
T siRNA 57 R 1:1 (v/v) B&. EEJ5, siRNA FIIRE A 0.025 1 g/ n 1 (1852nM), JF
HEL0.00135 0 g/ 1 1 ZRAE (FH4 T 100nM siRNA B4L (10pmol/ £LD) HE AR BRI 7E 5
A DMEM-HG Br 72 I EMR P o A TAE 24 FLACPEEAT ) dsODN % 4%, 7EAE AR 30 43
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Bh, 40 b TR ) £ ST ERRE /dsODN 9Kk . B 0. 05 g/ n 1 (3, 717nM) ) 1001 1
dsODN YF W T dsODN 57280 1:1 (v/v) B&. BEA)5, siRNA FIIRE R 0.025n g/ 0 1
(1858nM), 3£ H.LL 0. 001351 g/ 1 1 [IEHE GFH4 T 600nM dsODN %:£L (60pmol/ FL) 444
KR AE 54 DMEM-HG 35 7R3 @A P I 8 « FH T FACS (1) dsODN T siRNA 22 [A] 73 F = )
MTh 7 A T dsODN [ 6FAM AR ic T ¥ o B 58 KRR FIARAE 37°C, 5%C0, T -4
10 2305, ¥4 b o7 s gR 50 R AR 78 500 1 1 (24 FLBOEK 100 w1 &FFL (96 FLBORIF
A aw AW N 100nM/ FLAYZEE T dsODN B siRNA [ GKURE (1)1 45 (1) 4 G 15 77 55 (pH6. 5.
LIS 4 /NN FBS 22 10% FFFLAI LR Z . K a5 52 580 /siRNA 4Kkl & 542
YL S 24 AN IEAT 3 M7 o F% DharmaFECT™ FH AR BHE XS L, I AR b 31 40 Mo F K 524 11
sTRNA Ab B [ 48 i FH 8 93 P % e o

[0170]  7F Fr & iR 40 Mo 2 o, % n] B W (1) I 5% & DharmaFECT™ (Dharmacon RNA{i
Technologies, Lafayette, CO, USA) FHAE % G4 2 1R S0 PR R o 4 R A2 7 1 B RE , o) &%
DharmaFECT™/dsODN G x4l i AN 4L 58 A2 B BT A B DharmaFECT™/siRNA (gPCR) [l
SR - REEY (1:20w/v] ),

[0171]1 2 5 & 4 & Y [¥] HEK293. HepG2 (ApoB Fl DPP-1V), HT-29 (DPP-IV). Caco-2
(DPP-1V). Raw264. 7 (ApoB). A549. LS174T F1 AsPCl 41l fife 5 ¥ ) [ 35 [ i 59 40 ffw 15 9%
1 0 (ATCC, Manassas, VA). MCF7-MDR 40 4 % /& Hamid Morjani f# + (Paris, France)
M 3% K)o 4 O AR SR AIC A 75 0% 95 JE (HepG2) . McCoys (HT-29). s B T 1. 85g/L (HEK293)
B 1. 5g/1 (RAW264. 7) filk IR &0 B4 1¢ /&1 1 %5 B 15 /R A8 w0 i 1K 0 90 5% 97 ) (HEK293 Al
RAW264. 7). (LSI7AT) F12K (A549).RPMI-1640 (MCF-7MDR) Fl#h#54 10%FBS (Cedarlane
Laboratories, Burlington, OND[] RPMI-1640(AsPC1)HAE 37°CHl 5%C0, Z1F F 1557 » HepG2
A7 A 8UFBS. X TG, 41U TE 96 FLEK 24 FLEFFER (Corning, NY, USADH4HAR, M
T AE 36 Y 4 R FRIFL) 50% =4 70% V4 B .

[0172] SEWEA] 111

[0173]  RNA $EEURIZE RIR L0 07

[0174] 1§ [ 43 [ Machery—Nagel (] NucleoSpin® RNA XS iR 57 & #F 47 & RNA 2

B M EFNFLFP MAT A 201 TCEP /K {4 5% %F 1§ (Streptomyces griseus)
5C 5 OPE B ) 100w 1 RAL W M 22 b W AT A0 M A A# (Alameh 55N, 2010, Int )
Nanomedecine, 5:473-481) . PRI AT, FEAF it 15 RAS ZZ B0 5 SR BEAT A ik 1 DNA i Ab 7
/] Agilent Bioanalyzer2100 AT RNA SE B AL (SE4EMD PRA. RNA SEREFREL (RIND
BT 7.5, XA A 2 aPCR 73 B a] B2 1 B4R

[0175] 1 FH 58 — %% cDNA %5 % it 57 & (the first strand cDNA transcriptor kit)
(Roche, Laval, CA) HF4T it RNA [ i 565 o M4 AL 7= R FRFE, A3 71 oligodT 514, ¥4 Mt
0.5-1 1 g [9 RNA/ BEN: T ROEE SN o 4871 ABT PRISM® 7900HT J3 51400 22 04T 5%
ZERE /siRNA ALFR I )RR E B . BT OV R =R, IR Ot PP IEH TE . AT
FH45 B Roche™ [¥] Universal Probe Library® (UPL) HFATINE, #iE SE R R A K. H—

J T A3 P T £y TaqMan® J ] 2 10000 52 1 72 P V56 I CTBP JHPRT) (¥R PR 1A 7K P o A
HI A ACT VA2 SEFREE R RO 8 o f 20, KR UARZE R Ct (3 D [ H— b &
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PSS B FE A AT D (A CT=Ct g —Ct pyyngm) » I HLGASVEMIIEATHLEL : A ACT=ACt
5= ACt gopro T8 FHFZINZ ZE (SDS) 2. 2. 2 B4 (Applied Biosystems) AN £ A
(RQ), 22k RQ=2" 2,

[0176] SEHAg] TV

[0177] 4Kk 2 B

[0178] {E25°C FLL 137° ff1,{#H Malvern Zetasizer Nano ZS®ilidz)& ) GHUE i E

FeIEHE /dsODN FIFEZR M /siRNA AR o fEvtH S rp Al 37 S S Al K (A i, 55
AL =K A RMXESAE 25°C F AP 2 S #otEEE RN E ¢ AL =X
PAEOK B U SO T8 R TRE s BB EAR R RSHIGE, B 50 1 1 K528 S
50 1 1 ] dsODN 5%, siRNA Y&, SR 548 10mM NaCl A2k %) 500w 1. AT ¢ W&, 164
500 1 1 f¥) 10mM NaCl ¥4 4KBivks 1:2 #R¢ . Wik DLS Frill & 1), Fr-a 52 5 8% /dsODN g2k
RIS 45— 156nm Y6 H N . 24542 siRNA /41 1(SEQ ID NO:5)F1 2(SEQ ID NO:6 Fil
SEQ ID NO: 7O, 4nidik DLS Brill &%), 728 8% /s iRNA GK R0k 1)~ 2 BAEAE 55-105nm K]
o N (R 2). X 5e 1541 siRNA /741 3(SEQ 1D NO:8 FIISEQ 1D NO:9), 7228 ## —siRNA
YRR B TE 104-130nm 198 F A ISP BEAE GR 2D 7E dsODN FIARAE M) siRNA-ApoB
(JF41) 1 5SEQ ID NO:B5YHIE & 2 5EEERE I BEAE M ) siRNA-ApoB (J¥41) 2 ;SEQ ID NO:6 Fil
SEQ ID NO:7) Z [AIAEGKUR RS 7 AR ML BN G it = . AN, AR & R A 1) 725
B, e B siRNA JRAAT T BOKIAIKETRL . BEE Mn K142 57, 72580 /dsODN Fl 7%
TEHE /s TRNA G KATURE 2 T HE 58 e PR RS o 220 T Sy 5 571 L 252 DDA I, AR W42 31 4t
e R o T IR R, I SR e S e SRR S U AR IE H AR AR Ok, il
g 20 o WA TR, 2oHr DLS A vrif e RPRT & BT, T ESEM A & R ~T o
[0179] £ 2
[0180] 7F 5% & M i 7 :80-10-5.80-10-10.80-40-5.80-200-5.92-10-5.92-150 }1
H siRNA-RecQL1 BY siRNA-MDR1 J¥ Jit 1) 44 oK F0RE 5 F17E 576 58 B il 371 80-10-5.80-10-10,
80-40-5.80-80-5.92-10-5.92-40-5 H1 i siRNA-DPP-IV. ODN-ApoB BX siRNA-ApoB i i [H]
YRR ) LA AR v IR 22 T Y B —E R B —A ¢ A
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:Ci74
BE AEW | RtGm| ESEM
{(mV)
80-10-5 7042 1243 6249
80-200-5 156435 1843 13145
MDRI
92-10-5 71415 1542 6448
92-150-5 140+49 1745 12346
80-10-10 9147 1842 7349
RecQL1 80-40-5 8649 181 97412
92-10-5 6348 2341 5446
80-10-10 8145 1642 70-90
DPP-TV(siRNA seql %
) 80-80-5 111£12 2042 60-100
seqd [97h)
92-10-5 7147 1842 50-90
ApoB(ODN Hifll siRNA 80-10-10 6416 1942 6747
[0181] ApoB seql) 80-80-5 10012 1621 75413
(SEQ ID NO:5 i) 92-10-5 4544 2142 665
80-10-5 8047 2742 6245
ApoB(siRNA seql) 80-40-5 10546 2445 9047
(SEQ ID NO:5) 92-10-5 5543 2842 6043
92-40-5 694 2345 65+14
80-10-5 9014 264 7048
ApoB(siRNA seq2) ,
80-40-5 8946 2445 7647
(SEQ ID NO:6 # SEQ A
92-10-5 5743 264 5446
1D NO:7)
92-40-5 6742 2445 5949
80-10-5 13947 1943 8947
ApoB(siRNA seq3)
80-40-5 13042 2542 10049
SEQ ID NO:8 #il SE
(SEQ Al §EQ 92-10-5 10543 2245 7845
ID NO:9)
92-40-5 10444 2743 8046

[0182] i FHEREZF 4 1 1 B4 %% (ESEM, Quanta200FEG, FET Company Hillsboro, OR, USA)
FSAG T T REIAR IR T B AR IORE o 2K S0RE T 30T 44 TNC WERURAEACE 1y 2280 b, SR 5 Dl i
4> (Agar Manual Sputter Coater,Marivac Inc.). LL 20kV,{E ESEM &40 %Eﬁﬁﬁ?
HATIEL . A B4%5% XT Docu 3 (XT Docu, FEI Co), @i X R nlEk B2/ 6
ANTRI DI I 150 AN IURE ) AR SRA 2 PSRRI (+/= Fnitifm 22D Jl ¥ ESEM EH%?
ST RS EAE S DLS RST B AT EU Bk o3 A RS i s A KRS A 12k

[0183] &5 A W R Bk T+ A ) f8 e SR M 1 71, BRI 4 K S0KE (1] LAV 1B 2A 1 2B) (13
HARVEHAE 45-156nm 2 [8] (& 2, ESEMD o 5 FH A SC AT i i) LA ThRIR A5 1 45 2R B 3 30t
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B 45 R — 30 (R 2, (B ILR W T A TR A SR TR E . BRabh, BT s gk
RORLSRAS T T E R R/ 200nm [ RS, AT AE15 B8 0% 38F 0 5 75 o A IT 5082 1R N 3 e &

RIFHE BRI GO ROR 23 1

[0184]  {F FHAR[RIFA 57k, 7E pH6. 5 F1 8 R IR SR /dsODN G K HURE AN 72 JE B /s 1RNA 4
KIBIURL IR T B ANAS e PERFEE 2 IA 2 20 /AT ZEFUIRYME pH (pH6. 5D, 7E N: Pt K+ 2 |,
TERCT e85 /dsODN g Kok 3 H AR & Kk 2 20 /it (] 3A FIIE 3B) . ZEANK IR
B 4 /N AE 1 (pH6. 5) FIEL L) N:P LB, AR A2 TR0 1) dsODN, 4R i £E pHS8 T, Xt
THHIFE) N:P EE 82568 42 1) dsODN BEJif. A1) 2 ER I [R) (20h) FEAE N:P LL 2Ry 2 I H
T+ ApoB dsODN ] dsODN B, 4R 11 45% i ) N:P EE (N:P10) Be g Yt Hr gl K ks (e e k. 78
pH B A 8 I, 3 HXF TAHIE ) 10 (4 N:P bE, Mg 3 T #5> dsODN Bl A ST ik 1Ry
()52 SRR HRIFIBARAE NaP KT 2 (N:P>2)R, 20h F) et A B A K ok e ko A 35
TH I E 1) Ribogreen M E VP T 7258 M /siRNA [Aa e It , IFEE G AT E o e &
BRI siRNA. 45 L W] BAT 5 F1 10 [ N:P ELSEIK SR /siRNA KR £F pH6. 5 R A&
ERIE 20 /NI 245 HARHIFIAH LLI, 5e 20 80-10-5 Bon AR Aa e . $Em e b
80-10 f] N:P LLIRTF LK TR e & M LaE « [ T 52280 80—10, 4 N:P Ledem & 5 LL EAS
SR YR B AR 2 MR 3R &, R R (B 4A FH 5. BRI, 7R N:P LT, 4Kk 2
At BE SRR R RN . 7EH I pH Ry NP LUTE 2 2 5 2Z [, ZK Bk 2 4
SEM o TE BB 1) pHS I, KR 2 ANER 2 1R, - ELBH AR B = 1 N2 P LG R B8 (= 9 2 1
[o185] A F 1 1Pt —RecQL1siRNA HHF5T 70 B BE S 4 (DDA MW 1 N:P EO 52 . 44 5%
ZEBE MW N, B & g K ok RS (48 5 2 95 2 B R2 e 2 S 3 1 (] 4B 4C F1 4D) . DDA
XTI TR R I sZ A /N o 757 NoP I, 6 T4 K ks RsT, NP BB % 44 K i
PUAANREER=A! 8

[0186]  AH5T T siRNA RN A KR RT3 . FRIE NI 45 R R siRNA WA (1)
FE1RT, AR R 35K (B 4ED

[0187]  {i /T DNA fi§ T 37 2 Hr VP54 N:P LI e B BEAR 4 dsODN JEA BE . (ESH
20mM MES. 1mM MgC12 FIYFE A 0.0.5.1.2.5 5% 10 H47 DNA B T [ K (pHe. 5) FigFE
FEEHME /dsODN 40Kk (6 1w 1), FESLAE 37°C RIS E 30 20 %h. @it i 21 1 ¥ EDTA
(50mMDE& 11 B, AR JG LE 72°C TN 15 73 h. SRJ5, Bl iR B ik PPAG AL o 45 SRR W7
FIR I RELURE B A% TR 1) siRNA fRIfE 7 (B 6A A1 6B). i A ALBERE 5 5 5 R IKIME o
PEAS A AL (B OU DNA i 1=100% 325D« *4fF ] 1 547 DNA B /1 g DNA I, fRY 2 2
(19 5 A7 29 70% A, AR 9 AE A 0.5 547 DNA B 1/ 1 g DNA B, [IMEX U SE 4 Ak
%% DNA Bl T IR FEH& 22 5 5347 / u g DNA B, TRYIH 2o

[0188]  F H 57 5% Ml I Ak 2L % G 40 o JF: TR b PR 55 2 iy B 4065 28 140 5 &85 5 P oK O %
(V9447 AT 6 M 22 S5 » 150 FH %€ %6 35 FR 3 189 dsODN f¥] FACS 43 BT VP A4 AS [A] DDA Mn FT N:P LL
I} RecQL. 1. DPP-IV Fll ApoB dsODN £4 K Ji ki [ 4 i #% HU (Alameh %5 A , 2010, Int J
Nanomedicine, 5:473-481). 8, Al dsODN/ 5 Z8kE 2 K UKL 5145 1) 45 B 26 B A 240 L
(40 B R ACHRTE o SC IR BEAR IOk SR 40 B R E 5 Bk TAE AN F ) 3 @ A8 K
(Bishop, 1997, Rev Med Virol, 7:199-209 ;Huang & A\ , 2002, Pharm Res, 19:1488-1494),
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FACS 25 SR 3% B — et , 48 FIX 46 dsODN i 4H i 15 B 7 7 il 51 2 TR) D 22 57 (T TA R B 7B
A FH 2 32 H IR B 4H S BB B CR AT RecQL. 1 (LS174T A549 I AsPC1 41 i ) 14E 80% %2
98% [5G [l P, 4T T ApoB (FF HEK293. HepG2 Fl RAW264. 7 41 i Z2 1) 7F 55% 22 80% (¥ 3t [
Mo DPP-IV dsODN 49K 5H7E HepG2 4 i 5 - I USSR AE 73% 22 99% [ i, JF H.
FEAS 77 (92-10-5.80-10-10 A1 80-80-5) 2 [A) G i1 242 5. #5558 BE /dsODN #k
FIORL I R R IR B T 5 R A AT F IR - R 52 A4 (DharmaFECT™) AH >4 53 58 =1 17 7K
S, I ARG 2 A 2 1) (A X AR AR (&) TA FHE] 7B, AL, iR He 45 B 54 R BTk 3
AL DB AR (K 8 21 10)—3%, Ho 5 B I 40 M R 1 52 S8 BEFT dsODN 41 e 4
1, R 5 FACS & mEIR e MR R,

(01891 s FH L J £ 5 Aok A R P il I 4% HORH P Ak 8F N A SC P IR 19 AS [R) 4 B &R
(LS174T MCF-7MDR. HEK293, HepG2. Caco—2 Fl RAW264. 7). {1 FH & FHEHkRic 52 5888, 18 H
B¢ Y62 FR 0 RecQL1-siRNAL DDP-1V—-dsODN il ApoB-dsODN. % MCF-7MDR 4K 50k 1A »
8 Cy3 ARic ) siRNA. ZEFRICALEE 5 , T A8 A a0 b BTG R if0 SR AT s 26 0% — DPF AN
BEAUL dsODN ) siRNA % 1: 1 (I PRBRIR A T AN KR o 5 FLR BH AR A R B A BT 4 348 1 #6155
REAE AT 25t Py A 2E N0 P, FRAESE )5 24 /NIF HAT siRNA B dsODN 5 K BRI Pt
(145 FR BITE 24 /M, siRNA B, dsODN FHFEEEBE 2 [A)BR/ D IL 8 A7, UE HAEAR G4 I 24 /M) sk
IE siRNA BY dsODN 4 (1) 56 BT84, 75K 2 2500 Je 40 o b M % 21 (%) siRNA B8] dsODN
HIPR B B 2R B R B B A4 Ok Mo 75230 (endocytic vesicles) (K8 £ 10),1X
SAE RS — Tk DNA K0k (1)l s 40 B g TAE— 3 (Thibault % A, 2010, Mol
Ther, 18:1787-1795). W [AlE FEAM 5T Bon vk WAL /e AERE G5 1 /N N FFER 16, IR A
GARRE TSN )12, I HAR LG5 24 /IS B 5K .

[0190] B STATHEIA IR 45 A SR 0 A% B A BT ik () w5510 6% e FF 4 AR K dsODN T siRNA
ARORERZ ARG (K8 2K 1D,

[0191] SEEAE] V

[0192]  BI4A siRNA % FlE Rl 6 1A 4

[0193]  7E A [A] 19 40 M & b VF £l 52 58 B FF 2 il 7 (92-10-5.80-40-5.80-10-10 FH
80-80-5) [ siRNA 1% Fll 5 4 FL R 4k (RecQL. 1mRNA, DPP-TV &} ApoB mRNA) i, 45 %
7R 438 1 5 B SEIN PCR WU B 15, 485 RecQL. 1. DPP-IV F11 ApoB f¥) mRNA R T 2 f%LL
(B T1A 1 11BD o dX gl BRLER B AR SC BT IR (9 1570 mT LUK 21 55 35 AL 1k DhamaFECT™ AH 24
(193 PR U BRZK P i AT ] S i e 25, e FH /R 35 Calamar ) 530 52 AT W22 21117
[0194] B AL{RH, X T LS174T 40 RecQL. ImRNA 3014, 52288 92-10-5 &on H st
FRIAKT- (2 80%), 3X 55 76 A% 2 BH w4 FH BH P % LA 224 7 4 b v T A U 51) (240 809D 8L il
71 80-40-5 1 80-10-10 5| #2 T 525 (IUTER, (HAE EE 92-10-5 IR AR, JF Hab R B H AE
R S PR RS DL R PRI 5 R ) R TR 80-10-10 (B 11B) o ASCHT A TS5 g 2 Hh
I JIT IR (1) 5 SROBE R ) 7) LAz ARG At N S 1 A8 PR I 48 (N PO 20D 1 N2 P LG (N:P=5)H 3L
1% siRNA H Re S MR R A Rk . — Mk, B A BT IR N:P L 72 SR 08 5
BT PR RIUTER, IX S HE T FACS 2l (B 7B).

[0195]  RIWAE DPP-IV 8] ApoB mRNA [¥)1= f# RNA 7K (mRNA)D, 141 FH (5 N:P Lb 2y 5 (K55 58 B
92-10 ZH IR RE 2 7R T LASEIR 70% BB VTR (B 11AD o 2R, 15 A 7K1 70% F0 R34
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DPP-TV (¥l 16 50% B (B 12) 0 LEREAC T L [ Pl 3 6 55 450 7 b AL I g o — %
52 £4) DharmaFECT™ i BT IA 2 (7K P AH 2 o

[0196] S/ VI

[0197]  SEZEHRE /siRNA Z0K B0k (1R A A Rt i

[0198]  7F C57BL/6 /N A AL 1 PEHY siRNA-ApoB K BURL I A& N 838 6 T M 27
2, H Img kg (W4 ) ApoB JERIff siRNA V4 4 HZh#) (n=4, & T Da H1n=2,C1 414 n=3),
E 0. 2m] BRI ZAAFR GRS AR, ¥ Img ke 4B 17 ApoB ZEFI ¥ siRNA 4 AL/ T =5
ZERE (LMW-CS) o M1, 55T 39g /ML 7ELL 0. 510 g/ 1t 1(37,037nM). 78 1 1 [FI4AF siRNA LA
FEERHE 92-10-5 19 1:1 B EAE, 4T 39n g siRNA—XF T 1mg kg ' )& THE 1K
o BAa, 457 1560 1 KA. BE4)5, siRNA BIRE R 0.25n g/ 1 (18,518nM). H
1AM, R ] ApoB FEIAIF) siRNA BL 5 f N:P Eb (N:P5)E & £ 52 B HEHIF) 92-10 (DDA, Mn),
EVA b, R 3 I TR 2, FEAN R RIGS 5 AN (CL & C5 sn=4/ 4D IEAT TNC 4b3, Hrh
ANFFT 24 C5TBL/6 /MR (n=4 K R41) HLL Img kg T ApoB siRNA (7] & 15858
B /s1RNA-ApoB K BIURE [ & i 55T S R) 2R RO ESCHs o TR iz o] R g AT 3 4 B2 SR AR
WK BT Da A 2 JUNRAGESS TNC92-10-5 —IRIHFAE 2 KJG % SR SE LRI VA T7 7 )
NI FE A, B TNC92-10-5 (Mn—~DDA-N: PN AT /s B Ak Iy 6 — IR R sy 6 — 1. B T30 2
SUNRAL, B A HoAh /N RAE 2011 4F | ARG — W2 k6. Da 41 H1EFH PR AL 3
BIKSERAEREAXT IE 1f0 D A8 IE AR IR B X R 2. DB 12 TE5 SR MY siRNA
A IS T AREATHEER siRNA BB PEX B . Pt s s e sl 32,
[0199] £ 3

[0200]  BhAHFIT HFER

[0201] 4

[0202]
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F 1 o2 3 4 Cs Da Dp Dy
(n=3) {n=4) {n=4) (n=4) {n=4) (n=4) (n=4) {n=4)

231110 RS (BB

oyt A
oo EA TEM

#2 #1
wipng  EH Y |

21/12/10 9%27’ %gf ?ii? i:i;zjf
28/12/10 %f“—f %;ij ?fff ;‘%in‘
04/01/11 %g ?‘ffg ?ifz”
110111 %fg%;f

18/61/11 i;g(i - 5:

20/01/11 ﬁ‘fzﬁi Da-

26/01/11 FRBE(CT, €2, T3)

27/01/11 2 R FE(C4, C5) % 5E(De, DB, Dy

[0203] AR ¥E SR F IR K2EB A IR 51 4 (CDEA) F B3R, 78 S50 5% BT sh A iy 2
Jilo FEMIRY 2 J& )5, ¥4 e IR tkl—D12492— 1AM 25 A6 D« PHYEZH CRACFEAL, n=4) I DB
PREE siRNA KEFEZ (n=DTEW I FTE LB, B RIS A, B3 22 SR AEIIR R (R 3).
D 4 (n=4) M A RL—D12450B— 44 H FHAEbRAE BT XS B G4 Py A3 34 ik
IS — R = A (R 3D A MK NP Se S5 92-10-5, A Img kg f¥] ApoB  siRNA
TR C A, FREM — RS R AE LR C1.C2.C3.CA.Ch L2 SRALRTIF] 726,54
4 K03 A, AR B AL BRI TR UERE o 7522 SROEAT 2 6 4 R A M B Ik D « 34
H) 2 LG IR A A A T R AR, 4 2 RURFERAGEE. H Img kg ' REAM
HiEE ApoB siRNA AbFE D 21, i AARFE IEHERARTRI 4L D GEILER 3D,

[0204]  FESEE HFEIAR], &5 9 F AT — U080, FF B ARR AR INC VRS AT AT — ks 14
HINE, ERRNE R KR HRSARIFIEIa s e GE 3D, B4 ARz
AT o

[0205] X% JiF B B ) 1dF AT I 25 AR ) Ak A5 I TE A AL 2R 2 Ay Bre 9, ik
VitaTech, Montreal, Canada BEAT IfLTE (MR 22 R AEMAL 22 08 o 48 FH$T ApoB ELISA X Ifi.
1E 1 ApoB [y EAT e & 1A% A bE A 2 @E4T LDL/VLDL JH [ it g & AFH J5ARKS - 7
CLRBON R O) 7 AT G €, DU R 7 2o v v RRA o R T B 92 440 JRL 432 v JHFFOE 1) oA, P A 40
K -0/ [ %k / I ANG Gy oA A U]

[0206] {12 SRAE [ R K AEINTE Ja , X ITE s AT MR s A AE AL = o0 i o AEARBEAIR
Qb BE F A T A A IR AR 4 ) R BRI TN 2 B 2 R B I (ALT) AR A2 IR s i e
ol (AST BT E R ARTRAL (C5) FHFH AT A (D a D 2 [A] ALT 1 ASL Il 3 7K~F [ LA AR
BN AR 83 2, X R HAICN:P 5258 8E —ApoB siRNA TNC Ab3E %A A EE AR G&
45,
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[0207]  pbAh, 45 R s AL BNUR AL PEAL A L3S L ER FACF R IER, KR W T IES
FIHZh&E. SR, siRNA-ApoB Ab T B4 b A [ 4 78 B 7R T L RS JE 4 o 2R ALY
1375 KPR BE T iy GR 40, Horh C5-2 457 T 52 8 M /s iRNA-ApoB ZHR UKL, 1l D a -3 523
JRAERE AL A FE T RH MEXT o BRALAT 1 RS I 2 o3, I IR O B 5 PR LS 1
BRI 2 1 R,

[0208] 4

[0209]  ALFE[) (C5-2) FIARALF) (D a =3) /) Bl ML 24 % 2
/N R D C5-2 Da-3
FIR EI(g/L) 35 35
HHELE (5 (umol/L) 0.4 0.7
HEAT# (456 0) (umol/L) 0.1 0
ALP (IU/L) 58 55

[021 0] ALT (IU/L) 120 121
AST (IU/L) 213 222
GGT (IU/L) 0 0
HECREI B (mg/dL) 220 209
i I+ I+
I EE EH
ﬂ%lﬁl IE';% IEA'%

[0211]  ZRAER, XLl R B A5 AT T340, 25 K NP 5258 BE 1% siRNA g2k

WURL A2 7 A

[0212] i HHT ApoB 7 ffk ELISA iR57) %5 (Usen Life science Inc., China)lk v g/ml K
PALTEAE B E B B M AR IR K o B T Bl ik i 4L R0 B, ApoB IR 7K~ P i
fE 597 1 g/mL £ 1,433 1 g/mL Z [B)A84k . Praffs 4 R n A AL 201 ApoB I 28 7K
LU BH 1 20 AL R AL 0 R ZH D @ FRAI T 44 35%, FHik 3 7 5 FRHEFI X R (D u )R BLRIAKSE
(B 130 Da -2 RALEFES G 2 KER H ISR B, 28 TNC 75 f5 B P Is v B 1E
[0213]  fEFEZ KB A siRNA B G B4 5D B —1) ' ApoB /K BRI 35%, ELARIXFfib
7 (DB 1) 5 INC Zb3 77 :UAE ApoB il 2% FEAIK 75 T 1A %1tk 0L (B 13D, (E2 B AERT
I A B0 ORE SO (P 161D AT PR SEER A 80 3 AR ST R DTER /ApoB Iifil 5 B AR ()57
Ho AL SR ERTE CL S P ER G —IRIER G, 7R3 T N:P 525 8% 1 TNC 1 ApoB
M3 IKFJ7 T B AR AERF 7 J LA E (B 13D i e AR AeT B 6 ) 2 0 s R . X de 2 AR 1]
TNC Y697 R T3 A AT PR A T A 2 P 42 sl R T 1k
[0214] DB -1 F1C1-C5 Az [ME: M / RAERE I LL R B T AHLL T #1 5 siRNA, 48 A 1% 26Ky
JE LMW=TNC IR, BRI ARSI B B a1t / 20T (K] 16 F1k 4).
[0215]  {f FH T M AL E 2 L R IR )£ (BioAssay Systems, USA) il 5E LDL/VLDL fH [ i
WK o AT 45 B 7R S BH R IR (D a DRI EL, AFESIAE R LDL/VLDL BRI Z) 20%C&l 14).,
A, RS MEE3) T ApoB A, (H 5 R AFRZAAH EL, €5 21 7 H 5 71 A VLDL/LDL K B (&
13) 5 5 HAZHAH 24T R4S 57w HE ApoB 1 VLDL/LDL I3 FE fE Rl FRAK . FR B ApoB PRALE
U Bk gh 3, #iLdE siRNA ALERIM B AT TNC A EE B4 < 18] i b 48 &5 7 HY LDL/VLDL JH [
B P AL AR (B 13 R 14D
[0216]  FH IR AR — PP 40 e i et ] s B U0 7 AR R 22 B e, SRHIMEXT I Do AH
LE, TNC Kb T 5h 4 g fE [P B FR 28 BRI . R TR INC AbFHZH .C3 FD B WIRFRE U B (/K S 1)
41
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JE ] AR 2R, 3 -5 DA A TR D R R AR AE R P % FR A D 2R4BL (& 15). A )%, C4. C5 F D a 2
ZHH IR FHPEXT B D o ZRALR AR B AT (&1 15D, 1 C1 A C2 IR A FE BR AT . & rdth, 45 51
FHILE CL.C2 F1 C3 41, TNC m] LAt ik ApoB 1A LDL/VLDL B&AR By 1EFFBE A ick 22 (g E [
BEFR 2, FF DR A 45 H [ 1 RE A8 BT A AL M Y. £E C4 1 C5 2 P AR B 25 AP & i T
TNC Ab 2 Ik A58 %) i e R 28 P Jl g o I e s SRR B L T 52 MR 1) INC 7EB KB R AL,
BT A R .

[0217]  FHEEZIKS -0/ [ 4% / BRI AN G it A s ] o A D) R 202125 2 i s S R
ApoB  siRNA AbFEAHLY, 35 T SEEEMER TNC 980D RRE NV (] 16). 2R KB Co R L
BB Ik AT XS L ZE B vy P bk EURE A R 00 e, I ERT I B 980 H T I R e SR B L
FRUTIE R (B 16D BR1M, C4+ C3.C3 FIl C1 LA FFAT G AL 2R 22 43 BT B 17 JE R ) 46 it
PEFRIR A (B 160 BSR4k, Da =2 KNP PE AR FEXT B D a =3 22 [A]{ EL 3R 5 7 SR BTk
TR 440 3 3] KD 5 90 2 PSF T A0 I e P (] L6 F IR 16G) o B AL T, VAT L A B 40 K SR A4
MEARIER R L) 3 T B A PR

[0218]  [&] 15 F11 16 1 LLEATAT B VA 25 T 52 SE0E (W G oK kL 77 10 O w1 ] e R 22 of
ANEIR I 5E SEME 0%, dnid ik ALT/ASL 3 By 7R . Heah, 8 13 F 14 2 A) i L 35 A B
TIRIT BN A, ITTHRIN T HIE AN SC R 52BN S ISR R R 2

[0219] 18 i 75 AHIF 5 1 0] 5 JoT 0 2 mh B X 40 1 4 T 00— R DAty Ak B ) 4 7 1
IRER . &5 3 B R A BEA SR E R i (& 17D 4RI, B BIE S — IR INC 45 T 5 1 —
JEl A, AR SR . 51, CA R0 CH A4 BIFERT I ER 3 FIANES 4 B2 T eE —ix
TG, IXAF A C4 R EFE R C5 R E AL . Z/ERIAE C2 A1 C3 4l th LB/ A7 A
(B 170 H58 b, 5 4AHE, ABFFTH A B 2 HAE 2010 4F 12 H 28 HIFATH —IRES,
C5 ARPE I E BA M AR ER I CPIAED, 7E20114F 1 H 4 H GE 5 FD WS T 1%
T R, Sorb C5 A AR EE G R B IREE, 1X 5 1 18 TR B AT .

[0220] VB CL4h& B ARty UL B T AR B, (R N SRR B e — P AT B 0 IR AL
AR LR G B AR AR AT AR 4k F & st , B G AE A k BH BT & A0 P 1) 20 3%
ST S B ] P R B BRSO 2 SR ] P %o A B )X 60 1
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F

¢l

&

1/4 5T

[0001]

[0002]

L1105 MERZOUKI, Abderrazzak
BUSCEMANN, Michael D.

<1207 FEHIRS S RO T A R B ORE 2 R TR0

2 Ak s TRNA 4L A 0 9

<130 D5016490-58PCT

L1505 B1/489, 308
CI51> 2011-05-24

150> 617489, 302
{151> 20110524

CI60> I8

CIT0> FastSEQ For Windows Version 4.0

S 1
211y 19
o195 R
2018 AT

<2207
<23 DRP-IV B Seql

00> 1

CAglCuaacy gauuacuia

210> 2

<211> 19
<212> RNA
213> AR

<2205
<223> DPP-1V FFBY Seq2

400> 2
UBECAUAURE CCHALULE

LI B
<2115 19
<9125 RNA
813> AT

a0
223> DPP-1V PR Seul

400> 3
CHAUUZAZY ACCUCtUlE

SO A
<311 19
9195 RNA
I1F AT

<820>
328> DPP-IV IR Seqid

CAO0> 4
UhUBRUARCY WgUtgay

U0 B
211 21

912 RNE
213 AL

220 ,
<2235 ApoB FF¥ Seql

400> 5
gucaticacac ugasuaccas i

FESlE

43
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FFo3 &

2/4 10

[0003]

<2100 6

211> 28

<212> RNA
213> AT

<2907 "
€223 ApoB seq 2 (&3

22207
221> {EMatEa
2925 (21)... (22)
€223 um

<4007 6
UUUCHAUUZY AUZUEAEERY uuY

2100 7

211> 21

<212 RMA
2133 NN

L2202
€223 ApoB seq 2 (IEX)

<220>
<2215 {BIHHIBIE

222> (20)... 1)

<223 n = PAMRERRAE SR

400> 7
CUCUCACAUS CARUUZAAAN D

210> 8

211 21

£2125 RNA
2132 AL HY

2205 .
€223 ApoB  Seq3 (£

L2200

<21 fERAGRE
£9995 14

£9235 om

<220

€221 1Bl

2223 7, 8, 10, 12, 13, 14
L2230 um

L2207
<223 AW 18 M0 ZEpER It EER R

<4007 8§
ggaaucuuau auutgadcea &

<2100 9

211 23

<2195 RNA
<213y AL

2200
<2935 ApoB Seqd (RN):

L2200

221> BRI

€222 1, 2, 11, 13, 18
L2230

L2202

L2210 {EUEGRE
L2207, 2, 22
<2935 on

44
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FFo3 &

3/4 1

[0004]

220>
<223 ff 21 0 23 ZImpmRiCEE

<4005 G
UuggAUCEaE UAUSAGAUUC Cou

<210> 10

L2112 21

<212> RNA
Q213 NLFH

L2200
£223» BEFRecQLIAYSIRNA F#¥]  (Seql)

220
221> BEHNROE
292> (203, .. (21
<293y w = PHIRMENE IR S

400> 10
guuCagacca cuueagouun n

<2105 11
<211 21

<212 RNA
@18 NTHR

L4202

<2985 WDRY Seq 1 (B

<400x 11
ECUZALCUBY ECAUCUUAUY U

2107 12
2115 21

<2127 RNA
Q1% ALFFF

<E200
9935 MORT Sea 1 (R

<400 12
ANAEZAUGES UAgsUCAgCY U

210> 13
{2115 21

<2125 RNA
213> AT

<2207
<293 MDR1 Seq 2 (IEX)

400> 13
gaccalaasy guasggnuul u

<2105 14

211 9

42125 1NA
13 NTFPH

L2205 i
<223 MDR1 Seq 2 (30

<4005 14
asgccUtaca UuanERUCH U

<210> 18

Q11 21

<212> RNA

213> AT

<2205

<223> MDR1 Seq 3 (IE30)

<4007 15

45
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F

¢l

&

4/4 11

gagacugocou cauaaaitiul u

o 16

@1l 2t

2125 BNA
€218y APPSR

L2200
<223> MDR1 Seq 3 (R ¥)

400> 16
asauiuauga ggeaguuucy u

1oy 17
<O11 21

<O125 RNA
218> N5

<200
<223> MDR1 Seq 4 (IE3)

<400 17
Hecgagucac goecunauaad u

<210 18
€211 21

<212> RNA
213> ACTFEF

<2205
<9223 MDRY Seq 4 (B3

<4002 18
GuANAgECA gugACTSEaL U

46
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A

K 2A

Kl 2B
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A DPP-V B ApoB
20h éh .50 20n E 0.5k

RatioNP D0 05 110

005 1 1 008 710

pHB.5

K 3A

20h 4h

0 05 210

0086 2% 005 210

0.5h

Ratio N:P 0 05 210

pH 6.5

pH 8.0

Kl 3B
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i
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B4

4/17 7T

———

1

i (RFU

e

R

200
180
160
140
120
100
80
60
40
20

® siApoB1

w siApoB2

W siApoB3

i 92-150
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300
250
P ;
=200
E .1
ﬁ]_s@ AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
2100 @28 ——f 82080 0 0 0 8B =8 8 &
N
i
Z 50 -
: Illl Illllll IIII
X ¢ ! i |
& 05 z m{}s 2 10 0 5 2 mas 2| mos 2 m
805 | 8010 | 8040 | 8080  80-200
AF N:P L 7e 2 8417 [DDA, mn]
] AC
250
ﬁma 1
R
E
aﬁ!sg .....................................................................
: ? 'IQ.Q ......................................................................................................................................................................................................................
e
&
X
£ |
§G~5172;5 THI200051 11 2 1 5110120008 21 20 5110020105 12 R II0170
! Fa5 ‘ 7240 T80 12150
Al N:P HC g 7 BB 50 [DDA, mn]

K 4D
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6/17 T

BB RS (289, BLonm 34D

200
150
100 -
50
0
¢ e @g"& @Q&
N

WRE, EAuglpl 4840

BO2-10-510mMHNaCh @ 92-30-5 15000 Hatl

Kl 4E
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/17T 1L

A

53

w BB BB
250.00
& 200.00
# 150.00
ié —
100.00
2 e § 2 1. 50
= 50.00 e SO
0.00
pH 6.5
160.00
140.00 T
£112000 h’?\\i
B 100.00 \\
§ 80.00 7 92-10
'g&' 650.00 i 3 2 LS50
£ 4000 - /{ 80-40
20,00 - % A
0.00 “ :
o 05 2 5 10
N:P & pH 7
160.00
140.00
& 12000 :
# 100.00 5
é 80.00 \m 92-10
2 6000 N —9 2150
¥ 4000 T
20.00
0.00 :
0 05 2 5 10
N:P H pHS8
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A

deCDM-DPRIY 82105 deODN-DPRLE B0E0-8 deDDN-DPPIY - 80900100 deQDN-DPPLIY

G eF ey
DNABINf 0 o o6 o 98 1 2 85 © 085 7%

- e e

dsODN-DPP-1V
MR (%)

Beaeé

C1 €2 € DY GODNDPRL  EGEGE OCUNDPFI - 8010900 weQDN-DPFN

Q HeODN-Anse S8 eI AroR 8050 SODW-Apcly B0-10- 100 00N S

5=1¢2C3
g b5 o 0% 31 2 & G 08 1 2 & O 08 ¥ 2

dsODN-ApoR
M E
s B & B B

€1 €2 &) 00 SODN-Apel 80804 RODN-Apl SO0 QDN Apel

K 6A

A

GsUDNFSeGLT 929106/ dsODN-FecOL] BOGDS dsODNTlecOLT  ~ B0-10-T0/ SsOUN-ReeGL T
ef £z €3
DNABIYBL: o & 95 ¢ 63 1 5 U 08 1 ¥ s 0 05

]

1

muﬁ%‘
B
0y
g5 ™
3L W
4
ga L
8% o
o)

{31 c €3 gz~1{ssmamm1 8405 deODN-RecOLt 80-10:10/ dsON-Reelilt

Kl 6B
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A

B (400 %)

100

B (40 %)

£ 80-80-5
] 80-10-10

HepG2 Hek293

K 7A
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M. OharmaFECT

T 801040

B (410 %

K] 7B
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B}20-10-3 St } C}80-200-5

i

Kl 10
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A B
100 ‘ i E=wiRNA ApoB
— RN
SiRNA DPP:IV ‘ -
80 3 a6 I
= g 'éi &0 I
v, E
5 = !
z LR = 43
a4 W
% :‘4
20 - ay
O 1 ™ 9 {
DharmaFect 205 10 Bo-g5 Dharmatect: 92-10-5
K 11A
100
B(} -t
£
E 60
&
il
]
40
20

DharmaFECT 82103 B0-40:8

LB174T

11B
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B4
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AA
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3
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il 720
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L
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8 8 ¢ 8§

(%) F 548 Ardda

K 14
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A CRRE-RD
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