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ABSTRACT

Compounds, compositions and methods are provided for

modulating the expression of SGLT2. The compositions
comprise oligonucleotides, targeted to nucleic acid encoding
SGLT2. Methods of using these compounds for modulation
of SGLT2 expression and for diagnosis and treatment of
diseases and conditions associated with expression of
SGLT2 are provided.
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MODULATION OF SGLT2 EXPRESSION
CROSS-REFERENCE TO RELATED
APPLICATIONS

Am. J. Physiol. Renal Physiol., 2001, 280, F10-18). Further
characterization of the renal outer cortical BBM transport
System revealed a glucose to Sodium coupling ratio of 1:1,
whereas the ratio is 2:1 in vesicles isolated from the outer

medullary tissue (Turner and Moran, J. Membr. Biol., 1982,
67, 73-80).
0006 Isolation of nucleic acid molecules encoding

0001. This application claims the benefit of priority to
U.S. provisional patent application Ser. No. 60/517,334 filed
Nov. 3, 2003, and the benefit of priority to U.S. application
Ser. No. 10/946,498 filed Sep. 21, 2004, each of which is
incorporated herein by reference in its entirety.

tems. A cDNA encoding human SGLT2 (also known as

FIELD OF THE INVENTION

cotransporter 2 or SLC2A5) was identified in a screen for

SGLTS confirmed the presence of multiple transport sys
Solute carrier family 2, member 5, Na-dependent glucose

0002 The present invention provides compositions and
methods for modulating the expression of SGLT2. In par
ticular, this invention relates to antisense compounds, par
ticularly oligonucleotide compounds, which, in Some
embodiments, hybridize with nucleic acid molecules encod
ing SGLT2. Such compounds are shown herein to modulate
the expression of SGLT2.
BACKGROUND OF THE INVENTION

0003) A fundamental component of energy metabolism is
glucose transport. The transport of glucose acroSS cell mem
branes is essential to metabolic processes, including the
maintenance of a relatively constant blood glucose concen
tration and the delivery of glucose to peripheral tissues for
Storage and utilization. AS cell membranes are essentially
impermeable to glucose, the movement of glucose acroSS
membranes must be accomplished by protein transporters

(Brown, J. Inherit. Metab. Dis., 2000, 23, 237-246).
0004 Mediated glucose transport occurs in two forms,

Secondary active transport and facilitated transport. In cells
where glucose is rapidly metabolized, the concentration
gradient acroSS the plasma membrane is used to drive
facilitated transport, and an active mechanism is not
required. Secondary active transport of glucose enables cells
to transport glucose against a concentration gradient. This
mechanism involves cotransport of glucose and Sodium ions
acroSS the apical Surface of the cells and the energy is
provided by the Sodium gradient maintained by the Sodium/
potassium ATPase in the basolateral membrane. Efflux of
glucose from the cells into the circulation is then mediated

by a facilitative transporter (Brown, J. Inherit. Metab. Dis.,

2000, 23, 237-246; Wright, Am. J. Physiol. Renal Physiol.,

2001, 280, F10-18).
0005 Secondary active transport of glucose operates in
the mucosal cells of the intestine and the proximal tubular
cells of the kidney and functions to ensure efficient uptake
of dietary glucose and minimal urinary loSS. Plasma glucose
is normally filtered in the kidney in the glomerulus and
actively reabsorbed in the proximal tubule. Glucose is
essentially completely reabsorbed from the urine in the
proximal tubule of the kidney through the action of the

Sodium-glucose cotransporters (SGLTs) located in the brush
border membrane (BBM). Comparison of the glucose trans
port properties of proximal tubule BBM vesicles prepared
from the outer cortex and the outer medulla of rabbit kidney
revealed the presence of two distinct Sodium-coupled D-glu
cose transport Systems. The outer cortex preparation exhib

ited a low-affinity/high-capacity activity (K=6 mM),

whereas the Outer medulla displayed a high-affinity/low

capacity activity (K=0.35 mM) (Turner and Moran, Am. J.
Physiol. Endocrinol. Metab., 1982, 242, F406-414; Wright,

Sodium cotransporter-like Sequences in a cDNA library

prepared from human kidney (Kanai et al., J. Clin. Invest.,
1994, 93,397-404; Wells et al., Am. J. Physiol. Endocrinol.

Metab., 1992, 263, F459-465). Human SGLT2 localizes to
chromosome 16p11.2 (Wells et al., Genomics, 1993, 17,
787-789). Subsequent investigations of human SGLT2
revealed that has functional properties characteristic of a
low-affinity, Sodium-dependent glucose cotransporter.
0007 Studies of human SGLT2 injected into Xenopus
OOcytes demonstrated that this protein mediates Sodium
dependent transport of D-glucose and C.-methyl-D-glucopy

ranoside (C.-MeGlc, a glucose analog) with a K value of 1.6

mM for C.-MeGlc and a Sodium to glucose coupling ratio of

1:1 (Kanai et al., J. Clin. Invest., 1994, 93,397-404; You et
al., J. Biol. Chem., 1995, 270, 29365-29371). This transport

activity was Suppressed by phlorizin, a plant glycoside that
binds to the glucose site but is not transported and thus

inhibits SGLTs (You et al., J. Biol. Chem., 1995, 270,
29365-29371). These findings indicated that SGLT2 is

responsible for the low-affinity transport observed in BBM
vesicle preparations from rabbit kidney outer cortex.
0008. The tissue distribution of SGLT2 further suggested
that this cotransporter is the kidney low-affinity glucose
transporter. Northern blotting revealed that human SGLT2 is
primarily expressed in kidney, and in Situ hybridization of a
human SGLT2 probe to rat kidney tissue demonstrated that
SGLT2 is expressed in the proximal tubule S1 segments in

the outer cortex (Kanai et al., J. Clin. Invest., 1994, 93,
397-404; Wells et al., Am. J. Physiol. Endocrinol. Metab.,

1992, 263, F459-465). This localization pattern distin

guishes SGLT2 from SGLT1, the high-affinity/low-capacity
Sodium/glucose transporter that is expressed in the proximal
tubule S3 Segments of the outer medulla, where it is appro
priately positioned to reabsorb the remainder of filtered
glucose not reabsorbed by SGLT2 in the proximal tubule S1
Segments.

0009 Rat SGLT2, like human SGLT2, is strongly
expressed in proximal S1 Segments and this expression is
developmentally regulated, with expression appearing on
embryonic day 17, gradually increasing until day 19 and
Subsequently decreasing between day 19 and birth. Interest
ingly, rat SGLT2 mRNA is 2.6 kb before birth and 2.2 kb
after birth, Suggesting the presence of a different splice

variant in embryonic kidney compared to the adult (You et
al., J. Biol. Chem., 1995, 270, 29365-29371).
0010) The transport properties of rat SGLT2, i.e K of 3.0
mM and Sodium to glucose coupling of 1:1, are also char
acteristic of a kidney cortical low-affinity transport System.
Hybrid depletion studies in which rat kidney Superficial
cortex mRNA was mixed with an antisense oligonucleotide
corresponding to the 5" portion of the rat SGLT2 coding
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region completely Suppressed the uptake of C.-MeGlc in
Xenopus Oocytes into which the mRNA/oligonucleotide mix
was injected. An antisense oligonucleotide targeted to
SGLT1 had no effect on the uptake of C.-MeGlc. These data
demonstrate that the C.-MeGlc uptake was entirely due to the
expression of rat SGLT2 and Support the proposal that
SGLT2 is the major kidney cortical low affinity glucose

transporter (You et al., J. Biol. Chem., 1995, 270, 29365
29371).
0.011) A second low-affinity SGLT, named SAAT-pS
GLT2, was isolated from porcine kidney cells and was
initially proposed to be the main low-affinity glucose trans
porter. However, further studies have revealed that the
molecular characteristics of SAAT-pSGLT2 differ from
those of SGLT2 and consequently SAAT-pSGLT2 has been

renamed SGLT3 (Kong et al., J. Biol. Chem., 1993, 268,
1509-1512; Mackenzie et al., J. Biol. Chem., 1996, 271,
32678-32683; Mackenzie et al., J. Biol. Chem., 1994, 269,
22488-22491; You et al., J. Biol. Chem., 1995, 270, 29365

29371). Whether SGLT3 contributes to glucose reabsorption

in a physiologically relevant manner is unclear.
0012. The importance of SGLT2 function was demon

strated in hepatocyte nuclear factor 1 C. (HNF1C)-deficient
animals, which are diabetic and also Suffer from a renal

Fanconi Syndrome characterized by urinary glucose loSS.
HNF1C. is a transcriptional activator expressed in liver,
kidney, pancreas and intestine. The renal defect in these
mice is due to an 80-90% reduction in SGLT2 expression.
Thus, HNF1C. is one gene product that controls SGLT2
expression, which is essential to proper glucose reabsorption

in vivo (Pontoglio et al., EMBO Rep., 2000, 1,359-365).
0013 Reduction of SGLT2 mRNA was also observed

upon exposure of mouse kidney cortical cells to cadmium,
along with inhibition of Sodium-dependent uptake of the
glucose analog C.-MeGlc. Interestingly, while both SGLT1
and SGLT2 mRNA were decreased in mouse kidney cortical
cells exposed to cadmium, SGLT3 mRNA was upregulated,
Suggesting that individual SGLT Species are not regulated in

a similar manner (Tabatabai et al., Toxicol. Appl. Pharma
col., 2001, 177, 163-173). Changes in glucose or sodium

filtrated rate also modulate the expression of Sodium-glucose
transporter mRNA. Diabetic rats with glycosuria and rats
fed a high sodium diet exhibited increased SGLT2 expres
sion in the renal proximal tubule. The finding that SGLT1
levels in these rats were not altered to the Same extent as

SGLT2 levels further supports the hypothesis that the

cotransporters are differentially regulated (Vestri et al., J.
Membr. Biol., 2001, 182, 105-112).
0.014. Although studies of SGLT function and localiza

tion in multiple mammalian Species, including rat, mouse,
pig, rabbit and dog, indicated that SGLT2 is the low-affinity
renal SGLT, the identity of the human SGLT responsible for
glucose reabsorption acroSS the brush border of the human
proximal tubule remained unclear. The lack of information
describing SGLT protein localization in renal brush border
further hindered the identification of the human low-affinity
SGLT. Molecular genetic analysis of SGLT1 and SGLT2
indicated that a genetic alteration in the SGLT2 gene is a
likely cause of renal glycoSuria, a condition characterized by

elevated excretion of glucose in the urine (Hediger et al.,
Klin. Wochenschr, 1989, 67,843-846). Direct evidence of
SGLT function in the reabsorption of glucose came from
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analysis of the SGLT2 gene in a patient with congenital
isolated renal glucosuria. Sequence analysis revealed a
homozygous nonsense mutation in exon 11 of the SGLT2
gene leading to the formation of a truncated protein which

is predicted to lack cotransport function (van den Heuvel et
al., Hum. Genet., 2002, 111, 544-547).
0015. Whereas SGLT2 deficiency leads to inhibited reab

Sorption of glucose, SGLT2 elevation potentially allows for
increased glucose uptake and is observed in metastatic
lesions of lung cancer. Quantitation of SGLT2 gene expres
Sion revealed no significant difference between normal lung
tissue and primary lung cancer. However, the metatstatic
lesions of both the liver and lymph node exhibited signifi

cantly higher expression of SGLT2 (Ishikawa et al., Jpn. J.
Cancer Res., 2001, 92,874-879). This finding is significant
in light of evidence that different clinical tumors show
Significantly increased glucose uptake in Vivo compared to
normal tissue. Such a change in metabolism conferS an
advantage to tumor cells which allows them to Survive and
invade. Furthermore, glucose uptake correlates with tumor

aggressiveness and prognosis (Dang and Semenza, Trends
Biochem. Sci., 1999, 24, 68-72).
0016 Diabetes is a disorder characterized by hypergly
cemia due to deficient insulin action. Chronic hyperglyce
mia is a major risk factor for diabetes-associated complica
tions, including heart disease, retinopathy, nephropathy and
neuropathy. AS the kidneys play a major role in the regula
tion of plasma glucose levels, renal glucose transporters are

becoming attractive drug targets (Wright, Am. J. Physiol.
Renal Physiol., 2001,280, F10-18). Synthetic agents that are

derived from phlorizin, a Specific inhibitor of Sodium/glu
cose transporters, have been designed and include T-1095,

and its metabolically active form T-1095A (Tsujihara et al.,
J. Med. Chem., 1999, 42,5311-5324). Phlorizin, T-1095 and

T-1095A all inhibited sodium-dependent glucose uptake in
brush border membranes prepared from normal and diabetic
rat kidney, rat Small intestine, mouse kidney and dog kidney,
as well as in Xenopus oocytes injected with human SGLT

mRNA (Oku et al., Diabetes, 1999, 48, 1794-1800; Oku et
al., Eur: J. Pharmacol., 2000, 391, 183-192). These agents

have been tested as antidiabetic compounds in laboratory
animals with genetic and Streptozotocin-induced diabetes. In
these models, administration of these compounds inhibited
renal SGLT activity, increased urinary glucose excretion and
improved glucose tolerance, hyperglycemia and hypoin

Sulemia (Arakawa et al., Br. J. Pharmacol., 2001, 132,

578-586, Oku et al., Diabetes, 1999, 48, 1794-1800; Oku et

al., Eur: J. Pharmacol., 2000, 391, 183-192). Prolonged

treatment of db/db mice with T-1095 yielded similar results
and also almost completely Suppressed the increase of
urinary albumin and improved renal glomeruli pathology,
indicating a beneficial influence on renal disfunction and a

protective effect against nephropathy, respectively (Arakawa
et al., Br. J. Pharmacol., 2001, 132, 578-586). Diabetic

nephropathy is the most common cause of end-stage renal
disease that develops in many patients with diabetes. In
Zucker diabetic fatty rats, long-term treatment with T-1095
lowered both fed and fasting glucose levels to near normal
ranges. Also observed were recovered hepatic glucose pro
duction and glucose utilization rates without a significant
improvement in Skeletal muscle glucose utilization rate,
indicating that hyperglycemia contributes to insulin resis
tance in hepatic and adipose tissue in this rat model of
diabetes. These results further Suggest that glucotoxicity,
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which results from long-term hyperglycemia, induces tissue

dependent insulin resistance in diabetic patients (Nawano et
al., Am. J. Physiol. Endocrinol. Metab., 2000, 278, E535

543).
0.017. Other SGLT2 inhibiting compounds are known in
the art, Such as the c-aryl glucosides disclosed in U.S. Pat.
No. 6,414,126, which are inhibitors of sodium dependent
glucose transporters found in the intestine and kidney and
are proposed to treat diabetes, hyperglycemia and related
diseases when used alone or in combination with other

antidiabetic agents (Ellsworth et al., 2002).
0018. The US pre-grant publication 20030055019 dis
closes isolated mutant proteins Selected from a group which
includes SGLT2, the corresponding nucleic acid molecules
encoding Said mutant proteins, isolated antisense derivatives
of the nucleic acid Sequences encoding Said mutant proteins,
as well as methods of delivering Said antisense nucleic acid
derivatives to treat or prevent hypertension, diabetes, insulin
Sensitivity, obesity, dyslipidemia and Stroke. This applica
tion also discloses the antisense molecules may be DNA or
RNA or a chimeric mixture, Single-Stranded or double
Stranded or may comprise a ribozyme or catalytic RNA

(Shimkets, 2003).
0019. The European Patent Applications EP 1 293 569
and EP 1308 459 disclose a polynucleotide comprising a
protein-coding region of the nucleotide Sequence of any one
of a group of Sequences which includes a nucleic acid
Sequence encoding human SGLT2, an oligonucleotide com
prising at least 15 nucleotides complementary to the nucle
otide Sequence or to a complementary Strand thereof and an
antisense polynucleotide against the disclosed polynucle
otide or a part thereof. These applications disclose the use of
Said antisense polynucleotides for Suppressing the expres
Sion of a polypeptide of the invention and for gene therapy

(Isogai et al., 2003, ; Isogai et al., 2003).
0020. Although phlorizin and its derivatives are potent
inhibitors of Sodium-glucose cotransporters, these agents do
not specifically inhibit a single species of SGLT, thus all
SGLTS in all tissues are affected. Thus, there remains a need

for therapeutic compounds that targets Specific SGLT spe
cies. AntiSense technology is an effective means for reducing
the expression of Specific gene products and may therefore
prove to be uniquely useful in a number of therapeutic,
diagnostic and research applications for the modulation of
SGLT2 expression.
0021. The present invention provides compounds and
methods for modulating SGLT2 expression.
SUMMARY OF THE INVENTION

0022. The present invention is directed to oligomeric
compounds, especially nucleic acid and nucleic acid-like
oligomers, Such as antisense compounds, which are targeted
to a nucleic acid encoding SGLT2, and which modulate the
expression of SGLT2. Pharmaceutical and other composi
tions comprising the compounds of the invention are also
provided. Further provided are methods of screening for
modulators of SGLT2 and methods of modulating the
expression of SGLT2 in cells, tissueS or animals comprising
contacting the cells, tissueS or animals with one or more of
the compounds or compositions of the invention. Further
provided are diagnostic methods for identifying a disease

State by identifying the presence of SGLT2 in a Sample using
one or more of the compounds of the invention. Methods of
treating an animal, particularly a human, Suspected of hav
ing or being prone to a disease or condition associated with
expression of SGLT2 are also set forth herein. Such methods
comprise administering a therapeutically or prophylactically
effective amount of one or more of the compounds or
compositions of the invention to the perSon, who may be in
need of treatment.

0023. Also provided are methods of enhancing inhibition
of expression of preselected cellular RNA targets in kidney
cells and kidney tissue using compounds, Such as antisense
compounds, of the invention. Further provided are methods
of preventing or delaying the onset of a disease or condition
in an animal, wherein the disease or condition is associated

with expression of a preselected cellular RNA target
expressed in the kidney, particularly SGLT2. Methods of
lowering blood glucose levels in an animal and methods of
delaying or preventing the onset of type 2 diabetes also are
Set forth herein. Such methods comprise administering a
therapeutically or prophylactically effective amount of one
or more of the compounds of the invention to the animal,
which may be in need of treatment. Provided herein are
methods of enhancing inhibition of expression of SGLT2 in
kidney cells or kidney tissues, comprising contacting the
cells or tissues with one or more of the compounds of the
invention, Such as antisense compounds.
DETAILED DESCRIPTION OF THE
INVENTION

0024. The present invention employs oligomeric com
pounds, preferably oligonucleotides and Similar species,
Such as antisense compounds, for use in modulating the
function or effect of nucleic acid molecules encoding
SGLT2. This is accomplished by providing oligomeric com
pounds, Such as oligonucleotides, which specifically hybrid
ize with one or more nucleic acid molecules encoding
SGLT2.

0025. In one embodiment, the oligomeric compounds of
the invention are chimeric oligonucleotides ("gapmers’),
composed of a central 'gap' region consisting of 2'-deoxy

nucleotides, which is flanked on both sides (5' and 3'
directions) by “wings” composed of 2'-methoxyethyl (2'MOE) nucleotides. In some embodiments, the internucleo
side (backbone) linkages are phosphorothioate (P=S)
throughout the oligonucleotide. In Some embodiments, one
or more cytidine residues are 5-methylcytidines.
0026. In another embodiment, the oligomeric compounds
of the invention are chimeric oligonucleotides having mixed
phosphorothioate and phosphodiester backbones, referred to
herein as “mixed backbone compounds.” The mixed back
bone compounds of the invention can have a central 'gap'
region consisting of at least 5 contiguous 2'-deoxy nucleo
SideS flanked by two "wing regions consisting of at least
one 2'-O-methoxyethyl nucleoside in each region. The inter
nucleoside linkages of the mixed backbone compounds can
be phosphorothioate linkages in the central 'gap' region and
phosphodiester linkages in the two "wing regions. In
another embodiment, mixed backbone compounds have
phosphodiester linkages in the “wing regions except for
one phosphodiester linkage at one or both of the extreme 5'
and 3' ends of the oligonucleotide.
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0027. It is shown herein that mixed backbone compounds
are efficiently delivered to the kidney and treatment with the
mixed backbone compounds results in efficient modulation
of target gene expression in the kidney without liver or
kidney toxicity. It is further shown herein that treatment with
mixed backbone compounds in animal models of type 2
diabetes reduces blood glucose levels in diabetic animals.
0028. As used herein, the terms “target nucleic acid” and
“nucleic acid molecule encoding SGLT2 have been used
for convenience to encompass DNA encoding SGLT2, RNA

(including pre-mRNA and mRNA or portions thereof) tran
scribed from Such DNA, and also cDNA derived from Such

RNA. The hybridization of a compound of this invention
with its target nucleic acid is generally referred to as
“antisense.” Consequently, one mechanism believed to be
included in the practice of Some embodiments of the inven
tion is referred to herein as “antisense inhibition.” Such

antisense inhibition is typically based upon hydrogen bond
ing-based hybridization of oligonucleotide Strands or Seg
ments Such that at least one Strand or Segment is cleaved,
degraded, or otherwise rendered inoperable. In this regard,
Specific nucleic acid molecules and their functions can be
targeted for Such antisense inhibition.
0029. The functions of DNA to be interfered with can
include replication and transcription. Replication and tran
Scription, for example, can be from an endogenous cellular
template, a vector, a plasmid construct or otherwise. The
functions of RNA to be interfered with can include functions

Such as, for example, translocation of the RNA to a Site of
protein translation, translocation of the RNA to sites within
the cell which are distant from the site of RNA synthesis,
translation of protein from the RNA, splicing of the RNA to
yield one or more RNA species, and catalytic activity or
complex formation involving the RNA which may be
engaged in or facilitated by the RNA. One result of Such
interference with target nucleic acid function is modulation
of the expression of SGLT2. In the context of the present
invention, “modulation” and “modulation of expression”

mean either an increase (Stimulation) or a decrease (inhibi
tion) in the amount or levels of a nucleic acid molecule

encoding the gene, e.g., DNA or RNA. Inhibition is often the
desired form of modulation of expression and mRNA is
often a desired target nucleic acid.
0030. In the context of this invention, “hybridization”
means the pairing of complementary Strands of oligomeric
compounds. In the present invention, one mechanism of
pairing involves hydrogen bonding, which may be Watson
Crick, Hoogsteen or reversed Hoogsteen hydrogen bonding,
between complementary nucleoside or nucleotide bases

(nucleobases) of the Strands of oligomeric compounds. For

example, adenine and thymine are complementary nucleo
bases which pair through the formation of hydrogen bonds.
Hybridization can occur under varying circumstances.
0.031) An oligomeric compound, Such as an antisense
compound, is specifically hybridizable when binding of the
compound to the target nucleic acid interferes with the
normal function of the target nucleic acid to cause a loSS of
activity, and there is a Sufficient degree of complementarity
to avoid non-specific binding of the antisense compound to
non-target nucleic acid Sequences under conditions in which
Specific binding is desired, i.e., under physiological condi
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tions in the case of in Vivo assays or therapeutic treatment,
and under conditions in which assays are performed in the
case of in vitro assayS.
0032. In the present invention the phrase “stringent
hybridization conditions” or “stringent conditions” refers to
conditions under which a compound of the invention will
hybridize to its target Sequence, but to a minimal number of
other Sequences. Stringent conditions are Sequence-depen
dent and will be different in different circumstances and in

the context of this invention, “Stringent conditions” under
which oligomeric compounds hybridize to a target Sequence
are determined by the nature and composition of the oligo
meric compounds and the assays in which they are being
investigated.
0033 “Complementary,” as used herein, refers to the
capacity for precise pairing between two nucleobases of an
oligomeric compound. For example, if a nucleobase at a

certain position of an oligonucleotide (an oligomeric com
pound), is capable of hydrogen bonding with a nucleobase
at a certain position of a target nucleic acid, Said target
nucleic acid being a DNA, RNA, or oligonucleotide mol
ecule, then the position of hydrogen bonding between the
oligonucleotide and the target nucleic acid is considered to
be a complementary position. The oligonucleotide and the
further DNA, RNA, or oligonucleotide molecule are
complementary to each other when a Sufficient number of
complementary positions in each molecule are occupied by
nucleobases which can hydrogen bond with each other.
Thus, “specifically hybridizable” and “complementary” are
terms which are used to indicate a Sufficient degree of
precise pairing or complementarity over a Sufficient number
of nucleobaseS Such that Stable and Specific binding occurs
between the oligonucleotide and a target nucleic acid.
0034. It is understood in the art that the sequence of an
oligomeric compound need not be 100% complementary to
that of its target nucleic acid to be specifically hybridizable.
Moreover, an oligomeric compound may hybridize over one
or more Segments Such that intervening or adjacent Segments

are not involved in the hybridization event (e.g., a loop
Structure or hairpin structure). The antisense compounds of
the present invention can comprise at least 70%, at least
75%, at least 80%, at least 85%, at least 90%, at least 95%,

or at least 99% Sequence complementarity to the target
region within the target nucleic acid Sequence to which they
are targeted. For example, an antisense compound in which
18 of 20 nucleobases of the antisense compound are comple
mentary to a target region, and would therefore specifically
hybridize, would represent 90 percent complementarity. In
this example, the remaining noncomplementary nucleobases
may be clustered or interspersed with complementary
nucleobases and need not be contiguous to each other or to
complementary nucleobases. AS Such, an antisense com

pound which is 18 nucleobases in length having 4 (four)

noncomplementary nucleobases which are flanked by two
regions of complete complementarity with the target nucleic
acid would have 77.8% overall complementarity with the
target nucleic acid and would thus fall within the Scope of
the present invention. Percent complementarity of an anti
Sense compound with a region of a target nucleic acid can be

determined routinely using BLAST programs (basic local
alignment search tools) and PowerBLAST programs known
in the art (Altschulet al., J. Mol. Biol., 1990, 215, 403-410;
Zhang and Madden, Genome Res., 1997, 7, 649-656).
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0.035 Percent homology, sequence identity or comple
mentarity, can be determined by, for example, the Gap

program (Wisconsin Sequence Analysis Package, Version 8
for Unix, Genetics Computer Group, University Research

Park, Madison Wis.), using default settings, which uses the
algorithm of Smith and Waterman (Adv. Appl. Math., 1981,
2, 482-489). In Some embodiments, homology, Sequence

identity or complementarity, between the oligomeric and
target is from about 50% to about 60%, from about 60% to
about 70%, from about 70% to about 80%, from about 80%
to about 90%, about 90%, about 92%, about 94%, about
95%, about 96%, about 97%, about 98%, about 99%, or
about 100%. As used herein, the term “about” means t5%
of the value modified.

0036). According to the present invention, oligomeric
compounds, Such as antisense compounds, include antisense
oligomeric compounds, antisense oligonucleotides,

ribozymes, external guide sequence (EGS) oligonucleotides,
alternate Splicers, and other oligomeric compounds which
hybridize to at least a portion of the target nucleic acid. AS
Such, these compounds may be introduced in the form of
Single-Stranded, double-Stranded, circular or hairpin oligo
meric compounds and may contain Structural elements Such
as internal or terminal bulges or loops. Once introduced to
a System, the compounds of the invention may elicit the
action of one or more enzymes or structural proteins to effect
modification of the target nucleic acid.
0037. One non-limiting example of such an enzyme is
RNASe H, a cellular endonuclease which cleaves the RNA

strand of an RNA:DNA duplex. It is known in the art that
single-stranded antisense compounds which are “DNA-like”
elicit RNASe H. Activation of RNase H, therefore, results in

cleavage of the RNA target, thereby greatly enhancing the
efficiency of oligonucleotide-mediated inhibition of gene
expression. Similar roles have been postulated for other
ribonucleases such as those in the RNase III and ribonu

clease L family of enzymes.
0.038 While one form of antisense compound is a single
Stranded antisense oligonucleotide, in many Species the
introduction of double-Stranded Structures, Such as double

stranded RNA (dsRNA) molecules, has been shown to

induce potent and Specific antisense-mediated reduction of
the function of a gene or its associated gene products. This
phenomenon occurs in both plants and animals and is
believed to have an evolutionary connection to viral defense
and transposon Silencing.
0039. The first evidence that dsRNA could lead to gene
Silencing in animals came in 1995 from work in the nema

tode, Caenorhabditis elegans (Guo and Kempheus, Cell,
1995, 81, 611-620). Montgomery et al. have shown that the

primary interference effects of dsRNA are posttranscrip

tional (Montgomery et al., Proc. Natl. Acad. Sci. USA, 1998,
95, 15502-15507). The posttranscriptional antisense mecha
nism defined in Caenorhabditis elegans resulting from

exposure to double-stranded RNA (dsRNA) has since been
designated RNA interference (RNAi). This term has been

generalized to mean antisense-mediated gene Silencing
involving the introduction of dsRNA leading to the
Sequence-specific reduction of endogenous targeted mRNA

levels (Fire et al., Nature, 1998, 391, 806-811). Recently, it

has been shown that it is, in fact, the single-stranded RNA

oligomers of antisense polarity of the dsRNAS which are the

potent inducers of RNAi (Tijsterman et al., Science, 2002,
295, 694-697).
0040. The oligomeric compounds of the present inven

tion also include modified compounds in which a different
base is present at one or more of the nucleotide positions in
the compound. For example, if the first nucleotide is an
adenosine, modified compounds may be produced which
contain thymidine, guanosine or cytidine at this position.
This may be done at any of the positions of the antisense
compound. These compounds are then tested using the
methods described herein to determine their ability to inhibit
expression of SGLT2 mRNA.
0041. In the context of this invention, the term “oligo
meric compound” refers to a polymer or oligomer compris
ing a plurality of monomeric units. In the context of this
invention, the term "oligonucleotide' refers to an oligomer

or polymer of ribonucleic acid (RNA) or deoxyribonucleic
acid (DNA) or mimetics, chimeras, analogs and homologs

thereof. This term includes oligonucleotides composed of
naturally occurring nucleobases, Sugars and covalent inter

nucleoside (backbone) linkages as well as oligonucleotides
having non-naturally occurring portions which function
Similarly. Such modified or Substituted oligonucleotides are
often desired over native forms because of desirable prop
erties Such as, for example, enhanced cellular uptake,
enhanced affinity for a target nucleic acid and increased
Stability in the presence of nucleases.
0042. While oligonucleotides are one form of the anti
Sense compounds of this invention, the present invention
comprehends other families of antisense compounds as well,
including but not limited to oligonucleotide analogs and
mimetics Such as those described herein.

0043. The antisense compounds in accordance with this
invention can comprise from about 8 to about 80 nucleo

bases (i.e. from about 8 to about 80 linked nucleosides). One
of ordinary skill in the art will appreciate that the invention
embodies compounds of 8, 9, 10, 11, 12, 13, 14, 15, 16, 17,

18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33,
34, 35, 36, 37,38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49,
50, 51, 52, 53, 54, 55, 56, 57,58, 59, 60, 61, 62, 63, 64, 65,
66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, or 80

nucleobases in length, or any range there within.
0044) In one embodiment, the antisense compounds of
the invention are 10 to 50 nucleobases in length. One having
ordinary skill in the art will appreciate that this embodies
compounds of 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32,33, 34, 35,36, 37,
38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49 or 50

nucleobases in length, or any range there within.
0045. In another embodiment, the antisense compounds
of the invention are 13 to 30 nucleobases in length. One
having ordinary skill in the art will appreciate that this
embodies compounds of 13, 14, 15, 16, 17, 18, 19, 20, 21,
22, 23, 24, 25, 26, 27, 28, 29 or 30 nucleobases in length, or
any range there within.
0046. In another embodiment, the antisense compounds
of the invention are 15 to 25 nucleobases in length. One
having ordinary skill in the art will appreciate that this
embodies compounds of 15, 16, 17, 18, 19, 20, 21, 22, 23,
24 or 25 nucleobases in length, or any range there within.
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0047. In another embodiment, the antisense compounds
of the invention are 18 to 22 nucleobases in length. One
having ordinary skill in the art will appreciate that this
embodies compounds of 18, 19, 20, 21 or 22 nucleobases in
length, or any range there within.
0.048 Particularly suitable compounds are oligonucle
otides from about 10 to about 50 nucleobases, from about 13
to about 30 nucleobases, from about 15 to about 25, and
from about 18 to about 22 nucleobases.

0049 Antisense compounds 8 to 80 nucleobases in
length comprising a stretch of at least eight (8) consecutive
nucleobases Selected from within the illustrative antisense

compounds are considered to be Suitable antisense com
pounds as well.
0050 Exemplary antisense compounds include oligo
nucleotide Sequences that comprise at least the 8 consecutive
nucleobases from the 5'-terminus of one of the illustrative

antisense compounds (the remaining nucleobases being a
consecutive Stretch of the same oligonucleotide beginning
immediately upstream of the 5'-terminus of the antisense
compound which is Specifically hybridizable to the target
nucleic acid and continuing until the oligonucleotide con

tains about 8 to about 80 nucleobases). Similarly suitable

antisense compounds are represented by oligonucleotide
Sequences that comprise at least the 8 consecutive nucleo
bases from the 3'-terminus of one of the illustrative antisense

compounds (the remaining nucleobases being a consecutive
Stretch of the same oligonucleotide beginning immediately
downstream of the 3'-terminus of the antisense compound
which is Specifically hybridizable to the target nucleic acid
and continuing until the oligonucleotide contains about 8 to
about 80 nucleobases). It is also understood that antisense
compounds may be represented by oligonucleotide
Sequences that comprise at least 8 consecutive nucleobases
from an internal portion of the Sequence of an illustrative
antisense compound, and may extend in either or both
directions until the oligonucleotide contains about 8 to about
80 nucleobases.

0051 One having skill in the art armed with the antisense
compounds illustrated herein will be able, without undue
experimentation, to identify additional antisense com
pounds.
0.052 “Targeting” an antisense compound to a particular
nucleic acid molecule, in the context of this invention, can

be a multistep process. The process usually begins with the
identification of a target nucleic acid whose function is to be
modulated. This target nucleic acid may be, for example, a

of regions within a target nucleic acid. “Sites, as used in the
present invention, are defined as positions within a target
nucleic acid.

0054 Since, as is known in the art, the translation ini
tiation codon is typically 5'-AUG (in transcribed mRNA
molecules; 5-ATG in the corresponding DNA molecule), the
translation initiation codon is also referred to as the “AUG

codon,” the “start codon” or the “AUG start codon. A

minority of genes have a translation initiation codon having
the RNA sequence 5'-GUG, 5'-UUG or 5'-CUG, and

5'-AUA, 5'-ACG and 5'-CUG have been shown to function
in vivo. Thus, the terms “translation initiation codon” and

“start codon’ can encompass many codon Sequences, even
though the initiator amino acid in each instance is typically

methionine (in eukaryotes) or formylmethionine (in
prokaryotes). It is also known in the art that eukaryotic and
prokaryotic genes may have two or more alternative start
codons, any one of which may be preferentially utilized for
translation initiation in a particular cell type or tissue, or
under a particular Set of conditions. In the context of the
invention, “start codon” and “translation initiation codon’
refer to the codon or codons that are used in Vivo to initiate

translation of an mRNA transcribed from a gene encoding

SGLT2, regardless of the sequence(s) of Such codons. It is
also known in the art that a translation termination codon (or
“Stop codon”) of a gene may have one of three sequences,
i.e., 5'-UAA, 5'-UAG and 5'-UGA (the corresponding DNA
sequences are 5'-TAA, 5'-TAG and 5'-TGA, respectively).
0055. The terms “start codon region' and “translation

initiation codon region” refer to a portion of such an mRNA
or gene that encompasses from about 25 to about 50 con

tiguous nucleotides in either direction (i.e., 5' or 3') from a
translation initiation codon. Similarly, the terms "Stop codon
region' and “translation termination codon region” refer to
a portion of Such an mRNA or gene that encompasses from
about 25 to about 50 contiguous nucleotides in either

direction (i.e., 5' or 3') from a translation termination codon.
Consequently, the “start codon region’ (or “translation ini
tiation codon region') and the “stop codon region’ (or
“translation termination codon region') are all regions

which may be targeted effectively with the antisense com
pounds of the present invention.

0056 The open reading frame (ORF) or “coding region,”
which is known in the art to refer to the region between the
translation initiation codon and the translation termination

codon, is also a region which may be targeted effectively.
Within the context of the present invention, a suitable region
is the intragenic region encompassing the translation initia

cellular gene (or mRNA transcribed from the gene) whose

tion or termination codon of the open reading frame (ORF)

SGLT2.

region (5'UTR), known in the art to refer to the portion of an

expression is associated with a particular disorder or disease
State, or a nucleic acid molecule from an infectious agent. In
the present invention, the target nucleic acid encodes

0053. The targeting process usually also includes deter
mination of at least one target region, Segment, or site within
the target nucleic acid for the antisense interaction to occur
Such that the desired effect, e.g., modulation of expression,
will result. Within the context of the present invention, the
term “region' is defined as a portion of the target nucleic
acid having at least one identifiable Structure, function, or
characteristic. Within regions of target nucleic acids are
Segments. "Segments' are defined as Smaller or Sub-portions

of a gene.
0057. Other target regions include the 5' untranslated
mRNA in the 5' direction from the translation initiation

codon, and thus including nucleotides between the 5' cap Site

and the translation initiation codon of an mRNA (or corre
sponding nucleotides on the gene), and the 3' untranslated
region (3'UTR), known in the art to refer to the portion of an
mRNA in the 3' direction from the translation termination

codon, and thus including nucleotides between the transla

tion termination codon and 3' end of an mRNA (or corre
sponding nucleotides on the gene). The 5' cap Site of an
mRNA comprises an N7-methylated guanosine residue
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joined to the 5'-most residue of the mRNA via a 5'-5'
triphosphate linkage. The 5' cap region of an mRNA is
considered to include the 5' cap structure itself as well as the
first 50 nucleotides adjacent to the cap site. It is also Suitable
to target the 5' cap region.
0.058 Although some eukaryotic mRNA transcripts are
directly translated, many contain one or more regions,
known as “introns,” which are excised from a transcript

before it is translated. The remaining (and therefore trans
lated) regions are known as “exons' and are spliced together

to form a continuous mRNA sequence. Targeting Splice
Sites, i.e., intron-exon junctions or exon-intron junctions,
may also be particularly useful in Situations where aberrant
Splicing is implicated in disease, or where an overproduction
of a particular splice product is implicated in disease.
Aberrant fusion junctions due to rearrangements or deletions
are also Suitable target Sites. mRNA transcripts produced via

the process of splicing of two (or more) mRNAS from

theory, it is presently believed that these target Segments
represent portions of the target nucleic acid which are
accessible for hybridization.
0063. While the specific sequences of certain preferred
target Segments are Set forth herein, one of skill in the art
will recognize that these Serve to illustrate and describe
particular embodiments within the Scope of the present
invention. Additional target Segments may be identified by
one having ordinary skill.
0064 Target segments 8-80 nucleobases in length com

prising a stretch of at least eight (8) consecutive nucleobases

Selected from within the illustrative target Segments are
considered to be Suitable for targeting as well.
0065 Target segments can include DNA or RNA
Sequences that comprise at least the 8 consecutive nucleo
bases from the 5'-terminus of one of the illustrative target

Segments (the remaining nucleobases being a consecutive

different gene Sources are known as “fusion transcripts.” It
is also known that introns can be effectively targeted using
antisense compounds targeted to, for example, DNA or
pre-mRNA.

stretch of the same DNA or RNA beginning immediately
upstream of the 5'-terminus of the target Segment and
continuing until the DNA or RNA contains about 8 to about

0059. It is also known in the art that alternative RNA
transcripts can be produced from the Same genomic region
of DNA. These alternative transcripts are generally known
as “variants.” More specifically, “pre-mRNA variants” are
transcripts produced from the same genomic DNA that differ
from other transcripts produced from the same genomic
DNA in either their start or stop position and contain both
intronic and eXonic Sequence.
0060. Upon excision of one or more exon or intron
regions, or portions thereof during Splicing, pre-mRNA
variants produce Smaller “mRNA variants.” Consequently,
mRNA variants are processed pre-mRNA variants and each
unique pre-mRNA variant must always produce a unique
mRNA variant as a result of splicing. These mRNA variants
are also known as “alternative Splice variants.” If no splicing
of the pre-mRNA variant occurs then the pre-mRNA variant

secutive nucleobases from the 3'-terminus of one of the

is identical to the mRNA variant.

0061. It is also known in the art that variants can be
produced through the use of alternative Signals to Start or
stop transcription and that pre-mRNAS and mRNAS can
possess more that one Start codon or Stop codon. Variants
that originate from a pre-mRNA or mRNA that use alterna
tive Start codons are known as "alternative start variants' of

that pre-mRNA or mRNA. Those transcripts that use an
alternative Stop codon are known as "alternative Stop vari
ants” of that pre-mRNA or mRNA. One specific type of
alternative stop variant is the “polyA variant” in which the
multiple transcripts produced result from the alternative
Selection of one of the “polyA stop signals' by the tran
Scription machinery, thereby producing transcripts that ter
minate at unique polyA sites. Within the context of the
invention, the types of variants described herein are also
Suitable target nucleic acids.
0062) The locations on the target nucleic acid to which
the antisense compounds hybridize are hereinbelow referred
to as "Suitable target Segments.” AS used herein the term
"Suitable target Segment' is defined as at least an 8-nucleo
base portion of a target region to which an active antisense
compound is targeted. While not wishing to be bound by

80 nucleobases). Target Segments are also represented by

DNA or RNA sequences that comprise at least the 8 con

illustrative target segments (the remaining nucleobases
being a consecutive stretch of the same DNA or RNA
beginning immediately downstream of the 3'-terminus of the
target segment and continuing until the DNA or RNA

contains about 8 to about 80 nucleobases). It is also under

stood that antisense target Segments may be represented by
DNA or RNA sequences that comprise at least 8 consecutive
nucleobases from an internal portion of the Sequence of an
illustrative target Segment, and may extend in either or both
directions until the oligonucleotide contains about 8 to about
80 nucleobases. One having skill in the art armed with the
target Segments illustrated herein will be able, without undue
experimentation, to identify further target Segments.
0066 Once one or more target regions, Segments or sites
have been identified, antisense compounds are chosen which
are Sufficiently complementary to the target, i.e., hybridize
sufficiently well and with sufficient specificity, to give the
desired effect.

0067. The oligomeric antisense compounds may also be
targeted to regions of the target nucleobase Sequence (e.g.,
Such as those disclosed in Example 16) comprising nucleo
bases 1-80, 81-160, 161-240, 241-320, 321-400, 401-480,
481-560, 561-640, 641-720, 721-800, 801-880, 881-960,
961-1040, 1041-1120, 1121-1200, 1201-1280, 1281-1360,
1361-1440, 1441-1520, 1521-1600, 1601-1680, 1681-1760,
1761-1840, 1841-1920, 1921-2000, 2001-2080, 2081-2160,

2161-2240, 2241-2273, or any combination thereof.
0068. In a further embodiment, the “suitable target seg
ments' identified herein may be employed in a Screen for
additional compounds that modulate the expression of
SGLT2. “Modulators' are those compounds that decrease or
increase the expression of a nucleic acid molecule encoding
SGLT2 and which comprise at least an 8-nucleobase portion
which is complementary to a target Segment. The Screening
method comprises the Steps of contacting a target Segment of
a nucleic acid molecule encoding SGLT2 with one or more
candidate modulators, and Selecting for one or more candi
date modulators which decrease or increase the expression
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of a nucleic acid molecule encoding SGLT2. Once it is
shown that the candidate modulator or modulators are

capable of modulating (e.g. either decreasing or increasing)
the expression of a nucleic acid molecule encoding SGLT2,
the modulator may then be employed in further investigative
studies of the function of SGLT2, or for use as a research,

diagnostic, or therapeutic agent in accordance with the
present invention.
0069. The target segments of the present invention may
be also be combined with their respective complementary
antisense compounds of the present invention to form Sta

bilized double-stranded (duplexed) oligonucleotides.
0070. Such double stranded oligonucleotide moieties
have been shown in the art to modulate target expression and
regulate translation as well as RNA processsing via an
antisense mechanism. Moreover, the double-Stranded moi

eties may be Subject to chemical modifications (Fire et al.,
Nature, 1998, 391, 806-811; Timmons and Fire, Nature
1998, 395,854; Timmons et al., Gene, 2001, 263, 103-112;

Tabara et al., Science, 1998, 282, 430-431; Montgomery et
al., Proc. Natl. Acad. Sci. USA, 1998, 95, 15502-15507;
Tuschl et al., Genes Dev, 1999, 13, 3191-3197; Elbashir et
al., Nature, 2001, 411, 494-498; Elbashir et al., Genes Dev.

2001, 15, 188-200). For example, such double-stranded

moieties have been shown to inhibit the target by the
classical hybridization of antisense Strand of the duplex to
the target, thereby triggering enzymatic degradation of the

target (Tijsterman et al., Science, 2002, 295, 694-697).
0071. The antisense compounds of the present invention

can also be applied in the areas of drug discovery and target
validation. The present invention comprehends the use of the
compounds and target Segments identified herein in drug
discovery efforts to elucidate relationships that exist
between SGLT2 and a disease State, phenotype, or condition.
These methods include detecting or modulating SGLT2
comprising contacting a Sample, tissue, cell, or organism
with the compounds of the present invention, measuring the
nucleic acid or protein level of SGLT2 and/or a related
phenotypic or chemical endpoint at Some time after treat
ment, and optionally comparing the measured value to a
non-treated Sample or Sample treated with a further com
pound of the invention. These methods can also be per
formed in parallel or in combination with other experiments
to determine the function of unknown genes for the proceSS
of target validation or to determine the validity of a particu
lar gene product as a target for treatment or prevention of a
particular disease, condition, or phenotype.
0.072 The antisense compounds of the present invention
can be utilized for diagnostics, therapeutics, prophylaxis and
as research reagents and kits. Furthermore, antisense oligo
nucleotides, which are able to inhibit gene expression with
exquisite Specificity, are often used by those of ordinary skill
to elucidate the function of particular genes or to distinguish
between functions of various members of a biological path
way.

0.073 For use in kits and diagnostics, the compounds of
the present invention, either alone or in combination with
other compounds or therapeutics, can be used as tools in
differential and/or combinatorial analyses to elucidate
expression patterns of a portion or the entire complement of
genes expressed within cells and tissues.
0.074 AS one nonlimiting example, expression patterns
within cells or tissues treated with one or more antisense

Sep. 1, 2005
compounds are compared to control cells or tissues not
treated with antisense compounds and the patterns produced
are analyzed for differential levels of gene expression as they
pertain, for example, to disease association, Signaling path
way, cellular localization, expression level, size, Structure or
function of the genes examined. These analyses can be
performed on Stimulated or unstimulated cells and in the
presence or absence of other compounds which affect
expression patterns.
0075 Examples of methods of gene expression analysis
known in the art include DNA arrays or microarrays

(Brazma and Vilo, FEBS Lett., 2000, 480, 17-24; Celis, et
al., FEBS Lett., 2000, 480, 2-16), SAGE (serial analysis of
gene expression)(Madden, et al., Drug Discov. Today, 2000,
5, 415-425), READS (restriction enzyme amplification of
digested cDNAs) (Prashar and Weissman, Methods Enzy
mol., 1999, 303, 258-72), TOGA (total gene expression
analysis) (Sutcliffe, et al., Proc. Natl. Acad. Sci. U.S.A.,
2000, 97, 1976-81), protein arrays and proteomics (Celis, et
al., FEBS Lett., 2000, 480, 2-16; Jungblut, et al., Electro

phoresis, 1999, 20, 2100-10), expressed sequence tag (EST)
sequencing (Celis, et al., FEBS Lett., 2000, 480, 2-16;
Larsson, et al., J. Biotechnol., 2000, 80, 143-57), Subtractive
RNA fingerprinting (SuRF) (Fuchs, et al., Anal. Biochem.,
2000, 286, 91-98; Larson, et al., Cytometry, 2000, 41,

203-208), subtractive cloning, differential display (DD)
(Jurecic and Belmont, Curr. Opin. Microbiol., 2000, 3,
3.16-21), comparative genomic hybridization (Carulli, et al.,
J. Cell Biochem. Suppl., 1998, 31, 286-96), FISH (fluores
cent in situ hybridization) techniques (Going and Gusterson,
Eur: J. Cancer, 1999, 35, 1895-904) and mass spectrometry
methods (To, Comb. Chem. High Throughput Screen, 2000,
3, 235-41).
0076. The antisense compounds of the invention are
useful for research and diagnostics, because these com
pounds hybridize to nucleic acids encoding SGLT2. For
example, oligonucleotides that are shown to hybridize with
Such efficiency and under Such conditions as disclosed
herein as to be effective SGLT2 inhibitors will also be

effective primerS or probes under conditions favoring gene
amplification or detection, respectively. These primers and
probes are useful in methods requiring the Specific detection
of nucleic acid molecules encoding SGLT2 and in the
amplification of Said nucleic acid molecules for detection or
for use in further studies of SGLT2. Hybridization of the
antisense oligonucleotides, particularly the primerS and
probes, of the invention with a nucleic acid encoding SGLT2
can be detected by means known in the art. Such means may
include conjugation of an enzyme to the oligonucleotide,
radiolabelling of the oligonucleotide or any other Suitable
detection means. Kits using Such detection means for detect
ing the level of SGLT2 in a Sample may also be prepared.
0077. The specificity and sensitivity of antisense is also
harnessed by those of skill in the art for therapeutic uses.
AntiSense compounds have been employed as therapeutic
moieties in the treatment of disease States in animals,

including humans. AntiSense oligonucleotide drugs, includ
ing ribozymes, have been safely and effectively adminis
tered to humans and numerous clinical trials are presently
underway. It is thus established that antisense compounds
can be useful therapeutic modalities that can be configured
to be useful in treatment regimes for the treatment of cells,
tissues and animals, especially humans.
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0078 For therapeutics, an animal, such as a human,
Suspected of having a disease or disorder which can be
treated by modulating the expression of SGLT2 is treated by
administering antisense compounds in accordance with this
invention. For example, in one non-limiting embodiment,
the methods comprise the Step of administering to the animal
a therapeutically effective amount of a SGLT2 inhibitor. The
animal may or may not have already been identifies as being
in need of treatment. That is, the animal may or may not
have been diagnosed with a particular disease or disorder.
The SGLT2 inhibitors of the present invention effectively
inhibit the activity of the SGLT2 protein or inhibit the
expression of the SGLT2 protein. In some embodiments, the
activity or expression of SGLT2 in an animal or cell is
inhibited by at least about 10%, by at least about 20%, by at
least about 30%, by at least about 40%, by at least about
50%, by at least about 60%, by at least about 70%, by at least
about 75%, by at least about 80%, by at least about 85%, by
at least about 90%, by at least about 95%, by at least about
97%, by at least about 99%, or by 100%.
0079 For example, the reduction of the expression of
SGLT2 may be measured in Serum, adipose tissue, liver or
any other body fluid, tissue or organ of the animal. The cells
contained within the fluids, tissueS or organs being analyzed
can contain a nucleic acid molecule encoding SGLT2 protein
and/or the SGLT2 protein itself.
0080. The antisense compounds of the invention can be
utilized in pharmaceutical compositions by adding an effec
tive amount of a compound to a Suitable pharmaceutically
acceptable diluent or carrier. Use of the compounds and
methods of the invention may also be useful prophylacti
cally.
0.081 AS is known in the art, a nucleoside is a base-sugar
combination. The base portion of the nucleoside is normally
a heterocyclic base Sometimes referred to as a “nucleobase'
or simply a “base.” The two most common classes of Such
heterocyclic bases are the purines and the pyrimidines.
Nucleotides are nucleosides that further include a phosphate
group covalently linked to the Sugar portion of the nucleo
Side. For those nucleosides that include a pentofuranosyl
Sugar, the phosphate group can be linked to either the 2',3'
or 5’ hydroxyl moiety of the Sugar. In forming oligonucle
otides, the phosphate groups covalently link adjacent
nucleosides to one another to form a linear polymeric
compound. In turn, the respective ends of this linear poly
meric compound can be further joined to form a circular
compound, however, linear compounds are generally
desired. In addition, linear compounds may have internal
nucleobase complementarity and may therefore fold in a
manner as to produce a fully or partially double-Stranded
compound. Within oligonucleotides, the phosphate groups
are commonly referred to as forming the internucleoside
backbone of the oligonucleotide. The normal linkage or
backbone of RNA and DNA is a 3' to 5' phosphodiester
linkage.

0082 Modified Internucleoside Linkages (Backbones)
0.083 Specific examples of antisense compounds useful
in this invention include oligonucleotides containing modi
fied backbones or non-natural internucleoside linkages. AS
defined in this specification, oligonucleotides having modi
fied backbones include those that retain a phosphorus atom
in the backbone and those that do not have a phosphorus

atom in the backbone. For the purposes of this specification,
and as Sometimes referenced in the art, modified oligonucle
otides that do not have a phosphorus atom in their inter
nucleoside backbone can also be considered to be oligo
nucleosides.

0084) Modified oligonucleotide backbones containing a
phosphorus atom therein include, for example, phospho
rothioates, chiral phosphorothioates, phosphorodithioates,
phosphotriesters,
aminoalkylphosphotriami
noalkylphosphotriesters, methyl and other alkyl phospho
nates including 3'-alkylene phosphonates, 5'-alkylene phos
phonates and chiral phosphonates, phosphinates,
phosphoramidates including 3'-amino phosphoramidate and
aminoalkylphosphoramidates, thionophosphoramidates,
thionoalkylphosphonates, thionoalkylphosphotriesters, Sele
nophosphates and boranophosphates having normal 3'-5'
linkages, 2'-5' linked analogs of these, and those having
inverted polarity wherein one or more internucleotide link
ages is a 3' to 3',5' to 5' or 2 to 2" linkage. Oligonucleotides
having inverted polarity can comprise a Single 3' to 3'
linkage at the 3'-most internucleotide linkage i.e. a single

inverted nucleoside residue which may be abasic (the

nucleobase is missing or has a hydroxyl group in place

thereof). Various Salts, mixed salts and free acid forms are
also included.

0085 Representative U.S. patents that teach the prepara
tion of the above phosphorus-containing linkages include,
but are not limited to, U.S. Pat. No. 3,687,808; 4,469,863;
4,476,301; 5,023,243; 5,177, 196; 5,188,897; 5,264,423;
5,276,019; 5,278.302; 5,286,717; 5,321,131; 5,399,676;
5,405,939; 5,453,496; 5,455,233; 5,466,677; 5,476,925;
5,519,126; 5,536,821; 5,541,306; 5,550,111; 5,563,253;
5,571,799; 5,587,361; 5,194.599; 5,565,555; 5,527,899;
5,721,218; 5,672,697 and 5,625,050.

0086 Modified oligonucleotide backbones that do not
include a phosphorus atom therein can have backbones that
are formed by Short chain alkyl or cycloalkyl internucleoside
linkages, mixed heteroatom and alkyl or cycloalkyl inter
nucleoside linkages, or one or more short chain heteroat
omic or heterocyclic internucleoside linkages. These include

those having morpholino linkages (formed in part from the
Sugar portion of a nucleoside); siloxane backbones, Sulfide,

sulfoxide and sulfone backbones; formacetyl and thiofor
macetyl backbones, methylene formacetyl and thiofor
macetylbackbones, riboacetylbackbones, alkene containing
backbones, Sulfamate backbones, methyleneimino and
methylenehydrazino backbones, Sulfonate and Sulfonamide
backbones, amide backbones, and others having mixed N,
O, S and CH component parts.
0087 Representative U.S. patents that teach the prepara
tion of the above oligonucleosides include, but are not
limited to, U.S. Pat. No. 5,034,506; 5,166,315; 5,185,444;
5,214,134, 5,216,141, 5,235,033; 5,264,562; 5,264,564;
5,405,938; 5,434,257; 5,466,677; 5,470,967; 5,489,677;
5,541,307; 5,561.225; 5,596,086; 5,602,240; 5,610,289;
5,602,240; 5,608,046; 5,610,289; 5,618,704, 5,623,070;
5,663,312; 5,633,360; 5,677,437; 5,792,608; 5,646.269 and
5,677,439.

0088 Modified Sugar and Internucleoside Linkages-Mi
metics

0089. In other antisense compounds, e.g., oligonucleotide
mimetics, both the Sugar and the internucleoside linkage (i.e.
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the backbone), of the nucleotide units are replaced with

novel groups. The nucleobase units are maintained for
hybridization with an appropriate target nucleic acid. One
Such compound, an oligonucleotide mimetic that has been
shown to have excellent hybridization properties, is referred

to as a peptide nucleic acid (PNA). In PNA compounds, the

Sugar-backbone of an oligonucleotide is replaced with an
amide containing backbone, in particular an aminoethylg
lycine backbone. The nucleobases are retained and are
bound directly or indirectly to aza nitrogen atoms of the
amide portion of the backbone. Representative U.S. patents
that teach the preparation of PNA compounds include, but
are not limited to, U.S. Pat. No. 5,539,082; 5,714,331; and

5,719,262. Further teaching of PNA compounds can be
found in Nielsen et al., Science, 1991, 254, 1497-1500.

0090 Some embodiments of the invention include oli
gonucleotides with phosphorothioate backbones and oligo
nucleosides with heteroatom backbones, and in particular

CH-NH-O-CH-, -CH-N(CH)-O-CH
(known as a methylene (methylimino) or MMI backbone),
-CH-O-N(CH-)-CH-,
-CH-N(CH-)N(CH)-CH- and -O-N(CH)-CH-CH
(wherein the native phosphodiester backbone is represented
as-O-P-O-CH-) of the above referenced U.S. Pat.
No. 5,489,677, and the amide backbones of the above

referenced U.S. Pat. No. 5,602,240. Also suitable are oligo
nucleotides having morpholino backbone Structures of the
above-referenced U.S. Pat. No. 5,034,506.

0091 Modified Sugars
0092 Modified antisense compounds may also contain
one or more Substituted Sugar moieties. AntiSense com
pounds, Such as antisense oligonucleotides, can comprise
one of the following at the 2' position: OH; F; O-, S-, or
N-alkyl; O-, S-, or N-alkenyl; O-, S- or N-alkynyl; or
O-alkyl-O-alkyl, wherein the alkyl, alkenyl and alkynyl may
be Substituted or unsubstituted C to Co alkyl or C to Co

alkenyl and alkynyl. Also Suitable are O((CH)O), CH,
O(CH), OCH,
O(CH), NH,
O(CH), CH,
O(CH), ONH, and O(CH), ON(CH2)CH), where n
and m are from 1 to about 10. Other oligonucleotides can
comprise one of the following at the 2' position: C to Co
lower alkyl, Substituted lower alkyl, alkenyl, alkynyl,
alkaryl, aralkyl, O-alkaryl or O-aralkyl, SH, SCH, OCN,
Cl, Br, CN, CF, OCF, SOCH, SOCH, ONO., NO, N,
NH, heterocycloalkyl, heterocycloalkaryl, aminoalky
lamino, polyalkylamino, Substituted Sillyl, an RNA cleaving
group, a reporter group, an intercalator, a group for improv
ing the pharmacokinetic properties of an oligonucleotide, or
a group for improving the pharmacodynamic properties of
an oligonucleotide, and other Substituents having Similar

properties. One modification includes 2'-methoxyethoxy (2'O-CHCHOCH, also known as 2'-O-(2-methoxyethyl)
or 2'-MOE) (Martin et al., Hell: Chim. Acta, 1995, 78,
486-504) i.e., an alkoxyalkoxy group. Another modification
includes

2-dimethylaminooxyethoxy,

i.e.,

O(CH).ON(CH4), group, also known as 2'-DMAOE, as

described in examples hereinbelow, and 2'-dimethylamino

ethoxyethoxy (also known in the art as 2'-O-dimethyl
amino-ethoxy-ethyl or 2-DMAEOE), i.e., 2'-O-CH
O-CH-N(CH), also described in examples
hereinbelow.

0093. Other modifications include 2'-methoxy (2'-OCH), 2-aminopropoxy (2'-OCH2CHCH-NH), 2-allyl (2'-

CH-CH=CH-), 2'-O-allyl (2'-O-CH-CH=CH-) and
2'-fluoro (2'-F). The 2'-modification may be in the arabino
(up) position or ribo (down) position. A preferred 2'-arabino
modification is 2'-F. Similar modifications may also be made
at other positions on the oligonucleotide, particularly the 3'
position of the Sugar on the 3' terminal nucleotide or in 2'-5'
linked oligonucleotides and the 5' position of 5' terminal
nucleotide. AntiSense compounds may also have Sugar
mimetics Such as cyclobutyl moieties in place of the pento
furanosyl Sugar. Representative U.S. patents that teach the
preparation of Such modified Sugar Structures include, but
are not limited to, U.S. Pat. No. 4,981,957; 5,118,800;
5,319,080; 5,359,044; 5,393,878; 5,446,137; 5,466,786;
5,514,785; 5,519,134, 5,567,811; 5,576.427; 5,591,722;
5,597,909; 5,610,300; 5,627,053; 5,639,873; 5,646,265;
5,658,873; 5,670,633; 5,792,747; and 5,700,920.

0094. Another modification of the Sugar includes Locked
Nucleic Acids (LNAS) in which the 2'-hydroxyl group is
linked to the 3' or 4' carbon atom of the Sugar ring, thereby
forming a bicyclic Sugar moiety. The linkage can be a

methylene (-CH2-), group bridging the 2 oxygen atom
and the 4' carbon atom wherein n is 1 or 2. LNAS and

preparation thereof are described in WO 98/39352 and WO
99/14226.

0.095 Natural and Modified Nucleobases
0096 Antisense compounds may also include nucleobase
(often referred to in the art as heterocyclic base or simply as

“base') modifications or substitutions. As used herein,
bases adenine (A) and guanine (G), and the pyrimidine bases
thymine (T), cytosine (C) and uracil (U). Modified nucleo
bases include other Synthetic and natural nucleobaseS Such
as 5-methylcytosine (5-me-C), 5-hydroxymethyl cytosine,
“unmodified” or “natural nucleobases include the purine

Xanthine, hypoxanthine, 2-aminoadenine, 6-methyl and
other alkyl derivatives of adenine and guanine, 2-propyl and
other alkyl derivatives of adenine and guanine, 2-thiouracil,
2-thiothymine and 2-thiocytosine, 5-halouracil and cytosine,

5-propynyl (-C=C-CH-) uracil and cytosine and other
alkynyl derivatives of pyrimidine bases, 6-aZO uracil,

cytosine and thymine, 5-uracil (pseudouracil), 4-thiouracil,

8-halo, 8-amino, 8-thiol, 8-thioalkyl, 8-hydroxyl and other
8-Substituted adenines and guanines, 5-halo particularly
5-bromo, 5-trifluoromethyl and other 5-substituted uracils
and cytosines, 7-methylguanine and 7-methyladenine, 2-Fadenine, 2-amino-adenine, 8-azaguanine and 8-azaadenine,
7-deazaguanine and 7-deaZaadenine and 3-deazaguanine
and 3-deaZaadenine. Further modified nucleobases include

tricyclic pyrimidines Such as phenoxazine cytidine(1H-py
rimido(5,4-b)(1,4)benzoxazin-2(3H)-one), phenothiazine
cytidine (1H-pyrimido(5,4-b)(1,4)benzothiazin-2(3H)-one),
G-clamps Such as a Substituted phenoxazine cytidine (e.g.
9-(2-aminoethoxy)-H-pyrimido(5,4-b)(1,4)benzoxazin
2(3H)-one), carbazole cytidine (2H-pyrimido(4,5-b)indol-2one), pyridoindole cytidine (H-pyrido(3',2':4.5)pyrrolo(2,3d)pyrimidin-2-one). Modified nucleobases may also include

those in which the purine or pyrimidine base is replaced with
other heterocycles, for example 7-deaza-adenine, 7-deaza
guanosine, 2-aminopyridine and 2-pyridone. Further nucleo

bases include those disclosed in U.S. Pat. No. 3,687,808,

those disclosed in The Concise Encyclopedia Of Polymer
Science And Engineering, pages 858-859, Kroschwitz, J. I.,
ed. John Wiley & Sons, 1990, those disclosed by Englisch
et al., Angewandte Chemie, International Edition, 1991, 30,
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613, and those disclosed by Sanghvi, Y. S., Chapter 15,
Antisense Research and Applications, pages 289-302,
Crooke, S.T. and Lebleu, B., ed., CRC Press, 1993. Certain

of these nucleobases are particularly useful for increasing
the binding affinity of the compounds of the invention.
These include 5-Substituted pyrimidines, 6-azapyrimidines
and N-2, N-6 and O-6 substituted purines, including 2-ami
nopropyladenine, 5-propynyluracil and 5-propynylcytosine.
5-methylcytosine Substitutions have been shown to increase
nucleic acid duplex stability by 0.6-1.2 C. and are presently
Suitable base Substitutions, even more particularly when
combined with 2'-O-methoxyethyl Sugar modifications.
0097 Representative U.S. patents that teach the prepara
tion of certain of the above noted modified nucleobases as

well as other modified nucleobases include, but are not
limited to, the above noted U.S. Pat. No. 3,687,808, as well
as U.S. Pat. Nos. 4,845,205; 5,130,302; 5,134,066; 5,175,
273; 5,367,066; 5,432,272; 5.457,187; 5.459,255; 5,484,
908; 5,502,177; 5,525,711; 5,552,540, 5,587.469; 5,594,
121, 5,596,091; 5,614,617; 5,645,985; 5,830,653; 5,763,
588; 6,005,096; and 5,681,941, and 5,750,692.

0.098 Conjugates
0099 Another modification of the antisense compounds
of the invention involves chemically linking to the antisense
compound one or more moieties or conjugates which
enhance the activity, cellular distribution or cellular uptake
of the oligonucleotide. These moieties or conjugates can
include conjugate groups covalently bound to functional
groupS Such as primary or Secondary hydroxyl groups.
Conjugate groups of the invention include, but are not
limited to, intercalators, reporter molecules, polyamines,
polyamides, polyethylene glycols, polyethers, groups that
enhance the pharmacodynamic properties of oligomers, and
groups that enhance the pharmacokinetic properties of oli
gomers. Typical conjugate groups include, but are not lim
ited to, cholesterols, lipids, phospholipids, biotin, phenazine,
folate, phenanthridine, anthraquinone, acridine, fluoresce
ins, rhodamines, coumarins, and dyes. Groups that enhance
the pharmacodynamic properties, in the context of this
invention, include groups that improve uptake, enhance
resistance to degradation, and/or strengthen Sequence-spe
cific hybridization with the target nucleic acid. Groups that
enhance the pharmacokinetic properties, in the context of
this invention, include groups that improve uptake, distri
bution, metabolism or excretion of the compounds of the
present invention. Representative conjugate groups are dis
closed in International Patent Application PCT/US92/
09196, filed Oct. 23, 1992, and U.S. Pat. No. 6,287,860.

Conjugate moieties include, but are not limited to, lipid
moieties Such as a cholesterol moiety, cholic acid, a thioet
her, e.g., hexyl-S-tritylthiol, a thiocholesterol, an aliphatic
chain, e.g., dodecandiol or undecyl residues, a phospholipid,
e.g., di-hexadecyl-rac-glycerol or triethylammonium 1,2-di
O-hexadecyl-rac-glycero-3-H-phosphonate, a polyamine or
a polyethylene glycol chain, or adamantane acetic acid, a
palmityl moiety, or an octadecylamine or hexylamino-car
bonyl-oxycholesterol moiety. AntiSense compounds of the
invention may also be conjugated to active drug Substances,
for example, aspirin, warfarin, phenylbutaZone, ibuprofen,

Suprofen, fenbufen, ketoprofen, (S)-(+)-pranoprofen, car
profen, dansylsarcosine, 2,3,5-triiodobenzoic acid, flufe
namic acid, folinic acid, a benzothiadiazide, chlorothiazide,

a diazepine, indomethicin, a barbiturate, a cephalosporin, a

Sulfa drug, an antidiabetic, an antibacterial or an antibiotic.
Oligonucleotide-drug conjugates and their preparation are
described in U.S. patent application Ser. No. 09/334,130

(filed Jun. 15, 1999).
0100 Representative U.S. patents that teach the prepara
tion of Such oligonucleotide conjugates include, but are not
limited to, U.S. Pat. Nos. 4,828,979; 4,948,882; 5,218,105;
5,525,465; 5,541,313; 5,545,730; 5,552.538; 5,578,717,
5,580,731; 5,580,731, 5,591584; 5,109,124; 5,118,802;
5,138.045; 5,414,077; 5,486,603; 5,512.439; 5,578,718;
5,608,046; 4,587,044; 4,605,735; 4,667,025; 4,762,779;
4,789,737; 4,824.941; 4,835,263; 4876,335; 4,904,582;
4,958,013; 5,082,830; 5,112,963; 5,214,136; 5,082,830;
5,112,963; 5,214,136; 5,245,022; 5,254,469; 5,258,506;
5,262.536; 5,272,250; 5,292,873; 5,317,098; 5,371,241,
5,391,723; 5,416,203, 5,451,463; 5,510,475; 5,512,667;
5,514,785; 5,565,552; 5,567,810; 5,574,142; 5,585,481;
5,587,371; 5,595,726; 5,597,696; 5,599,923; 5,599.928 and
5,688,941.

0101 Chimeric Compounds
0102) It is not necessary for all positions in a given
compound to be uniformly modified, and in fact more than
one of the aforementioned modifications may be incorpo
rated in a single compound or even at a single nucleoside
within an oligonucleotide.
0103) The present invention also includes antisense com
pounds which are chimeric compounds. "Chimeric' anti
Sense compounds or "chimeras,” in the context of this
invention, are antisense compounds, particularly oligonucle
otides, which contain two or more chemically distinct
regions, each made up of at least one monomer unit, i.e., a
nucleotide in the case of an oligonucleotide compound.
Chimeric antisense oligonucleotides are thus a form of
antisense compound. These oligonucleotides typically con
tain at least one region wherein the oligonucleotide is
modified So as to confer upon the oligonucleotide increased
resistance to nuclease degradation, increased cellular
uptake, increased Stability and/or increased binding affinity
for the target nucleic acid. An additional region of the
oligonucleotide may serve as a Substrate for enzymes
capable of cleaving RNA:DNA or RNA:RNA hybrids. By
way of example, RNAse H is a cellular endonuclease which
cleaves the RNA strand of an RNA:DNA duplex. Activation
of RNase H, therefore, results in cleavage of the RNA target,
thereby greatly enhancing the efficiency of oligonucleotide
mediated inhibition of gene expression. The cleavage of
RNA:RNA hybrids can, in like fashion, be accomplished
through the actions of endoribonucleases, Such as RNASeL
which cleaves both cellular and viral RNA. Cleavage of the
RNA target can be routinely detected by gel electrophoresis
and, if necessary, associated nucleic acid hybridization tech
niques known in the art.
0104 Chimeric antisense compounds of the invention
may be formed as composite Structures of two or more
oligonucleotides, modified oligonucleotides, oligonucleo
Sides and/or oligonucleotide mimetics as described above.
Such compounds have also been referred to in the art as
hybrids or gapmerS. Representative U.S. patents that teach
the preparation of Such hybrid structures include, but are not
limited to, U.S. Pat. Nos. 5,013,830; 5,149,797; 5,220,007;
5,256,775; 5,366,878; 5,403,711; 5,491,133; 5,565,350;
5,623,065; 5,652,355; 5,652,356; and 5,700,922.
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0105 The compounds of the invention may also be
admixed, encapsulated, conjugated or otherwise associated
with other molecules, molecule Structures or mixtures of

compounds, as for example, liposomes, receptor-targeted
molecules, oral, rectal, topical or other formulations, for
assisting in uptake, distribution and/or absorption. Repre
Sentative U.S. patents that teach the preparation of Such
uptake, distribution and/or absorption-assisting formulations
include, but are not limited to, U.S. Pat. Nos.
5,354,844; 5,416,016; 5.459,127; 5,521,291;
5,547,932; 5,583,020; 5,591,721; 4,426,330;
5,013,556; 5,108,921; 5,213,804, 5,227,170;
5,356,633; 5,395,619; 5,416,016; 5,417,978;
5,469,854; 5,512,295; 5,527.528; 5,534,259;
5,556,948; 5,580,575; and 5,595,756.

5,108,921;
5,543,158;
4,534,899;
5,264,221;
5.462,854;
5,543,152;

0106 The antisense compounds of the invention encom
pass any pharmaceutically acceptable Salts, esters, or Salts of
Such esters, or any other compound which, upon adminis
tration to an animal, including a human, is capable of

providing (directly or indirectly) the biologically active
metabolite or residue thereof.

0107 The term “pharmaceutically acceptable salts'
refers to physiologically and pharmaceutically acceptable
Salts of the compounds of the invention: i.e., Salts that retain
the desired biological activity of the parent compound and
do not impart undesired toxicological effects thereto. For
oligonucleotides, examples of pharmaceutically acceptable
Salts and their uses are further described in U.S. Pat. No.

6,287,860. Potassium and sodium salts are typical salts.
0108. The present invention also includes pharmaceutical
compositions and formulations which include the antisense
compounds of the invention. The pharmaceutical composi
tions of the present invention may be administered in a
number of ways depending upon whether local or Systemic
treatment is desired and upon the area to be treated. Admin

istration may be topical (including ophthalmic and to
mucous membranes including vaginal and rectal delivery),

pulmonary, e.g., by inhalation or insufflation of powders or
aeroSols, including by nebulizer, intratracheal, intranasal,

epidermal and transdermal), oral or parenteral. Parenteral
administration includes intravenous, intraarterial, Subcuta

neous, intraperitoneal or intramuscular injection or infusion;
or intracranial, e.g., intrathecal or intraventricular, adminis
tration. Oligonucleotides with at least one 2'-O-methoxy
ethyl modification are believed to be particularly useful for
oral administration. Pharmaceutical compositions and for
mulations for topical administration may include transder
mal patches, ointments, lotions, creams, gels, drops, Sup
positories, Sprays, liquids and powders. Conventional
pharmaceutical carriers, aqueous, powder or oily bases,
thickeners and the like may be necessary or desirable.
Coated condoms, gloves and the like may also be useful.
0109 The pharmaceutical formulations of the present
invention, which may conveniently be presented in unit
dosage form, may be prepared according to conventional
techniques well known in the pharmaceutical industry. Such
techniques include the Step of bringing into association the

active ingredients with the pharmaceutical carrier(s) or
excipient(s). In general, the formulations are prepared by

uniformly and intimately bringing into association the active
ingredients with liquid carriers or finely divided Solid car
riers or both, and then, if necessary, Shaping the product.

0110. The compositions of the present invention may be
formulated into any of many possible dosage forms Such as,
but not limited to, tablets, capsules, gel capsules, liquid
Syrups, Soft gels, Suppositories, and enemas. The composi
tions of the present invention may also be formulated as
Suspensions in aqueous, non-aqueous or mixed media.
Aqueous Suspensions may further contain Substances which
increase the Viscosity of the Suspension including, for
example, Sodium carboxymethylcellulose, Sorbitol and/or
dextran. The Suspension may also contain Stabilizers.
0111 Pharmaceutical compositions of the present inven
tion include, but are not limited to, Solutions, emulsions,

foams and liposome-containing formulations. The pharma
ceutical compositions and formulations of the present inven
tion may comprise one or more penetration enhancers,
carriers, excipients or other active or inactive ingredients.
0112 Emulsions are typically heterogenous Systems of
one liquid dispersed in another in the form of droplets
usually exceeding 0.1 um in diameter. Emulsions may
contain additional components in addition to the dispersed
phases, and the active drug which may be present as a
Solution in either the aqueous phase, oily phase or itself as
a separate phase. Microemulsions are included as an
embodiment of the present invention. Emulsions and their
uses are well known in the art and are further described in

U.S. Pat. No. 6,287,860.

0113 Formulations of the present invention include lipo
Somal formulations. AS used in the present invention, the
term "liposome” means a vesicle composed of amphiphilic
lipids arranged in a spherical bilayer or bilayers. Liposomes
are unilamellar or multilamellar vesicles which have a

membrane formed from a lipophilic material and an aqueous
interior that contains the composition to be delivered. Cat
ionic lipoSomes are positively charged liposomes which are
believed to interact with negatively charged DNA molecules
to form a Stable complex. Liposomes that are pH-sensitive
or negatively-charged are believed to entrap DNA rather
than complex with it. Both cationic and noncationic lipo
Somes have been used to deliver DNA to cells.

0114 Liposomes also include “sterically stabilized' lipo
Somes, a term which, as used herein, refers to liposomes
comprising one or more Specialized lipids that, when incor
porated into liposomes, result in enhanced circulation life
times relative to liposomes lacking Such specialized lipids.
Examples of Sterically Stabilized liposomes are those in
which part of the vesicle-forming lipid portion of the lipo
Some comprises one or more glycolipids or is derivatized
with one or more hydrophilic polymers, Such as a polyeth

ylene glycol (PEG) moiety. Liposomes and their uses are
further described in U.S. Pat. No. 6,287,860.

0115 The pharmaceutical formulations and compositions
of the present invention may also include Surfactants. The
use of Surfactants in drug products, formulations and in
emulsions is well known in the art. Surfactants and their uses

are further described in U.S. Pat. No. 6,287,860.

0116. In one embodiment, the present invention employs
various penetration enhancers to effect the efficient delivery
of nucleic acids, particularly oligonucleotides. In addition to
aiding the diffusion of non-lipophilic drugs acroSS cell
membranes, penetration enhancerS also enhance the perme
ability of lipophilic drugs. Penetration enhancers may be
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classified as belonging to one of five broad categories, i.e.,
Surfactants, fatty acids, bile Salts, chelating agents, and
non-chelating non-Surfactants. Penetration enhancers and
their uses are further described in U.S. Pat. No. 6,287,860.

0117. One of skill in the art will recognize that formula
tions are routinely designed according to their intended use,
i.e. route of administration.

0118 Formulations for topical administration include
those in which the oligonucleotides of the invention are in
admixture with a topical delivery agent Such as lipids,
liposomes, fatty acids, fatty acid esters, Steroids, chelating
agents and Surfactants. Lipids and liposomes include neutral

(e.g. dioleoylphosphatidyl DOPE ethanolamine, dimyris
choline) negative (e.g. dimyristoylphosphatidyl glycerol
DMPG) and cationic (e.g. dioleoyltetramethylaminopropyl
DOTAP and dioleoylphosphatidyl ethanolamine DOTMA).
0119 For topical or other administration, oligonucle

toylphosphatidyl choline DMPC, distearolyphosphatidyl

otides of the invention may be encapsulated within lipo
Somes or may form complexes thereto, in particular to
cationic liposomes. Alternatively, oligonucleotides may be
complexed to lipids, in particular to cationic lipids. Fatty
acids and esters, pharmaceutically acceptable Salts thereof,
and their uses are further described in U.S. Pat. No. 6,287,

860. Topical formulations are described in detail in U.S.
patent application Ser. No. 09/315,298 filed on May 20,
1999.

0120 Compositions and formulations for oral adminis

tration include powderS or granules, microparticulates,
nanoparticulates, Suspensions or Solutions in water or non
aqueous media, capsules, gel capsules, Sachets, tablets or
minitablets. Thickeners, flavoring agents, diluents, emulsi
fiers, dispersing aids or binderS may be desirable. Suitable
oral formulations are those in which oligonucleotides of the
invention are administered in conjunction with one or more
penetration enhancers Surfactants and chelators. Surfactants
include fatty acids and/or esters or Salts thereof, bile acids
and/or Salts thereof. Bile acids/salts and fatty acids and their
uses are further described in U.S. Pat. No. 6,287,860. Also

Suitable are combinations of penetration enhancers, for
example, fatty acids/salts in combination with bile acids/
Salts. A particularly Suitable combination is the Sodium Salt
of lauric acid, capric acid and UDCA. Further penetration
enhancers include polyoxyethylene-9-lauryl ether, polyoxy
ethylene-20-cetyl ether. Oligonucleotides of the invention
may be delivered orally, in granular form including Sprayed
dried particles, or complexed to form micro or nanoparticles.
Oligonucleotide complexing agents and their uses are fur
ther described in U.S. Pat. No. 6,287,860. Oral formulations

for oligonucleotides and their preparation are described in

detail in U.S. applications Ser. No. 09/108,673 (filed Jul. 1,
1998), Ser. No. 09/315,298 (filed May 20, 1999) and Ser.

No. 10/071,822, filed Feb. 8, 2002 and published as U.S.
Application No. 2003-0027780.
0121 Compositions and formulations for parenteral,
intrathecal or intraventricular administration may include
Sterile aqueous Solutions which may also contain buffers,
diluents and other Suitable additives such as, but not limited

to, penetration enhancers, carrier compounds and other
pharmaceutically acceptable carriers or excipients.
0122) Certain embodiments of the invention provide
pharmaceutical compositions containing one or more oligo

meric compounds and one or more other chemotherapeutic
agents which function by a non-antisense mechanism.
Examples of Such chemotherapeutic agents include, but are
not limited to, cancer chemotherapeutic drugs. Such as
daunorubicin, daunomycin, dactinomycin, doxorubicin, epi
rubicin, idarubicin, eSorubicin, bleomycin, mafosfamide,
ifosfamide, cytosine arabinoside, bis-chloroethylnitroSurea,
buSulfan, mitomycin C, actinomycin D, mithramycin, pred
nisone, hydroxyprogesterone, testosterone, tamoxifen, dac
arbazine, procarbazine, hexamethylmelamine, pentameth
ylmelamine, mitoxantrone, amsacrine, chlorambucil,
methylcyclohexylnitroSurea, nitrogen mustards, melphalan,
cyclophosphamide, 6-mercaptopurine, 6-thioguanine, cyt
arabine, 5-azacytidine, hydroxyurea, deoxycoformycin,
4-hydroxyperoxycyclophosphoramide,

5-fluorouracil

(5-FU), 5-fluorodeoxyuridine (5-FUdR), methotrexate
(MTX), colchicine, taxol, Vincristine, vinblastine, etoposide
(VP-16), trimetrexate, irinotecan, topotecan, gemcitabine,
teniposide, cisplatin and diethylstilbestrol (DES). When
used with the compounds of the invention, Such chemo

therapeutic agents may be used individually (e.g., 5-FU and
oligonucleotide), Sequentially (e.g., 5-FU and oligonucle

otide for a period of time followed by MTX and oligonucle

otide), or in combination with one or more other Such
chemotherapeutic agents (e.g., 5-FU, MTX and oligonucle
otide, or 5-FU, radiotherapy and oligonucleotide). Anti
inflammatory drugs including, but not limited to, nonsteroi
dal anti-inflammatory drugs and corticosteroids, and
antiviral drugs including, but not limited to, ribivirin, Vidara
bine, acyclovir and ganciclovir, may also be combined in
compositions of the invention. Combinations of antisense
compounds and other non-antisense drugs are also within
the Scope of this invention. Two or more combined com
pounds may be used together or Sequentially.
0123. In another related embodiment, compositions of
the invention may contain one or more antisense com
pounds, particularly oligonucleotides, targeted to a first
nucleic acid and one or more additional antisense com

pounds targeted to a Second nucleic acid target. Alterna
tively, compositions of the invention may contain two or
more antisense compounds targeted to different regions of
the same nucleic acid target. Numerous examples of anti
Sense compounds are known in the art. Two or more
combined compounds may be used together or Sequentially.
0.124. The formulation of therapeutic compositions and

their Subsequent administration (dosing) is believed to be
within the skill of those in the art. Dosing is dependent on
Severity and responsiveness of the disease State to be treated,
with the course of treatment lasting from Several days to
Several months, or until a cure is effected or a diminution of

the disease State is achieved. Optimal dosing Schedules can
be calculated from measurements of drug accumulation in
the body of the patient. Persons of ordinary skill can easily
determine optimum dosages, dosing methodologies and
repetition rates. Optimum dosages may vary depending on
the relative potency of individual oligonucleotides, and can
generally be estimated based on ECsoS found to be effective
in in vitro and in Vivo animal models. In general, dosage is
from 0.01 ug to 100 g per kg of body weight, from 0.1 lug
to 10 g per kg of body weight, from 1 lug to 1 g per kg of
body weight, from 10 ug to 100 mg per kg of body weight,
from 100 ug to 10 mg per kg of body weight, or from 100
tug to 1 mg per kg of body weight, and may be given once
or more daily, weekly, monthly or yearly, or even once every
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nylsilyl-5-methyluridine, 5'-O-tert-butyldiphenylsilyl-2'-O-

2 to 20 years. Persons of ordinary skill in the art can easily
estimate repetition rates for dosing based on measured
residence times and concentrations of the drug in bodily
fluids or tissues. Following Successful treatment, it may be
desirable to have the patient undergo maintenance therapy to
prevent the recurrence of the disease State, wherein the
oligonucleotide is administered in maintenance doses, rang
ing from 0.0001 tug to 100g per kg of body weight, once or
more daily, to once every 20 years.
0.125. In order that the invention disclosed herein may be
more efficiently understood, examples are provided below. It
should be understood that these examples are for illustrative
purposes only and are not to be construed as limiting the
invention in any manner. Throughout these examples,
molecular cloning reactions, and other Standard recombinant
DNA techniques, were carried out according to methods
described in Maniatis et al., Molecular Cloning-A Labo

((2-formadoximinooxy)ethyl)-5-methyluridine, 5'-O-tert
Butyldiphenylsilyl-2'-O-(N.N dimethylaminooxyethyl)-5methyluridine,
2'-O-(dimethylaminooxyethyl)-5methyluridine, 5'-O-DMT-2'-O-(dimethylaminooxyethyl)5-methyluridine,
5'-O-DMT-2'-O-(2-N,Ndimethylaminooxyethyl)-5-methyluridine-3'-((2cyanoethyl)-N,N-diisopropylphosphoramidite),
2'-(Aminooxyethoxy) nucleoside amidites, N2-isobutyryl-6O-diphenylcarbamoyl-2'-O-(2-ethylacetyl)-5'-O-(4,4'dimethoxytrityl)guanosine-3'-((2-cyanoethyl)-N,N-diiso
propylphosphoramidite), 2-dimethylaminoethoxyethoxy
(2-DMAEOE) nucleoside amidites, 2'-O-(2(2-N,N-dim
ethylaminoethoxy)ethyl)-5-methyl uridine, 5'-O-dimethox
ytrityl-2'-O-(2(2-N,N-dimethylaminoethoxy)-ethyl))-5-me
thyl uridine and 5'-O-Dimethoxytrityl-2'-O-(2(2-N,Ndimethylaminoethoxy)-ethyl))-5-methyl
uridine-3'-O(cyanoethyl-N,N-diisopropyl)phosphoramidite.

using commercially available reagents, except where other

Example 2

ratory Manual, 2nd ed., Cold Spring Harbor Press (1989),

wise noted.
EXAMPLES

Example 1
Synthesis of Nucleoside Phosphoramidites
0.126 The following compounds, including amidites and
their intermediates were prepared as described in U.S. Pat.
No. 6,426.220 and published PCT WO 02/36743; 5'-ODimethoxytrityl-thymidine intermediate for 5-methyl dC
amidite, 5'-O-Dimethoxytrityl-2'-deoxy-5-methylcytidine
intermediate for 5-methyl-dC amidite, 5'-O-Dimethoxytri
tyl-2'-deoxy-N4-benzoyl-5-methylcytidine
penultimate

Oligonucleotide and Oligonucleoside Synthesis
0127. The antisense compounds used in accordance with
this invention may be conveniently and routinely made
through the well-known technique of Solid phase Synthesis.
Equipment for Such synthesis is Sold by Several vendors

including, for example, Applied BioSystems (Foster City,
Calif.). Any other means for Such synthesis known in the art
may additionally or alternatively be employed. It is well
known to use Similar techniques to prepare oligonucleotides
Such as the phosphorothioates and alkylated derivatives.
0128 Oligonucleotides:
0129. Unsubstituted and substituted phosphodiester

intermediate for 5-methyl dC amidite, (5'-O-(4,4'Dimethoxytriphenylmethyl)-2'-deoxy-N-benzoyl-5-meth
ylcytidin-3'-O-yl)-2-cyanoethyl-N,N-diisopropylphos

(P=O) oligonucleotides are Synthesized on an automated
DNA synthesizer (Applied Biosystems model 394) using

phoramidite
(5-methyl
dC
amidite),
2'-Fluorodeoxyadenosine,
2'-Fluorodeoxyguanosine,

iodine.

2'-Fluorouridine, 2'-Fluorodeoxycytidine, 2'-O-(2-Methoxy
ethyl) modified amidites, 2'-O-(2-methoxyethyl)-5-methylu
ridine intermediate, 5'-O-DMT-2'-O-(2-methoxyethyl)-5methyluridine penultimate intermediate, (5'-O-(4,4'Dimethoxytriphenylmethyl)-2'-O-(2-methoxyethyl)-5methyluridin-3'-O-yl)-2-cyanoethyl-N,Ndiisopropylphosphoramidite (MOE T amidite), 5'-ODimethoxytrityl-2'-O-(2-methoxyethyl)-5-methylcytidine
intermediate, 5'-O-dimethoxytrityl-2'-0-(2-methoxyethyl)N'-benzoyl-5-methyl-cytidine penultimate intermediate,
(5'-O-(4,4'-Dimethoxytriphenylmethyl)-2'-O-(2-methoxy

ethyl)-N'-benzoyl-5-methylcytidin-3'-O-yl)-2-cyanoethyl

N,N-diisopropylphosphoramidite (MOE 5-Me-Camidite),
(5'-O-(4,4'-Dimethoxytriphenylmethyl)-2'-O-(2-methoxy

ethyl)-N'-benzoyladenosin-3'-O-yl)-2-cyanoethyl-N,N-di

Standard phosphoramidite chemistry with oxidation by

0130 Phosphorothioates (P=S) are synthesized similar

to phosphodiester oligonucleotides with the following
exceptions: thiation was effected by utilizing a 10% w/v

Solution of 3,H-1,2-benzodithiole-3-one 1,1 -dioxide in

acetonitrile for the oxidation of the phosphite linkages. The
thiation reaction Step time was increased to 180 Sec and
preceded by the normal capping Step. After cleavage from
the CPG column and deblocking in concentrated ammonium

hydroxide at 55 C. (12-16 hr), the oligonucleotides were
recovered by precipitating with >3 volumes of ethanol from
a 1M NHOAc solution. Phosphinate oligonucleotides are
prepared as described in U.S. Pat. No. 5,508,270.
0131 Alkyl phosphonate oligonucleotides are prepared
as described in U.S. Pat. No. 4,469,863.

isopropylphosphoramidite (MOE A amdite), (5'-O-(4,4'Dimethoxytriphenylmethyl)-2'-O-(2-methoxyethyl)-N'isobutyrylguanosin-3'-O-yl)-2-cyanoethyl-N,Ndiisopropylphosphoramidite (MOE G amidite), 2'-O(Aminooxyethyl) nucleoside amidites and 2'-O-

0132 3'-Deoxy-3'-methylene phosphonate oligonucle
otides are prepared as described in U.S. Pat. Nos. 5,610,289

2'-(Dimethylaminooxyethoxy) nucleoside amidites, 5'-Otert-Butyldiphenylsilyl-O-2'-anhydro-5-methyluridine,
5'-O-tert-Butyldiphenylsilyl-2'-O-(2-hydroxyethyl)-5-me
thyluridine, 2'-O-((2-phthalimidoxy)ethyl)-5'-t-butyldiphe

described in U.S. Pat. No. 5,256,775 or U.S. Pat. No.
5,366,878.

(dimethylaminooxyethyl)

nucleoside

amidites,

or 5,625,050.

0.133 Phosphoramidite oligonucleotides are prepared as
0.134 Alkylphosphonothioate oligonucleotides are pre
pared as described in published PCT applications PCT/
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US94/00902 and PCT/US93/06976 (published as WO
94/17093 and WO 94/02499, respectively).
0135 3'-Deoxy-3'-amino phosphoramidate oligonucle
otides are prepared as described in U.S. Pat. No. 5,476,925.
0.136 Phosphotriester oligonucleotides are prepared as
described in U.S. Pat. No. 5,023,243.

0.137

Borano phosphate oligonucleotides are prepared as

described in U.S. Pat. Nos. 5,130,302 and 5,177,198.

0138 Oligonucleosides:
0139 Methylenemethylimino linked oligonucleosides,
also identified as MMI linked oligonucleosides, methylene
dimethylhydrazo linked oligonucleosides, also identified as
MDH linked oligonucleosides, and methylenecarbony
lamino linked oligonucleosides, also identified as amide-3
linked oligonucleosides, and methyleneaminocarbonyl
linked oligo-nucleosides, also identified as amide-4 linked
oligonucleosides, as well as mixed backbone compounds
having, for instance, alternating MMI and P=O or P=S
linkages are prepared as described in U.S. Pat. Nos. 5,378,
825, 5,386,023, 5,489,677, 5,602,240 and 5,610,289.

0140 Formacetal and thioformacetal linked oligonucleo
sides are prepared as described in U.S. Pat. Nos. 5,264,562
and 5,264,564.

0141 Ethylene oxide linked oligonucleosides are pre
pared as described in U.S. Pat. No. 5,223,618.
Example 3
RNA Synthesis
0142. In general, RNA synthesis chemistry is based on
the Selective incorporation of various protecting groups at
Strategic intermediary reactions. Although one of ordinary
skill in the art will understand the use of protecting groups
in organic Synthesis, a useful class of protecting groups
includes silyl ethers. In particular bulky silyl ethers are used
to protect the 5'-hydroxyl in combination with an acid-labile
orthoester protecting group on the 2'-hydroxyl. This set of
protecting groups is then used with Standard Solid-phase
Synthesis technology. It is important to lastly remove the
acid labile orthoester protecting group after all other Syn
thetic Steps. Moreover, the early use of the Silyl protecting
groups during Synthesis ensures facile removal when
desired, without undesired deprotection of 2 hydroxyl.
0143 Following this procedure for the sequential protec
tion of the 5'-hydroxyl in combination with protection of the
2'-hydroxyl by protecting groups that are differentially
removed and are differentially chemically labile, RNA oli
gonucleotides were Synthesized.
0144 RNA oligonucleotides are synthesized in a step

wise fashion. Each nucleotide is added sequentially (3'- to
5'-direction) to a Solid Support-bound oligonucleotide. The
first nucleoside at the 3'-end of the chain is covalently
attached to a Solid Support. The nucleotide precursor, a
ribonucleoside phosphoramidite, and activator are added,
coupling the Second base onto the 5'-end of the first nucleo
Side. The Support is washed and any unreacted 5'-hydroxyl
groups are capped with acetic anhydride to yield 5'-acetyl
moieties. The linkage is then oxidized to the more Stable and

ultimately desired P(V) linkage. At the end of the nucleotide
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addition cycle, the 5'-silyl group is cleaved with fluoride.
The cycle is repeated for each Subsequent nucleotide.
0145 Following synthesis, the methyl protecting groups
on the phosphates are cleaved in 30 minutes utilizing 1 M
disodium-2-carbamoyl-2-cyanoethylene-1,1-dithiolate tri

hydrate (SNa) in DMF. The deprotection solution is
washed from the Solid Support-bound oligonucleotide using
water. The support is then treated with 40% methylamine in
water for 10 minutes at 55° C. This releases the RNA

oligonucleotides into Solution, deprotects the exocyclic
amines, and modifies the 2'-groups. The oligonucleotides
can be analyzed by anion eXchange HPLC at this stage.
0146 The 2'-orthoester groups are the last protecting
groups to be removed. The ethylene glycol monoacetate
orthoester protecting group developed by Dharmacon

Research, Inc. (Lafayette, Colo.), is one example of a useful

orthoester protecting group which, has the following impor
tant properties. It is Stable to the conditions of nucleoside
phosphoramidite Synthesis and oligonucleotide Synthesis.
However, after oligonucleotide Synthesis the oligonucle
otide is treated with methylamine which not only cleaves the
oligonucleotide from the Solid Support but also removes the
acetyl groups from the orthoesters. The resulting 2-ethyl
hydroxyl Substituents on the orthoester are less electron
withdrawing than the acetylated precursor. As a result, the
modified orthoester becomes more labile to acid-catalyzed
hydrolysis. Specifically, the rate of cleavage is approxi
mately 10 times faster after the acetyl groups are removed.
Therefore, this orthoester possesses sufficient stability in
order to be compatible with oligonucleotide Synthesis and
yet, when Subsequently modified, permits deprotection to be
carried out under relatively mild aqueous conditions com
patible with the final RNA oligonucleotide product.
0147 Additionally, methods of RNA synthesis are well

known in the art (Scaringe, S.A. Ph.D. Thesis, University of
Colorado, 1996; Scaringe, S.A., et al., J. Am. Chem. Soc.,
1998, 120, 11820-11821; Matteucci, M. D. and Caruthers,

M. H. J. Am. Chem. Soc., 1981, 103,3185-3191; Beaucage,
S. L. and Caruthers, M. H. Tetrahedron Lett., 1981, 22,
1859-1862; Dahl, B.J., et al., Acta Chem. Scand. 1990, 44,

639-641; Reddy, M. P., et al., Tetrahedrom Lett., 1994, 25,
4311-4314; Wincott, F. et al., Nucleic Acids Res., 1995, 23,
2677-2684; Griffin, B. E., et al., Tetrahedron, 1967, 23,
2301-2313; Griffin, B. E., et al., Tetrahedron, 1967, 23,

2315-2331).
0148 RNA antisense compounds (RNA oligonucle
otides) of the present invention can be Synthesized by the
methods herein or purchased from Dharmacon Research, Inc
(Lafayette, Colo.). Once Synthesized, complementary RNA
antisense compounds can then be annealed by methods

known in the art to form double stranded (duplexed) anti

Sense compounds. For example, duplexes can be formed by
combining 30 ul of each of the complementary Strands of

RNA oligonucleotides (50 uM RNA oligonucleotide solu
tion) and 15ul of 5x annealing buffer (100 mM potassium
acetate, 30 mM HEPES-KOH pH 7.4, 2 mM magnesium

acetate) followed by heating for 1 minute at 90° C., then 1
hour at 37 C. The resulting duplexed antisense compounds
can be used in kits, assays, Screens, or other methods to
investigate the role of a target nucleic acid, or for diagnostic
or therapeutic purposes.
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Example 4
Synthesis of Chimeric Compounds
0149 Chimeric oligonucleotides, oligonucleosides or
mixed oligonucleotides/oligonucleosides of the invention
can be of several different types. These include a first type
wherein the 'gap' Segment of linked nucleosides is posi
tioned between 5' and 3"wing” segments of linked nucleo
Sides and a Second "open end type wherein the 'gap'
segment is located at either the 3' or the 5' terminus of the
oligomeric compound. Oligonucleotides of the first type are
also known in the art as "gapmers' or gapped oligonucle
otides. Oligonucleotides of the Second type are also known
in the art as “hemimers' or “wingmers”.
2'-O-Me)-(2'-deoxv)-(2'O-Me)
Chimeric Phos
y

phorothioate Oligonucleotides
0150 Chimeric oligonucleotides having 2'-O-alkyl phos
phorothioate and 2'-deoxy phosphorothioate oligonucleotide
Segments are Synthesized using an Applied BioSystems
automated DNA synthesizer Model 394, as above. Oligo
nucleotides are Synthesized using the automated Synthesizer
and 2'-deoxy-5'-dimethoxytrityl-3'-O-phosphoramidite for
the DNA portion and 5'-dimethoxytrityl-2'-O-methyl-3-Ophosphoramidite for 5' and 3' wings. The standard synthesis
cycle is modified by incorporating coupling Steps with
increased reaction times for the 5'-dimethoxytrityl-2'-Omethyl-3'-O-phosphoramidite. The fully protected oligo
nucleotide is cleaved from the Support and deprotected in

nucleosides are Synthesized according to U.S. Pat. No.
5,623,065, herein incorporated by reference.
Example 5
Design and Screening of Duplexed AntiSense
Compounds Targeting SGLT2
0154) In accordance with the present invention, a series
of nucleic acid duplexes comprising the antisense com
pounds of the present invention and their complements can
be designed to target SGLT2. The nucleobase Sequence of
the antisense Strand of the duplex comprises at least an
8-nucleobase portion of an oligonucleotide in Table 1. The
ends of the strands may be modified by the addition of one
or more natural or modified nucleobases to form an over

hang. The sense strand of the dsRNA is then designed and
Synthesized as the complement of the antisense Strand and
may also contain modifications or additions to either termi
nus. For example, in one embodiment, both Strands of the
dsRNA duplex would be complementary over the central
nucleobases, each having overhangs at one or both termini.
O155 For example, a duplex comprising an antisense
strand having the sequence CGAGAGGCGGACGG

GACCG (SEQ ID NO: 268) and having a two-nucleobase
overhang of deoxythymidine(dT) would have the following
Structure:

cgag agg.cggacggg accgTT Antisense (SEQ ID NO:269)

|||||||||||||||||||

Strand

concentrated ammonia (NHOH) for 12-16 hr at 55° C. The
deprotected oligo is then recovered by an appropriate
method (precipitation, column chromatography, Volume

TTgctcitcc.gc.ctg.ccctggc

Spectrometry.

GACGGGACCG (SEQID NO: 268) may be prepared with
blunt ends (no Single Stranded overhang) as shown:

reduced in vacuo and analyzed Spetrophotometrically for
yield and for purity by capillary electrophoresis and by mass

(2'-O-(2-Methoxyethyl))-(2'-deoxy)-(2'-O-(Meth
oxyethyl)) Chimeric Phosphorothioate Oligonucle
otides

0151 (2'-O-(2-methoxyethyl))-(2'-deoxy)-(2'-O-(meth
oxyethyl)) chimeric phosphorothioate oligonucleotides were
prepared as per the procedure above for the 2'-O-methyl
chimeric oligonucleotide, with the substitution of 2'-O-

(methoxyethyl) amidites for the 2'-O-methyl amidites.

(2'-O-(2-Methoxyethyl)Phosphodiester)-(2'-deoxy
Phosphorothioate)-(2'-O-(2-Methoxyethyl) Phos
phodiester) Chimeric Oligonucleotides
0152 (2'-O-(2-methoxyethyl phosphodiester)-(2'-deoxy
phosphorothioate)-(2'-O-(methoxyethyl) phosphodiester)
chimeric oligonucleotides are prepared as per the above
procedure for the 2'-O-methyl chimeric oligonucleotide with

the substitution of 2'-O-(methoxyethyl) amidites for the
2'-O-methyl amidites, oxidation with iodine to generate the
phosphodiester internucleotide linkages within the wing
portions of the chimeric Structures and Sulfurization utilizing

Comple

(SEQ ID NO:270)

ment

0156. In another embodiment, a duplex comprising an
antisense Strand having the Same Sequence CGAGAGGCG

CC aca

c

aC

acc

| | | | | | | | | | | | | | | | | ||

gotcitcc.gc.ctg.ccctggc

Antisense
Strand

Complement (SEQ ID NO: 271)

O157 RNA strands of the duplex can be synthesized by
methods disclosed herein or purchased from Dharmacon

Research Inc., (Lafayette, Colo.). Once Synthesized, the

complementary Strands are annealed. The Single Strands are
aliquoted and diluted to a concentration of 50 uM. Once
diluted, 30 till of each strand is combined with 15 till of a 5x
Solution of annealing buffer. The final concentration of Said
buffer is 100 mM potassium acetate, 30 mM HEPES-KOH
pH 7.4, and 2 mM magnesium acetate. The final volume is
75 ul. This solution is incubated for 1 minute at 90° C. and
then centrifuged for 15 seconds. The tube is allowed to sit
for 1 hour at 37 C. at which time the dsRNA duplexes are
used in experimentation. The final concentration of the
dsRNA duplex is 20 uM. This solution can be stored frozen

(-20° C) and freeze-thawed up to 5 times.
0158. Once prepared, the duplexed antisense compounds

3.H-1,2 benzodithiole-3-one 1,1 dioxide (Beaucage
Reagent) to generate the phosphorothioate internucleotide

Sion.

linkages for the center gap.
0153. Other chimeric oligonucleotides, chimeric oligo
nucleosides and mixed chimeric oligonucleotides/oligo

0159. When cells reached 80% confluency, they are
treated with duplexed antisense compounds of the invention.
For cells grown in 96-well plates, wells are washed once

are evaluated for their ability to modulate SGLT2 expres
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with 200 uL OPTI-MEM-1 reduced-serum medium (Gibco
BRL) and then treated with 130 ul of OPTI-MEM-1 con
taining 12 tug/mL LIPOFECTIN (Gibco BRL) and the

desired dupleX antisense compound at a final concentration
of 200 mM. After 5 hours of treatment, the medium is

replaced with fresh medium. Cells are harvested 16 hours
after treatment, at which time RNA is isolated and target
reduction measured by RT-PCR.
Example 6
Oligonucleotide Isolation
0160. After cleavage from the controlled pore glass solid
Support and deblocking in concentrated ammonium hydrox
ide at 55 C. for 12-16 hours, the oligonucleotides or
oligonucleosides are recovered by precipitation out of 1 M
NHOAc with >3 volumes of ethanol. Synthesized oligo
nucleotides were analyzed by electrospray mass Spectros

copy (molecular weight determination) and by capillary gel

electrophoresis and judged to be at least 70% full length
material. The relative amounts of phosphorothioate and
phosphodiester linkages obtained in the Synthesis was deter
mined by the ratio of correct molecular weight relative to the

-16 amu product (t32 ta8). For Some Studies oligonucle

otides were purified by HPLC, as described by Chiang et al.,
J. Biol. Chem. 1991, 266, 18162-18171. Results obtained

with HPLC-purified material were similar to those obtained
with non-HPLC purified material.
Example 7
Oligonucleotide Synthesis-96 Well Plate Format
0.161 Oligonucleotides were synthesized via solid phase

P(III) phosphoramidite chemistry on an automated synthe

sizer capable of assembling 96 sequences simultaneously in
a 96-well format. Phosphodiester internucleotide linkages
were afforded by oxidation with aqueous iodine. Phospho
rothioate internucleotide linkages were generated by Sulfu
rization utilizing 3.H-1,2 benzodithiole-3-one 1,1 dioxide

(Beaucage Reagent) in anhydrous acetonitrile. Standard

base-protected beta-cyanoethyl-diso-propyl phosphoramid

ites were purchased from commercial vendors (e.g. PE

Applied Biosystems, Foster City, Calif., or Pharmacia, Pis

cataway, N.J.). Non-standard nucleosides are Synthesized as
per Standard or patented methods. They are utilized as base
protected beta-cyanoethyldiisopropyl phosphoramidites.
0162 Oligonucleotides were cleaved from support and
deprotected with concentrated NHOH at elevated tempera

ture (55-60° C.) for 12-16 hours and the released product
then dried in vacuo. The dried product was then re-SuS
pended in Sterile water to afford a master plate from which
all analytical and test plate Samples are then diluted utilizing
robotic pipettors.
Example 8
Oligonucleotide Analysis-96-Well Plate Format
0163 The concentration of oligonucleotide in each well
was assessed by dilution of samples and UV absorption
Spectroscopy. The full-length integrity of the individual

products was evaluated by capillary electrophoresis (CE) in
either the 96-well format (Beckman P/ACETM MDQ) or, for

individually prepared Samples, on a commercial CE appa

ratus (e.g., Beckman P/ACETM 5000, ABI 270). Base and

backbone composition was confirmed by mass analysis of
the compounds utilizing electrospray-mass spectroScopy.
All assay test plates were diluted from the master plate using
Single and multi-channel robotic pipettors. Plates were
judged to be acceptable if at least 85% of the compounds on
the plate were at least 85% full length.
Example 9
Cell Culture and Oligonucleotide Treatment
0164. The effect of antisense compounds on target
nucleic acid expression can be tested in any of a variety of
cell types provided that the target nucleic acid is present at
measurable levels. This can be routinely determined using,
for example, PCR or Northern blot analysis. The following
cell types are provided for illustrative purposes, but other
cell types can be routinely used, provided that the target is
expressed in the cell type chosen. This can be readily
determined by methods routine in the art, for example
Northern blot analysis, ribonuclease protection assays, or
RT-PCR.

0165 T-24 Cells:
0166 The human transitional cell bladder carcinoma cell
line T-24 was obtained from the American Type Culture
Collection (ATCC) (Nanassas, Va.). T-24 cells were rou
tinely cultured in complete McCoy's 5A basal media (Invit
rogen Corporation, Carlsbad, Calif.) Supplemented with
10% fetal calf serum (Invitrogen Corporation, Carlsbad,
Calif.), penicillin 100 units per mL, and streptomycin 100
micrograms per mL (Invitrogen Corporation, Carlsbad,
Calif.). Cells were routinely passaged by trypsinization and
dilution when they reached 90% confluence. Cells were
seeded into 96-well plates (Falcon-Primaria #353872) at a
density of 7000 cells/well for use in RT-PCR analysis.
0167 A549 Cells:
0.168. The human lung carcinoma cell line A549 was
obtained from the American Type Culture Collection
(ATCC) (Manassas, Va.). A549 cells were routinely cultured
in DMEM basal media (Invitrogen Corporation, Carlsbad,
Calif.) Supplemented with 10% fetal calf serum (Invitrogen
Corporation, Carlsbad, Calif.), penicillin 100 units per mL,
and Streptomycin 100 micrograms per mL (Invitrogen Cor
poration, Carlsbad, Calif.). Cells were routinely passaged by
trypsinization and dilution when they reached 90% conflu
CCC.

0169 NHDF Cells:
0170 Human neonatal dermal fibroblast (NHDF) were
obtained from the Clonetics Corporation (Walkersville,
Md.). NHDFs were routinely maintained in Fibroblast
Growth Medium (Clonetics Corporation, Walkersville, Md.)
Supplemented as recommended by the Supplier. Cells were
maintained for up to 10 passages as recommended by the
Supplier.
0171 HEK Cells:
0172 Human embryonic keratinocytes (HEK) were
obtained from the Clonetics Corporation (Walkersville,
Md.). HEKs were routinely maintained in Keratinocyte
Growth Medium (Clonetics Corporation, Walkersville, Md.)
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formulated as recommended by the Supplier. Cells were
routinely maintained for up to 10 passages as recommended
by the Supplier.
0173 HK-2 Cells:

0174. HK-2 (human kidney 2) is a proximal tubular cell
(PTC) line derived from normal kidney cells immortalized
by transduction with human papilloma virus 16 (HPV-16)
E6/E7 genes (CRL-2190, American Type Culture Collec
tion, Manassus, Va.). HK-2 cells were routinely cultured in
Keratinocyte-Serum Free Medium (17005-042, Invitrogen
Corporation, Carlsbad, Calif.) which includes 5 ng/ml

recombinant epidermal growth factor and 0.05 mg/ml
bovine pituitary extract. Cells were routinely passaged by
trypsinization and Split at a ratio of 1:4 when they reached
70-80% confluence. One day prior to transfection, cells were

seeded into 96-well plates (Falcon-Primaria #353872, BD
Biosciences, Bedford, Mass.) at a density of 10,000 cells/
well.

0175 b. END Cells:
0176) The mouse brain endothelial cell line b.END was

obtained from Dr. Werner Risau at the Max Plank Instititute

(Bad Nauheim, Germany). b.END cells were routinely cul
tured in DMEM, high glucose (Gibco/Life Technologies,
Gaithersburg, Md.) Supplemented with 10% fetal calf serum
(Gibco/Life Technologies, Gaithersburg, Md.). Cells were

routinely passaged by trypsinization and dilution when they
reached 90% confluence. Cells were seeded into 96-well

plates (Falcon-Primaria #3872) at a density of 3000 cells/
well for use in RT-PCR analysis.
0177 Treatment with Antisense Compounds:
0178 When cells reached 65-75% confluency, they were
treated with oligonucleotide. For cells grown in 96-well
plates, wells were washed once with 100 till OPTI

MEMTM-1 reduced-serum medium (Invitrogen Corporation,
Carlsbad, Calif.) and then treated with 130 ul of OPTI
MEMTM-1 containing 3.75 ug/mL LIPOFECTINTM (Invit
rogen Corporation, Carlsbad, Calif.) and the desired con

centration of oligonucleotide. Cells are treated and data are
obtained in triplicate. After 4-7 hours of treatment at 37 C.,
the medium was replaced with fresh medium. Cells were
harvested 16-24 hours after oligonucleotide treatment.
0179 The concentration of oligonucleotide used varies
from cell line to cell line. To determine the optimal oligo
nucleotide concentration for a particular cell line, the cells
are treated with a positive control oligonucleotide at a range
of concentrations. For human cells the positive control
oligonucleotide is selected from either ISIS 13920 (TCCGT.
CATCGCTCCTCAGGG, SEQ ID NO: 1) which is targeted
to human H-ras, or ISIS 18078, (GTGCGCGCGAGC
CCGAAATC, SEQ ID NO: 2) which is targeted to human
Jun-N-terminal kinase-2 (JNK2). Both controls are 2'-Omethoxyethyl gapmers (2'-O-methoxyethyls shown in bold)
with a phosphorothioate backbone. For mouse or rat cells the
positive control oligonucleotide is ISIS 15770, ATGCAT
TCTGCCCCCAAGGA, SEQ ID NO: 3, a 2'-O-methoxy
ethyl gapmer (2'-O-methoxyethyls shown in bold) with a
phosphorothioate backbone which is targeted to both mouse
and rat c-raf. The concentration of positive control oligo
nucleotide that results in 80% inhibition of c-H-ras (for ISIS
13920), JNK2 (for ISIS 18078) or c-raf (for ISIS 15770)
mRNA is then utilized as the Screening concentration for

new oligonucleotides in Subsequent experiments for that cell
line. If 80% inhibition is not achieved, the lowest concen

tration of positive control oligonucleotide that results in 60%
inhibition of c-H-ras, JNK2 or c-raf mRNA is then utilized

as the oligonucleotide Screening concentration in Subsequent
experiments for that cell line. If 60% inhibition is not
achieved, that particular cell line is deemed as unsuitable for
oligonucleotide transfection experiments. The concentra
tions of antisense oligonucleotides used herein are from 50
nM to 300 nM.

0180 For Northern blotting or other analysis, cells may
be seeded onto 100 mm or other standard tissue culture

plates and treated Similarly, using appropriate Volumes of
medium and oligonucleotide.
Example 10
Analysis of Oligonucleotide Inhibition of SGLT2
Expression
0181 Antisense modulation of SGLT2 expression can be
assayed in a variety of ways known in the art. For example,
SGLT2 mRNA levels can be quantitated by, e.g., Northern

blot analysis, competitive polymerase chain reaction (PCR),
or real-time PCR (RT-PCR). Real-time quantitative PCR is
presently preferred. RNA analysis can be performed on total

cellular RNA or poly(A)+ mRNA. The preferred method of
RNA analysis of the present invention is the use of total
cellular RNA as described in other examples herein. Meth
ods of RNA isolation are well known in the art. Northern

blot analysis is also routine in the art. Real-time quantitative

(PCR) can be conveniently accomplished using the com

mercially available ABI PRISMTM 7600, 7700, or 7900
Sequence Detection System, available from PE-Applied
BioSystems, Foster City, Calif. and used according to manu
facturers instructions.

0182 Protein levels of SGLT2 can be quantitated in a
variety of ways well known in the art, Such as immunopre

cipitation, Western blot analysis (immunoblotting), enzyme
linked immunosorbent assay (ELISA) or fluorescence-acti
vated cell sorting (FACS). Antibodies directed to SGLT2 can
be identified and obtained from a variety of Sources, Such as

the MSRS catalog of antibodies (Aerie Corporation, Bir
mingham, Mich.), or can be prepared via conventional
monoclonal or polyclonal antibody generation methods well
known in the art.

Example 11
Design of Phenotypic Assays for the Use of SGLT2
Inhibitors

0183 Phenotypic Assays
0184. Once SGLT2 inhibitors have been identified by the
methods disclosed herein, the compounds are further inves
tigated in one or more phenotypic assays, each having
measurable endpoints predictive of efficacy in the treatment
of a particular disease State or condition. Phenotypic assays,
kits and reagents for their use are well known to those skilled
in the art and are herein used to investigate the role and/or
association of SGLT2 in health and disease. Representative
phenotypic assays, which can be purchased from any one of
Several commercial vendors, include those for determining
cell viability, cytotoxicity, proliferation or cell Survival
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(Molecular Probes, Eugene, Oreg.; PerkinElmer, Boston,
Mass.), protein-based assays including enzymatic assays
(Panvera, LLC, Madison, Wis.; BD Biosciences, Franklin
Lakes, N.J., Oncogene Research Products, San Diego,
Calif.), cell regulation, signal transduction, inflammation,
oxidative processes and apoptosis (ASSay Designs Inc., Ann
Arbor, Mich.), triglyceride accumulation (Sigma-Aldrich,
St. Louis, Mo.), angiogenesis assays, tube formation assays,
cytokine and hormone assays and metabolic assays (Chemi
con International Inc., Temecula, Calif.; Amersham Bio

Sciences, Piscataway, N.J.).
0185. In one non-limiting example, cells determined to
be appropriate for a particular phenotypic assay (i.e., MCF-7
cells Selected for breast cancer Studies, adipocytes for obe

sity studies) are treated with SGLT2 inhibitors identified

from the in Vitro Studies as well as control compounds at
optimal concentrations which are determined by the meth
ods described above. At the end of the treatment period,
treated and untreated cells are analyzed by one or more
methods Specific for the assay to determine phenotypic
outcomes and endpoints.
0186 Phenotypic endpoints include changes in cell mor
phology over time or treatment dose as well as changes in
levels of cellular components Such as proteins, lipids,
nucleic acids, hormones, Saccharides or metals. Measure

ments of cellular status which include pH, Stage of the cell
cycle, intake or excretion of biological indicators by the cell,
are also endpoints of interest.

0187 Analysis of the genotype of the cell (measurement
of the expression of one or more of the genes of the cell)
after treatment is also used as an indicator of the efficacy or
potency of the SGLT2 inhibitors. Hallmark genes, or those
genes Suspected to be associated with a specific disease
State, condition, or phenotype, are measured in both treated
and untreated cells.

Example 12
RNA Isolation

0188 Poly(A)-- mRNA Isolation
0189 Poly(A)-- mRNA was isolated according to Miura
et al., (Clin. Chem., 1996, 42, 1758-1764). Other methods
for poly(A)-- mRNA isolation are routine in the art. Briefly,

for cells grown on 96-well plates, growth medium was
removed from the cells and each well was washed with 200

uL cold PBS. 60 lull lysis buffer (10 mM Tris-HCl, pH 7.6,
1 mM EDTA, 0.5 M NaCl, 0.5% NP-40, 20 mM vanadyl

ribonucleoside complex) was added to each well, the plate

was gently agitated and then incubated at room temperature
for five minutes. 55 till of lysate was transferred to Oligo

d(T) coated 96-well plates (AGCT Inc., Irvine Calif.). Plates

were incubated for 60 minutes at room temperature, washed

3 times with 200 uL of wash buffer (10 mM Tris-HCl pH 7.6,
1 mM EDTA, 0.3 M NaCl). After the final wash, the plate

was blotted on paper towels to remove exceSS wash buffer

and then air-dried for 5 minutes. 60 uL of elution buffer (5
mM Tris-HCl pH 7.6), preheated to 70° C., was added to
each well, the plate was incubated on a 90° C. hot plate for
5 minutes, and the eluate was then transferred to a fresh

96-well plate.
0.190 Cells grown on 100 mm or other standard plates
may be treated Similarly, using appropriate Volumes of all
Solutions.

0191) Total RNA Isolation
0192 Total RNA was isolated using an RNEASY 96TM
kit and buffers purchased from Qiagen Inc. (Valencia, Calif.)
following the manufacturer's recommended procedures.
Briefly, for cells grown on 96-well plates, growth medium
was removed from the cells and each well was washed with

200 ulcold PBS. 150 uL Buffer RLT was added to each well
and the plate vigorously agitated for 20 Seconds. 150 till of
70% ethanol was then added to each well and the contents

mixed by pipetting three times up and down. The Samples
were then transferred to the RNEASY 96TM well plate
attached to a OIAVACTM manifold fitted with a waste

collection tray and attached to a vacuum Source. Vacuum
was applied for 1 minute. 500 till of Buffer RW1 was added
to each well of the RNEASY 96TM plate and incubated for
15 minutes and the vacuum was again applied for 1 minute.
An additional 500 till of Buffer RW1 was added to each well
of the RNEASY 96TM plate and the vacuum was applied for
2 minutes. 1 mL of Buffer RPE was then added to each well

of the RNEASY 96TM plate and the vacuum applied for a
period of 90 seconds. The Buffer RPE wash was then
repeated and the vacuum was applied for an additional 3
minutes. The plate was then removed from the QIAVACTM
manifold and blotted dry on paper towels. The plate was then
re-attached to the OIAVACTM manifold fitted with a collec

tion tube rack containing 1.2 mL collection tubes. RNA was
then eluted by pipetting 140 till of RNAse free water into
each well, incubating 1 minute, and then applying the
vacuum for 3 minutes.

0193 The repetitive pipetting and elution steps may be
automated using a QIAGEN Bio-Robot 96.04 (Qiagen, Inc.,
Valencia Calif.). Essentially, after lysing of the cells on the
culture plate, the plate is transferred to the robot deck where
the pipetting, DNase treatment and elution Steps are carried
Out.

Example 13
Real-Time Quantitative PCR Analysis of SGLT2
mRNA Levels

0194 Quantitation of SGLT2 mRNA levels was accom
plished by real-time quantitative PCR using the ABI
PRISMTM 7600, 7700, or 7900 Sequence Detection System

(PE-Applied Biosystems, Foster City, Calif.) according to

manufacturers instructions. This is a closed-tube, non-gel
based, fluorescence detection System which allows high

throughput quantitation of polymerase chain reaction (PCR)
products in real-time. As opposed to standard PCR in which
amplification products are quantitated after the PCR is
completed, products in real-time quantitative PCR are quan
titated as they accumulate. This is accomplished by includ
ing in the PCR reaction an oligonucleotide probe that
anneals specifically between the forward and reverse PCR
primers, and contains two fluorescent dyes. A reporter dye

(e.g., FAM or JOE, obtained from either PE-Applied Bio

Systems, Foster City, Calif., Operon Technologies Inc.,
Alameda, Calif. or Integrated DNA Technologies Inc., Cor

alville, Iowa) is attached to the 5' end of the probe and a
quencher dye (e.g., TAMRA, obtained from either PE

Applied Biosystems, Foster City, Calif., Operon Technolo
gies Inc., Alameda, Calif. or Integrated DNA Technologies

Inc., Coralville, Iowa) is attached to the 3' end of the probe.

When the probe and dyes are intact, reporter dye emission
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is quenched by the proximity of the 3' quencher dye. During
amplification, annealing of the probe to the target Sequence
creates a Substrate that can be cleaved by the 5'-exonuclease
activity of Taq polymerase. During the extension phase of
the PCR amplification cycle, cleavage of the probe by Taq
polymerase releases the reporter dye from the remainder of

the probe (and hence from the quencher moiety) and a

Sequence-specific fluorescent signal is generated. With each
cycle, additional reporter dye molecules are cleaved from
their respective probes, and the fluorescence intensity is
monitored at regular intervals by laser optics built into the
ABI PRISMTM Sequence Detection System. In each assay, a
Series of parallel reactions containing Serial dilutions of
mRNA from untreated control Samples generates a Standard
curve that is used to quantitate the percent inhibition after
antisense oligonucleotide treatment of test Samples.
0.195 Prior to quantitative PCR analysis, primer-probe
Sets Specific to the target gene being measured are evaluated
for their ability to be “multiplexed” with a GAPDH ampli
fication reaction. In multiplexing, both the target gene and
the internal standard gene GAPDH are amplified concur
rently in a single Sample. In this analysis, mRNA isolated
from untreated cells is serially diluted. Each dilution is
amplified in the presence of primer-probe Sets Specific for

plate containing 30 till purified, cellular RNA. The plate is

read in a CytoFluor 4000 (PE Applied Biosystems) with
excitation at 485 nm and emission at 530 nm.

0199 Probes and primers to human SGLT2 were
designed to hybridize to a human SGLT2 Sequence, using

published sequence information (GenBank accession num
ber NM 00304.1.1, incorporated herein as SEQID NO: 4).
For human SGLT2 the PCR primers were:
forward primer:
TCGGCGTGCCCAGCT

reverse primer:

poration, (Carlsbad, Calif.). RT-PCR reactions were carried
out by adding 20 uL PCR cocktail (2.5x PCR buffer minus

MgCl, 6.6 mM MgCl, 375 uM each of dATP, dCTP, dCTP
and dGTP, 375 nM each of forward primer and reverse
primer, 125 nM of probe, 4 Units RNASe inhibitor, 1.25
Units PLATINUM(R) Taq, 5 Units Mul V reverse tran

scriptase, and 2.5x ROX dye) to 96-well plates containing
30 ul total RNA solution (20-200 ng). The RT reaction was
carried out by incubation for 30 minutes at 48 C. Following

and

the PCR probe was:

0200 where FAM is the fluorescent dye and TAMRA is
the quencher dye. For human GAPDH the PCR primers
Wee:

forward primer:
GAAGGTGAAGGTCGGAGTC

the PCR probe was:
5' JOE-CAAGCTTCCCGTTCTCAGCC
TAMRA 3'

(SEQ ID NO : 10)

0201 where JOE is the fluorescent reporter dye and
TAMRA is the quencher dye.
0202) Probes and primers to mouse SGLT2 were
designed to hybridize to a mouse SGLT2 Sequence, using

published sequence information (the concatenation of the
sequences with the GenBank accession numbers: AJ292928,
AW106808, AI789450, AWO46901, the complement of
AI647605, the complement of AW107250, and the comple

ment of AI788744, incorporated herein as SEQ ID NO: 11).

For mouse SGLT2 the PCR primers were:
forward primer:

carried out: 95°C. for 15 seconds (denaturation) followed by
60° C. for 1.5 minutes (annealing/extension).
0.197 Gene target quantities obtained by real time RT

GCTGTATTCTTGCCCTGTTCCT

using RiboGreenTM RNA quantification reagent (Molecular
Probes, Inc. Eugene, Oreg.). Methods of RNA quantification
by RiboGreenTM are taught in Jones, L. J., et al., (Analytical
Biochemistry, 1998, 265, 368-374).
0198 In this assay, 170 uL of RiboGreenTM working
reagent (RiboGreenTM reagent diluted 1:350 in 10 mM
Tris-HCl, 1 mM EDTA, pH 7.5) is pipetted into a 96-well

(SEQ ID NO: 9)

and

TGTTGGACCCTCACAAAGAGTAAG

real time RT-PCR, by being run simultaneously with the
target, multiplexing, or Separately. Total RNA is quantified

(SEQ ID NO: 8)

reverse primer:
GAAGATGGTGATGGGATTTC

a 10 minute incubation at 95 C. to activate the PLATI

tifying total RNA using RiboGreenTM (Molecular Probes,
Inc. Eugene, Oreg.). GAPDH expression is quantified by

(SEQ ID NO: 7)

FAM-TCCTCTGCGGCGTGCACTACCTC-TAMRA

NUM(R) Taq, 40 cycles of a two-step PCR protocol were

PCR are normalized using either the expression level of
GAPDH, a gene whose expression is constant, or by quan

(SEQ ID NO : 6)

AGAACAGCACAATGGCGAAGT

GAPDH only, target gene only (“single-plexing”), or both
(multiplexing). Following PCR amplification, standard

curves of GAPDH and target mRNA signal as a function of
dilution are generated from both the Single-plexed and
multiplexed samples. If both the slope and correlation coef
ficient of the GAPDH and target signals generated from the
multiplexed samples fall within 10% of their corresponding
values generated from the Single-plexed Samples, the
primer-probe Set specific for that target is deemed multi
plexable. Other methods of PCR are also known in the art.
0196. PCR reagents were obtained from Invitrogen Cor

(SEQ ID NO: 5)

(SEQ ID NO: 12)

reverse primer:
(SEQ ID NO : 13)

and

the PCR probe was:
FAM-TTCTGGGATCCACTCCAAGCTGCTCA
TAMRA

(SEQ ID NO: 14)

0203 where FAM is the fluorescent reporter dye and
TAMRA is the quencher dye. For mouse GAPDH the PCR
primers were:
forward primer:
GGCAAATTCAACGGCACAGT

(SEQ ID NO: 15)

ewese primer

GGGTCTCGCTCCTGGAAGAT

(SEQ ID NO: 16)
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TGTTGGACCCTCACAAAGAGTAAG (SEQ ID NO:12)
and the reverse primer GCTGTATTCTTGCCCTGTTCCT

-continued
and

(SEQID NO: 13). To normalize for variations in loading and

transfer efficiency membranes were Stripped and probed for

the PCR probe was:
5' JOE

OUSC

(SEQ ID NO: 17)

AAGGCCGAGAATGGGAAGCTTGTCATC

glyceraldehyde-3-phosphate

dehydrogenase

(GAPDH) RNA (Clontech, Palo Alto, Calif.).
0208 Hybridized membranes were visualized and quan

TAMRA 3'

0204 where JOE is the fluorescent reporter dye and
TAMRA is the quencher dye.
Example 14
Northern Blot Analysis of SGLT2 mRNA Levels
0205 Eighteen hours after antisense treatment, cell
monolayers were washed twice with cold PBS and lysed in

titated

using

PHOSPHORIMAGERTM

and

IMAGEQUANTTM Software V3.3 (Molecular Dynamics,
Sunnyvale, Calif.). Data was normalized to GAPDH levels
in untreated controls.

Example 15

1 mL RNAZOLTM (TEL-TEST “B” Inc., Friendswood,
Tex.). Total RNA was prepared following manufacturer's

Antisense Inhibition of Human SGLT2 Expression
by Chimeric Phosphorothioate Oligonucleotides
Having 2'-MOE Wings and a Deoxy Gap
0209. In accordance with the present invention, a series
of antisense compounds was designed to target different
regions of the human SGLT2 RNA, using published

recommended protocols. Twenty micrograms of total RNA
was fractionated by electrophoresis through 1.2% agarose
gels containing 1.1% formaldehyde using a MOPS buffer

system (AMRESCO, Inc. Solon, Ohio). RNA was trans

ferred from the gel to HYBONDTM-N+ nylon membranes

(Amersham Pharmacia Biotech, Piscataway, N.J.) by over

sequences (GenBank accession number NM 00304.1.1,
incorporated herein as SEQ ID NO: 4). The compounds are
shown in Table 1. “Target site' indicates the first (5'-most)

night capillary transfer using a Northern/Southern Transfer

buffer system (TEL-TEST “B” Inc., Friendswood, Tex.).

nucleotide number on the particular target Sequence to
which the compound binds. All compounds in Table 1 are

RNA transfer was confirmed by UV visualization. Mem
branes were fixed by UV cross-linking using a

chimeric oligonucleotides ("gapmers') 20 nucleotides in
length, composed of a central 'gap' region consisting often
2'-deoxynucleotides, which is flanked on both sides (5' and
3' directions) by five-nucleotide “wings”. The wings are
composed of 2'-methoxyethyl (2'-MOE)nucleotides. The
internucleoside (backbone) linkages are phosphorothioate
(P=S) throughout the oligonucleotide. All cytidine residues

STRATALINKERTM UV Crosslinker 2400 (Stratagene, Inc,
La Jolla, Calif.) and then probed using QUICKHYBTM
hybridization Solution (Stratagene, La Jolla, Calif.) using
manufacturer's recommendations for Stringent conditions.
0206 To detect human SGLT2, a human SGLT2 specific
probe was prepared by PCR using the forward primer

TCGGCGTGCCCAGCT (SEQ ID NO: 5) and the reverse
primer AGAACAGCACAATGGCGAAGT (SEQ ID NO:
6). To normalize for variations in loading and transfer
efficiency membranes were Stripped and probed for human
glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
RNA (Clontech, Palo Alto, Calif.).
0207 To detect mouse SGLT2, a mouse SGLT2 specific

are 5-methylcytidines. The compounds were analyzed for
their effect on human SGLT2 mRNA levels by quantitative
real-time PCR as described in other examples herein. HK-2
cells were treated with 500 nM of antisense oligonucleotide
mixed with 15 lug/mL LIPOFECTIN. Data are averages
from three experiments in which HK-2 cells were treated
with the antisense oligonucleotides of the present invention.
If present, “N.D.” indicates “no data”.

probe was prepared by PCR using the forward primer

TABLE 1.

Inhibition of human SGLT2 mRNA levels by chimeric
phosphorothioate oligonucleotides having
2-MOE wings and a deoxy gap
TARGET

SEO ID TARGET

%

SEO ID

SEOUENCE

INHIB

NO

1.

tetccccaggatctg.ccccc

17

18

4

15

gtgtgcticcticcattcticcc

41

19

Coding

4

42

ccCatctetggtgcc.gagcc

33

2O

337876

Coding

4

70

aggattgtcaatcagggect

49

21

337877

Coding

4

95

atgcagcaatgactaggatg

45

22

337878

Coding

4

124

caagccaacgccaatgacca

54

23

337879

Coding

4

150

cctctgttggttctgcacat

26

24

ISIS #

REGION

NO

337873

Start Codon

4

337874

Start Codon

337875

SITE
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TABLE 1-continued

Inhibition of human SGLT2 mRNA levels by chimeric
phosphorothioate oligonucleotides having
2-MOE wings and a deoxy gap
TARGET

%

SEO ID

SITE

SEOUENCE

INHIB

NO

182

tgcgtCctgccaggaagtag

25

25

ccaaccggccaccacaccat

45

26

262

agtCcctgccaggcccacaa

43

27

Codiling

291

ccagcaa.cagccaagccact

37

28

337884

Codiling

354

aggtacacgggtgcaaacag

48

29

337885

Codiling

384

tactgtggcatcgtgatgac

28

337886

Codiling

426

aggtagagg.cggatgcgg.cg

24

31

337887

Codiling

442

aagggagagcacagacaggt

50

32

337888

Codiling

474

tCcactgagatcttggtgaa

41

33

337889

Codiling

tggatgaatacagctCcgga

49

34

337890

Codiling

529

ggcatagatgttccagccca

36

35

337891

Codiling

560

teatggtgatgcccagaage

23

36

337892

Codiling

577

tectgtcaccgtgtaaatca

39

37

337893

Codiling

gtgtacatcagcgcggccag

33

38

337894

Codiling

624

atgacgaaggtetgtaccgt

41

39

337.895

Codiling

651

cccatgaggatgcaggcgcc

55

337896

Codiling

694

gtcgaagagaccc.gaatacc

3O

337897

Codiling

716

aagtcgctgctCccaggtat

O

337898

Codiling

772

tCgatagcagaagctggaga

47

337899

Codiling

849

agtcCSaggagcagcScggs

5

337900

Codiling

884

ggtcgctgcaccagtaccag

29

337901

Codiling

909

gccaggcagcgctgcacgat

22

337902

Codiling

944

tgcagccc.gccttgatgtgg

67

337903

Codiling

954

ccacacaggatgcagccc.gc

37

337904

Codiling

991

catgaccatgagaaacatgg

43

337905

Codiling

gctgatcatgcctggcatga

54

50

337906

Codiling

1033

cgccaccitcgtctgggtaca

45

51

337907

Codiling

1051

caccitcaggcaccacgcacg

54

52

337908

Codiling

1073

cc.gtgcc.gcacacgcgcctg

34

53

337909

Codiling

1100

ggtagg.cgatgttggagcag

3O

54

337910

Codiling

1122

atgagettcacgacgagcc.g

48

55

337911

Codiling

1151

ccagcatgagtcc.gc.gcaga

50

56

337912

Codiling

118O

cgaggacatgagcgcggcca

71

57

SEO ID TARGET
ISIS #

REGION

33788O

Codiling

337881

Codiling

337882

Codiling

337883

NO
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TABLE 1-continued

Inhibition of human SGLT2 mRNA levels by chimeric
phosphorothioate oligonucleotides having
2-MOE wings and a deoxy gap
TARGET

%

SEO ID

SITE

SEOUENCE

INHIB

NO

211

gcgtgctgctgctgttgaag

37

58

Codiling

232

tgtagatgtcCatggtgaag

39

59

337915

Codiling

272

agcagcagcticgcggtCgcc

21

60

337916

Codiling

292

ccacccagagcc.gtoccacc

47

61

337917

Codiling

319

aggccaccgacactaccacg

38

62

337918

Codiling

360

gaagagetgccc.gccctgtg

38

63

337919

Codiling

372

ctggatgtaatcgaagagct

45

64

33792O

Codiling

415

CSaagaCSSCSSacaCSSSC

3

65

337921

Codiling

433

gcacgaagagegecageacg

32

66

337922

Codiling

453

gccctgctCattaacgc.gc.g

34

67

337.923

Codiling

479

aggccccc.gatgagtCccca

68

337.924

Codiling

497

cgtgccaggeccatcagcag

69

337925

Codiling

526

cc.gagecgaaggagaacticg

70

337926

Codiling

544

agggctgcacacagctg.ccc

71

337927

Codiling

570

gcc.gcagaggaaagctggSC

72

337928

Codiling

595

caatggcgaagtagaggag

73

337929

Codiling

615

gccagagcagaagaacagca

74

33793O

Codiling

641

cacaggsagaccgtgagggt

75

3379.31

Codiling

677

agg.cggggagggetttct

76

33.7932

Codiling

cctCcttgctatgccggaga

77

337.933

Codiling

729

atcagcatccaggtecticcc

78

3379.34

Codiling

763

cattctglacaggsgagtgag

50

337935

Codiling

788

atctecatggcactictetgg

58

337936

Codiling

835

gCaggcactgg.cggaagagg

29

81

337937

Codiling

861

acctctgcticatccacaaa

56

82

337938

Codiling

881

ggcggaggactg.cccacccc

22

83

337939

Codiling

917

cgcctggctgctg.ccgctgc

11

84

33794O

Codiling

939

gtcctcgctgatgtccticca

40

85

337941

Codiling

972

ggcattgaggttgaccacac

86

337942

Codiling

2003

agaggaacacggccactgcc

87

337943

Codiling

2014

atagaagccccagaggaaca

39

88

337944

Stop Codon

4

2025

tggtcttaggcatagaagcc

28

89

4

2048

tggettatggtgtccaacgc

35

90

teacccccacttcctgtgag

42

91

SEO ID TARGET
ISIS #

REGION

NO

3379.13

Codiling

4

337914

337945
337.946

3'UTR

4

79
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TABLE 1-continued

Inhibition of human SGLT2 mRNA levels by chimeric
phosphorothioate oligonucleotides having
2-MOE wings and a deoxy gap
TARGET

%

SEO ID

ISIS #

REGION

SEO ID TARGET
NO

SITE

SEOUENCE

INHIB

NO

337947

3'UTR

4

2120

tetcaccccactgcccette

38

92

337948

3'UTR

4

2158

CaggcagaggaaSSCCSSSa

38

93

337949

3'UTR

4

2197

ccticatgggaagtgactgcc

37

94

3379.50

3'UTR

4

223O

ttCcttagggcaactgcage

34

95

Sequences (the concatenation of the Sequences with the

0210. As shown in Table 1, SEQ ID NOS 19, 20, 21, 22,
23, 26, 27, 28, 29, 32, 33, 34,35, 37,38, 39, 40, 41, 43,47,
48, 49, 50, 51, 52, 53, 54, 55, 56, 57,58, 59, 61, 62, 63, 64,
66, 67, 68, 69, 70, 73,74, 77, 79,80, 82,85, 88,90,91, 92,
93, 94 and 95 demonstrated at least 30% inhibition of human

GenBank accession numbers: AJ292928, AW106808,

AI789450, AW046901, the complement of AI647605, the
complement of AW 107250, and the complement of
AI788744, incorporated herein as SEQID NO: 11; GenBank
accession number AJ292928. 1, incorporated herein as SEQ

SGLT2 expression in this assay. The target regions to which
these Sequences are complementary are herein referred to as
"Suitable target Segments' and are therefor Suitable for
targeting by compounds of the present invention. These
target Segments are shown in Table 3. These Sequences are

ID NO: 96; and GenBank accession number AWO45170.1,

incorporated herein as SEQID NO:97). The compounds are
shown in Table 2. “Target site' indicates the first (5'-most)
nucleotide number on the particular target nucleic acid to

shown to contain thymine (T) but one of skill in the art will
appreciate that thymine (T) is generally replaced by uracil
(U) in RNA sequences. The sequences represent the reverse

which the compound binds. All compounds in Table 2 are

chimeric oligonucleotides ("gapmers') 20 nucleotides in
length, composed of a central 'gap' region consisting often

complement of the Suitable antisense compounds shown in

2'-deoxynucleotides, which is flanked on both sides (5' and
3' directions) by five-nucleotide “wings”. The wings are
composed of 2'-methoxyethyl (2'-MOE) nucleotides. The
internucleoside (backbone) linkages are phosphorothioate
(P=S) throughout the oligonucleotide. All cytidine residues

Table 1, “Target site” indicates the first (5'-most) nucleotide

number on the particular target nucleic acid to which the
oligonucleotide binds. Also shown in Table 3 is the species
in which each of the Suitable target Segments was found.
Example 16

are 5-methylcytidines. The compounds were analyzed for
their effect on mouse SGLT2 mRNA levels by quantitative
real-time PCR as described in other examples herein. Data
are averages from three experiments in which b.END cells
were treated with 100 nM of the antisense oligonucleotides
of the present invention. The positive control for each
datapoint is identified in the table by sequence ID number.
If present, “N.D.” indicates “no data”.

Antisense Inhibition of Mouse SGLT2 Expression
by Chimeric Phoshorothioate Oligonucleotides
Having 2'-MOE Wings and a Deoxy Gap
0211. In accordance with the present invention, a second
Series of antisense compounds was designed to target dif
ferent regions of the mouse SGLT2 RNA, using published

TABLE 2

Inhibition of mouse SGLT2 mRNA levels by chimeric
phosphor othioate oligonucleotides having 2'-MOE

wings and a deoxy gap
TARGET

CONTROL

SEQ ID TARGET

;

SEQ ID SEQ ID

ISIS #

REGION

NO

SITE

SEQUENCE

INHIB

NO

NO

145725

Coding

11

27

tgcticciccaagttcagagcc

16

98

1

1457.26

Coding

11

39

atcagg accttctgctcccc

30

99

1

14572.7

Coding

11

50

caggattatcaatcagg acc

15

1 OO

1

145728

Coding

11

62

cc agaatgtcago aggatta

9

101

1
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TABLE 2-continued

Inhibition of mouse SGLT2 mRNA levels by chimeric
phosphorothioate oligonucleotides having 2'-MOE
wings and a deoxy gap
TARGET

CONTROL

;

SEQ ID TARGET
SIS #

REGION

45729

Coding

45730

NO

SITE

SEQ ID SEQ ID

SEQUENCE

INHIB

NO

93

ccaatgaccagoaggaaata

15

Coding

117

ctgaacata gaccacaagcc

45731

Coding

127

totattggttctgaacatag

45732

Coding

138

ccaactgtgccitctattggit

43

45733

Coding

148

gaagtag coacca actdtgc

16

45.734

Coding

189

gaggctcca accq gocacca

43

45735

Coding

213

cit gcc gatgttgctggcgaa

45736

Coding

230

ggcc.cacaaaatgaccgctg

44

45.737

Coding

261

gccaa.gc.cacttgctgcacc

29

45.738

Coding

2.94

acgaagagcgcattccactc

45.739

Coding

299

gcaccac galaga.gc.gcattc

45.740

Coding

375

cgcttgcggaggtactgagg

45.741.

Coding

420

agcgaga gCacggaCaggta

45.742

Coding

462

gagaacatatocacc gagat

45.743

Coding

490

caggg cctottgaatgaata

45.744

Coding

550

cacagtataaatcatggtga

35

45.745

Coding

581

citgttgtacatcagtgcc.gc.c

18

45746

Coding

592

citgcacagtgtctgttgtaca

45.747

Coding

605

gaatgacga aggtotgcaca

14

20

45.748

Coding

616

ggcc.ccggcaagaatgacga.

25

21

45.749

Coding

659

agtaccc.gc.cc actt catgg

45750

Coding

45751

Coding

45752

22

accogtcagtgaagt cattg

18

23

784

gtcacgcagcaggtatagg

24

24

Coding

795

cctdtcacagggtoacgcag

40

25

45753

Coding

840

gag acaatggtaag.ccc.cag

20

26

45754

Coding

to agattctitt.ccago cagg

12

27

45.755

Coding

912

ttgatgtgagt cagattott

13

28

45756

Coding

998

ggtagagaatgcggctgatc

45757

Coding

1039

cc.gcttacacaccitcaggta

32

30

45758

Coding

1050

gtgcc acacaccc.gcttaca

39

31

45759

Coding

106.8

ttagagcagoccaccitcagt

28

32

45760

Coding

1081

tggg tagg.cgatgttagagc

15

33

45761

Coding

1113

agaccattggg catgagott

34

45762

Coding

1128

agcatgagtcc.gc.gcagacc

35

29

NO
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TABLE 2-continued

Inhibition of mouse SGLT2 mRNA levels by chimeric
phosphorothioate oligonucleotides having 2'-MOE
wings and a deoxy gap
TARGET

CONTROL

;

SEQ ID TARGET
SIS #

REGION

45763

Coding

4564

NO

SITE

SEQ ID SEQ ID

SEQUENCE

INHIB

NO

142

ccago atgact gccagoatg

22

36

Coding

177

gttaaagatggatgccagag

45765

Coding

246

cagotccittatcaccitgcac

55

38

45766

Coding

320

gctgcct gcaccactggcag

44

39

45767

Coding

393

aaag accgcagacacttgag

40

45768

Coding

403

gtgcaag cacaaag accgca

41

45769

Coding

475

gagctagg.cccatcagoagg

42

45770

Coding

485

ggitat gaga.cgagctagg CC

43

45771.

Coding

496

agaagaacticggg tatgaga

44

45772

Coding

524

gagggtogcacacagotgcc

45

45773

Coding

563

tagaggtag totaccc.gaca

46

45774

Coding

682

CCttgctgtg.ccggagacitg

40

47

45775

Coding

707

to agcatcCaggtoctoccg

46

48

4.5776

Coding

722

gg accittctaact catcago

45777

Coding

765

cattgcacattcctgg.cccc

23

5O

45778

Coding

839

ttgctcatcccacagaacca

15

51

45.779

Coding

851

cctgacccacticttgctcat

4578O

Coding

881

gccaccitcc togg tagtggg

45781

Coding

457.82

Coding

921

45.783

Coding

457.84

Coding

45785

37

49

52
21

gatgtcc to cago.cgc.ctgg

53
54

gg gatcc to actdatgtc.ct

25

55

953

agggcattgaggttgacitac

11

56

992

tagaa.gc.cccagaggaacac

57

3'UTR

21 64

aatcaaatggactgg accoc

58

45.786

3'UTR

2174

agtgacaac caatcaaatgg

10

59

45787

3'UTR

2186

catcttgttgggaagtgacaa

14

60

45788

3'UTR

2199

accaattggccatcatcttg

45789

3'UTR

223

ggagggcagttittatttittg

96

2123

caatgtc.tcacccacaagcc

45790 exon: intron

61
20

62
63

4.5791

intron

96

2239

ctaaatctaggitttctocct

45792

intron

96

2291

ttittgcacaatccagaaggit

65

4.5793

intron

96

24. Of

gaccittaaatataggctgct

66

45794

intron

96

2477

aacco aggcc.ctaatcc tag

67

45795

intron

96

2551

aggctgaagattalaccagcc

68

11

64

NO
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TABLE 2-continued

Inhibition of mouse SGLT2 mRNA levels by chimeric
phosphorothioate oligonucleotides having 2'-MOE
wings and a deoxy gap
TARGET

CONTROL

SEQ ID TARGET

SEQ ID SEQ ID

ISIS #

REGION

NO

SITE

SEQUENCE

INHIB

NO

NO

145796

intron

96

2595

ttgg actitccittagctitcct

9

169

1

145797 exon: intron

96

2647

galacatagacitgggaalacag

17 O

1

145798

intron

96

2797

gaggctoca acctgggtggc

171

1

145799

intron

97

133

to cagoaaatgaacctgttgt

172

1

1458 OO

intron

97

284

cacagoggaagtgcctgggc

21

173

1

1458O1

intron

97

316

totcc tagtccitcacaccca

12

174

1

1458O2

intron

97

338

gggacago atcct gag cagg

25

175

1

0212. As shown in Table 2, SEQ ID NOS 99, 105, 107,
109, 110, 117, 121, 124, 125, 126, 130, 131, 132, 136, 138,
139, 142, 147, 148, 150, 153, 155, 162, 173 and 175
demonstrated at least 20% inhibition of mouse SGLT2

expression in this experiment. Also suitable are SEQID NOS
105, 119 and 135. The target regions to which these
Sequences are complementary are herein referred to as
"Suitable target Segments' and are therefore Suitable for
targeting by compounds of the present invention. These

12

target Segments are shown in Table 3. These Sequences are

shown to contain thymine (T) but one of skill in the art will
appreciate that thymine (T) is generally replaced by uracil
(U) in RNA sequences. The sequences represent the reverse
complement of the preferred antisense compounds shown in

Tables 1 and 2. “Target site' indicates the first (5'-most)
nucleotide number on the particular target nucleic acid to
which the oligonucleotide binds. Also shown in Table 3 is
the Species in which each of the Suitable target Segments was
found.
TABLE 3

Sequence and position of preferred target segments
identified in human and mouse SGLT2.
TARGET

SITE

REW

SEQ ID TARGET
SITE

COMP OF

ACTIVE

SEQ ID

SEQUENCE

SEQ ID

IN

NO

ID

NO

25.3571

4

15

gggagaatggaggag cacac

19

H. sapiens

76

25.3572

4

42

ggctcgg Caccagagatggg

2O

H. sapiens

77

25.3573

4

70

aggcc citgattgacaatcct

21

H. sapiens

78

25.3574

4

95

catcc tagt cattgctgcat

22

H. sapiens

79

25.3575

4

124

tgg to attggc gttggcttg

23

H. sapiens

8O

25.3578

4

204

atggtgtggtggc.cggttgg

26

H. sapiens

81

25.3579

4

262

ttgttgggCCtggCagggact

27

H. sapiens

82

25.358O

4

291

agtggcttggctgttgctgg

28

H. sapiens

83

25.3581

4

354

ctgtttgcaccc.gtgtacct

29

H. sapiens

84

25.3584

4

442

acctgtctgtgctcitcccitt

32

H. sapiens

85

25.3585

4

474

ttcaccalagatctoragtgga

33

H. sapiens

86

25.3586

4

5 O1.

to cqgagct gtatto atcca

34

H. sapiens

87

25.3587

4

529

tgggctggaac atctatocc

35

H. sapiens

88
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TABLE 3-continued

Sequence and position of preferred target segments
identified in human and mouse SGLT2.
TARGET

REW
COMP OF

SITE SEQ ID TARGET
ID

NO

25.3589

4

SITE

ACTIVE
IN

SEQ ID
NO

SEQUENCE

SEQ ID

577

tgatttacacggtgacagga

37

sapiens

89

253590

600

citggcc.gc.gctgatgtacac

38

sapiens

9O

253591

624

acggtacagacctitcgtcat

39

sapiens

91

25.3592

651

ggcgc.ctgcatcc to atggg

40

sapiens

92

253593

694

gg tattogggtotctitcgac

41

sapiens

93

25.3595

772

totccagottctgctatoga

43

sapiens

94

25.3599

944

ccacatcaaggcgggctgca

47

sapiens

95

25.36 OO

954

gCgggctgcatcCtgtgtgg

48

sapiens

96

25.36O1

991

ccatgtttctdatggtoatg

49

sapiens

97

25.3602

OO 6

to atgc.cagg catgatcagc

50

sapiens

98

25.3603

tgtaccCagacgaggtggCg

51

sapiens

99

25.3604

cgtgcgtggtgcCtgaggtg

52

sapiens

200

25.3605

cagg.cgc.gtgtgcgg cacgg

53

sapiens

201

25.3606

100

ctgctocaacatc.gc.ctacc

54

sapiens

25.36O7

122

cggctogtogtgaagct cat

55

sapiens

25.3608

151

totgc.gcggacticatgctgg

56

sapiens

204

25.3609

18O

tggcc.gc.gct catgtc.citcg

57

sapiens

2O5

25.3610

211

cittcaa.ca.gcago agcacgc

58

sapiens

25.3611

232

cittcaccatggacatctaca

59

sapiens

25.3613

292

ggtgggacggctctgggtgg

61

sapiens

208

25.3614

319

cgtgg tagtgtcggtggcct

62

sapiens

209

25.3615

360

cacagggcgggcagotcittc

63

sapiens

25.3616

372

agctctitcgattacatccag

64

sapiens

25.3618

433

cgtgctgg.cgctcitt.cgtgc

66

sapiens

25.3619

453

cgc.gcgittaatgagc agggc

67

sapiens

25.3620

479

tggggact catcgggggcct

68

sapiens

25.3621

497

citgctgatgggcctggcacg

69

sapiens

25.3622

526

cgagttcticcittcggctic gg

70

sapiens

25.3625

595

ctacctctactitc.gc.cattg

73

sapiens

25.3626

615

tgctgttcttctgctctggc

74

sapiens

to tcc.ggcatagdaaggagg

77

sapiens

79

sapiens

220

sapiens

221

sapiens

222

25.3629
25.3631

763

citcacticcict gtacagaatg

253632

788

ccagagagtgccatggagat

25.3634

861

tttgtggaatgag cagaggit

82
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TABLE 3-continued

Sequence and position of preferred target segments
identified in human and mouse SGLT2.
TARGET

REW
COMP OF

SITE SEQ ID TARGET

ACTIVE
IN

SEQ ID

ID

NO

SITE

SEQUENCE

SEQ ID

25.3637

4

1939

tggaggaCat Cagcgaggac

85

sapiens

223

2014

tgttccitctggggcttctat

88

sapiens

224

25.3642

gc gttggacaccataagcca

90

sapiens

225

25.3643

Ctcacaggaagtgggggtga

91

sapiens

226

253640

NO

25.3644

2120

gaaggggcagtggggtgaga

92

sapiens

227

25.3645

215.8

to coggcctitcctctg.cctg

93

sapiens

228

25.3646

2197

gg cagt cactitcc catgagg

94

sapiens

229

25.3647

22.30

gctgcagttgcc.ctaaggaa

95

sapiens

230

58683

39

ggggag Cagalaggtoctat

99

musculus

231

58689

138

accalatagaggcacagttgg

musculus

232

58691

189

tggtggc.cggttggagcctic

musculus

233

586 93

230

cagogg to attttgttgg gcc.

musculus

234

58.694

261

ggtgcago aagtggcttggc

10

musculus

235

58701

550

to accatgatttatact.gtg

17

musculus

236

58705

616

togtoattcttgcc.ggggcc

21

musculus

237

58708

784

ccitatcacct gctg.cgtgac

24

musculus

238

58709

795

ctg.cgtgaccctgttgacagg

25

musculus

239

5871 O

840

citggggcttaccattgtctic

26

musculus

240

5871.4

tacct gaggtgtgtaag.cgg

30

musculus

241

58715

tgtaag.cgggtgtgtgg CaC

31

musculus

242

58716

actgaggtgggctgctotaa

32

musculus

243

5872O

142

catgctgg cagtcatgctgg

36

musculus

244

58722

246

gtgcaggtgataaggagctg

38

musculus

245

58723

320

Ctgc.ca.gtggtgcaggCagc

39

musculus

246

58726

475

cc togct gatgggcctagotc

42

musculus

247

58731

682

cagt citcc.gg cacagdaagg

47

musculus

248

58732

707

cgggaggacCtggatgctga

48

musculus

249

58734

765

ggggcCaggaatgtgcaatg

50

musculus

25 O

58.737

881

cc cact accgaggaggtggc

53

musculus

251

58739

921

agga catcagtgaggat.ccc

55

musculus

252

caaaaataaaactg.cccitcc

62

musculus

253

58746

223

5.8757

97

284

gcc.caggc actitcc.gctgtg

73

musculus

254

58759

97

338

cc togcticaggatgctgtc.cc

75

musculus

255
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0213 As these “suitable target segments” have been
found by experimentation to be open to, and accessible for,
hybridization with the antisense compounds of the present
invention, one of Skill in the art will recognize or be able to
ascertain, using no more than routine experimentation, fur
ther embodiments of the invention that encompass other
compounds that Specifically hybridize to these Suitable tar
get Segments and consequently inhibit the expression of
SGLT2.

0214) According to the present invention, antisense com
pounds include antisense oligomeric compounds, antisense

oligonucteotides, ribozymes, external guide Sequence (EGS)

oligonucleotides, alternate splicers, and other short oligo
meric compounds which hybridize to at least a portion of the
target nucleic acid.
Example 17
Western Blot Analysis of SGLT2 Protein Levels

0215 Western blot analysis (immunoblot analysis) is

ages in the wings, except for one phosphorothioate linkage

in the wing(s) at either the extreme 5' end (ISIS 360886), the
extreme 3' end (ISIS 360887) or both of the extreme 5' and
3' ends (ISIS 351641).
0218 ISIS 323294 (SEQ ID NO: 106) consists of
2'-MOE nucleotides at positions 1, 2, 3, 4, 17 and 19,
2'-DMAEOE nucleotides at positions 5, 16, 18 and 20 and
2'-deoxynucleotides at positions 6 through 15, with phos
phorothioate linkages throughout the oligonucleotide. ISIS

323295 (SEQ ID NO: 106) consists of 2'-MOE nucleotides

at positions 1, 2, 3, 4, 17 and 19, 2'-DMAEOE nucleotides
at positions 5, 16, 18 and 20 and 2'-deoxynucleotides at
positions 6 through 15, wherein the first and last 4 inter
nucleoside linkages are phosphodiester and the central inter
nucleoside linkages are phosphorothioate.
0219. The nucleotides in the 3' most positions in ISIS

251017 and 257018 are cytosine residues (indicated by an
asterisk in Table 4). All other cytosine residues of the
oligonucleotides listed above are 5-methylcytosines. The
compounds are shown in Table 4. Phosphodiester (P=O)

carried out using Standard methods. Cells are harvested
16-20 h after oligonucleotide treatment, washed once with

internucleoside linkages are indicated by an “o' between

PBS, suspended in Laemmli buffer (100 ul?well), boiled for

Side linkages are indicated by an “S” between nucleotide
positions. 2'-MOE nucleotides are underscored and
2'-DMAEOE nucleotides are emboldened. All compounds
in Table 4 target the coding region of murine SGLT2

5 minutes and loaded on a 16% SDS-PAGE gel. Gels are run
for 1.5 hours at 150 V, and transferred to membrane for

western blotting. Appropriate primary antibody directed to
SGLT2 is used, with a radiolabeled or fluorescently labeled
Secondary antibody directed against the primary antibody
species. Bands are visualized using a PHOSPHORIM

AGERTM (Molecular Dynamics, Sunnyvale Calif.).
Example 18

nucleotide positions. Phosphorothioate (P=S) internucleo

(provided herein as SEQ ID NO: 11).
TABLE 4
Chemical modifications of antisense

compounds targeting SGLT2

Design of Chemically Modified Antisense
Compounds Targeting SGLT2
0216 A series of chemically modified antisense com
pounds were designed using the sequence of ISIS 145733

ISIS # Sequence

NO

145733 Gs.AsAsGsTsAsGSCsCsAsCsCSAsAsCsTsGsTsGsC

106

(SEQ ID NO: 106), ISIS 145742 (SEQ ID NO: 265) or ISIS
145746 (SEQ ID NO: 266). Modifications were made to the

25 7016 GoAoAoGoTsAsGsCsCsAsCsCsAsAsCsToGoToGoC

106

25701.7 GsasAsGsTsAsGsCsCsAsCsCSAsAsCsTsGsTsGsC*

106

257 018GoAoAoGoTsAsGsCsCsAsCsCSAsAsCsToGoToGoC*

106

1457 42 GSAsGsAsAsCsAs TsAsTsCsCSAsCsCsGsAsGsAsT

265

34 1699 GoAdGoAoAsCsAsTsAssCsCsAsCsCs GoAoGoAot

265

145746 CssGsCsAsCsAsGssGssCssGssGsTsAsCsA.

266

cytosine nucleobase was used in place of the modified
5-methylcytosine at one position in the antisense compound.
The compounds are shown in Table 4.

351642 CoToGoCoAsCsAsGssGssCssGssGoToAdCoA

266

351641 GsAdAdGoTsAsGsCsCsAsCsCsAsAsCsToGoToGsC

106

0217) ISIS 145733 (SEQ ID NO: 106), ISIS 145742
(SEQ ID NO: 265) and ISIS 145746 (SEQ ID NO: 266) are

360886 GsAdAdGoTsAsGsCsCsAsCsCsAsAsCsToGoToGoC

106

360887 GoAdAdGoTsAsGsCsCsAsCsCsAsAsCsToGoToGsC

106

323294GsAsAsGsTsAsGsCsCsAsCsCsAsAsCsTsGsTsGsC

106

323295 GoAoAoGoTsAsGsCsCsAsCsCSAsAsCsToGoToGoC

106

internucleoside linkages Such that the oligonucleotides con
sisted of either full phosphorothioate backbones or mixed

phosphorothioate and phosphodiester backbones (mixed
backbone compounds). Modified antisense compounds also
contained Sugar moiety Substitutions at the 2' position,

comprising a 2-methoxyethyl (2'-MOE) or a 2-0-dimethy
laminoethoxyethyl (2-DMAEOE). Further modifications
included nucleobase Substitutions, wherein the unmodified

chimeric oligonucleotides having 2-MOE wings and a
deoxy gap with phosphorothioate linkages throughout the

oligonucleotide. ISIS 257016 (SEQ ID NO: 106), ISIS
341699 (SEQ ID NO: 265) and ISIS 351642 (SEQ ID NO:
266) are chimeric oligonucleotides having 2'-MOE wings

and a deoxy gap, with phosphodiester linkages in the wings
and phosphorothioate linkages in the gap. ISIS 351641

(SEQ ID NO: 106), ISIS 360886 (SEQ ID NO: 106) and
ISIS 360887 (SEQ ID NO: 106) are chimeric oligonucle

otides having 2'-MOE wings and a deoxy gap, with phos
phorothioate linkages in the gap and phosphodiester link

SEQ
ID

Example 19
Effects of Antisense Inhibition of SGLT2 in Mice:

Comparison of Various Chemistries
0220. In accordance with the present invention, SGLT2
antisense compounds described in Example 18 were inves
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tigated for their activity in vivo. ISIS 29837 (TCGATCTC
CTTTTATGCCCG, SEQ ID NO: 256) served as a control
compound and is a chimeric oligonucleotide ("gapmer”) 20

TABLE 5

nucleotides in length, composed of a central 'gap' region
consisting of ten 2'-deoxynucleotides, which is flanked on

both sides (5' and 3' directions) by five-nucleotide “wings”.
The wings are composed of 2'-methoxyethyl (2'-MOE)
nucleotides. The internucleoside (backbone) linkages are
phosphorothioate (P=S) throughout the oligonucleotide.
All cytidine residues are 5-methylcytidines.

Antisense inhibition of SGLT2 mRNA expression in
vivo by 25 mg/kg doses of antisense compounds
% change in SGLT2 expression
relative to saline
ISIS
145733

ISIS
257O16

ISIS
323,294

ISIS
323,295

ISIS
29837

-44

-82

-40

-31

-23

0221 Male 6-week old Balb/c mice (Charles River Labo
ratories, Wilmington, Mass.) were given intraperitoneal
injections of ISIS 145733, ISIS 257016, ISIS 323294, ISIS
323295 or ISIS 29837 at a dose of 25 mg/kg twice per week
for two weeks. Saline-injected animals also served as a
control. Each treatment group contained four animals. The
mice were Sacrificed 2 days following administration of the
fourth and final dose of oligonucleotide or Saline.
0222 Mice were evaluated for SGLT2 levels in kidney.
Target levels were determined by quantitative real-time PCR
as described by other examples herein. PCR results were
normalized to the ubiquitously expressed mouse cyclophilin
A gene.

0223 Probes and primers to mouse SGLT2 were
designed to hybridize to a mouse SGLT2 sequence, using
published Sequence information (incorporated herein as
SEQ ID NO: 11). For mouse SGLT2 the PCR primers were:

0227. These data illustrate that antisense compounds of
different chemistries inhibit the expression of SGLT2
mRNA in mouse kidney.
0228 Mice were further evaluated for total body weight,
liver weight and Spleen weight. Significant changes in
Spleen, liver or body weight can indicate that a particular
compound causes toxic effects. The data are expressed as
percent change ("+" indicates an increase, “- indicates a

decrease) relative to Saline control. The results are presented
in Table 6.
TABLE 6

Effects of antisense compounds on total body weight, liver weight
and spleen weight in mice
Weight as % change relative to saline control

forward primer:

(SEQ ID NO: 257)
CTCGTCTCATACCCGAGTTCTTCT

reverse primer:

(SEQ ID NO: 258)
AATGATGGCGAAATAGAGGTAGTGTAC

145733

Total Body

257O16

323,294

323295

29837

O

O

-1

-3

O

Liver

+1

+1

+9

+4

+12

Spleen

+4

+1

+19

+8

+1

and the PCR probe was:
(SEQ ID NO: 259)
FAM-TGCGACCCTCAGCGTGCCC
TAMRA

0224 where FAM is the fluorescent dye and TAMRA is
the quencher dye. For mouse cyclophilin A the PCR primers
Wee:

(SEQ ID NO: 260)

forward primer: TCGCCGCTTGCTGCA
(SEQ ID NO: 261)

0229 All changes were within the margin of error of the
experiment. No Significant changes in body weight were
observed during the treatment or at Study termination. No
Significant changes in liver or spleen weights were observed.
0230 Toxic effects of compounds administered in vivo
can also be assessed by measuring the levels of enzymes and
proteins associated with disease or injury of the liver or
kidney. Elevations in the levels of the Serum transaminases

aspartate aminotransferase (AST) and alanine aminotrans
ferase (ALT) are often indicators of liver disease or injury.

reverse primer: ATCGGCCGTGATGTCGA

Serum total bilirubin is an indicator of liver and biliary

and the PCR

function, and albumin and blood urea nitrogen (BUN) are

probe was:
(SEQ ID NO: 262)
5' JOE-CCATGGTCAACCCCACCGTGTTC-3'

indicators of renal function. Glucose and triglyceride levels
are Sometimes altered due to toxicity of a treatment. Serum
glucose also depends in part upon the activity of SGLT2.

0225 where JOE is the fluorescent reporter dye and
TAMRA is the quencher dye.
0226. The data are expressed as percent change ("-

0231. In accordance with the present invention, the levels
of ALT, AST, total bilirubin, albumin, BUN, glucose and
triglyceride were measured in mice treated with the com
pounds of the invention. Serum was analyzed by LabCorp

indicates a decrease) relative to Saline treated animals and

Testing Facility (San Diego, Calif.). The results are

are shown in Table 5.

expressed as units measured and are shown in Table 7.
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TABLE 7

Effects of antisense compounds targeting SGLT2 on liver and kidney function
in mice
Serum

Normal

Treatment and units measured

indicator

Range

Saline

145733 257O16 323294 323295

BUN mg/dL

15-40

27

29

33

29

Albumin

2.5-4.0

3

3

3

3

O1

O.1

O.1

O1

29837

Bilirubin mg/dL

0.1-1.0

AST

30-300

124

83

129

174

O1
114

ALT

30-2OO

33

26

47

61

31

Triglycerides

25-100*

179

154

157

160

209

198

80-150*

242

270

222

284

271

235

mg/dL
Glucose

mg/dL
*Triglyceride and glucose levels are routinely higher in the Balbfc strain of mice than in
other strains of mice.

0232 The levels of routine clinical indicators of liver and
kidney injury and disease are within normal ranges and are
not significantly changed relative to Saline-treated animals,
demonstrating that the compounds of the invention do not
Significantly affect renal or hepatic function. Triglyceride
and glucose levels, while outside the normal range for most
mice as is common in the Balb/c Strain, are not significantly
elevated relative to Saline-treated animals.

0233 Mice injected with ISIS 145733, 257016, 323294
and 323295 were also evaluated histologically following
routine procedures. Liver, Spleen, kidney, intestine, pan
creas, lung, Skin, heart and muscle Samples were procured,
fixed in 10% neutral-buffered formalin and processed for
Staining with hematoxylin and eosin, to visualize nuclei and
cytoplasm, or with the anti-oligonucleotide IgG1 antibody

(Charles River Laboratories, Wilmington, Mass.) were given

intraperitoneal injections of either ISIS 145733 or ISIS
257016 at doses of 6.25, 12.5, 25 and 50 mg/kg twice per
week for two weeks. Saline-injected animals Served as
controls. A total of 4 animals were injected per group. The
mice were Sacrificed 2 days following administration of the
fourth and final dose of oligonucleotide or Saline.
0236 Mice were evaluated for SGLT2 levels in kidney.
Target levels were determined by quantitative real-time PCR
as described by other examples herein. PCR results were
normalized to cyclophilin as described in Example 19. The
data are expressed as percent change ("+" indicates an

increase, '-' indicates a decrease) relative to Saline treated
animals and are illustrated in Table 8.

2E1-B5 (Berkeley Antibody Company, Berkeley, Calif.) to

assess oligonucleotide Staining patterns. Hematoxylin and
eosin Staining in most tissues exhibited no significant dif
ference between Saline- and oligonucleotide-treated ani

TABLE 8

Antisense inhibition of SGLT2 mRNA expression in
Vivo by antisense compounds with varying chemistries

mals. Heart sections from animals treated with 323294 and

323295 showed a high amount of inflammation relative to
hearts from Saline-treated mice. 2E1-B5 antibody was rec
ognized using an isospecific anti-IgG2 horse-radish peroxi

dase-conjugated Secondary antibody (Zymed, San Fran
cisco, Calif.) and immunostaining was developed with 3,3'diaminobenzidene (DAKO, Carpenteria, Calif.). 2E1-B5

Staining was performed in duplicate and showed that none of
the chemistries Significantly stained the liver, while Staining
was observed in the kidney proximal tubules.
0234. The results illustrated in this example demonstrate
that antisense compounds of different chemistries are deliv
ered to the kidney, reduce SGLT2 expression in vivo, and
that treatment with these compounds does not result in liver
or kidney toxicity.
Example 20
Effects of Antisense Compounds on SGLT2 mRNA
Expression in vivo: Dose Response Study
Comparing Mixed Backbone and Full
Phosphorothioate Backbones
0235 ISIS 145733 and ISIS 257016 were selected for a
dose response study in mice. Male 8-week old Balb/c mice

% change in SGLT2 expression
relative to saline

Dose of oligonucleotide

ISIS

ISIS

mg/kg

145733

257O16

6.25
12.5
25
50

-3
-7
-37
-34

-58
-68
-68
-77

0237) These results illustrate that the compounds of the
invention, both full phosphorothioate and mixed backbone
oligonucleotides, inhibit the expression of SGLT2 in vivo in
a dose-dependent manner.
0238. The levels of SGLT2 expression were also evalu
ated by Northern blot analysis of both pooled and individual
RNA samples, to validate the target reduction observed by
real-time PCR. Total RNA was prepared from procured
tissues of sacrificed mice by homogenization in GITC buffer

(Invitrogen, Carlsbad, Calif.) containing 2-mercaptoethanol
(Sigma-Aldrich, St. Louis, Mo.) following manufacturers

recommended protocols followed by ultracentrifugation
through a CsCl cushion. Twenty micrograms of total RNA
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was fractionated by electrophoresis through 1.2% agarose
gels containing 1.1% formaldehyde using a MOPS buffer

TABLE 10

system (AMRESCO, Inc. Solon, Ohio). RNA was trans
ferred from the gel to HYBONDTM-N+ nylon membranes

Northern analysis of SGLT2 message in
individually measured RNA samples

(Amersham Pharmacia Biotech, Piscataway, N.J.) by over
night capillary transfer. RNA transfer was confirmed by UV
visualization. Membranes were fixed by UV cross-linking

using a STRATALINKERTM UV Crosslinker 2400 (Strat
agene, Inc, La Jolla, Calif.) and then probed using
RapidHYBTM hybridization solution (Amersham Pharmacia
Biotech, Piscataway, N.J.) using manufacturer's recommen
dations for Stringent conditions.
0239). To detect mouse SGLT2, a mouse SGLT2 specific
template was prepared by PCR using the forward primer

% change in SGLT2 expression
Dose of

relative to saline

oligonucleotide
mg/kg

ISIS
145733

6.25

5'-ATGGAGCAACACGTAGAGGCAGGCT-3' (SEQ ID
NO: 263) and the reverse primer 5'-GAGTGCCGCCAGC
CCTCCTGTCACA-3' (SEQ ID NO: 264) and gel purified.

The probe was prepared by asymmetric PCR with the

ISIS
257O16

-34

-66

12.5

-38

-68

25

-39

-74

50

-59

-82

purified template and the reverse primer incorporating 'p
CTP to label the probe. Following hybridization blots were

exposed overnight to phosphorimager Screens (Molecular
Dynamics, Amersham) and quantitated. To normalize for

0243 Treated mice were further evaluated at the end of
the treatment period for total body, liver and Spleen weight.

variations in loading and transfer efficiency membranes
were Stripped and probed for mouse glyceraldehyde-3-

The data are expressed as percent change ("+" indicates an
increase, "-” indicates a decrease) relative to Saline control.

phosphate dehydrogenase (GAPDH) RNA (Clontech, Palo
Alto, Calif.).
0240 For pooled sample analysis, equal amounts of RNA

The results are presented in Table 11

isolated from the kidneys of mice in the same treatment was
combined for a total of 20 ug, and the pooled Sample was
subjected to Northern blot analysis. The results of the pooled
Sample analysis are shown in Table 9 and are normalized to

TABLE 11

Effects of antisense compounds on total body weight, liver weight and
spleen weight in mice
% Change relative to saline-treated

Saline controls ("+" indicates an increase, "-” indicates a

decrease).
TABLE 9

Dose of

Northern Analysis of SGLT2 message in pooled kidney RNA samples
% change in SGLT2 expression
Dose of

relative to saline

oligonucleotide
mg/kg

ISIS
145733

ISIS
257O16

6.25
12.5
25
50

+21
+7
-35
-35

-57
-50
-75
-82

0241 These results demonstrate that, as determined by
Northern blot analysis of pooled samples, ISIS 257016
inhibits SGLT2 expression inhibits SGLT2 expression at all
doses of antisense compound in a dose-dependent manner,
where as ISIS 145733 inhibits SLGT2 expression at the two
highest doses of antisense compound.
0242 Target levels in kidney RNA samples from indi
vidual mice were also measured by Northern blot analysis.
Equal amounts of RNA were individually subjected to
Northern blot analysis to determine the level of SGLT2.
Target level measurements for each treatment group were
then averaged. The results are shown in Table 10 and are
normalized to Saline controls ("-” indicates a decrease).

ISIS

ISIS

145733

257O16

oligonucleotide

Total

mg/kg

Body

Liver

Spleen

-4

-10

-12

-1

-3

+1

-6

-2

-7

-3

-13

-9

6.25
12.5

Total

Body

Liver

Spleen

25

1.

-1

+10

1.

-8

+8

50

-1

+6

+10

-3

-9

+12

0244. These data demonstrate that no significant changes
in total body, liver or Spleen weights are observed following
treatment with ISIS 145733 or ISIS 257016 at 4 different

doses. No changes in total body weight were observed
during the treatment period, or at Study termination.
0245. In addition to the indicators of toxicity listed in
Example 19, creatinine levels are also used to evaluate renal
function. In accordance with the present invention, the levels
of ALT, AST, total bilirubin, creatinine, BUN, glucose and
triglyceride were measured in mice treated with the com
pounds of the invention. Serum was analyzed by LabCorp

Testing Facility (San Diego, Calif.). The results are
expressed as units measured and are shown in Table 12.
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TABLE 12

Effects of antisense compounds targeting SGLT2 on liver and kidney function in mice
Units measured per treatment and dose
Serum

Normal

indicator

Range

Saline

145733

BUN

15-40

24

25 mg/kg 145733 50 mg/kg 257016 25 mg/kg 257016 50 mg/kg
24

25

26

26

mg/dL
Creatinine

0.0-1.0

O.1

O1

O1

O.125

O.1

mg/L.
Bilirubin mg/dL

0.1-1.0

AST

30-300

77

O.125

65

O1

96

O1

O1
133

O.1
141

ALT

30-2OO

24

18

22

34

35

IU/L
Triglycerides

25-1OO*

165

169

230

130

111

80-150*

236

28O

256

244

248

IU/L

mg/dL
Glucose

mg/dL
*Triglyceride and glucose levels are routinely higher in the Balbfc strain of mice than in other strains of mice.

0246 The AST levels in animals treated with 25 mg/kg of
ISIS 145733 are slightly below the normal range, as is the
ALT level for Saline treated mice. Otherwise, the levels of

routine clinical indicators of liver and kidney injury and
disease are within normal ranges and are not significantly
changed relative to Saline-treated animals, demonstrating
that the compounds of the invention do not significantly
affect renal or hepatic function. Triglyceride and glucose
levels, while outside the normal range as is common in the
Balb/c Strain, are not significantly elevated relative to Saline
treated animals.

0247 Mice injected with ISIS 145733 and 257016 at
doses from 6.25 to 50 mg/kg were also evaluated histologi
cally following routine procedures. Liver and kidney
samples were procured, fixed in 10% neutral-buffered for
malin and processed for Staining with hematoxylin and
eosin, to visualize nuclei and cytoplasm, or with the anti

oligonucleotide IgG1 antibody 2E1-B5 (Berkeley Antibody
Company, Berkeley, Calif.) to assess oligonucleotide stain
ing patterns. Hematoxylin and eosin Staining exhibited no
Significant difference between Saline- and oligonucleotide
treated animals. 2E1-B5 antibody was recognized using an
isospecific anti-IgG2 horseradish peroxidase-conjugated

Example 21
Effects of Antisense Compounds on SGLT2 mRNA
Expression in Vivo: an Additional Dose Response
Study Comparing Mixed Backbone and Full
Phosphorothioate Backbones
0249) ISIS 145733 and ISIS 257016 were selected for a
dose response study in mice using two identical and two
lower doses with respect to the doses used in Example 20.

0250) Male 8-week old Balb/c mice (Charles River Labo
ratories, Wilmington, Mass.) were given intraperitoneal
injections of ISIS 145733 or ISIS 257016 at doses of 1, 5,
25 or 50 mg/kg twice per week for two weeks. Saline
injected animals Served as a control. In addition, as a
Specificity control, the same doses of SGLT2 antisense
oligomeric compounds do not significantly inhibit expres
sion of SGLT1 mRNA in kidney cells. Each treatment group
contained 4 mice. The mice were Sacrificed 2 days following
administration of the fourth and final dose of oligonucleotide
or Saline.

0251 Mice were evaluated for SGLT2 levels in kidney
and liver. Target levels were determined by quantitative
real-time PCR as described by other examples herein. PCR
results were normalized to cyclophilin. The data are
expressed as percent change relative to Saline treated ani

mals ("+" indicates an increase, '-' indicates a decrease)
and are illustrated in Table 13.

Secondary antibody (Zymed, San Francisco, Calif.) and
immunostaining was developed with 3,3'-diaminobenzidene

(DAKO, Carpenteria, Calif.). 2E1 staining showed no
detectable oligonucleotide in the liver, while Staining was
observed in the kidney proximal tubules. Staining intensity
lessened concomitantly with a decrease in oligonucleotide

TABLE 13

Antisense inhibition of SGLT2 mRNA expression in vivo
by antisense compounds with varying chemistries
% change in SGLT2 expression
relative to saline

dose.
Dose of

0248. The results illustrated in this example demonstrate
that antisense compounds of different chemistries are deliv
ered to the kidney, reduce SGLT2 expression in vivo in a
dose-dependent manner, and that treatment with these com
pounds does not result in liver or kidney toxicity.

Kidney

Liver

oligonucleotide
mg/kg

ISIS
145733

ISIS
257O16

ISIS
145733

ISIS
257O16

1.
5

+2
-15

-46
-64

-19
-39

+13
+1
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TABLE 13-continued

TABLE 1.4

Antisense inhibition of SGLT2 mRNA expression in vivo
by antisense compounds with varying chemistries

Effects of antisense compounds on total body weight, liver weight and
Spleen weight in mice
% change in body, liver and Spleen weight

% change in SGLT2 expression
relative to saline

Dose of

Kidney

Liver

ISIS
145733

Dose of

ISIS
257O16

oligonucleotide
mg/kg

ISIS
145733

ISIS
257O16

ISIS
145733

ISIS
257O16

oligonucleotide

Total

mg/kg

Body

Liver

Spleen

Total

Body

Liver

Spleen

25
50

-34
-40

-74
-76

-21
-59

-5
-12

1.
5
25
50

O
+3
-1
-1

-6
+1
+2
+13

+10
+10
-4
+35

-2
-3
+2
-2

-8
-9
+2
-6

+13
+5
+12
+15

0252) These results illustrate that the compounds of the
invention, both full phosphorothioate and mixed backbone
oligonucleotides, can inhibit the expression of kidney
SGLT2 in a dose-dependent manner. Greater inhibition is
observed in kidneys from mice treated with ISIS 257016, a
mixed backbone antisense compound. SGLT2 is not highly
expressed in liver, therefore target levels are low before
treatment and therefore more difficult to accurately measure.

0254. No significant change was observed in total body
weight at timepoints throughout or at the termination of the
study. Treatments of 25 mg/kg ISIS 145733 and 50 mg/kg
257016 resulted in a decrease and increase in liver weight,
respectively, however, these changes are within the margin
of error for the data and are therefore not significant.
0255 In addition to the other serum markers described

While ISIS 145733 and ISIS 257016 also lowered liver

toxicity. In accordance with the present invention, the levels

SGLT2 expression, with 145733 having a greater effect in
liver than the mixed backbone ISIS 257.016.

0253) Treated mice were further evaluated for liver and

herein, cholesterol levels can be used as a measure of
of ALT, AST, total bilirubin, albumin, creatinine, BUN,

triglyceride, cholesterol and glucose were measured in mice
treated with the compounds of the invention. Plasma
samples were analyzed using the Olympus AU400e auto

Spleen weight. The data are expressed as percent change

mated chemistry analyzer (Olympus America, Irving, Tex.).

("+” indicates an increase, '-' indicates a decrease) relative

The results are expressed as units measured are shown for

to Saline control. The results are presented in Table 14.

ISIS 145733 in Table 15 and for ISIS 257016 in Table 16.
TABLE 1.5

Effects of the full phosphorothioate antisense compound ISIS 145733 on indicators of
liver and kidney function
Units measured per
Normal

Serum indicator

Range

BUN

15-40

dose of ISIS 145733

Saline 1 mg/kg 5 mg/kg 25 mg/kg 50 mg/kg
27

31

31

3O

25

mg/dL
Creatinine

0.0-1.0

O.2

O.2

O.2

O.2

O.2

mg/L.
Bilirubin mg/dL

0.1-1.0

AST

30-300

92

O.3

91

O.2

45

O1

133

O.3

56

O.1

30-2OO

35

27

26

37

31

2.5-4.0

3

3

3

3

3

IU/L
ALT

IU/L
Albumin

g/dL
Triglycerides mg/dL

25-1OO*

136

188

183

153

224

Cholesterol

70-125

122

116

117

12O

132

80-150*

208

2O2

173

170

161

mg/dL
Glucose

mg/dL
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0256)
TABLE 16

Effects of the mixed backbone antisense compound ISIS 257016 on indicators of liver
and kidney function
Units measured per
Normal

Serum indicator

Range

BUN

15-40

dose of ISIS 257016

Saline 1 mg/kg 5 mg/kg 25 mg/kg 50 mg/kg
27

23

29

25

28

mg/dL
Creatinine

0.0-1.0

O.2

O.2

O.2

O.2

O.2

mg/L.
Bilirubin mg/dL

0.1-1.0

AST

30-300

92

O.3

74

O.2

73

O.2

99

O.2

138

O.2

30-2OO

35

34

34

46

48

2.5-4.0

3

3

3

3

3

IU/L
ALT

IU/L
Albumin

g/dL
Triglycerides mg/dL

25-1OO*

136

271

233

225

136

Cholesterol

70-125

122

116

124

144

137

80-150*

208

18O

178

154

182

mg/dL
Glucose

mg/dL
*Triglyceride and glucose levels are routinely higher in the Balbfc strain of mice than in
other strains of mice.

0257 The levels of routine clinical indicators of liver and
kidney injury and disease are within normal ranges and are
not significantly changed relative to Saline-treated animals,
demonstrating that the compounds of the invention do not
Significantly affect renal or hepatic function. Triglyceride
and glucose levels, while outside the normal range as is
common in the Balb/c Strain, are not significantly elevated
relative to Saline-treated animals.

0258 Mice injected ISIS 145733 and 257016 at 1-50
mg/kg were also evaluated histologically following routine
procedures. Liver and kidney Samples were procured, fixed
in 10% neutral-buffered formalin and processed for staining
with hematoxylin and eosin, to visualize nuclei and cyto
plasm, or with the anti-oligonucleotide IgG1 antibody 2E1

B5 (Berkeley Antibody Company, Berkeley, Calif.) to assess
oligonucleotide Staining patterns. Hematoxylin and eosin
Staining in most tissues exhibited no significant difference
between saline- and 145733-treated animals, with the excep
tion of slight inflammatory cell infiltration in the liver tissue.
Livers from mice treated with ISIS 257016 showed evidence

of nuclear degradation and mitosis at 50 mg/kg and slight
mitosis at 25 mg/kg. Kidneys from ISIS 257016 exhibited no
Significant differences compared to Saline-treated kidneyS.
2E1-B5 antibody was recognized using an isospecific anti
IgG2 horse-radish peroxidase-conjugated Secondary anti

body (Zymed, San Francisco, Calif.) and immunostaining
was developed with 3,3'-diaminobenzidene (DAKO, Car
penteria, Calif.). Staining with the 2E1 antibody showed
weak Staining in liver and kidneys from animals treated with
ISIS 145733, whereas staining was strong in liver and

kidney from animals treated with ISIS 257016. Kidney 2E1
Staining appears in a punctate pattern.
Example 22
Dose Response Study Comparing Mixed Backbone
and Full Phosphorothioate Backbones: a Second
SGLT2 Antisense Sequence
0259 A second mixed backbone SGLT2 oligonucleotide,

ISIS 341699 (SEQ ID NO: 265), and control phosphorothio
ate SGLT2 oligonucleotide, ISIS 145742 (SEQID NO: 265),
were Selected for a dose response Study in mice. For

comparison, ISIS 257016 (mixed backbone; SEQ ID NO:
106) also was included in this study.
0260 Male 8-week old Balb/c mice (Charles River Labo
ratories, Wilmington, Mass.) were given intraperitoneal
injections of ISIS 341699, ISIS 145742 or ISIS 257016
twice per week for two weeks with the doses shown in Table
17. Saline-injected animals Served as controls. Each treat
ment group contained 4 mice. The mice were Sacrificed 2
days following administration of the fourth and final dose of
oligonucleotide or Saline.

0261 Mice were evaluated for SGLT2 levels in kidney.
Target levels were determined by quantitative real-time PCR
as described by other examples herein. PCR results were
normalized to cyclophilin. The data are expressed as percent

change relative to Saline treated animals ("+" indicates an
increase, "-” indicates a decrease) and are illustrated in
Table 17.
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mated chemistry analyzer (Olympus America, Irving, Tex.).
The results, expressed as units measured, are shown for ISIS

TABLE 1.7

Antisense inhibition of SGLT2 mRNA expression in vivo by mixed
backbone and full phosphorothioate oligonucleotides (expressed
as percent change in SGLT2 mRNA expression relative to Saline
Dose of
oligonucleotide
mg/kg
O.2
1.
5
25
50

145742 in Table 20, ISIS 341699 in Table 21 and ISIS
257016 in Table 22.
TABLE 2.0

ISIS
145.742

-0.6
-24.9
-32.6

ISIS
341699
-1.8
-10.9
-23.9

ISIS
257O16

Effect of the full phosphorothioate antisense compound ISIS 145742
on indicators of liver and kidney function

-18.9
-50.5
-56.7

Units measured per

0262 These results illustrate that the compounds of the
invention, both full phosphorothioate and mixed backbone
oligonucleotides, can inhibit the expression of kidney
SGLT2 in a dose-dependent manner. However, lower doses
of the mixed backbone compound are required to inhibit
SGLT2 expression in kidneys from treated mice.
0263 Treated mice were further evaluated for liver and
Spleen weight. The data are expressed as percent change in

Serum

Normal

indicator

Range

Saline

BUN

15-40

2O

Creatinine

AST

IU/L

20.8

O.2

O.2

O.2

75.3

83.5

145.3

O.1

113

30-200

35.5

29.8

40.3

47.5

2.5-4.0

3.0

3.0

2.9

2.9

25-1OO*

223.8

176.5

192

176.8

70-125

129

119.5

119.5

113.5

80-150*

176.5

196.5

192

1948

g/dL

Effects of antisense compounds on total body weight of
mice (expressed as percent change in body weight

Triglycerides

mg/dL
Cholesterol

ISIS
341699

ISIS
257O16

mg/dL

+7.9
+5.8
+3.2

mg/dL

Glucose

+5.0
+2.0
+7.2

0.0-1.0

30-300

Albumin

O.2
1.
5
25
50

25.5

IU/L
ALT

ISIS
145.742

21.3

mg/L.

Table 19.

Dose of
oligonucleotide
mg/kg

5 mg/kg 25 mg/kg 50 mg/kg

mg/dL

body or organ weight ("+" indicates an increase, '-' indi
cates a decrease). The results are presented in Table 18 and
TABLE 1.8

dose of ISIS 145742

--5.7
+5.8
+2.5

0267
0264)

TABLE 21

Effect of mixed backbone antisense compound ISIS 341699 on
indicators of liver and kidney function

TABLE 1.9

Effects of antisense compounds on liver weight and spleen weight of mice
expressed as percent change in organ weight
Dose of

Liver

Spleen

oligonucleotide ISIS
ISIS
ISIS
ISIS
ISIS
ISIS
mg/kg
145742. 341699 257O16 145742. 341699 257O16
O.2
1.
5
25
50

+7.1
+7.2
+12.1

+2.3
+2.2
+5.8

-6.0
+14.9
+7.0

+10.6
+0.8
+9.4

-4.2
-2.8
-0.2

-4.7
+1.4
-7.6

Units measured per
Normal

dose of ISIS 341699

Serum indicator

Range

Saline 1 mg/kg 5 mg/kg 25 mg/kg

BUN

15-40

2O

2O

21.8

22

mg/dL
Creatinine

0.0-1.0

O.1

O.2

O.2

O.2

mg/L.
AST

30-300

113

78.2

119

64.8

IU/L
ALT

30-200

35.5

36.2

37.3

33.O

2.5-4.0

3.0

3.3

3.1

3.2

25-1OO*

223.8

206.4

186.8

183.5

70-125

129

135

124

120.8

80-150*

176.5

203.2

1715

197

IU/L
Albumin

0265 No significant change was observed in total body
weight, liver weight or spleen weight at timepoints through
out or at the termination of the Study.
0266 Levels of BUN, creatinine, AST, ALT, albumin,
triglycerides, cholesterol and glucose were measured in
mice treated with the compounds of the invention. Plasma
Samples were analyzed using the OlympuS AU400e auto

g/dL
Triglycerides

mg/dL
Cholesterol

mg/dL
Glucose

mg/dL
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pounds does not result in liver or kidney toxicity. The results
further demonstrate that mixed backbone compounds ISIS
341699 and ISIS 257016 are particularly effective at reduc
ing target mRNA levels in the kidney.

0268)
TABLE 22

Effect of mixed backbone antisense compound ISIS 257016 on
indicators of liver and kidney function

Example 23

Units measured per
Normal

dose of ISIS 257016

Serum indicator

Range

Saline 0.2 mg/kg 1 mg/kg 5 mg/kg

BUN

15-40

2O

21.8

26.3

20.5

O.2

O.2

O.2

123.8

85.3

69.5

44

43

mg/dL
Creatinine

0.0-1.0

O1

mg/L.
AST

30-300

113

IU/L
ALT

30-2OO

35.5

36.8

2.5-4.0

3.0

3.1

3.4

3.1

25-1OO*

223.8

138.8

268.3

212.8

70-125

129

128

152

135.3

80-150*

176.5

208.8

212.3

164.5

IU/L
Albumin

g/dL
Triglycerides

mg/dL
Cholesterol

mg/dL
Glucose

mg/dL
*Triglyceride and glucose levels are routinely higher in the Balbfc strain
of mice than in other strains of mice.

0269. In some oligonucleotide-treated animals choles
terol levels were above the normal range; however, this
elevation is not significant since saline-treated animals also
exhibited cholesterol above the normal range. The levels of
the remaining routine clinical indicators of liver and kidney
injury and disease are within normal ranges and are not
Significantly changed relative to Saline-treated animals,
demonstrating that the compounds of the invention do not
Significantly affect renal or hepatic function. Triglyceride
and glucose levels, while outside the normal range as is
common in the Balb/c Strain, are not significantly elevated
relative to Saline-treated animals.

0270 Mice injected with ISIS 145742, ISIS 341699 and
ISIS 257016 at 0.2-50 mg/kg were also evaluated histologi
cally following routine procedures. Liver and kidney
samples were procured, fixed in 10% neutral-buffered for
malin and processed for Staining with hematoxylin and eosin
or with the anti-oligonucleotide IgGI antibody 2E1-B5, as
described in other examples herein. Hematoxylin and eosin
Staining in both liver and kidney tissues exhibited no Sig
nificant difference between Saline- and antisense oligonucle
otide-treated animals. Staining with the 2E1 antibody
showed high background in Sinusoidal tissueS of liver from
the Saline-injected animals, therefore making it difficult to
interpret positive Staining in the oligonucleotide-treated liv
erS. Kidney Samples from Saline-injected animals and ani
mals treated with 0.2 mg/kg ISIS 257016 showed no positive
oligonucleotide Staining; however, the remainder of the
oligonucleotide-treated animals demonstrated high levels of
Staining in the proximal tubules, which increased with dose.
0271 The results illustrated in this example demonstrate
that antisense compounds of different chemistries are deliv
ered to the kidney, reduce SGLT2 expression in vivo in a
dose-dependent manner, and that treatment with these com

Dose Response Study Comparing Mixed Backbone
and Full Phosphorothioate Backbones: a Third
SGLT2 Antisense Sequence
0272. A third mixed backbone SGLT2 oligonucleotide,

ISIS 351642 (SEQ ID NO: 266), and control phosphorothio
ate SGLT2 oligonucleotide, ISIS 145746 (SEQID NO: 266),
were Selected for a dose response Study in mice.

0273) Male 7-week old Balb/c mice (Charles River Labo
ratories, Wilmington, Mass.) were given intraperitoneal
injections of ISIS 145746 or ISIS 351642 twice per week for
two weeks with the doses shown in Table 23. Saline-injected
animals Served as controls. Each treatment group contained
4 mice. The mice were Sacrificed 2 days following admin
istration of the fourth and final dose of oligonucleotide or
Saline.

0274) Mice were evaluated for SGLT2 levels in kidney.
Target levels were determined by quantitative real-time PCR
as described by other examples herein. PCR results were
normalized to cyclophilin. The data are expressed as percent
change relative to Saline treated animals ("+" indicates an
increase, "-” indicates a decrease) and are illustrated in
Table 23.
TABLE 23

Antisense inhibition of SGLT2 mRNA expression in vivo by mixed
backbone and full phosphorothioate oligonucleotides (expressed
as percent change in SGLT2 mRNA expression relative to Saline
Dose of

oligonucleotide
mg/kg

ISIS
145746

ISIS
351642

1.
5
25
50

-5.8
-10.5
-35.6

-26.7
-35.1
-44.3
-31.8

0275. These results illustrate that the compounds of the
invention, both full phosphorothioate and mixed backbone
oligonucleotides, can inhibit the expression of kidney
SGLT2 in a dose-dependent manner. At doses of 5 and 25
mg/kg, greater inhibition is observed in kidneys from mice
treated with ISIS 351462, suggesting the mixed backbone
antisense compound is a more efficient inhibitor of target
mRNA expression in the kidney.
0276 Treated mice were further evaluated for body
weight, liver weight and Spleen weight. The data are

expressed as percent change in body or organ weight ("+”
indicates an increase, “-” indicates a decrease). The results
are presented in Table 24.
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TABLE 24

TABLE 26-continued

Effects of antisense compounds on total body weight, liver weight and
Spleen weight of mice

Effect of mixed backbone antisense compound ISIS 351642
on indicators of liver and kidney function

Percent change in weight

Units measured per
dose of ISIS 351642

ISIS
145746

Dose of

ISIS
351642

oligonucleotide Total

mg/kg

Serum

Normal

Sa-

1.

5

25

50

indicator

Range

line

mg/kg

mg/kg

mg/kg

mg/kg

ALT

30-200

3O

31

28

29

31

Total

Body Liver

Spleen

Body Liver

Spleen

IU/L
1.
5
25
50

+3.6
+5.4
+12.1

-5.7
-2.0
-8.4

+6.5
+3.7
+10.0

+6.9
+4.6
+4.7
+7.4

-8.2
-0.6
-10.6
-3.0

+0.8
-7.9
+1.1
+1.3

Albumin

2.5-4.0

2.8

2.9

3.0

2.7

2.8

g/dL
Triglycerides

25-1OO*

298

238

287

240

233

70-125

116

117

122

106

113

80-150*

163

195

175

164

171

mg/dL
Cholesterol

mg/dL

0277 No significant change was observed in total body
weight, liver weight or spleen weight at timepoints through
out or at the termination of the Study.
0278) Levels of BUN, creatinine, AST, ALT, albumin,
triglycerides, cholesterol and glucose were measured in
mice treated with the compounds of the invention. Plasma
Samples were analyzed using the OlympuS AU400e auto

mated chemistry analyzer (Olympus America, Irving, Tex.).
The results, expressed as units measured, are shown for ISIS
145746 in Table 25 and ISIS 351642 in Table 26.
TABLE 25

Effect of the full phosphorothioate antisense compound ISIS 145746
on indicators of liver and kidney function
Units measured per
dose of ISIS 145746
Serum

Normal

Sa-

1.

5

25

50

indicator

Range

line

mg/kg

mg/kg

mg/kg

mg/kg

Creatinine

0.0-1.0

O.2

O.2

O1

O1

mg/L.
AST

30-3OO

129

60

84

155

30-200

3O

28

26

77

IU/L
ALT

IU/L
Albumin

2.5-4.0

2.8

-

2.9

2.8

2.9

Glucose

mg/dL
*Triglyceride and glucose levels are routinely higher in the Balbfc strain
of mice than in other strains of mice.

0280 The levels of routine clinical indicators of liver and
kidney injury and disease are within normal ranges and are
not significantly changed relative to Saline-treated animals,
demonstrating that the compounds of the invention do not
Significantly affect renal or hepatic function. Triglyceride
and glucose levels, while outside the normal range as is
common in the Balb/c Strain, are not significantly elevated
relative to Saline-treated animals.

0281. The results illustrated in this example demonstrate
that antisense compounds of different chemistries are deliv
ered to the kidney, reduce SGLT2 expression in vivo in a
dose-dependent manner, and that treatment with these com
pounds does not result in liver or kidney toxicity. The results
further suggest that mixed backbone compound ISIS 351642
is more effective than full phosphorothioate oligonucle
otides at reducing target mRNA levels in the kidney, par
ticularly at low doses.
Example 24

g/dL
Triglycerides

25-1OO*

298

268

259

236

70-125

116

118

108

106

80-150*

163

162

181

179

mg/dL
Cholesterol

mg/dL
Glucose

mg/dL

Comparison of a Standard Mixed Backbone
Compound and a Mixed Backbone Compound with
Phosphorothioate Linkages at the Extreme 5' and 3'
Ends: a Single Dose Study
0282. In accordance with the present invention, ISIS

257016 (SEQ ID NO: 106) and ISIS 351641 (SEQ ID NO:
106) were analyzed for their ability to inhibit SGLT2 expres

0279)

Sion in vivo. ISIS 257016 is a standard mixed backbone
TABLE 26

compound having 2-MOE wings and a deoxy gap, with
phosphodiester linkages in the wings and phosphorothioate
linkages in the gap. ISIS 351641 differs from the standard
mixed backbone compounds by having one phosphorothio
ate linkage at each of the extreme 5' and 3' ends of the wings.

Effect of mixed backbone antisense compound ISIS 351642
On indicators of liver and kidney function
Units measured per
dose of ISIS 351642
Serum

Normal

Sa-

1.

5

25

50

indicator

Range

line

mg/kg

mg/kg

mg/kg

mg/kg

Creatinine

0.0-1.0

O.2

O.2

O1

O1

O1

mg/L.
AST

IU/L

30-3OO

129

132

75

131

160

0283 Male 8-week old Balb/c mice (Charles River Labo
ratories, Wilmington, Mass.) were given a single intraperi
toneal injection of ISIS 257016 or ISIS 351641 at a dose of
1, 5, 25 or 50 mg/kg. Saline-injected animals Served as
controls. Each treatment group contained 4 mice. The mice
were Sacrificed 2 days following administration of the Single
dose of oligonucleotide or Saline.
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0284 Mice were evaluated for SGLT2 levels in kidney.
Target levels were determined by quantitative real-time PCR
as described by other examples herein. PCR results were
normalized to cyclophilin. The data are expressed as percent
change relative to Saline treated animals ("+" indicates an

TABLE 29

Effect of mixed backbone antisense compound ISIS 257016 on
indicators of liver and kidney function
Units measured per

increase, "-” indicates a decrease) and are illustrated in

dose of ISIS 257O16

Table 27.
TABLE 27

Antisense inhibition of SGLT2 mRNA expression in vivo by
mixed backbone oligonucleotides (expressed as percent
change in SGLT2 mRNA expression relative to Saline

Serum

Normal

Sa-

1.

5

25

50

indicator

Range

line

mg/kg

mg/kg

mg/kg

mg/kg

Creatinine

0.0-1.0

O.O

O.O

O.O

O.2

AST

ISIS
257O16

ISIS
351641

1.
5
25
50

-21.5
-26.4
-24.2
-36.3

-14.0
-19.3
-12.5
-22.0

30-3OO

141

62

77

89

88

30-200

3O

29

28

27

33

IU/L
ALT

Dose of

oligonucleotide
mg/kg

O.O

mg/L.

IU/L
Albumin

2.5-4.0

2.9

2.8

2.8

3.0

2.9

g/dL
Triglycerides

25-1OO*

213

253

255

347

245

70-125

118

111

116

125

12O

80-150*

155

186

172

174

169

mg/dL
Cholesterol

mg/dL
Glucose

mg/dL

0285) These results illustrate that mixed backbone com
pounds of the invention, with either complete phosphodi
ester linkages in the wings, or with the extreme 5' and 3
ends Substituted with phosphorothioate linkages, inhibit the
expression of kidney SGLT2 in a dose-dependent manner.
However, greater inhibition is observed in kidneys from
mice treated with ISIS 257016, which contains all phos
phodiester linkages in the wings.

0289)
TABLE 30

Effect of mixed backbone antisense compound ISIS 351641 on
indicators of liver and kidney function
Units measured per
dose of ISIS 351641

0286 Treated mice were further evaluated for body
weight and liver and Spleen weight. The data are expressed

Serum

Normal

Sa-

1.

5

25

50

indicator

Range

line

mg/kg

mg/kg

mg/kg

mg/kg

as percent change in body or organ weight ("+" indicates an
increase, '-' indicates a decrease). The results are presented

Creatinine

0.0-1.0

O.2

O1

O.1

O.2

mg/L.

in Table 28.

AST

O.O

30-3OO

141

75

117

68

98

30-200

3O

25

33

3O

27

IU/L
ALT

TABLE 28

IU/L
Albumin

Effects of antisense compounds on total body weight, liver weight
and Spleen weight of mice

2.5-4.0

2.9

2.9

2.9

2.9

2.9

g/dL
Triglycerides

25-1OO*

213

271

28O

296

271

70-125

118

12O

126

112

117

80-150*

155

162

171

189

175

mg/dL

Percent change in weight

Cholesterol

mg/dL
ISIS
257O16

Dose of

ISIS
351641

oligonucleotide Total

Glucose

mg/dL

Total

*Triglyceride and glucose levels are routinely higher in the Balbfc strain

mg/kg

Body

Liver

Spleen

Body

Liver

spleen

of mice than in other strains of mice.

1.
5
25
50

-0.9
-5.1
-1.1
-2.5

+1.2
+5.4
+3.5
-2.3

-1.6
+20.1
+3.8
+7.8

+2.8
+4.0
-O.7
--0.9

+3.0
+2.1
--93
-O.7

-0.1
--9.7
+5.9
+10.2

0290 The levels of routine clinical indicators of liver and
kidney injury and disease are within normal ranges and are
not significantly changed relative to Saline-treated animals,
demonstrating that the compounds of the invention do not
Significantly affect renal or hepatic function. Triglyceride
and glucose levels, while outside the normal range as is
common in the Balb/c Strain, are not significantly elevated

0287. No significant change was observed in total body
weight, liver weight or spleen weight at timepoints through
out or at the termination of the Study.
0288 Levels of creatinine, AST, ALT, albumin, triglyc
erides, cholesterol and glucose were measured in mice
treated with the compounds of the invention. Plasma
Samples were analyzed using the OlympuS AU400e auto

mated chemistry analyzer (Olympus America, Irving, Tex.).
The results, expressed as units measured, are shown for ISIS
257016 in Table 29 and for ISIS 351641 in Table 30.

relative to Saline-treated animals.

0291. The results illustrated in this example demonstrate
that mixed backbone compounds of varying chemistries are
delivered to the kidney, reduce SGLT2 expression in vivo,
and that treatment with these compounds does not result in
liver or kidney toxicity. The results further indicate that
mixed backbone compounds with wings composed com
pletely of phosphodiester linkages are more efficient inhibi
tors of target mRNA.
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Example 25
TABLE 32-continued

Effects of Modified Antisense Compounds on
SGLT2 mRNA Expression in vivo: Two and Three
Dose Protocols

Effects of antisense compounds on total body weight of mice (expressed
as percent change in body weight

0292. In accordance with the present invention, mixed
backbone compound ISIS 257016 (SEQ ID NO; 106) was
analyzed for its ability to inhibit SGLT2 expression in vivo

Oligonucleotide

Two

Three

(dose in mg/kg)

Doses

Doses

ISIS 257016 (25 mg/kg)
ISIS 353.003 (25 mg/kg)

+0.1
-0.8

+1.3
+0.8

when administered in either two or three doses. ISIS 353003

(CCTTCCCTGAAGGTTCCTCC; SEQ ID NO: 267), a

mixed backbone oligonucleotide which targets human

0297)

PTP1B, was used as a control.

TABLE 33

0293 Male 8-week old Balb/c mice (Charles River Labo
ratories, Wilmington, Mass.) were given two or three intra
peritoneal injections of ISIS 257016 or ISIS 353003 at three
day intervals. ISIS 257016 was administered at doses of 1,
5 or 25 mg/kg and ISIS 353003 was administered at a dose
of 25 mg/kg. Saline-injected animals Served as controls.
Each treatment group contained 4 mice. The mice were
Sacrificed 2 days following administration of the final dose
of oligonucleotide or Saline.
0294 Mice were evaluated for SGLT2 levels in kidney.
Target levels were determined by quantitative real-time PCR
as described in other examples herein. PCR results were
normalized to cyclophilin. The data are expressed as percent
change relative to Saline treated animals ("+" indicates an

Effects of antisense compounds on total kidney weight, liver weight
and spleen weight of mice
Percent change in Weight
Oligonucleotide

(dose in mg/kg)
ISIS 257O16

Two Doses

Three Doses

Kidney

Liver

Spleen Kidney Liver Spleen

-0.5

-2.2

-4.3

-5.6

-3.8

-5.9

-5.4

+2.5

+7.4

-6.6

-7.1

-9.0

-7.9

-1.1

+4.2

-8.6

-8.8

-1.2

-5.5

+1.2

-2.7

-0.2

-4.0

+6.5

(1 mg/kg)
ISIS 257O16

(5 mg/kg)
ISIS 257O16

(25 mg/kg)
ISIS 353OO3

(25 mg/kg)

increase, "-” indicates a decrease) and are illustrated in
Table 31.

TABLE 31

Antisense inhibition of SGLT2 mRNA expression in vivo by two doses
or three doses of mixed backbone oligonucleotides (expressed as
percent change in SGLT2 mRNA expression relative to Saline control
Oligonucleotide
(dose in mg/kg)

ISIS 257016 (1 mg/kg)
ISIS 257016 (5 mg/kg)
ISIS 257016 (25 mg/kg)
ISIS 353.003 (25 mg/kg)

Two Doses

Three
Doses

-43.2
-39.7
-53.8
-8.0

-39.1
-42.9
-65.5
-6.9

0298 No significant change was observed in total body
weight, kidney weight, liver weight or spleen weight at
timepoints throughout or at the termination of the Study.
0299) Levels of BUN, creatinine, bilirubin, AST, ALT,
albumin, triglycerides, cholesterol and glucose were mea
Sured in mice treated with the compounds of the invention.
Plasma samples were analyzed using the Olympus AU400e

automated chemistry analyzer (Olympus America, Irving,
Tex.). The results, expressed as units measured, are shown
for the two dose protocol in Table 34 and for the three dose
protocol in Table 35.
TABLE 34

Effect of mixed backbone antisense compound ISIS 257016
administered according to the two dose protocol on indicators
of liver and kidney function

0295) These results illustrate that the mixed backbone
compounds of the invention efficiently inhibit the expression
of kidney SGLT2 in a dose-dependent manner. Furthermore,

Units measured per

inhibition increases with the number of doses administered.

0296 Treated mice were further evaluated for body
weight, kidney weight, liver weight and Spleen weight. The
data are expressed as percent change in body or organ

weight ("+" indicates an increase, '-' indicates a decrease).
The results are presented in Table 32 and Table 33.

dose of ISIS 257O16
Serum

Normal

Sa-

1.

5

indicator

Range

line

mg/kg

mg/kg

BUN

15-40

32

34

29

25

ISIS

mg/kg 353.003
25

28

mg/dL
Creatinine

0.0-1.0

O1

O1

O.2

O.1

O1

0.1-1.0

O1

O1

O1

O.1

O1

mg/L.
TABLE 32

Bilirubin

mg/dL

Effects of antisense compounds on total body weight of mice (expressed
as percent change in body weight

AST

30-300

54

119

156

116

154

30-200

27

36

45

3O

36

IU/L
ALT

Oligonucleotide

Two

Three

IU/L

(dose in mg/kg)

Doses

Doses

Albumin

ISIS 257016 (1 mg/kg)
ISIS 257016 (5 mg/kg)

-1.1
+1.3

O
+0.8

2.5-4.0

2.7

3.2

3.1

3.0

2.8

g/dL
Triglycerides

mg/dL

25-1OO*

221

263

234

264

278
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reduce SGLT2 expression in vivo, and that treatment with
these compounds does not result in liver or kidney toxicity.
The results further indicate that inhibition of target mRNA
expression in the kidney increases with the number of doses

TABLE 34-continued

Effect of mixed backbone antisense compound ISIS 257016
administered according to the two dose protocol on indicators
of liver and kidney function

administered.

Units measured per

Example 26

dose of ISIS 257O16
Serum

Normal

Sa-

1.

5

indicator

Range

line

mg/kg

mg/kg

25

ISIS

Cholesterol

70-125

113

118

117

125

125

80-150*

170

157

177

163

152

mg/kg 353003

mg/dL
Glucose

Effects of Mixed Backbone Antisense Compounds
on SGLT2 mRNA Expression in vivo: Two to Five
Day Consecutive Daily Dosing Protocols

mg/dL

0304. In accordance with the present invention, mixed
backbone compound ISIS 257016 (SEQ ID NO: 106) was

0300

when administered in two to five doses (consecutive daily
doses). ISIS 353003 (SEQ ID NO: 267), a mixed backbone

analyzed for its ability to inhibit SGLT2 expression in vivo
TABLE 35

oligonucleotide which targets human PTPIB, was used as a
control.

Effect of mixed backbone antisense compound ISIS 257016
administered according to the three dose protocol on indicators
of liver and kidney function

0305) Male 9-week old Balb/c mice (Charles River Labo
ratories, Wilmington, Mass.) were given two, three, four or

Units measured per
dose of ISIS 257O16
Serum

Normal

Sa-

1.

5

indicator

Range

line

mg/kg

mg/kg

BUN

15-40

3O

32

3O

25

ISIS

mg/kg 353003
27

27

mg/dL
Creatinine

0.0-1.0

O1

O1

O.2

O1

O1

0.1-1.0

O1

O1

O.1

O1

O1

mg/L.
Bilirubin

mg/dL
AST

30-3OO

126

83

81

59

57

30-200

35

3O

57

27

24

IU/L
ALT

IU/L
Albumin

2.5-4.0

3.0

2.8

2.8

2.7

2.8

25-1OO*

223

236

2O2

153

188

change relative to Saline treated animals ("+" indicates an
increase, "-” indicates a decrease) and are illustrated in

70-125

112

113

114

116

106

Table 36.

80-150*

152

169

161

181

192

g/dL
Triglycerides

mg/dL
Cholesterol

five intraperitoneal injections of ISIS 257016 or ISIS
353003 once a day for the treatment period. ISIS 257016
was administered at doses of 2.5 or 25 mg/kg and ISIS
353003 was administered at a dose of 25 mg/kg. Saline
injected animals Served as controls. Each treatment group
contained 4 mice. The mice were Sacrificed 2 days following
administration of the final dose of oligonucleotide or Saline.
0306 Mice were evaluated for SGLT2 levels in kidney.
Target levels were determined by quantitative real-time PCR
as described in other examples herein. PCR results were
normalized to cyclophilin. The data are expressed as percent

mg/dL
Glucose

TABLE 36

mg/dL
*Triglyceride and glucose levels are routinely higher in the Balbfc strain
of mice than in other strains of mice.

0301 The levels of routine clinical indicators of liver and
kidney injury and disease are within normal ranges and are
not significantly changed relative to Saline-treated animals,
demonstrating that the compounds of the invention do not
Significantly affect renal or hepatic function. Triglyceride
and glucose levels, while outside the normal range as is
common in the Balb/c Strain, are not significantly elevated

Antisense inhibition of SGLT2 mRNA expression in vivo by mixed
backbone oligonucleotide (expressed as percent change in SGLT2
mRNA expression relative to saline control)
Oligonucleotide
(dose in mg/kg)

Two Doses

Three
Doses

Four
Doses

Five
Doses

-14.2
-12.5
-4.5

-35.4
-32.9
-9.6

-25.3
-391
+0.5

-42.0
- 68.9
-11.3

ISIS 257016 (2.5 mg/kg)
ISIS 257016 (25 mg/kg)
ISIS 353.003 (25 mg/kg)

relative to Saline-treated animals.

0302 Mice injected with ISIS 257016 and control ani
mals were also evaluated histologically following routine
procedures. Liver and kidney Samples were procured, fixed
in 10% neutral-buffered formalin and processed for staining
with hematoxylin and eosin. Hematoxylin and eosin Staining
exhibited no significant difference between Saline- and oli
gonucleotide-treated animals. All tissue Samples exhibited
normal kidney and liver morphology.
0303. The results illustrated in this example demonstrate
that mixed backbone compounds are delivered to the kidney,

0307 These results illustrate that the mixed backbone
compounds of the invention efficiently inhibit the expression
of kidney SGLT2 and inhibition increases with the number
of doses administered.

0308 Treated mice were further evaluated for body
weight, kidney weight, liver weight and Spleen weight. The
data are expressed as percent change in body or organ

weight ("+" indicates an increase, '-' indicates a decrease).
The results are presented in Tables 37-40.
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TABLE 37

TABLE 41

Effects of antisense compounds on total body weight of mice (expressed

Effect of mixed backbone antisense compound ISIS 257016
administered as two consecutive daily doses on
indicators of liver and kidney function

as percent change in body weight
Oligonucleotide

Two

Three

Four

Five

(dose in mg/kg)

Doses

Doses

Doses

Doses

ISIS 257016 (2.5 mg/kg)
ISIS 257016 (25 mg/kg)
ISIS 353.003 (25 mg/kg)

+2.7
+2.0
+0.6

+2.7
+2.0
+0.8

+3.2
+3.1
+2.5

+1.5
-O.7
+1.3

0309

Units measured per
dose of oligonucleotide

Serum

Normal

indicator

Range

Creatinine

0.0-1.0

Saline

ISIS

ISIS

ISIS

257O16

257O16

353OO3

2.5 mg/kg 25 mg/kg 25 mg/kg

TABLE 38

Effects of antisense compounds on total kidney weight
expressed as percent change in kidney weight

O.2

O.1

O1

O.2

mg/L.

Oligonucleotide

Two

Three

Four

Five

(dose in mg/kg)

Doses

Doses

Doses

Doses

ISIS 257016 (2.5 mg/kg)
ISIS 257016 (25 mg/kg)
ISIS 353.003 (25 mg/kg)

+8.2
+11.5
+5.3

-1.4
+3.6
-3.6

--8.9
+2.7
+4.9

+1.5
-7.7
+7.1

AST

30-300

160

132

75

131

30-2OO

31

31

28

29

IU/L
ALT

IU/L
Albumin

2.5-4.0

2.8

2.9

3.0

2.7

g/dL
Triglycerides 25-100

0310

233

238

287

240

70-125

113

117

122

106

80-150*

171

195

175

164

mg/dL
TABLE 39

Cholesterol

mg/dL

Effects of antisense compounds on total liver weight
expressed as percent change in liver weight

Glucose

Oligonucleotide

Two

Three

Four

Five

(dose in mg/kg)

Doses

Doses

Doses

Doses

ISIS 257016 (2.5 mg/kg)
ISIS 257016 (25 mg/kg)
ISIS 353.003 (25 mg/kg)

+9.2
+11.8
+7.4

7.5
+5.2
-3.4

+4.8
+0.6
+12.9

+4.8
-8.0
+9.5

mg/dL

0314)
TABLE 42

0311)

Effect of mixed backbone antisense compound ISIS 257016
administered as three consecutive daily doses on
indicators of liver and kidney function

TABLE 40

Units measured per
dose of oligonucleotide

Effects of antisense compounds on total spleen weight
expressed as percent change in Spleen weight
Oligonucleotide

Two

Three

Four

Five

(dose in mg/kg)

Doses

Doses

Doses

Doses

ISIS 257016 (2.5 mg/kg)
ISIS 257016 (25 mg/kg)

+22.2
+13.3
+7.3

+10.1
+5.1
+1.4

+15.3
+6.7
--19.8

--10.7
+4.5
+8.6

ISIS 353.003 (25 mg/kg

Serum

Normal

indicator

Range

Creatinine

0.0-1.0

0313 Levels of creatinine, AST, ALT, albumin, triglyc
erides, cholesterol and glucose were measured in mice
treated with the compounds of the invention. Plasma
Samples were analyzed using the OlympuS AU400e auto
mated chemistry analyzer (Olympus America, Irving, Tex.).
The results, expressed as units measured, are shown in
Tables 41-44.

Saline
O1

ISIS
257O16

ISIS
353OO3

2.5 mg/kg 25 mg/kg 25 mg/kg
O.2

O.2

O.1

mg/L.
AST

0312 No significant change was observed in total body
weight, kidney weight, liver weight or spleen weight at
timepoints throughout or at the termination of the Study.

ISIS
257O16

30-300

199

60

84

155

30-2OO

29

28

26

77

IU/L
ALT

IU/L
Albumin

2.5-4.0

2.8

2.9

2.8

2.9

g/dL
Triglycerides 25-100

289

268

259

236

70-125

111

118

108

106

80-150*

2O)4

162

181

179

mg/dL
Cholesterol

mg/dL
Glucose

mg/dL
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these compounds does not result in liver or kidney toxicity.
The results further indicate that inhibition of target mRNA
expression in the kidney increases with the number of doses

0315)
TABLE 43

administered.

Effect of mixed backbone antisense compound ISIS 257016
administered as four consecutive daily doses on
indicators of liver and kidney function

Example 27

Units measured per
dose of Oligonucleotide
Serum

ISIS
257O16

Normal

indicator

Range

Creatinine

0.0-1.0

Saline

ISIS
257O16

ISIS
353OO3

2.5 mg/kg 25 mg/kg 25 mg/kg

O1

O.1

O1

O.2

mg/L.
AST

30-300

199

92

12O

144

30-2OO

29

3O

3O

36

IU/L

Comparison of a Standard Mixed Backbone
Compound and Mixed Backbone Compounds with
Phosphorothioate Linkages at Either or Both of the
Extreme 5' and 3' Ends: a Four Dose Protocol

03.19. In accordance with the present invention, ISIS
257016 (SEQID NO: 106), ISIS 351641 (SEQ ID NO: 106),
ISIS 360886 (SEQ ID NO: 106) and ISIS 360887 (SEQ ID
NO: 106) were analyzed for their ability to inhibit SGLT2

mg/dL

expression in vivo. ISIS 257016 is a standard mixed back
bone compound having 2'-MOE wings and a deoxy gap,
with phosphodiester linkages in the wings and phospho
rothioate linkages in the gap. ISIS 351641 differs from the
Standard mixed backbone compounds by having one phos
phorothioate linkage at each of the extreme 5' and 3' ends of
the wings. ISIS 360886 and ISIS 360887 are mixed back
bone compounds with one phosphorothioate linkage at the
extreme 5' end or extreme 3' end, respectively.

0316)

0320 Male 7-week old Balb/c mice (Charles River Labo
ratories, Wilmington, Mass.) were given intraperitoneal

ALT

IU/L
Albumin

2.5-4.0

2.8

3.0

2.8

3.0

g/dL
Triglycerides 25-100

289

252

269

294

70-125

111

126

115

12O

80-150*

2O)4

173

198

192

mg/dL
Cholesterol

mg/dL
Glucose

injections of ISIS 257016, ISIS 351641, ISIS 360886 or ISIS
360887 twice a week for two weeks at doses of 1.56, 6.25

TABLE 44

Effect of mixed backbone antisense compound ISIS 257016
administered as five consecutive daily doses on
indicators of liver and kidney function
Units measured per
dose of oligonucleotide
Serum

ISIS
257O16

Normal

indicator

Range

Creatinine

0.0-1.0

Saline

ISIS
257O16

ISIS
353OO3

2.5 mg/kg 25 mg/kg 25 mg/kg

O1

O.1

O1

O.1

mg/L.
AST

or 25 mg/kg. Saline-injected animals served as controls.
Each treatment group contained 4 mice. The mice were
Sacrificed 2 days following administration of the final dose
of oligonucleotide or Saline.
0321) Mice were evaluated for SGLT2 levels in kidney.
Target levels were determined by quantitative real-time PCR
as described in other examples herein. PCR results were
normalized to cyclophilin. The data are expressed as percent
change relative to Saline treated animals ("+" indicates an
increase, "-” indicates a decrease) and are illustrated in
Table 45.

30-300

129

121

125

97

30-2OO

3O

3O

33

29

IU/L
ALT

IU/L
Albumin

2.5-4.0

2.8

2.9

2.8

2.9

g/dL
Triglycerides 25-100

298

298

285

277

70-125

116

126

122

126

80-150*

163

177

2O)4

185

TABLE 45

Antisense inhibition of SGLT2 mRNA expression in vivo by mixed
backbone oligonucleotides (expressed as percent change in
SGLT2 mRNA expression relative to Saline

mg/dL
Cholesterol

mg/dL
Glucose

mg/dL
*Triglyceride and glucose levels are routinely higher in the Balbfc strain
of mice than in other strains of mice.

0317. The levels of routine clinical indicators of liver and
kidney injury and disease are within normal ranges and are
not significantly changed relative to Saline-treated animals,
demonstrating that the compounds of the invention do not
Significantly affect renal or hepatic function. Triglyceride
and glucose levels, while outside the normal range as is
common in the Balb/c Strain, are not significantly elevated
relative to Saline-treated animals.

0318. The results illustrated in this example demonstrate
that mixed backbone compounds are delivered to the kidney,
reduce SGLT2 expression in vivo, and that treatment with

Dose of
oligonucleotide
mg/kg

ISIS
257O16

ISIS
351641

ISIS
360886

ISIS
360887

1.56
6.25
25

-39.1
-52.8
-57.8

-4.2
- 4.87
-11.0

-12.7
-19.7
-29.O

-9.7
-7.3
-4.9

0322 These results illustrate that mixed backbone com
pounds of the invention, with either complete phosphodi
ester linkages in the wings, or with the extreme 5' and 3' ends
Substituted with phosphorothioate linkages, can inhibit the
expression of kidney SGLT2 in a dose-dependent manner.
With the exception of ISIS 360887, inhibition of target
mRNA was dose-dependent. Although all mixed backbone
compounds inhibited SGLT2 expression, greater inhibition
is observed in kidneys from mice treated with ISIS 257016,
which is a mixed backbone compound that contains all
phosphodiester linkages in the wings.
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0323 Treated mice were further evaluated for body
weight, kidney weight, liver weight and Spleen weight. The
data are expressed as percent change in body or organ

0326
TABLE 48

weight ("+" indicates an increase, '-' indicates a decrease).
The results are presented in Table 46.

Effect of mixed backbone antisense compound ISIS 351641
on indicators of liver and kidney function

TABLE 46

Units measured per

Effects of antisense compounds on total body weight,
kidney weight, liver weight and spleen weight
of mice (expressed as percent change in weight)
Dose

dose of ISIS 351641

Body

Kidney

Liver

Spleen

Oligonucleotide

mg/kg weight

Weight

weight

weight

ISIS
ISIS
ISIS
ISIS
ISIS
ISIS
ISIS
ISIS
ISIS
ISIS
ISIS
ISIS

1.56
6.25
25
1.56
6.25
25
1.56
6.25
25
1.56
6.25
25

-3.5
-3.0
-4.1
-0.9
+1.3
-2.1
-1.0
-3.7
-5.5
+1.0
-1.8
+2.2

-4.2
+3.8
+1.4
-5.4
-2.2
-0.5
-13.7
-16.6
-11.6
-10.4
-8.4
-90

-2.4
-1.3
--8.9
+9.4
+13.4
-1.4
-5.0
+1.2
+0.8
-0.4
+1.1
+11.8

257O16
257O16
257O16
351641
351641
351641
360886
360886
360886
360887
360887
360887

+11.6
+7.9
+11.7
+7.9
+11.1
+7.4
+7.6
--8.9
+11.1
+8.5
7.5
--9.8

Normal

in Tables 47-50.

6.25

25

Serum indicator

Range

Saline

mg/kg

mg/kg

mg/kg

BUN

15-40

23

23

25

22

mg/dL
Creatinine

0.0-1.0

O.2

O.2

O.2

O.2

mg/L.
Bilirubin mg/dL

0.1-1.0

AST

30-300

75

61

67

54

O.2

O1

O.2

O.1

30-2OO

3O

32

31

3O

IU/L
ALT

IU/L
Albumin

0324 No significant change was observed in total body
weight, liver weight or spleen weight at timepoints through
out or at the termination of the Study.
0325 Levels of BUN, creatinine, bilirubin, AST, ALT,
albumin, triglycerides, cholesterol and glucose were mea
Sured in mice treated with the compounds of the invention.
Plasma samples were analyzed using the Olympus AU400e
automated chemistry analyzer (Olympus America, Irving,
Tex.). The results, expressed as units measured, are shown

1.56

2.5-4.0

2.8

2.7

2.7

2.8

g/dL
Triglycerides

25-1OO*

208

169

176

185

70-125

116

110

115

107

80-150*

2O7

205

199

208

mg/dL
Cholesterol

mg/dL
Glucose

mg/dL

0327

TABLE 47

TABLE 49

Effect of mixed backbone antisense compound ISIS 257016
on indicators of liver and kidney function

Effect of mixed backbone antisense compound ISIS 360886 on indicators
of liver and kidney function
Units measured per

Units measured per

dose of ISIS 360886

dose of ISIS 257O16
Serum

Normal

1.56

6.25

25

indicator

Range

Saline

mg/kg

mg/kg

mg/kg

BUN

15-40

23

21

26

22

mg/dL
Creatinine

0.0-1.0

O.2

O.2

O.2

O.2

mg/L.

1.56

6.25

25

Serum indicator

Normal

Range

Saline

mg/kg

mg/kg

mg/kg

BUN

15-40

23

21

23

24

mg/dL
Creatinine

0.0-1.0

O.2

O1

O.2

O.2

mg/L.

Bilirubin mg/dL

0.1-1.0

Bilirubin mg/dL

0.1-1.0

AST

30-300

75

61

83

71

AST

30-300

75

56

77

73

30-2OO

3O

3O

33

39

ALT

30-2OO

3O

26

27

28

O.2

O.2

O.2

O.1

2.5-4.0

2.8

2.9

2.9

2.7

g/dL
Triglycerides

25-100*

208

210

243

150

70-125

116

125

130

135

80-150*

2O7

184

184

215

mg/dL
Cholesterol

mg/dL
Glucose

mg/dL

O.2

O.1

IU/L

IU/L
Albumin

O.2

IU/L

IU/L
ALT

O.2

Albumin

2.5-4.0

2.8

2.7

2.7

2.7

g/dL
Triglycerides

25-100*

208

164

181

169

70-125

116

105

108

108

80-150*

2O7

189

2O2

2OO

mg/dL
Cholesterol

mg/dL
Glucose

mg/dL
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TABLE 50

Effect of mixed backbone antisense compound ISIS 360887 on indicators
of liver and kidney function
Units measured per
dose of ISIS 360887
1.56

6.25

25

Serum indicator

Normal

Range

Saline

mg/kg

mg/kg

mg/kg

BUN

15-40

23

23

22

23

mg/dL
Creatinine

0.0-1.0

O.2

O.2

O.2

O.2

mg/L.
Bilirubin mg/dL

0.1-1.0

AST

30-300

75

O.2

142

O.2

83

O1

108

O.2

30-2OO

3O

40

39

34

IU/L
ALT

IU/L
Albumin

2.5-4.0

2.8

2.7

2.7

2.7

g/dL
Triglycerides

25-100*

208

136

157

2OO

70-125

116

109

107

110

80-150*

2O7

199

2O1

187

mg/dL
Cholesterol

mg/dL
Glucose

mg/dL
*Triglyceride and glucose levels are routinely higher in the Balbfc strain
of mice than in other strains of mice.

0329 Cholesterol levels of mice treated with either 6.25
or 25 mg/kg were slightly elevated; however, these levels are
not significantly greater than the cholesterol levels observed
in Saline-treated control animals. Otherwise, the levels of

routine clinical indicators of liver and kidney injury and
disease are within normal ranges and are not significantly
changed relative to Saline-treated animals, demonstrating
that the compounds of the invention do not significantly
affect renal or hepatic function. Triglyceride and glucose
levels, while outside the normal range as is common in the
Balb/c Strain, are not significantly elevated relative to Saline

360887 was undertaken in which mice received eight doses
over a four week period. As described previously, ISIS
257016 is a standard mixed backbone compound having
2'-MOE wings and a deoxy gap, with phosphodiester link
ages in the Wings and phosphorothioate linkages in the gap.
ISIS 351641 differs from the standard mixed backbone

compounds by having one phosphorothioate linkage at each
of the extreme 5' and 3' ends of the wings. ISIS 360886 and
ISIS 360887 are mixed backbone compounds with one
phosphorothioate linkage at the extreme 5' end and extreme
3' end, respectively.

0333 Male 8-week old Balb/c mice (Charles River Labo
ratories, Wilmington, Mass.) were given intraperitoneal
injections of ISIS 257016, ISIS 351641, ISIS 360886 or ISIS
360887 twice a week for four weeks at doses of 1, 5 or 25

mg/kg. Saline-injected animals Served as controls. Each
treatment group contained 4 mice. The mice were Sacrificed
2 days following administration of the final dose of oligo
nucleotide or Saline.

0334 Mice were evaluated for SGLT2 levels in kidney.
Target levels were determined by quantitative real-time PCR
as described by other examples herein. PCR results were
normalized to cyclophilin. The data are expressed as percent

change relative to Saline treated animals ("+" indicates an
increase, "-” indicates a decrease) and are illustrated in
Table 51.

TABLE 51

Antisense inhibition of SGLT2 mRNA expression in vivo by mixed
backbone oligonucleotides (expressed as percent change in
SGLT2 mRNA expression relative to Saline
Dose of
oligonucleotide
mg/kg

ISIS
257O16

ISIS
351641

ISIS
360886

ISIS
360887

1.
5
25

-53
-64
-68

-14
-23
-37

-24
-30
-50

-23
-26
-40

treated animals.

0330 Saline- and oligonucleotide-injected animals also
were evaluated histologically following routine procedures.
Liver and kidney samples were procured, fixed in 10%
neutral-buffered formalin and processed for Staining with
hematoxylin and eosin. Hematoxylin and eosin Staining
exhibited no significant difference between control and
oligonucleotide-treated animals.
0331. The results illustrated in this example demonstrate
that mixed backbone compounds are delivered to the kidney,
reduce SGLT2 expression in vivo, and that treatment with
these compounds does not result in liver or kidney toxicity.
The results further indicate that mixed backbone compounds
with complete phosphodiester linkages in the wings are
more effective modulators of target mRNA expression in the
kidney than mixed backbone compounds with a phospho
rothioate linkage at one or both of the extreme 5' and 3' ends.
Example 28
Comparison of a Standard Mixed Backbone
Compound and Mixed Backbone Compounds with
Phosphorothioate Linkages at Either or Both of the
Extreme 5' and 3' Ends: an Eight Dose Protocol
0332 A second study of SGLT2 antisense oligonucle
otides ISIS 257016, ISIS 351641, ISIS 360886 and ISIS

0335 These results illustrate that mixed backbone com
pounds of the invention, with either complete phosphodi
ester linkages in the wings, or with the extreme 5' and 3' ends
Substituted with phosphorothioate linkages, can inhibit the
expression of kidney SGLT2 in a dose-dependent manner.
However, greater inhibition is observed in kidneys from
mice treated with ISIS 257016, which contains all phos
phodiester linkages in the wings.
0336 Treated mice were further evaluated for body
weight and liver and Spleen weight. The data are expressed

as percent change in body or organ weight ("+" indicates an
increase, '-' indicates a decrease). The results are presented
in Table 52.

TABLE 52

Effects of antisense compounds on total body weight, liver weight and
spleen weight of mice
expressed as percent change in Weight
Oligonucleotide
ISIS 257O16
ISIS 257O16

Dose

Body

Liver

Spleen

mg/kg

weight

weight

weight

1.
5

+11.8
+8.4

-6.9
-4.3

-10.1
+4.4
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TABLE 52-continued
TABLE 54

Effects of antisense compounds on total body weight, liver weight and
spleen weight of mice
(expressed as percent change in weight)

Oligonucleotide

Dose

Body

Liver

Spleen

mg/kg

weight

weight

weight

Effect of mixed backbone antisense compound ISIS 351641 on
indicators of liver and kidney function
Units measured per
Normal

dose of ISIS 351641

Serum indicator

Range

Saline 1 mg/kg 5 mg/kg 25 mg/kg

15-40

ISIS 257O16

25

+5.4

-2.1

+12.5

ISIS 351641

1.

+12.3

-2.8

-2.9

ISIS 351641

5

+9.2

-8.7

-5.5

BUN

ISIS 351641

25

+9.4

-0.8

+3.3

mg/dL

ISIS 360886

1.

+9.2

-5.2

-4.5

Creatinine

ISIS 360886

5

+10.3

-2.7

+15.1

ISIS 360886

25

+9.4

-2.1

-11.4

Bilirubin

ISIS 360887

1.

+10.0

-7.O

-1.5

ISIS 360887

5

+12.6

-3.2

+4.0

AST

+14.7

IU/L

25

+11.8

-7.6

27

26

28

0.0-1.0

O.2

O.2

O.2

O.2

0.1-1.0

O.2

O1

O

O.1

mg/L.

mg/dL

ISIS 360887

27

ALT

30-300

60

48

49

50

30-200

22

23

23

2O

IU/L

0337. No significant change was observed in total body
weight, liver weight or spleen weight at timepoints through
out or at the termination of the study.
0338 Levels of BUN, creatinine, bilirubin, AST, ALT,
albumin, triglycerides, cholesterol and glucose were mea
Sured in mice treated with the compounds of the invention.
Plasma samples were analyzed using the Olympus AU400e

Albumin

automated chemistry analyzer (Olympus America, Irving,
Tex.). The results, expressed as units measured, are shown

mg/dL

2.5-4.0

2.7

2.8

2.8

2.7

g/dL
Triglycerides

25-1OO*

178

165

197

222

70-125

123

118

12O

118

80-150*

193

192

2OO

197

mg/dL
Cholesterol

mg/dL
Glucose

in Tables 53-56.

0340)

TABLE 53

TABLE 55

Effect of mixed backbone antisense compound ISIS 257016 on indicators

of liver and kidney function

Effect of mixed backbone antisense compound ISIS 360886 on
indicators of liver and kidney function

Units measured per
Normal

dose of ISIS 257O16

Serum indicator

Range

Saline

BUN

15-40

27

Units measured per

1 mg/kg 5 mg/kg 25 mg/kg
31

29

0.0-1.0

O.2

O.2

O.2

O.2

Bilirubin mg/dL

0.1-1.0

O.2

O.2

O.2

O.2

AST

30-300

60

58

82

119

30-2OO

22

27

35

66

mg/L.
IU/L
ALT

2.7

2.8

2.7

2.6

178

263

187

99

70-125

123

142

138

162

mg/dL
Glucose

mg/dL

Saline 1 mg/kg 5 mg/kg 25 mg/kg

BUN

15-40

27

27

26

27

mg/dL
Creatinine

0.0-1.0

O.2

O.2

O.2

O.2

0.1-1.0

O.2

O

O.1

O.1

mg/L.
Bilirubin

mg/dL
30-300

60

52

71

90

30-200

22

23

23

29

IU/L
IU/L
Albumin

25-100*

mg/dL
Cholesterol

Range

ALT

2.5-4.0

g/dL
Triglycerides

Serum indicator

AST

IU/L
Albumin

dose of ISIS 360886

23

mg/dL
Creatinine

Normal

2.5-4.0

2.7

2.8

2.8

2.8

g/dL
Triglycerides

25-100*

178

230

250

227

70-125

123

122

129

133

80-150*

193

187

182

185

mg/dL
Cholesterol

mg/dL
80-150*

193

2O1

2O1

185

Glucose

mg/dL
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with the present invention, oligomeric compounds of the

0341

present invention were tested in the Lep"/Lep" model of
type 2 diabetes.

TABLE 56

Effect of mixed backbone antisense compound ISIS 360887 on
indicators of liver and kidney function
Units measured per
Normal

dose of ISIS 360887

Serum indicator

Range

Saline 1 mg/kg 5 mg/kg 25 mg/kg

BUN

15-40

27

25

24

23

mg/dL
Creatinine

O.2

O.2

O.2

O.1

or Saline.

0.1-1.0

O.2

O.2

O.2

O.2

0347 Mice were evaluated for SGLT2 levels in kidney.
Target levels were determined by quantitative real-time PCR
as described by other examples herein. PCR results were
normalized to cyclophilin. The data are expressed as percent

mg/dL
AST

30-300

60

60

44

92

30-2OO

22

24

22

31

IU/L
ALT

IU/L
Albumin

2.5-4.0

2.7

2.7

2.5

2.7

g/dL
Triglycerides

week for four weeks at doses of 12.5, 25 or 37.5 mg/kg.
Saline-injected animals Served as controls. Each treatment
group contained 6 mice. The mice were Sacrificed 2 days
following administration of the final dose of oligonucleotide

0.0-1.0

mg/L.
Bilirubin

0346) Male Lep/Lep' (db/db) mice were given intra

peritoneal injections of either ISIS 257016 (SEQ ID NO:
106), which has a mixed backbone, or ISIS 145733 (SEQ ID
NO: 106), which has a phosphorothioate backbone, twice a

change relative to Saline treated animals ("+" indicates an
increase, "-” indicates a decrease) and are illustrated in
Table 57.

25-100*

178

240

262

171

70-125

123

121

129

134

TABLE 57

80-150*

193

189

186

181

Antisense inhibition of SGLT2 mRNA expression in db/db mice
(expressed as percent change in SGLT2 mRNA expression relative to

mg/dL
Cholesterol

mg/dL
Glucose

mg/dL

saline

*Triglyceride and glucose levels are routinely higher in the Balbfc strain
Dose of

of mice than in other strains of mice.

0342. The levels of routine clinical indicators of liver and
kidney injury and disease are within normal ranges and are
not significantly changed relative to Saline-treated animals,
demonstrating that the compounds of the invention do not
Significantly affect renal or hepatic function. Triglyceride
and glucose levels, while outside the normal range as is
common in the Balb/c Strain, are not significantly elevated

oligonucleotide
mg/kg

ISIS
145733

ISIS
257O16

12.5
25
37.5

-48
-71
-64

-72
-72
-72

0343. The results illustrated in this example demonstrate
that mixed backbone compounds are delivered to the kidney,
reduce SGLT2 expression in vivo, and that treatment with
these compounds does not result in liver or kidney toxicity.
Furthermore, the eight dose protocol resulted in greater
inhibition of target mRNA levels in the kidney than observed
for the four dose protocol shown in Example 22.

0348 These results illustrate that both mixed backbone
compound ISIS 257016 and full phosphorothioate com
pound ISIS 145733 effectively inhibit the expression of
kidney SGLT2. However, greater inhibition is observed in
kidneys from mice treated with ISIS 257016, particularly at
the lowest dose of 12.5 mg/kg.
0349 Treated mice were further evaluated for body
weight and liver and Spleen weight. The data are expressed
as weight in grams. The results are presented in Table 58.

Example 29

TABLE 58

Antisense Inhibition of SGLT2 in a Murine Model

Effects of antisense compounds on total body weight, liver weight and
Spleen weight of db.db mice (in grams

relative to Saline-treated animals.

of Type 2 Diabetes: Comparison of Full
Phosphorothioate and Mixed Backbone
Oligonucleotides
0344) The Animal Models of Diabetic Complications

Consortium (AMDCC) has developed protocols for the

induction of diabetes in a number of animal models. The

genetic C57BLKS/J Lep"/Lep" model has been approved
by the AMDCC as an appropriate model system for studies
of diabetic nephropathy associated with type 2 diabetes.
0345 Leptin is a hormone produced by fat that regulates
appetite. Deficiencies in this hormone in both humans and

non-human animals lead to obesity. Lep"/Lep" mice have

a mutation in the leptin receptor gene which results in
obesity and hyperglycemia. AS Such, these mice are a useful
model for the investigation of obesity and diabetes and
treatments designed to treat these conditions. In accordance

Oligonucleotide
Saline
ISIS 145733
ISIS 145733
ISIS 145733
ISIS 257O16
ISIS 257O16
ISIS 257O16

Dose

Body

Kidney

Liver

Spleen

mg/kg

weight

weight

weight

weight

12.5
25
37.5
12.5
25
37.5

35
34
37
38
34
36
34

O.32
O.32
O.37
O.35
O31
O31
O.35

1.5
1.9
2.1
2.3
1.6
1.7
18

O.09
O.12
O.15
O.14
O.09
O.08
O.11

0350 No significant change was observed in total body
weight, liver weight or spleen weight at timepoints through
out or at the termination of the Study.
0351 Levels of AST, ALT, triglycerides, cholesterol and
glucose were measured in mice treated with the compounds
of the invention. Plasma Samples were analyzed using the
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Olympus AU400e automated chemistry analyzer (Olympus
America, Irving, Tex.). The results, expressed as units mea
Sured, are shown in Table 59 and Table 60.

backbone compounds targeted to SGLT2 efficiently decrease
blood glucose levels and Serum triglyceride levels in a
mouse model of type 2 diabetes.

TABLE 59

Example 30

Effect of full phosphorothioate backbone compound ISIS 145733 on
indicators of toxicity
Units measured per
dose of ISIS 145733

Antisense Inhibition of SGLT2 in a Murine Model

of Type 2 Diabetes: Low Dose Comparison of Full
Phosphorothioate and Mixed Backbone
Oligonucleotides

Serum indicater

Normal
Range

Saline

12.5 mg/
kg

25 mg/
kg

37.5 mg/
kg

AST

30-300

61

72

8O

93

30-200

63

87

101

12O

25-100*

245

216

243

204

6.25 mg/kg. Male Lep"/Lep" mice were given intraperi

70-125*

182

196

211

224

toneal injections of either mixed backbone compound ISIS
257016 or full phosphorothioate compound ISIS 145733

80-150*

611

452

391

351

IU/L
ALT

IU/L
Triglycerides

mg/dL
Cholesterol

mg/dL
Glucose

mg/dL

0355 Since treatment with ISIS 257016 resulted in sig
nificant reduction in SGLT2 expression levels even at the
lowest dose of 12.5 mg/kg, a Second dose-response Study
was conducted using a lower dose range of 1.56, 3.12 and

twice a week for four weeks at doses of 1.56, 3.12 or 6.25

mg/kg. Saline-injected animals Served as controls. Each
treatment group contained 4 mice. The mice were Sacrificed
2 days following administration of the final dose of oligo

O352

nucleotide or Saline.
TABLE 60

Effect of mixed backbone antisense compound ISIS 257016 on
indicators of toxicity
Units measured per
dose of ISIS 257O16

Serum indicater

Normal
Range

Saline

12.5 mg/
kg

25 mg/
kg

37.5 mg/
kg

AST

30-300

61

12O

144

175

30-200

63

123

142

154

25-100*

245

167

188

183

70-125*

182

248

264

265

80-150*

611

281

32O

326

0356) Mice were evaluated for SGLT2 levels in kidney.
Target levels were determined by quantitative real-time PCR
as described by other examples herein. PCR results were
normalized to cyclophilin. The data are expressed as percent

change relative to Saline treated animals ("+" indicates an
increase, "-” indicates a decrease) and are illustrated in
Table 61.
TABLE 61

IU/L
ALT

IU/L
Triglycerides

mg/dL
Cholesterol

mg/dL
Glucose

mg/dL

Triglyceride, cholesterol and glucose levels are routinely higher in the

Lep/Lep" strain of mice than in other strains of mice.

0353. The levels of routine clinical indicators of liver
injury and disease are within normal ranges and are not
Significantly changed relative to Saline-treated animals,
demonstrating that the compounds of the invention do not
Significantly affect hepatic function. Given the genetic

Antisense inhibition of SGLT2 mRNA expression in db/db mice
(expressed as percent change in SGLT2 mRNA expression
relative to saline)
Dose of

oligonucleotide
mg/kg

ISIS
145733

ISIS
257O16
-75

1.56

-13

3.12

-14

-83

6.25

-12

-80

defect of the Lep"/Lep" mice and the diabetic phenotype

exhibited by these mice, it is expected that triglyceride,
cholesterol and glucose levels will exceed the normal range.
Importantly, treatment with either of the SGLT2 antisense
compounds resulted in a significant decrease in blood glu

cose levels, with ISIS 257.016, the mixed backbone com

pound, achieving greater levels of target mRNA inhibition.
Treatment with ISIS 257016 also resulted in a significant
decrease in Serum triglyceride levels.
0354) The results illustrated in this example demonstrate
that mixed backbone compounds are effectively delivered to
the kidney, reduce SGLT2 expression in vivo, and that
treatment with these compounds does not result in liver or
other toxicity. Furthermore, these results indicate that mixed

0357 These results illustrate that mixed backbone com
pound ISIS 257016 is a more effective inhibitor of SGLT2
mRNA expression in the kidney, particularly at low doses of
oligonucleotide.
0358 Levels of glucose were measured in mice treated
with the compounds of the invention. Plasma Samples were
analyzed using the Olympus AU400e automated chemistry

analyzer (Olympus America, Irving, Tex.). The data are
expressed as percent change relative to Saline treated ani

mals ("+" indicates an increase, '-' indicates a decrease)
and are illustrated in Table 62.
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the kidney, reduce SGLT2 expression in vivo, and that
treatment with these compounds lowers blood glucose levels

TABLE 62

in diabetic animals.

Blood glucose levels in db/db mice treated with SGLT2 antisense
compounds (expressed as percent change in blood glucose

Example 31

relative to saline

Antisense Inhibition of SGLT2 in a Murine Model

Dose of

oligonucleotide
mg/kg

ISIS
145733

ISIS
257O16

1.56
3.12
6.25

-5
-7
-14

-41
-37
-40

0359 The results demonstrate that treatment with mixed
backbone compound ISIS 257016 results in a significant
decrease in blood glucose levels and that mixed backbone
compounds are more effective at lowering blood glucose
levels than full phosphorothioate antisense compounds.
0360 Antisense inhibition of SGLT2 by ISIS 257016 was
further evaluated using a dose range of 0.39, 0.78 and 1.56

mg/kg. As described above, male Lep"/Lep" mice were

given intraperitoneal injections of mixed backbone com
pound ISIS 257016 twice a week for four weeks. Saline
injected animals Served as controls. Each treatment group
contained 4 mice. The mice were Sacrificed 2 days following
administration of the final dose of oligonucleotide or Saline.
0361 Mice were evaluated for SGLT2 levels in kidney.
Target levels were determined by quantitative real-time PCR
as described by other examples herein. PCR results were
normalized to cyclophilin. Blood glucose levels also were
determined. Plasma Samples were analyzed using the Olym

pus AU400e automated chemistry analyzer (Olympus
America, Irving, Tex.). The data are expressed as percent
change relative to Saline treated animals ("+" indicates an
increase, '-' indicates a decrease) and are illustrated in Table
63.

of Obesity and Diabetes Using Mixed Backbone
Compounds
0365 Leptin is a hormone produced by fat that regulates
appetite. Deficiencies in this hormone in both humans and
non-human animals leads to obesity. C57B1/6J-Lep ob/ob
mice have a mutation in the leptin gene which results in
obesity and hyperglycemia. AS Such, these mice are a useful
model for the investigation of obesity and diabetes and
treatments designed to treat these conditions. In accordance
with the present invention, the oligomeric compounds of the
invention were tested in the ob/ob model of obesity and
diabetes.

0366 Male C57B1/6J-Lep ob/ob mice (Jackson Labora
tory, Bar Harbor, Me.) were subcutaneously injected with
ISIS 257016 (SEQ ID NO: 106) at a dose of 25 mg/kg two

times per week for 4 weeks. Saline-injected animals Served
as controls. Each treatment group contained 4 mice. The
mice were Sacrificed 2 days following administration of the
final dose of oligonucleotide or Saline.
0367 Mice were evaluated for SGLT2 levels in kidney.
Target levels were determined by quantitative real-time PCR
as described by other examples herein. PCR results were
normalized to cyclophilin. Blood glucose levels also were
determined. Plasma Samples were analyzed using the Olym

pus AU400e automated chemistry analyzer (Olympus
America, Irving, Tex.). The data are expressed as percent
change relative to Saline treated animals ("+" indicates an
increase, "-” indicates a decrease) and are illustrated in
Table 64.

TABLE 64

TABLE 63

Antisense inhibition of SGLT2 mRNA expression and blood glucose
levels in db/db mice (expressed as percent change in SGLT2 mRNA
expression or blood glucose levels relative to Saline

Antisense inhibition of SGLT2 mRNA expression and blood glucose
levels in ob?ob mice (expressed as percent change in SGLT2 mRNA
expression or blood glucose levels relative to Saline
Dose of

Dose of
ISIS 257O16

SGLT2

Blood

mg/kg

mRNA

glucose

O.39
0.78
1.56

-66
-68
-82

-16
-21
-21

0362. These results further demonstrate the effectiveness
of mixed backbone compounds at inhibiting SGLT2 expres
Sion in the kidney and lowering blood glucose levels when
administered at very low doses of oligonucleotide.
0363 Mice treated with the compounds of the invention
also were evaluated for liver and kidney toxicity, organ and
body weights and tissue histology. These Studies demon
Strated no significant level of toxicity or change in body or
organ weight, indicating that mixed backbone compounds
are effective in vivo without toxicity to the animal.
0364. The results illustrated in this example demonstrate
that mixed backbone compounds are effectively delivered to

oligonucleotide

SGLT2

Blood

mg/kg

mRNA

glucose

25

-83

-39

0368. The results demonstrate that treatment with a
mixed backbone SGLT2 antisense compound results in a
significant decrease in SGLT2 mRNA expression in the
kidney of diabetic mice. Importantly, blood glucose levels
also are Significantly decreased in treated animals.
Example 32
Comparison of Mixed Backbone Compounds 16 to
20 Nucleobases in Length
0369. In accordance with the present invention, mixed
backbone compounds with less than 20 nucleobases were
evaluated for their ability to inhibit SGLT2 expression in the
kidney. Four compounds were Synthesized based on the

sequence of ISIS 257016 (SEQ ID NO: 106). ISIS 366847,

Sep. 1, 2005

US 2005/0191653 A1

ISIS 366848, ISIS 366849 and ISIS 366850 are comprised
of the 5'-most 19, 18, 17 and 16 nucleobases, respectively,

of ISIS 257016 (see Table 65). ISIS 257016 has 2'-MOE
wings of five nucleobases each and a deoxy gap of 10
nucleobases. ISIS 366847, ISIS 366848, ISIS 366849 and

ISIS 366850 have a 10 nucleobases gap, a five nucleobase
2'-MOE wing at the 5' end, but contain a shortened 3' wing
of 1 to 4 nucleobases.

TABLE 67

Effects of antisense compounds on total body weight, kidney weight,
liver weight and spleen weight of mice (expressed as percent
change in weight)
Oligonucleotide

TABLE 65

Antisense compounds 16 to 20 nucleobases in length
ISIS #

SEQUENCE

SEQ ID NO :

257 O16
366 847
366 848
366 849

GAAGTAGCCACCAACTGTGC
GAAGTAGCCACCAACTGTG
GAAGTAGCCACCAACTGT
GAAGTAGCCACCAACTG

366 850

GAAGTAGCCACCAACT

106

0370 Male 6-week old Balb/c mice (Charles River Labo
ratories, Wilmington, Mass.) were given intraperitoneal

Dose

Body

Kidney

Liver

Spleen

puM/kg

weight

weight

weight

weight

O.14
O.7
3.5
O.14
O.7
3.5
0.17
O.7
3.5
O.14
O.7
3.5
O.14
O.7
3.5

--9.O
+11.1
+10.2
+15.0
+12.7
+10.3
+8.5
7.7
+10.8
+6.9
+7.4
+8.4
+11.1
+4.8
11.2

-4.5
-5.3
-3.6
-0.5
+1.2
+3.6
-7.1
+6.4
+3.0
-3.3
+0.1
-2.9
-3.8
-0.8
-6.0

-6.1
+4.1
+3.7
+0.2
+6.8
+3.8
-7.9
+5.9
+4.6
-2.6
-4.3
-5.2
-4.6
-1.7
+4.5

-8.3
-3.7
+11.9
-6.9
-4.9
+2.9
-2.4
+3.8
--9.3
-7.2
-2.2
-3.9
+2.0
--0.9
--9.8

ISIS 257O16
ISIS 257O16
ISIS 257O16
ISIS 366847
ISIS 366847
ISIS 366847
ISIS 366848
ISIS 366848
ISIS 366848
ISIS 366849
ISIS 366849
ISIS 366849
ISIS 366850
ISIS 366850
ISIS 366850

injections of ISIS 257016, ISIS 366847, ISIS 366848, ISIS
366849 or ISIS 366.850 twice a week for two weeks at doses

of 0.14, 0.7 or 3.5 micromoles per kilogram (EM/kg).
Saline-injected animals served as controls. Each treatment
group contained 4 mice. The mice were Sacrificed 2 days
following administration of the final dose of oligonucleotide
or Saline.

0371 Mice were evaluated for SGLT2 levels in kidney.
Target levels were determined by quantitative real-time PCR
as described in other examples herein. PCR results were
normalized to cyclophilin. The data are expressed as percent
change relative to Saline treated animals ("+" indicates an

0374. No significant change was observed in total body
weight, liver weight or spleen weight at timepoints through
out or at the termination of the Study.
0375 Levels of BUN, creatinine, bilirubin, AST, ALT,
albumin, triglycerides, cholesterol and glucose were mea
Sured in mice treated with the compounds of the invention.
Plasma samples were analyzed using the Olympus AU400e
automated chemistry analyzer (Olympus America, Irving,
Tex.). The results, expressed as units measured, are shown
in Tables 68-72.

increase, "-” indicates a decrease) and are illustrated in
TABLE 68

Table 66.

Effect of mixed backbone antisense compound ISIS 257016 on
indicators of liver and kidney function

TABLE 66

Antisense inhibition of SGLT2 mRNA expression in vivo by mixed
backbone oligonucleotides (expressed as percent change relative

Units measured per
Serum

Normal

dose of ISIS 257016

indicator

Range

Saline

BUN

15-40

31

to saline control
Dose of
oligonucleotide
puM/kg

ISIS
257O16

ISIS
366847

ISIS
366848

ISIS
366849

ISIS
36.6850

O.14
O.7
3.5

-53
-56
-70

-55
-63
-64

-58
-59
-72

-57
-61
-69

-49
-57
-69

0.14 uM/kg 0.7 uM/kg 3.5 uM/kg
32

32

31

mg/dL
Creatinine

0.0-1.0

O.2

O.2

O.2

O.2

0.1-1.0

O.2

O1

O1

O.1

mg/L.
Bilirubin

mg/dL
AST

30-300

82

68

85

117

30-2OO

22

24

26

32

IU/L

0372 These results illustrate that mixed backbone com
pounds of the invention, containing 16 to 20 nucleobases,
are effective inhibitors of SGLT2 expression in the kidney.
0373 Treated mice were further evaluated for body
weight, kidney weight, liver weight and Spleen weight. The
data are expressed as percent change in body or organ
weight ("+" indicates an increase, '-' indicates a decrease).
The results are presented in Table 67.

ALT

IU/L
Albumin

2.5-4.0

3.0

3.2

3.1

3.1

g/dL
Triglycerides 25-100

225

266

3O8

225

70-125

123

128

128

147

80-150*

181

195

187

183

mg/dL
Cholesterol

mg/dL
Glucose

mg/dL
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0376)

0378)
TABLE 69

TABLE 71

Effect of mixed backbone antisense compound ISIS 366849 on
indicators of liver and kidney function

Effect of mixed backbone antisense compound ISIS 366847 on
indicators of liver and kidney function

Units measured per
dose of ISIS 36.6849

Units measured per
Serum

Normal

dose of ISIS 366847

indicator

Range

Saline

BUN

15-40

31

0.14 uM/kg 0.7 uM/kg 3.5 uM/kg

Serum
indicator

Normal
Range

Saline

0.14 uM?
kg

0.7 uM/
kg

3.5 uM/
kg

BUN

15-40

31

25

3O

33

mg/dL
Creatinine

29

32

29

mg/dL
Creatinine

0.0-1.0

O.2

O.2

O.2

O.2

0.1-1.0

O.2

O.1

O1

O.1

mg/L.
Bilirubin

mg/dL
0.0-1.0

O.2

AST

O.2

30-300

82

98

90

92

30-2OO

22

26

24

33

IU/L

mg/L.

ALT

Bilirubin

0.1-1.0

O.2

O1

O.1

IU/L
Albumin

mg/dL

2.5-4.0

3.0

3.0

3.0

3.0

g/dL

AST

30-300

82

53

69

131

ALT

30-2OO

22

23

28

50

Triglycerides 25-100
Cholesterol

354

3O8

240

70-125

123

133

129

150

80-150*

181

170

173

192

mg/dL
Glucose

IU/L

225

mg/dL
mg/dL

Albumin

2.5-4.0

g/dL
Triglycerides
mg/dL

25-100*

225

289

Cholesterol

70-125

123

122

3.0

3.1

3.2

3.0

184

0379)
TABLE 72

132

145

Effect of mixed backbone antisense compound ISIS 366.850 on
indicators of liver and kidney function

mg/dL
Glucose

80-150*

181

173

193

181

Units measured per

mg/dL

dose of ISIS 366850

0377)

Serum
indicator

Normal
Range

Saline

0.14 uM?
kg

0.7 uM/
kg

3.5 uM/
kg

BUN

15-40

31

26

25

23

mg/dL
TABLE 70

Creatinine

0.0-1.0

O.2

O.2

O.2

O.2

0.1-1.0

O.2

O.1

O1

O

mg/L.

Effect of mixed backbone antisense compound ISIS 366.848 on
indicators of liver and kidney function

Bilirubin

mg/dL
AST

Units measured per

IU/L

dose of ISIS 366848

ALT

30-300

82

83

69

108

30-2OO

22

21

27

38

IU/L
Serum
indicator

Normal

Range

0.14 uM/

kg

0.7 uM/

3.5 uM/

Saline

BUN

15-40

31

31

29

32

kg

Albumin

2.5-4.0

Triglycerides 25-100

mg/dL
Creatinine

O.2

O.2

O.2

Bilirubin

0.1-1.0

O.1

O1

O.1

mg/dL
30-300

82

82

105

123

ALT

30-2OO

22

23

34

46

3.0

3.0

225

32O

38O

271

70-125

123

127

131

164

80-150*

181

192

187

179

mg/dL
Glucose

AST

3.0

mg/dL
Cholesterol

0.0-1.0

mg/L.

3.0

g/dL

mg/dL
*Triglyceride and glucose levels are routinely higher in the Balbfc strain
of mice than in other strains of mice.

IU/L
Albumin

2.5-4.0

g/dL
Triglycerides
mg/dL

25-100*

225

32O

374

246

Cholesterol

70-125

123

132

142

147

80-150*

181

187

190

3.0

3.1

3.1

3.0

mg/dL
Glucose

mg/dL

0380 Some oligonucleotide treated animals exhibited
elevated levels of cholesterol; however, Saline control ani

mals also demonstrated cholelsterol levels at the high end of
the normal range. Thus, the slightly elevated cholesterol
levels do not appear to be significant. Otherwise, the levels
of routine clinical indicators of liver and kidney injury and
disease are within normal ranges and are not significantly
changed relative to Saline-treated animals, demonstrating
that the compounds of the invention do not significantly
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affect renal or hepatic function. Triglyceride and glucose
levels, while outside the normal range as is common in the
Balb/c Strain, are not significantly elevated relative to Saline
treated animals.

TABLE 74

Effects of antisense compounds on total body weight of rats
expressed as percent change in weight

0381. The results illustrated in this example demonstrate
that mixed backbone compounds of 16 to 20 nucleobases are
delivered to the kidney, reduce SGLT2 expression in vivo,
and that treatment with these compounds does not result in
liver or kidney toxicity.
Example 33

Body
Treatment

weight

Saline
ISIS 257O16
ISIS 145733

+6O7
+58.4
+57.1

0386)

Antisense Inhibition of SGLT2 in Sprague Dawley

TABLE 75

Rats

0382. In accordance with the present invention, 7-week
old Sprague Dawley rats (purchased from Charles River
Labs, Wilmington, Mass.) were treated with SGLT2 mixed
backbone compound ISIS 257016 (SEQ ID NO: 106) or
SGLT2 full phosphorothioate compound ISIS 145733 (SEQ
ID NO: 106). Rats were injected i.p. twice a week for three
weeks with 10 mg/kg of oligonucleotide. Saline-injected
animals Served as controls. The rats were Sacrificed 2 days
following administration of the final dose of oligonucleotide
or Saline.

0383 Rats were evaluated for SGLT2 levels in kidney.

Effects of antisense compounds on total kidney weight, liver weight
and spleen weight of rats (expressed as percent of saline control
normalized to body weight
Treatment
ISIS 257O16
ISIS 145733

Kidney
weight

Liver
weight

Spleen
weight

99.3
107.2

93.4
105.2

105.8
123.4

0387 No significant change was observed in total body
weight, kidney weight, liver weight or spleen weight at
timepoints throughout or at the termination of the Study.

Target levels were determined by quantitative real-time PCR
as described in other examples herein. PCR results were
normalized to cyclophilin. The data are expressed as percent
change relative to Saline treated animals ("+" indicates an

0388) Levels of BUN, creatinine, bilirubin, AST, ALT,
albumin, triglycerides, cholesterol and glucose were mea
Sured in rats treated with the compounds of the invention.
Plasma samples were analyzed using the Olympus AU400e

increase, "-” indicates a decrease) and are illustrated in

automated chemistry analyzer (Olympus America, Irving,
Tex.). The results, expressed as units measured, are shown

Table 73.

in Table 76.
TABLE 73
TABLE 76

Antisense inhibition of SGLT2 mRNA expression in Sprague Dawley
rats (expressed as percent change in SGLT2 mRNA expression
relative to saline)
% Change
Treatment

in mRNA

Effect of mixed backbone antisense compound ISIS 257016 and full
phosphorothioate compound ISIS 145733 on indicators of liver and
kidney function (expressed as units measured
Serum Indicator
BUN

Saline
ISIS 257O16
ISIS 145733

O
-83.9
-38.5

Saline

ISIS
257O16

ISIS
145733

19

19

17

mg/dL
Creatinine

O.3

0.4

O.2

mg/L.
Bilirubin mg/dL
AST

O.1

O1

O1

157

105

105

65

44

36

IU/L
ALT

0384. These results illustrate that both full phospho
rothioate and mixed backbone compounds inhibit SGLT2
expression in the kidney of rats. However, the mixed back
bone compound is a more effective inhibitor of SGLT2.
0385 Treated rats were further evaluated for body
weight, kidney weight, liver weight and Spleen weight. For
body weight, the data are expressed as percent change in
body weight ("+" indicates an increase, '-' indicates a
decrease). For organ weights, the results are expressed as
percent of Saline control normalized to body weight. The
results are presented in Table 74 and Table 75.

IU/L
Albumin

3.7

3.8

3.6

g/dL
Triglycerides

42

47

53

68

66

54

189

173

18O

mg/dL
Cholesterol

mg/dL
Glucose

mg/dL

0389. The levels of routine clinical indicators of liver and
kidney injury are not significantly changed relative to Saline
treated animals, demonstrating that the compounds of the
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invention do not significantly affect renal or hepatic function
in rats.

0390 The results illustrated in this example demonstrate
that both full phosphorothioate and mixed backbone com
pounds are delivered to the kidney, reduce SGLT2 expres
Sion in Vivo, and that treatment with these compounds does
not result in liver or kidney toxicity. The results further
indicate that mixed backbone compounds are more effective
inhibitors of SGLT2 expression in vivo.

0391 Various modifications of the invention, in addition
to those described herein, will be apparent to those skilled in
the art from the foregoing description. Such modifications
are also intended to fall within the Scope of the appended

claims. Each reference (including, but not limited to, journal
articles, U.S. and non-U.S. patents, patent application pub
lications, international patent application publications, gene

bank accession numbers, and the like) cited in the present
application is incorporated herein by reference in its entirety.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 271
<210> SEQ ID NO 1
&2 11s LENGTH 20
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&22O > FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 1

to cqtcatcg citcct caggg
<210> SEQ ID NO 2
&2 11s LENGTH 20
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&22O > FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 2

gtgcgc.gcga gcc.cgaaatc
<210> SEQ ID NO 3
&2 11s LENGTH 20
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&22O > FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 3

atgcattctg. cc cccaagga
<210> SEQ ID NO 4
&2 11s LENGTH 2273
&212> TYPE DNA

<213> ORGANISM: H. sapiens
&22O > FEATURE

<221 NAME/KEY: CDS
<222> LOCATION: (21) . . . (2039)
<400

SEQUENCE: 4

ggggg Cagat CCtggggaga at g gag gag cac alca gag gC a ggc ticg gca C Ca

53

Met Glu Glu His Thr Glu Ala Gly Ser Ala Pro
1

5

10

gag at g g g g goc cag aag goc ctd att gac aat cot got gac atc cta

101

Glu Met Gly Ala Glin Lys Ala Lieu. Ile Asp Asin Pro Ala Asp Ile Lieu
15

2O

25

gto att gct gca tat titc ctd citg gtc att ggc gtt ggc titg togg to c

Val Ile Ala Ala Tyr Phe Leu Leu Val Ile Gly Val Gly Leu Trp Ser
30

35

40

149
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-continued
gtg gtc. aac citc aat gcc ctd citc at g at g goa gtg gcc gtg titc citc

2021

Wal Wall Asn Lieu. Asn Ala Leu Lleu Met Met Ala Wall Ala Wall Phe Leu
655
660
665

tgg ggc titc tat gcc taa gaccaactgc gttggacaccataagccaca

2069

Trp Gly Phe Tyr Ala *
670

gcct cacagg aagtgggggt gaggagcCtg cqgtgctCCC Cagaaaaggg galagggg cag

2129

tggggtgaga aggtoctogc ticc ccttcto coggcct tcc totgcctggg gcc cactgca

21.89

totgattggc agt cactitcc catgagggcc td.gc.ccaccc gctgcagttg ccctaaggaa

2249

aaataaagct gcctttcc cc tota

2273

<210

SEQ ID NO 5

&2 11s LENGTH 15
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: PCR Primer

<400

SEQUENCE: 5

toggcgtgcc cagot

15

<210> SEQ ID NO 6
<211& LENGTH 21
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: PCR Primer

<400

SEQUENCE: 6

agaacagdac aatggc galag t
<210

21

SEQ ID NO 7

&2 11s LENGTH 23
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE
&223> OTHER INFORMATION

<400

PCR Probe

SEQUENCE: 7

to citctg.cgg cqtgcactac citc
<210

23

SEQ ID NO 8

&2 11s LENGTH 19
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: PCR Primer

<400

SEQUENCE: 8

galaggtgaag gtcggagtic

<210

19

SEQ ID NO 9

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: PCR Primer

<400

SEQUENCE: 9

gaagatggtg atgggattitc

20
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-continued
SEQ ID NO 10
LENGTH
TYPE

2.0
DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION

PCR Probe

<400 SEQUENCE: 10

caagctitccc gttctdag co

20

SEQ ID NO 11
LENGTH
TYPE

2453
DNA

ORGANISM: M. musculus
FEATURE:

NAME/KEY: CDS
LOCATION: (6) . . . (2018)
G
FEATURE:

NAME/KEY: misc feature
LOCATION: 510, 657, 702, 741, 1231

1370, 1426

1432

1677

OTHER INFORMATION: n = A, T, C or G
SEQUENCE: 11
agaga at g gag caa Cac gta gag gCa ggc tot gala Ctt ggg gag cag aag

5O

Met Glu Gln His Val Glu Ala Gly Ser Glu Lieu Gly Glu Gln Lys
1

5

10

gto. Ctg att gat aat CCt gct gac att Ctg gtt
Val Lieu. Ile Asp Asn Pro Ala Asp Ile Telu Wall

gct gcc tat titc.
Ile Ala Ala Tyr Phe
30

98

tot atg titc. aga acc aat aga
Ser Met Phe Arg Thr Asn Arg

146

25

citg ct g g to att got gtt go ttg togg

Leu Lieu Val Ile Gly Val Gly Lieu Trp
35

15

atc

40

45

ggc aca gtt ggt ggc tac titc ct g g ca gga cgg

Gly Thr Val Gly Gly Tyr Phe Leu Ala Gly Arg
5O

aac

55

194

60

cc.g. gtt gga goc tot citg titc goc agc

Pro Val Gly Ala Ser Leu Phe Ala Ser
65

atg gtg tgg tgg
Trp Trp

Asn Met Wall

aac atc. ggC agC
Asn Ile Gly Ser

70

ggit

cat titt

Gly His

242

Phe

75

gtg ggC Ctg gCa ggg act ggit gca gCa agt ggC ttg gCg gtg gct gga

Val Gly Lieu Ala Gly Thr Gly Ala Ala

Ser

85

Gly

Teu Ala Wall Ala

90

titt gag tog aat gcg citc titc gtg gtg

Phe Glu Trp Asn Ala Leu Phe Val Val
1 OO

29 O

Gly
95

citg citc. citc. gga
Telu Teu Teu Gly

tgg
Trp

105

citt titt
Telu Phe

338

110

aca atg cost Cag tac citc.
Ile Thr Met Pro Glin
Telu
120
125

386

citc. tac citg to c gtg citc.
Teu
Teu Ser Wall Telu

434

gtg cca gtg tat citg acc gct ggc gtg

atc

Val Pro Val Tyr Leu Thr Ala Gly Val
115

cgc aag cqc titt got gog cac cqt att cgc

Arg Lys Arg Phe Gly Gly His Arg Ile Arg
130

135

140

tog gtg gat atg

tog citt ttt ttg tac att titc acc aag

atc

Ser Leu Phe Leu Tyr Ile Phe Thr Lys

Ile Ser Wall Asp Met Phe Ser
155

145

15 O

Trp

aac att tac gct tog
Asn Ile
Ala Ser

170

175

ggg gC a gta titc att caa cag goc citg ng C

Gly Ala Val Phe Ile Glin Glin Ala Lieu
160

1.65

gto atc gct citc ttg ggc atc acc atg

Val Ile Ala Leu Leu Gly Ile Thr Met
18O

Xaa

titc. tot

gtg aca gga ggg
Ile Tyr Thr Wall Thr Gly Gly
185
190

att tat act

482

530

578
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-continued

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: PCR Primer

<400

SEQUENCE: 13

gctgitattot toccctgttc ct

22

<210> SEQ ID NO 14
&2 11s LENGTH 26
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE
&223> OTHER INFORMATION

<400

PCR Probe

SEQUENCE: 14

ttctgg gatc. cactccaagc tigcto a
<210

26

SEQ ID NO 15

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: PCR Primer

<400

SEQUENCE: 15

ggcaaattica acgg cacagt

20

<210> SEQ ID NO 16
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: PCR Primer

<400

SEQUENCE: 16

gggtotc.gct cotggaagat
<210

20

SEQ ID NO 17

&2 11s LENGTH 27
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE
&223> OTHER INFORMATION

<400

PCR Probe

SEQUENCE: 17

aaggcc.gaga atgggaagct totcatc

27

<210> SEQ ID NO 18
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 18

totccc.cagg atctg.ccc.cc
<210

SEQ ID NO 19

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound

20
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-continued
<400

SEQUENCE: 19

gtgttgctdct coattctocc

20

<210> SEQ ID NO 20
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 20

cc catctotg gtgcc.gagcc

20

<210> SEQ ID NO 21
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 21

aggattgtca atcagg gcct

20

<210> SEQ ID NO 22
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 22

atgcagdaat gacitaggatg

20

<210> SEQ ID NO 23
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 23

caagccaacg ccaatgacca

20

<210> SEQ ID NO 24
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 24

cctotgttgg ttctgcacat

20

<210> SEQ ID NO 25
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 25

tgcgtoctogc caggaagtag

20
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-continued
SEQ ID NO 26
LENGTH
TYPE

2.0
DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Antisense Compound
<400 SEQUENCE: 26
ccaa.ccggcc accacaccat

20

SEQ ID NO 27
LENGTH
TYPE

2.0
DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Antisense Compound
<400 SEQUENCE: 27

agtc.cctgcc aggcc.cacaa

20

SEQ ID NO 28
LENGTH
TYPE

2.0
DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 28

ccagoa acag ccaa.gc.cact

20

SEQ ID NO 29
LENGTH
TYPE

2.0
DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Antisense Compound
<400 SEQUENCE: 29

aggtacacgg gtgcaaacag

20

SEQ ID NO 30
LENGTH
TYPE

2.0
DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Antisense Compound
<400 SEQUENCE: 30

tact.gtggca togtgatgac

20

SEQ ID NO 31
LENGTH
TYPE

2.0
DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Antisense Compound
<400 SEQUENCE: 31

aggtagaggc ggatgcgg.cg
SEQ ID NO 32
LENGTH
TYPE

2.0
DNA

20
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-continued

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 32

alagg gaga gC acagaCaggit
<210

20

SEQ ID NO 33

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 33

to cact gaga tottggtgaa

20

<210> SEQ ID NO 34
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 34

tggatgaata cagotc.cgga
<210

20

SEQ ID NO 35

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 35

ggcatagatg titccagocca
<210

20

SEQ ID NO 36

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 36

to atggtgat gcc.ca.gaagc
<210

20

SEQ ID NO 37

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 37

toctgtcacc gtgtaaatca
<210

SEQ ID NO 38

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound

20
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-continued
SEQUENCE: 38

gtgtacatca gcgcggccag

20

SEQ ID NO 39
LENGTH
TYPE

2.0
DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Antisense Compound
<400 SEQUENCE: 39

atgacgaagg totgtaccgt.

20

SEQ ID NO 40
LENGTH
TYPE

2.0
DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Antisense Compound
<400 SEQUENCE: 40

cc catgagga tigcaggcgcc

20

SEQ ID NO 41
LENGTH
TYPE

2.0
DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Antisense Compound
<400 SEQUENCE: 41

gtogaa.gaga ccc gaatacc

20

SEQ ID NO 42
LENGTH
TYPE

2.0
DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Antisense Compound
<400 SEQUENCE: 42

aagtc.gctgc ticcicaggitat

20

SEQ ID NO 43
LENGTH
TYPE

2.0
DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Antisense Compound
<400 SEQUENCE: 43

to gatagoag aagctggaga

20

SEQ ID NO 44
LENGTH
TYPE

2.0
DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Antisense Compound
<400 SEQUENCE: 44

agtc.cgagga gCagcgcggg

20
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SEQ ID NO 45
LENGTH
TYPE

2.0
DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Antisense Compound
<400 SEQUENCE: 45

ggtogctgca ccagtaccag

20

SEQ ID NO 46
LENGTH
TYPE

2.0
DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Antisense Compound
<400 SEQUENCE: 46

gcc agg cago gotgcacg at

20

SEQ ID NO 47
LENGTH
TYPE

2.0
DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 47

tgcagoccgc cittgatgtgg

20

SEQ ID NO 48
LENGTH
TYPE

2.0
DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Antisense Compound
<400 SEQUENCE: 48

ccacacagga tigcagoccgc

20

SEQ ID NO 49
LENGTH
TYPE

2.0
DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Antisense Compound
<400 SEQUENCE: 49

catgac catg agaaac atgg

20

SEQ ID NO 50
LENGTH
TYPE

2.0
DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Antisense Compound
<400 SEQUENCE: 50

gctgat catg cct ggcatga
SEQ ID NO 51
LENGTH
TYPE

2.0
DNA

20
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-continued

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 51

cgccaccitcg totgggtaca

20

<210> SEQ ID NO 52
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 52

caccitcaggc accacgcacg
<210

20

SEQ ID NO 53

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 53
20

<210> SEQ ID NO 54
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 54

ggtagg.cgat gttggagcag
<210

20

SEQ ID NO 55

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 55

atgagctt.ca cqacgagcc.g
<210

20

SEQ ID NO 56

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 56

ccagoatgag toc gogcaga
<210

SEQ ID NO 57

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound

20
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<400

SEQUENCE: 57

C gagga catg agcgcggc.ca
<210

20

SEQ ID NO 58

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 58

gc gtgctgct gctgttgaag
<210

20

SEQ ID NO 59

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 59

tgtagatgtc. catggtgaag
<210

20

SEQ ID NO 60

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 60

agcago agct c goggtogcc

20

<210> SEQ ID NO 61
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 61

ccacco agag cc.gtoccacc

20

<210> SEQ ID NO 62
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 62

aggccaccga cactaccacg
<210

20

SEQ ID NO 63

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 63

gaagagctgc cc.gc.cctgtg

20
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SEQ ID NO 64
LENGTH
TYPE

2.0
DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Antisense Compound
<400 SEQUENCE: 64

citggatgtaa togaagagct

20

SEQ ID NO 65
LENGTH
TYPE

2.0
DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Antisense Compound
<400 SEQUENCE: 65

C galagacggc gga cacgggC

20

SEQ ID NO 66
LENGTH
TYPE

2.0
DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 66

gCacga agag cqC cagcacg

20

SEQ ID NO 67
LENGTH
TYPE

2.0
DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Antisense Compound
<400 SEQUENCE: 67

gcc.ctgctica ttaacgc.gc.g

20

SEQ ID NO 68
LENGTH
TYPE

2.0
DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Antisense Compound
<400 SEQUENCE: 68

aggcc.ccc.ga t gag toccca

20

SEQ ID NO 69
LENGTH
TYPE

2.0
DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Antisense Compound
<400 SEQUENCE: 69

cgtgcc aggc ccatcagoag
SEQ ID NO 70
LENGTH
TYPE

2.0
DNA

20
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<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 70

CCgagc.cgaa gqagalacticg
<210

20

SEQ ID NO 71

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 71

agggctgcac acagot gcc.c
<210

20

SEQ ID NO 72

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 72

gcc.gcagagg aaagctgggC
<210

20

SEQ ID NO 73

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 73

Caatgg.cgaa gtagaggtag

20

<210> SEQ ID NO 74
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 74

gccagagcag aagaa.ca.gca

<210

20

SEQ ID NO 75

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 75

Cacagg gaga cc.gtgagggit
<210

SEQ ID NO 76

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound

20
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<400

SEQUENCE: 76

aggcggtgga ggtgctttct
<210

20

SEQ ID NO 77

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 77

ccitccttgct atgcc.ggaga
<210

20

SEQ ID NO 78

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 78

atcago atcc aggtoctocc
<210

20

SEQ ID NO 79

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 79

cattctgtac agg gagtgag
<210

20

SEQ ID NO 80

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 80

atctocatgg cactcitctgg

20

<210> SEQ ID NO 81
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 81

gCaggCactg gCggaagagg

20

<210> SEQ ID NO 82
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 82

acctctgcto attccacaaa

20
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SEQ ID NO 83
LENGTH
TYPE

2.0
DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Antisense Compound
<400 SEQUENCE: 83

ggcggaggac tocccacccc

20

SEQ ID NO 84
LENGTH
TYPE

2.0
DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Antisense Compound
<400 SEQUENCE: 84
20

SEQ ID NO 85
LENGTH
TYPE

2.0
DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 85

gtoctogctg atgtc.citcca

20

SEQ ID NO 86
LENGTH
TYPE

2.0
DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Antisense Compound
<400 SEQUENCE: 86

ggcattgagg ttgaccacac

20

SEQ ID NO 87
LENGTH
TYPE

2.0
DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Antisense Compound
<400 SEQUENCE: 87

agaggaacac ggccactgcc

20

SEQ ID NO 88
LENGTH
TYPE

2.0
DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Antisense Compound
<400 SEQUENCE: 88

atagaa.gc.cc cagaggaa.ca
SEQ ID NO 89
LENGTH
TYPE

2.0
DNA

20
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<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 89

tggtottagg catagaagcc
<210

20

SEQ ID NO 90

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 90

tggctitatgg totccaacgc
<210

20

SEQ ID NO 91

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 91

to accoccac titcctgtgag
<210

20

SEQ ID NO 92

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 92

totcaccoca ctg.cccctitc
<210

20

SEQ ID NO 93

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 93

Cagg cagagg aaggc.cggga

<210

20

SEQ ID NO 94

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 94

ccitcatggga agtgactgcc
<210

SEQ ID NO 95

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound

20
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<400

SEQUENCE: 95

titccittaggg caactgcago

20

<210

SEQ ID NO 96

&2 11s
&212>
<213>
&220s

LENGTH 3300
TYPE DNA
ORGANISM: M. musculus
FEATURE

<400

SEQUENCE: 96

tacatcaatg gaatttaaat agagtcgt.ca tataataagg gaaacaatgt cc caactgga
catcacatgg

taccaaacaa.

aag accoagt accaggaatg agttaccatc titatgaagtic

attalaccata

gag agctaat ggtagcctica

60
120

aagctgttgc caaggttact

18O

gggtgctotc ataccotgat ggtaagaccc tatggctgaa gatggaactt attgatatoc

240

atcattacala

ttgaac attg agaaattgag citgtgtgact agaagcttca ccc.catcgac gatgg to aca
gtgctgcaaa gtgctatott Caggaggaag gtatccagoc gccitcccitca gccacactct

360

gag acticaca ccagagacct gCtcaaaggg catgcccact ggcc.cacaaa tattatggga

420

gcaact gacc actittittggg ggtgt attta aggtocactt catgaaatgg gacco atccc

480

tgacactgct aaaatgcctg aga acctgaa actagataga gCaagggctic taggggaaag

540

citcacticcag ttattotaag ggCacagggit tatgacgc.ct aatgacatat cgctggctac

600

atcc cittggc cagdacatca citgaaaccitc accagaggag cittcttggag tagalaggtoga

660

ttaacagaac tgtc.cgtgac tggatgacitt gCagaga.gtg agagaCttgg gag cacticag

720

acttcaatgg gatgcttgta

totcaccc.cit

citgctaaaga tgcaggttct ata Caggagg

tgcaaagatt gtaagagtica gagttggagg ttgttcttcag gaaag cagag ttittgcagac

840

acaacaaag.c tgatgaaaat citgaactcac agacagtgat agcatccaca agacagatat

9 OO

citgaactcac agaccgtgat aac atggcac aaag acct gc acaaagttcg

alaccalaataa.

96.O

aatctgagca tggaaaatga ggtgtgggca caaagtc.cca citcctaagta agaaactact

O20

tgcagttgac agctac tagg agagagaaat gggittittctt Caatggagag acactgggtg
tatcaactg.c accoca aggc aggcc acacg citcagga aga gttggccaac

a Caaaaa.ca

14 O

citcc.gtgttt ggittittctgt ttgcttgggit ttgttitttgt gcttittatto

titcottcott

200

tototototo titt citc.tott tittctostctic costcotcc to

260

titc.ttctititc. titc.tttittct tottctitctit cittct totto tittitt cittct tottctitc.tt

320

totttctittg tittctttgtt

citttittct to titc.ttctitct tottctitctit cittct totto titc.ttctitct tottctitc.tt

totgatcaga gaggggaggg gatctgggaa aagtttgggg

4 40

agaggaaaga atttg.cccaa aatatattgc ataaaaactt tittaaaaata aatttaaaac

5 OO

aatttittagg atagagcaaa gagaaagtag aaaatatttg ggttgggaag ggCaggagaa

560

cittottctitc. titc.ttctitct

tgagggalaat gtgattittitt totcc ctagg ttttgtatgg cagaagttcag ggcatcgcat
gc gtgacagt Caggct gagg aacatgitatg toct9.ctgac tgtcaggggg tgctato gag

680

gacittgttgcg gaggacactg totagagttgg attcggacct

agttagaggg

740

tgtattittca gagaacgcag gaaggaactt tgcttggaac actgggtata ggatggatcc

800

taalacc cagg aaggagtgct cittgaatticc aaatggtoca gcgc.ccCagg accag cottc

860

ggccttgata gatcctgatt cagataaata aagctggaga aggaggctga gacCtggggg

920

toctaatcaa.
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citcggtggat atgttctotg g g g cagtatt cattcaa.ca.g gcc citgggct ggalacatinta

600

cgctitcgg to atc.gctcitct togggcatcac catgattitat actgtgacag ggaggctggC

660

ggcact gatg tacacagaca citgtgcagac citt.cg to att citttgcc.ggg ccttcatcct

720

cactgg tatg cittitcCatga agtggg.cggg tactcggtot citt.cgacaa

769

SEQ ID NO 98
LENGTH
TYPE

2.0
DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Antisense Compound
<400 SEQUENCE: 98

tgcticciccaa gttcagagcc

20

SEQ ID NO 99
LENGTH
TYPE

2.0
DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Antisense Compound
<400 SEQUENCE: 99

atcagg acct tctgctcc cc

20

SEQ ID NO 100
LENGTH
TYPE

2.0
DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Antisense Compound
<400 SEQUENCE: 100

caggattatc aatcagg acc

20

SEQ ID NO 101
LENGTH
TYPE

2.0
DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Antisense Compound
<400 SEQUENCE: 101

ccagaatgtc. agcaggatta

20

SEQ ID NO 102
LENGTH
TYPE

2.0
DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Antisense Compound
<400 SEQUENCE: 102

ccaatgacca gcaggaaata
SEQ ID NO 103
LENGTH
TYPE

2.0
DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Antisense Compound

20
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<400

SEQUENCE: 103

citgaacatag accacaagcc

20

<210> SEQ ID NO 104
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 104

totattggitt citgaacatag
<210

20

SEQ ID NO 105

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 105

ccaactgtgc citctattggit

20

<210> SEQ ID NO 106
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 106

gaagtagcca cca actgtgc
<210

20

SEQ ID NO 107

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 107

gaggcticcaa ccggccacca
<210

20

SEQ ID NO 108

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 108

citgc.cgatgttgctgg.cgaa
<210

20

SEQ ID NO 109

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 109

ggcc cacaaa atgaccgctg

20
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<210> SEQ ID NO 110
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 110

gccaagccac ttgctgcacc

20

<210> SEQ ID NO 111
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 111

acgaagagcg cattcc acto

20

<210> SEQ ID NO 112
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 112

gcaccacgaa gag.cgcattc

20

<210> SEQ ID NO 113
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 113

cgcttgcgga ggtact gagg

20

<210> SEQ ID NO 114
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 114

agcgaga.gca C ggaCaggta

20

<210> SEQ ID NO 115
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 115

gaga acatat coaccgagat
<210> SEQ ID NO 116
&2 11s LENGTH

2.0

20
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&212> TYPE

DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 116

cagggcct gt togaatgaata

20

<210> SEQ ID NO 117
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 117

cacagtataa atcatggtga

20

<210> SEQ ID NO 118
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 118

citgttgtacat cagtgcc.gc.c
<210

20

SEQ ID NO 119

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 119

citgcacagtg totgttgtaca

20

<210> SEQ ID NO 120
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 120

gaatgacgaa gotctgcaca

20

<210> SEQ ID NO 121
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 121

ggCCCC gg.ca agaatgacga
<210> SEQ ID NO 122
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound

20
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<400

SEQUENCE: 122

agtaccc.gcc cactitcatgg

20

<210> SEQ ID NO 123
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 123

accogt cagt gaagttcattg

20

<210> SEQ ID NO 124
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 124

gtoacgcago aggtatagg

20

<210> SEQ ID NO 125
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 125

cctgtcacag g g to acgcag

20

<210> SEQ ID NO 126
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 126

gag acaatgg taag.ccc.cag

20

<210> SEQ ID NO 127
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 127

toagattott to cago cagg

20

<210> SEQ ID NO 128
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 128

ttgatgtgag toagattctt

20
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<210> SEQ ID NO 129
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 129

ggtagaga at gcggct gatc

20

<210> SEQ ID NO 130
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 130

cc.gcttacac accitcaggta

20

<210> SEQ ID NO 131
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 131

gtgccacaca ccc.gcttaca

20

<210> SEQ ID NO 132
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 132

ttagag cago coacct cagt

20

<210> SEQ ID NO 133
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 133

tggg tagg.cg atgttagagc

20

<210> SEQ ID NO 134
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 134

agaccattgg gcatgagctt
<210

SEQ ID NO 135

&2 11s LENGTH

2.0

20
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&212> TYPE

DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 135

agcatgagtc. c.gc.gcagacc

20

<210> SEQ ID NO 136
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 136

ccagoatgac toccagoatg
<210

20

SEQ ID NO 137

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 137

gttaaagatg gatgccagag
<210

20

SEQ ID NO 138

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 138

cagotccitta to acctgcac
<210

20

SEQ ID NO 139

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 139

gctgcctgca ccactggcag

20

<210> SEQ ID NO 140
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 140

aaag accgca gacacttgag
<210> SEQ ID NO 141
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound

20
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<400

SEQUENCE: 141

gtgcaa.gcac aaag accqca

20

<210> SEQ ID NO 142
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 142

gagctaggcc catcago agg

20

<210> SEQ ID NO 143
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 143

ggtatgagac gagctagg cc

20

<210> SEQ ID NO 144
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 144

agaagaactC ggg tatgaga

20

<210> SEQ ID NO 145
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 145

gagggtogca cacagotgcc

20

<210> SEQ ID NO 146
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 146

tagagg tagt gtaccc.gaca

20

<210> SEQ ID NO 147
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 147

ccittgctgtg ccggag acto

20
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<210> SEQ ID NO 148
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 148

totago atcca ggtoctoccg

20

<210> SEQ ID NO 149
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 149

ggacctitcta act catcago
<210

20

SEQ ID NO 150

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 150

cattgcacat tcctggcc cc

20

<210> SEQ ID NO 151
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 151

ttgctcatcc cacagaacca

20

<210> SEQ ID NO 152
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 152

cctg accoac tottgctcat
<210

20

SEQ ID NO 153

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 153

gccaccitcct c ggtag toggg
<210> SEQ ID NO 154
&2 11s LENGTH

2.0

20
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&212> TYPE

DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 154

gatgtc.citcc agcc.gc.ctgg
<210

20

SEQ ID NO 155

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 155

gggatcctica citgatgtc.ct
<210

20

SEQ ID NO 156

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 156

aggg cattga ggttgacitac
<210

20

SEQ ID NO 157

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 157

tagaa.gc.ccc agaggaacac
<210

20

SEQ ID NO 158

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 158

aatcaaatgg actggacccc
<210

20

SEQ ID NO 159

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 159

agtgacaa.cc aatcaaatgg
<210> SEQ ID NO 160
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound

20
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<400

SEQUENCE: 160

catcttgttgg gaagtgacaa

20

<210> SEQ ID NO 161
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 161

accaattggc catcatcttg

20

<210> SEQ ID NO 162
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 162

ggaggg cagt tittatttittg

20

<210> SEQ ID NO 163
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 163

caatgtc.t.ca cccacaagcc

20

<210> SEQ ID NO 164
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 164

ctaaatctag gtttctocct
<210

20

SEQ ID NO 165

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 165

ttittgcacaa toc agaiaggit

20

<210> SEQ ID NO 166
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 166

gaccittaaat ataggctgct

20
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<210

SEQ ID NO 167

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 167

aacco aggcc ctaatcc tag
<210

20

SEQ ID NO 168

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 168

aggctgaaga ttalaccagoc
<210

20

SEQ ID NO 169

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 169

ttgg actitcc ttagctitcct
<210

20

SEQ ID NO 170

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 170

galacatagac toggaalacag

20

<210> SEQ ID NO 171
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 171

gaggctcCaa CctgggtggC

20

<210> SEQ ID NO 172
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 172

to cago: aaat galacct gtgt
<210

SEQ ID NO 173

&2 11s LENGTH

2.0

20
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&212> TYPE

DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 173

Cacagoggaa gtgcCtgggC

20

<210> SEQ ID NO 174
&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OOTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 174

tgtc.ctag to citcacaccca

<210

20

SEQ ID NO 175

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: Artificial Sequence
&220s FEATURE

<223> OOTHER INFORMATION: Antisense Compound
<400

SEQUENCE: 175

gggacago at CCtgag Cagg
<210

20

SEQ ID NO 176

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: H. sapiens
&220s FEATURE

<400

SEQUENCE: 176

gggagaatgg aggagcacac

<210

20

SEQ ID NO 177

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: H. sapiens
&220s FEATURE

<400

SEQUENCE: 177

ggctcggCaC cagagatggg

<210

20

SEQ ID NO 178

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: H. sapiens
&220s FEATURE

<400

SEQUENCE: 178

aggcc.ctgat tdacaatcct

<210

20

SEQ ID NO 179

&2 11s LENGTH 2.0
&212> TYPE DNA

<213> ORGANISM: H. sapiens
&220s FEATURE

<400

SEQUENCE: 179

catcctag to attgctgcat

20

