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godeoxyribonucleotide, which inhibits expres-
sion of protein involved in fibrosis. Dosing of
the antisense using an intradermal threading
technique is also described.
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METHOD OF TREATING KELOIDS OR HYPERTROPHIC SCARS USING

ANTISENSE COMPOUNDS TARGETING CONNECTIVE TISSUE GROWTH FACTOR

(CTGF)
This application claims priority of U.sS. Provisional
Application Nos. 61/527,821, filed August 26, 2011,

61/488,666, filed May 20, 2011, and 61/438,879, filed February
2, 2011, the contents of which are hereby incorporated by

reference.

This application incorporates-by-reference nucleotide and/or
amino acid sequences which are present in the file named
t120202 5056 81583 A PCT Sequence Listing BI.txt,” which is 62
kilcbytes in size, and which was created February 1, 2012 in
the IBM-PC machine format, having an operating system
compatibility with MS-Windows, which is contained in the text

file filed February 2, 2012 as part of this application.

Throughout this applicatiocon, various patents and publications
are referenced. The disclosures of these patents and
publications in their entireties are hereby incorporated by
reference into this application 1in order to more fully

describe the state of the art to which this invention relates.

Field of Invention

This invention concerns methods of preventing formation of, or
treating, fibrotic lesions, including skin scars such as

keloids and hypertrophic scars.

Background of the Invention

Antisense compounds are an effective means for reducing the
expression of specific gene products and may be unigquely
useful in a number of therapeutic applications, for example,

for the modulation of expression of proteins involved in
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fibrosis such as connective tissue growth factor (CTGE). (See

U.S. Patent No. 6,965,025B2 to Gaarde et al.)

Antisense compounds are oligomeric compounds that are capable
of hybridizing to a target nucleic acid (e.g. a target mRNA
molecule) and inhibiting expression of the target nucleic

acid.

Antisense compounds, compositions and methods for modulating
expression of CTGF and for treating diseases associated with
expression of CTGE are disclosed in U.S. Pat. No. 6,965,025B2.
However, there remains a need for additional such compounds
capable of providing enhanced inhibition of CTGF expression as

well as other advantageous properties.

Connective tissue growth factor (CTGEF'; also known as
ctgrofact, fibroblast inducible secreted protein, fisp-12,
NOV2, insulin-like growth factor-binding protein-related
protein 2, IGFBP-rP2, IGFRBP-8, HBGF-0.8, Hcs24, and ecogenin)
is a member of the CCN (CTGF/CYR61/NQOV) family of modular
proteins, named for the first family members identified,
connective tissue growth factor, cysteine-rich (CYRo6l), and
nephroblastoma overexpressed (NOV) , but the family also
includes the proteins ELM-1 (expressed 1in low-metastatic
cells), WISP-3 (Wnt-l-induced secreted protein), and COP-1
(WISP-2). CCN proteins have Dbeen found to be secreted,
extracellular matrix-associated proteins that regulate
cellular processes such as adhesion, migration, mitogenesis,
differentiation, survival, angiogenesis, atherosclerosis,
chondrogenesis, wound healing, tumorigenesis, and wvascular and
fibrotic diseases 1like scleroderma (Lau and Lam, Exp. Cell
Res., 1999, 248, 44-57). The connective tissue growth factor
protein was shown to stimulate DNA synthesis and promote
chemotaxis of fibroblasts (Bradham et al., J. Cell Biol.,
1991, 114, 1285-1294).
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Connective tissue growth factor is expressed in fibroblasts

during normal differentiation processes that involve
extracellular matrix (ECM) production and remodeling.
Connective tissue growth factor is also frequently

overexpressed 1in fibrotic skin disorders such as systemic
sclerosis, 1localized skin sclerosis, keloids, scar tissue,
eosinophilic fasciitis, nodular fasciitis, and Dupuytren's
contracture. Connective tissue growth factor mRNA or protein
levels are elevated in fibrotic lesions of major organs and
tissues including the 1liver, kidney, 1lung, cardiovascular
system, pancreas, bowel, eye, and gingiva. In mammary,
pancreatic and fibrohistiocytic tumors characterized Dby
significant connective tissue involvement, connective tissue

growth factor is overexpressed in the stromal compartment.

The Role of CTIGF in Keloid Diseases

Keloid disease (KD) 1is a benign dermal fibro-proliferative
tumor characterized by an excessive accumulation of
extracellular matrix proteins, leading to an overabundance of
collagen formation. Abnormal skin scarring can occur, post-
injury in genetically susceptible individuals. KD can also be
a familial condition, occurring more commonly in ethnic groups
with darker skin. The highest incidence of keloids is found
in the black population, where it has been estimated to be
around 4-6% and up to 16% in random samples of black Africans.
Various modes of inheritance have been proposed for KD ranging
from autosomal recessive to autosomal dominant with incomplete
clinical penetrance and variable expression. The majority of
keloids can lead to considerable cosmetic defects, but can
also grow large enough to become symptomatic, by causing

deformity or limiting joint mcbility.

Although low levels of CTIGF are expressed in normal skin, CTIGF
becomes up-regulated following dermal injury, and it becomes

persistently over-expressed when scarring 1is severe, as 1in
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keloids or systemic sclerosis. Fibroblasts cultured from both
hypertrophic scars, keloids, and scleroderma lesions express
increased basal CTGF (Exp. Cell Res. 2000, 259: 213-224), and
cells cultured from hypertrophic scars and keloids were shown
to express more CTGF basally and also elaborate more CTGE in
response to stimulation with TGF-f (Plast. Reconstr. Surg.
2005, 11le6: 1387-90). Similarly, transcription of CTGF after
serum stimulation was significantly higher in keloid wversus
normal fibroblasts in cell culture (Ann. Surg. 2007,

246(5) :886-95).

In keloid tissue, fibroblasts expressing CTGEF mRNA were found
distributed throughout the lesions, especially in  the
peripheral areas (J. Invest. Derm. 1996, 106:729-733). CTGF
mRNA expression levels have been compared in normal skin,
keloid scars, hypertrophic scars, and mature scars. CTGF mRNA
was strongly detected in all cases of the keloids, although
not 1in mature scars. There was a significant difference
between levels found in keloids and normal skin (J. Japan SccC.
Plastic Reconstr. Surg. 2002, 22:560-565). Recent data also
suggests that, relative to normal fibroblasts, keloid scar
fibroblasts synthesize 100-150-fold more CTGEF in response to
exogenous TGF-B1 than do normal fibroblasts (Plast. Reconstr.
Surg. 2005, 116:1387-1390). When compared to normal skin,
increased localization of CTGF was seen in the basal layer of
keloid epidermis and higher expression of CTGF was observed in
keloid tissue extract (J. Cell Physiol. 2006, 208(2):336-43).
Previously no data has been generated to validate the role of
CTGF in keloid disease by showing that inhibition of CIGF

expression inhibits keloid growth.

Currently, no effective single therapeutic regimen has been
established for treatment of keloids or prevention of keloids
growth after surgery. Existing therapeutic approaches include

occlusive dressings, compression therapy, intra-lesional



10

15

20

25

30

WO 2012/106508 PCT/US2012/023620
-5-

steroid injections, cryosurgery, surgical excision, laser

treatment, radiation therapy, Kenalog (triamcinolone),
interferon therapy, bleomycin, 5-flouracil, verapamil,
imigquimod cream, and combinations thereof. Both silicone and

non-silicone-based occlusive dressings have been a widely used
clinical option for keloids for the last 30 years, but all of
these methods result in very limited efficacy and it is widely

understood that a new therapy for keloids is urgently needed.

Various forms of radiotherapy have been attempted as a mono-
therapy for keloids, but remain quite controversial because of
anecdotal reports of carcinogenesis after treatment. Laser
therapy using argon, CO;, and pulse dye have been repeatedly
attempted during the last 40 vyears, but none of them have
proven to be efficacious. All three forms of laser therapy,
according to multiple studies, have recurrence rates of
upwards of 90%, showing little to no benefit. Cryotherapy has
been used as a mono-therapy. However, side effects associated
with this approach include pain at the therapeutic site and
hypo- or hyper-pigmentation. Intra-lesional triamcinolone
acetone injections, a type of corticosteroid, is frequently
used as first-line therapy for the treatment of keloids, but
again, actual reported clinical efficacy varies widely. 1In
addition, the need for multiple injections, along with the
side effects of injection pain, skin atrophy, telangiectasias,
and altered pigmentation have caused clinicians and

researchers to continue seeking other means of treatment.

Consequently, there remains a long felt need for additional
methods and agents to effectively prevent the formation of
keloids, hypertrophic scars, and other types of fibrotic
lesions as well as to treat keloids, hypertrophic scars and
fibrotic lesion so as to eliminate or reduce them and/or to
prevent their reoccurrence. The clinical results described

herein clearly demonstrate for the first time the ability of
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an antisense oligonucleotide targeting CTGEF to reduce the

growth and severity of keloids post surgery.
Antisense dosing into skin

It has also been demonstrated for the first time that
antisense oligonucleotides do not diffuse laterally very far
after dosing into skin (see Example 2) which could lead to
irregular effects of this <class of drug on a linear
incision/healing scar or keloid if dosing was conducted as a
single bolus type of administration, resulting in wvariable
concentrations of antisense along the length of the developing
scar. To overcome this drawback, a method for delivering
antisense oligonucleotides by an intradermal threading
technique has been developed. This technique effectively
delivers a constant amount of antisense drug along the full
length of the scar, and results in effective and consistent

scar reduction along the full length of the scar or keloid.

Intradermal threading consists of introducing a needle into
the dermis at an angle as parallel to the skin as possible,
and threading the needle into and along the dermis for a
distance of typically between 1 and 5 cm. At this point, the
needle is withdrawn and drug injected into the dermis along
the full length of the needle tract as the needle 1is
withdrawn, resulting in an equal amount and volume of drug

being deposited along the full length of the needle tract.
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Summary of the Invention

This invention provides a method for treating a keloid, or
preventing the formation, reformation, or growth of a kelocid
after an injury to the skin, in a subject in need thereof,
which comprises administering to the subject by one or more
injections at the site of the keloid or of the injury to the
skin, a composition which comprises a modified oligonucleotide
consisting of 12-30 linked nucleocosides, at least a 12
nucleocbase sequence portion of which 1is present within a
region selected from nucleotides 553-611, 718-751, 1388-1423,
1457-1689, 2040-20609, 2120-2147, 2728-2797, 2267-2301, 1394-
1423, 1469-1508, 1559-1605, 1659-1689, 2100-2129 and 1399-1423
of SEQ ID NO: 9, or a salt or ester thereof, in an amount
effective to treat, or to prevent the formation, reformation,
or growth of, the keloid, wherein the effective amount is from
0.1 to 50 mg of the modified oligonucleotide per injection per

linear centimeter of the keloid or of the injury to the skin.

This invention also provides a method for treating a
hypertrophic scar, or preventing the formation, reformation,
or growth of a hypertrophic scar after an injury to the skin,
in a subject in need thereof, which comprises administering to
the subject by one or more injections at the site of the
hypertrophic scar or of the injury to the skin, a composition
which comprises a modified oligonucleotide consgisting of 12-30
linked nucleosides, at least a 12 nucleobase seguence portion
0of which is present within a region selected from nucleotides
553-611, 718-751, 1388-1423, 1457-1689, 2040-2069, 2120-2147,
2728-2797, 2267-2301, 1394-1423, 1469-1508, 1559-1605, 1659-
1689, 2100-2129 and 1399-1423 of SEQ ID NO: 9, or a salt or
ester thereof, in an amount effective to treat, or toc prevent
the formation, reformation, or growth of, the hypertrophic

scar, wherein the effective amount is from 0.1 to 25 mg of the
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modified oligonucleotide per injection per linear centimeter

of the hypertrophic scar or of the injury to the skin.

The invention further ©provides a method for reducing
formation, reformation, or growth of a scar or keloid at a
site of an injury to the skin, or of treating a pre-existing
scar or keloid, in a subject in need thereof, which comprises
administering to the subject by one or more threading
injections at the site of the injury or of the pre-existing
scar or keloid, a composition which comprises a modified
oligonucleotide, or a salt or ester thereof, targeted to a
nucleic acid encoding a protein involved in fibrosis in an
amount effective to 1inhibit expression of the protein and
thereby reduce scar or keloid formation, reformation, or
growth at the site of the injury or to treat the pre-existing

scar or keloid.

This invention still further provides a method for reducing
formation, reformation, or growth of a fibrotic lesion at a
site of an injury, or of treating a pre-existing fibrotic
lesion, in a subject in need thereof, which comprises
administering to the subject by one or more threading
injections at the site of the injury or of the pre-existing
fibrotic lesion, a composition which comprises a modified
oligonucleotide, or a salt or ester thereof, targeted to a
nucleic acid encoding a protein involved in fibrosis in an
amount effective to inhibit expression of the protein and
thereby reduce formation, reformation, or growth of the
fibrotic lesion at the site of the injury or to treat the pre-

existing fibrotic lesion.
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Brief Description of the Figures

FIGURE 1 shows that 2’ MOE containing antisense
oligonucleotides diffuse over relatively short distances (~0.5
- 1.0 ¢cm) in rabbit skin when given by intradermal injection

(described in Example 2).

FIGURE 2 shows that treatement of keloids in an animal model,
with a CTGF antisense oligonucleotide resulted in reduction in
both CTGF (Figure 2A) and Col3al (Figure 2B) mRNA expression
in intact human keloid tissue transplanted 1into mice

(described in Example 3).

FIGURE 3 shows that treatment with a CTGF antisense
oligonucleotide, (EXC 001 or SEQ ID NO: 39) inhibits growth of
both hypertrophic scars and keloids at 24 weeks post scar
revision surgery in humans. The scores Dbelow each set of
pictures represent the degree of improvement between placebo-
and EXC 00l-treated keloids. A negative score represents an
improvement in scarring resulting from EXC 001 treatment.
FIGURE 3A show placebo- and EXC 00l-treated hypertrophic scars
24 weeks post scar revision surgery. FIGURE 3B show placebo-
and EXC 00l-treated keloid scars 24 weeks post scar revision

surgery (described in Example 4).

FIGURE 4 shows that treatment with CTGF antisense
oligonuclecotide, (EXC 001 or SEQ ID NQO: 39) 1nhibits the
formation and growth of a hypertrophic scar 12 weeks post
abdominoplasty surgery. The scores below the pictures
represent the degree of improvement between placebo- and EXC
00l-treated scar. A negative score represents an improvement
in scarring resulting from EXC 001 treatment (described in

Example 5).
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FIGURE 5 shows the limited diffusion of EXC 001 when dosed
adjacent to a scar (described in Example 5). The section of
the abdomincplasty scar on the right side of the scar (to the
right of the vertical line) was treated with EXC 001 whereas
the scar to the left of the vertical line did not receive any
treatment. Clearly the scar severity to the right is less than
to the 1left. This example demonstrates that the EXC 001
therapeutic benefit is limited to the region of scar directly
adjacent to the site of drug delivery by intradermal
threading. Therefore the drug appears to have limited
diffusion away from the site of administration and will
require dosing immediately adjacent to and along the length of

the potential scar site, for example by intradermal threading.

FIGURE 6 shows an example of the ability of EXC 001 to reduce
the growth and formation of hypertrophic scars (described in
Example 6). In this example, two matching 2cm abdominal scars
are shown, one treated with 5mg/cm EXC 001 and one with
placebo. The severity of the EXC 001 treated scar is less than
the placebo treated scar. Histological analysis of these two
scars also revealed an EXC 001 mediated reduction in the
expression of CTGF protein (by immunohistochemistry) clearly
demonstrating that EXC 001 i1is functioning to reduce the

expression of its intended target (CTIGE).

FIGURE 7 shows the effects of EXC 001 on mRNA expression in
abdominal scars of various genes at various timespost
treatment (described in Example 6). FIGURE 7A shows the
effect of EXC 001 in suppressing CTGF mRNA expression. FIGURE
7B shows the effect of EXC 001 in suppressing Collagen III-al
(Col3Al) mRNA expression. FIGURE 7C shows the effect of EXC
001 in suppressing elastin (ELASFEF) mRNA expression. Figure 7D

and E shows there was no significant inhibition of either
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SMAD3 or TGEF-31 mRNA expression by EXC 001 as compared to

placebo.
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Detailed Description of the Invention

This invention provides a method for treating a keloid, oz
preventing the formation, reformation, or growth of a kelcid
after an 1injury to the skin, in a subject in need therecf,
which comprises administering to the subject by one or more
injections at the site of the keloid or of the injury to the
skin, a composition which comprises a modified oligonucleotide
consisting of 12-30 1linked nucleosides, at least a 12
nucleobase sequence portion of which is present within a
region selected from nucleotides 553-611, 718-751, 1388-1423,
1457-1689, 2040-2069, 2120-2147, 2728=-2797, 2267-2301, 1394-
1423, 1469-1508, 1559-1605, 1659-1689, 2100-2129 and 1399-1423
of SEQ ID NO: 9, or a salt or ester therecof, 1in an amount
effective to treat, or to prevent the formation, reformation,
or growth of, the keloid, wherein the effective amount is from
0.1 to 50 mg of the modified oligonuclectide per injection per

linear centimeter of the keloid or of the injury to the skin.

This invention also provides a method for treating a
hypertrophic scar, or preventing the formation, reformation,
or growth of a hypertrophic scar after an injury to the skin,
in a subject in need thereof, which comprises administering to
the subject by one or more injections at the site of the
hypertrophic scar or of the injury to the skin, a composition
which comprises a modified oligonucleotide consisting of 12-30
linked nucleosides, at least a 12 nucleobase sequence portion
of which is present within a region selected from nucleotides
553-611, 718-751, 1388-1423, 1457-1689, 2040-2069, 2120-2147,
2728-2797, 2267-2301, 1394-1423, 1469-1508, 1559-1605, 1659-
1689, 2100-2129 and 1399-1423 of SEQ ID NO: 9, or a salt or
ester thereof, in an amount effective to treat, or to prevent
the formation, reformation, or growth of, the hypertrophic

scar, wherein the effective amount is from 0.1 to 25 mg of the
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modified oligonucleotide per injection per linear centimeter

of the hypertrophic scar or of the injury to the skin.

This invention further ©provides a method for reducing
formation, reformation, or growth of a scar or keloid at a
site of an injury to the skin, or of treating a pre-existing
scar or keloid, in a subject in need thereof, which comprises
administering to the subject by one or more threading
injections at the site of the injury or of the pre-existing
scar or keloid, a composition which comprises a modified
oligonucleotide, or a salt or ester thereof, targeted to a
nucleic acid encoding a protein involved in fibrosis in an
amount effective to 1inhibit expression of the protein and
thereby reduce scar or keloid formation, reformation, or
growth at the site of the injury or of treat the pre-existing
scar or keloid. This invention still further provides a
method for reducing formation, reformation, or growth of a
fibrotic lesion at a site of an injury, or of treating a pre-
existing fibrotic lesion, in a subject in need thereof, which
comprises administering to the subject by one or more
threading injections at the site of the injury or of the pre-
existing fibrotic 1lesion, a composition which comprises a
modified oligonucleotide, or a salt or ester thereof, targeted
to a nucleic acid encoding a protein involved in fibrosis in
an amount effective to inhibit expression of the protein and
thereby reduce formation, reformation, or growth of the
fibrotic lesion at the site of the injury or to treat the pre-

existing fibrotic lesion.

In one embodiment of the preceding methods, the one or more
threading injections comprise multiple intradermal threading

injections per scar.

In the preceding methods, the protein involved in fibrosis may
be connective tissue growth factor, transforming growth factor

beta-1, mothers against decapentaplegic homolog-3, early
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growth response-1, monocyte chemotactic protein-1, a collagen,

or an elastin. Examples of suitable collagens are Collagen

3A1, Collagen 1A2, and Collagen 1Al.

In certain embodiments of the methods of this invention, the
effective amount is from 0.1 to 50 mg, e.g. 0.1 to 25 mg, of
the modified oligonucleotide per injection per linear
centimeter of the site of the injury to the skin or of the

pre-existing scar.

In certain embodiments, the modified oligonucleotide 1is
administered at least once every two weeks for at least four

weeks, 1.e. at least twice.

In other embodiments, the modified oligonucleotide is
administered at least once every three weeks for at least six

weeks, i.e. at least twice.

In still other embodiments, the modified c¢ligonucleotide is
administered at least once every four weeks for at least eight
weeks. In yet other embodiments, the modified oligonucleotide
is administered at least once every eight weeks for at least

sixteen weeks.

It is currently contemplated that it may be preferable that
the modified oligonucleotide is administered over a period of

at least nine weeks, for example over a period of 26 weeks.

In certain embodiments, the modified oligonuclectide consists
of 12-30 linked nucleocsides, at least a 12 nucleobase sequence
portion of which is present within a region selected from the
group consisting of nucleotides 553-611, 718-751, 1388-1423,
1457-1689, 2040-2069, 2120-2147, 2728-2797, 2267-2301, 1394-
1423, 1469-1508, 1559-1605, 1659-1689, 2100-2129, and 1399-
1423 of SEQ ID NO: 9.
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In certain embodiments, at least a 12 nucleobase sequence
portion of the modified oligonuclecotide is present within the
nucleocbase sequence set forth in any of the sequences set
forth in SEQ ID NO: 28, 30, 39, 40, 43, 44, 45, 50, 51, 52,
56, 78, 125, or 166.

In certain embodiments, the modified oligonucleotide consists

of at least 14, e.g. 20, linked nucleosides.

In certain embodiments, the modified oligonucleotide is a
single-stranded oligonucleotide. In others, the modified

oligonucleotide is a double-stranded oligonucleotide.

In still other embodiments, the modified oligonucleotide
comprises at least one oligodeoxyribonucleotide or at least

one oligoribonucleotide.

In certain embodiments, the modified o¢ligonucleotide has a
sequence which is 100% identical over its length to a portion
of any one of the sequences set forth in SEQ ID NO: 28, 30,
39, 40, 43, 44, 45, 50, 51, 52, 56, 78, 125, or 1l6e6.

In certain embodiments, the modified oligonucleotide comprises
at least one modified internuclecside 1linkage, e.g. a
phosphothicate internucleoside linkage, such that some or all
of the internucleoside linkages may be phosphothioate

internucleoside linkages.

In certain embodiments, at least one nucleoside 1in the
modified oligonucleotide comprises a modified sugar, such as a
bicyclic sugar. In some such embodiments, at least one of the

modified sugar comprises a 2’ -O-methoxyethyl.

In other embodiments, the modified oligonucleotide comprises
at least one tetrahydropyran modified nucleoside wherein a

tetrahydropyran ring replaces the furanose ring.
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In some such embodiments, each of the at least one

tetrahydropyran modified nucleoside has the structure:

po!
¥
wherein Bx 1is an optionally protected heterocyclic base

moiety.

In certain embodiments, at least one nucleosgide comprises a
modified nucleobase, e.g. a modified deoxynucleoside, a

ribonucleoside, or a 5’ -methylcytosine.

In certain embodiments, the modified oligonucleotide
comprises:
(a) a gap segment consisting of linked deoxynucleosides;
(b)y a 5’ wing segment consgsisting of linked modified
nucleosides; and
(c) a 3’ wing segment consisting of linked modified
nucleosides;
wherein the gap segment is positioned between the 5’ wing
segment and the 3’ wing segment and wherein each modified
nucleoside within each wing segment comprises a modified

sugar.

In certain currently preferred embodiments, the modified
oligonucleotide comprises:

(a) a gap segment consisting of thirteen linked
deoxynucleosides;

(b) a 5" wing segment consisting of two linked modified
nucleosides; and

(c) a 3’ wing segment consisting of five linked modified

nucleosides;
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wherein the gap segment is pogsitioned between the 5’ wing
segment and the 3’ wing segment, wherein each modified
nucleoside within each wing segment comprises a 2’'-0-
methoxyethyl sugar; and wherein each internuclecside linkage

is a phosphothiocate linkage.

In certain embodiments, the sequence of the nuclecbase is the

sequences set forth in SEQ ID NO: 39.

In other embodiments, the sequence of the nucleobase is the

sequences set forth in SEQ ID NO: 40.

In still other embodiments, the sequence of the nucleobase is

the sequences set forth in SEQ ID NO: 45.

In yet other embodiments, the sequence of the nuclecbase 1is

the sequences set forth in SEQ ID NO: 52.

In yet other embodiments, the sequence of the nuclecbase 1is

the sequences set forth in SEQ ID NO: 166.

In certain embodiments, the composition comprises the modified
oligonuclectide or a salt thereof, and a pharmaceutically

acceptable carrier or diluent.

In certain embodiments, the modified oligonucleotide directly
or indirectly inhibits expression of collagen or elastin or
both, so as to treat the keloid, prevent the formation,
reformation, or growth of the keloid, treat the hypertrophic
scar, prevent the formation, reformation, or growth of the
hypertrophic scar, reduce scar formation at the site of the
injury, treat the pre-existing scar, reduce formation of the
fibrotic lesion at the site of the injury, or treat the pre-

existing fibrotic lesion.

It 1s currently contemplated that the preceding methods
further comprise administering to the subject a second

compound.
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In certain embodiments, the second compound may be an
antisense compound targeting the same or a different sequence,
and the modified oligonucleotide and the second compound may

be administered simultaneously or sequentially.

In certain embodiments, the modified o¢ligonucleotide 1is
present in a conjugate with a moiety which enhances uptake of
the compound into, and/or increases residence time of the
compound 1in, the subject, wherein the residence time 1is
preferably 7 to 60 days. The conjugate moiety is polyethylene
glycol, hyaluronic acid, cholesterol, adamantine acetic acid,
l-pyrene butyric acid, dihydrotestosterone, 1,3-Bis-0-
(hexadecyl)glycerol, hexadecylglycerol, hexadecylamine,
geranyloxvyhexyl, palmitic acid, myristic acid, spermine,
spermidine, folic acid, wvitamin E, a carbohydrate cluster, a
peptide (including antennapedia helix, HIV Tat fragments,

integrin binding peptide), transportin, or porphyrin.

In certain embodiments, the modified o©ligonucleotide is
administered in a delivery system which enhances uptake of the
compound into, and/or increases residence time of the compound
in, the subject, wherein the residence time is preferably 7 to
60 days. The delivery system comprises a cationic lipid, a
liposome, a microparticle, a nanoparticle, a ligquid
formulation with suspended particles with or without drug in
the solution for immediate release or with drug depot in
particles (particularly PLGA and poly-Arg particles), a ligquid
formulation that gels after injections such as
thermosetting/responsive liquids (e.g. plurcnic gels), liquids
that contain a polymer and drug in a biocompatible solvent
that precipitate when the solvent is diluted by body fluids
(e.g. atrigel), a gel, a semi-solid formulaticn such as
hydrogel (with a matrix backing or as a spray solution), a
powder to be sprinkled on during surgery, a resorbable suture,

or a fast dissolving gel or polymer strip.
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In certain embodiments, the modified oligonucleotide is
administered to the subject following a surgical excision of

the keloid, scar, or fibrotic lesion.

In certain embodiments, the injury to the skin is the result
of a surgical incision, a Dbiopsy, a skin piercing, a skin

remcoval, a burn, or a wound.

In certain embodiments, the effective amount is about 5 mg of
the modified oligonucleotide per injection per linear
centimeter of the keloid, the hypertrophic scar, the injury to
the skin, the site of the injury, the pre-existing scar, or

the pre-existing fibrotic lesion.

In certain embodiments, the modified oligonucleotide is
administered for up to 6 months. In other embodiments, the

modified oligonucleotide is administered for up to 1 year.

In certain embodiments, the preceding methods further comprise
administering to the subject another therapeutic agent which
may be a steroid, a silicone wrap, TGF-R3 (i.e. Juvista),
collagenase (i.e. Xyflex), 17B-estrodicl (i.e. Zesteem), IL-10
(i.e. Prevascar), mannose 6-phosphate (i.e. Juvidex), a smooth
muscle relaxant (i.e. AZX100, a 24-amino acid synthetic
peptide), a stem cell therapy (i.e. GBT009), serum amyloid
protein, antibodies targeting integrin ovpo, CTGEF, TGFR, or
molecules that inhibit the activity of ALK-4 and/or ALK-5 (the
TGEF Dbeta receptors), any inhibitor designed to block TNF
activity (for example etanercept), occlusive dressings,
compression therapy, cryosurgery, surgical excision, laser
Lreatment, radiation therapy, interferon therapy, bleomycin,
5-fluorouracil, verapamil, imiquimod cream, one capable of
promoting wound healing, such as Dermagraft, Apligraf, PDGF
(i.e. Regranex), electrical stimulation, "growth factors" as a
category, dressings as a category, small intestinal submucosa

(SIS), Promogran, hyperbaric oxygen, or combinations thereof.
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In certain embodiments, the modified oligonucleotide is
administered by means of a formulation, ultrasound,

electroporation, iontophoresis or micro-needle.

In certain embodiments, the modified oligonucleotide 1is
administered adjacent to the keloid, the hypertrophic scar,
the injury to the skin, the site of the injury, the pre-

existing scar, or the pre-existing fibrotic lesion.

In other embodiments, the modified oligonucleotide is
administered along the entire length of the keloid, the
hypertrophic scar, the injury to the skin, the site of the
injury, the pre-existing scar, or the pre-existing fibrotic

lesion.

In still other embodiments, the modified oligonucleotide 1is
administered along each side of the keloid, the hypertrophic
scar, the injury to the skin, the site of the injury, the pre-

existing scar, or the pre-existing fibrotic lesion.

In vet other embodiments, the modified oligonucleotide 1is
administered directly into the keloid, the hypertrophic scar,
the injury to the skin, the site of the injury, the pre-

existing scar, or the pre-existing fibrotic lesion.

In certain embodiments, the subject is genetically predisposed

to formation of keloids or hypertrophic scars or both.

In certain embodiments, the modified o©ligonucleotide is

administered intradermally.

In other embodiments, the modified oligonucleotide is

administered intradermally by threading technique.

In still other embodiments, the modified oligonucleotide is

administered sub-cutaneously.



10

15

20

25

30

WO 2012/106508 PCT/US2012/023620
_ 2 l -
In vet other embodiments, the modified oligonucleotide 1is

administered topically.

This invention also provides a kit which comprises:
a. a device pre-filled with the composition
comprising the modified oligonuclectide; and

b. instruction for uses.

In a certain embodiment the antisense oligonucleotide 1is
complementary to a portion of the region of CTGEF targeted by
active oligonucleotides which stretches from target sites 1396
through 1424. This 1is the sequence space targeted by oligo
418899, 412295 and 412294/EXC 001 (SEQ ID NOs: 166, 40 and 39,

respectively) .

This invention also provides a modified oligonucleotide
comprising at least 12, preferably at least 14, 1linked
nucleosides, the nucleobase sequence of which is a portion of
one of the nucleobase sequences set forth in SEQ ID NOs: 28,

30, 39, 40, 43, 44, 45, 50, 51, 52, 56, 78, 125 and 1lo66.

The antisense compounds described herein can comprise an
oligonuclecotide having 12 to 30, 12 to 20, and preferably 14

to 20 linked nucleosides.

In one embodiment of the invention, the modified
oligonucleotide 1s a single-stranded or a double-stranded

oligonucleotide.

The present invention employs oligomeric compounds,
particularly antisense oligonucleotides, for use in modulating
the function of nucleic acid molecules encoding proteins
involved in fibrosis, ultimately modulating the amount of
protein produced. This is accomplished by providing antisense

compounds which specifically hybridize with one or more
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nucleic acids encoding a protein involved in fibrosis. As used
herein, the terms "target nucleic acid" and "nucleic acid
encoding connective tissue growth factor" encompass DNA
encoding a protein involved in fibrosis, RNA (including pre-
mRNA and mRNA) transcribed from such DNA, and alsc c¢DNA

derived from such RNA.

The specific hybridization of an oligomeric compound with its
target nucleic acid interferes with the normal function of the
nucleic acid. This modulation of function of a target nucleic
acid by compounds which specifically hybridize to it 1is
generally referred to as "antisense". The functions of DNA to
be interfered with include replication and transcription. The
functions of RNA to be interfered with include all wvital
functions such as, for example, translocation of the RNA to
the site of protein translation, translation of protein from
the RNA, splicing of the RNA to yield one or more mRNA
species, and catalytic activity which may be engaged in or
facilitated Dby the RNA. The overall effect of such
interference with target nucleic acid function is modulation
of the expression of connective tissue growth factor. In the
context of the present invention, "modulaticn" means either an
increase (stimulation) or a decrease (inhibition) in the
expression of a gene. In the context of the present invention,
inhibition 1is the preferred form of modulation of gene

expression and mRNA is a preferred target.

Target Nucleic Acids, Target Regions and Nucleotide Sequences

It 1is preferred to target specific nucleic acids for
antisense. "Targeting” an antisense compound to a particular
nucleic acid, in the context of this invention, is a multistep

process.
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It is understood that the seguence set forth in each SEQ ID NO
in the Examples contained herein 1is independent of any
modification to a sugar moiety, an internucleoside linkage, or
a nucleobase. As such, antisense compounds defined by a SEQ ID
NC may comprise, independently, one or more modifications to a
sugar moiety, an internucleoside linkage, or a nucleobase.
Antisense compounds described by TIsis Number (Isis No)

indicate a combination of nuclecbase sequence and motif.

In one embodiment, a target region is a structurally defined
region of the nucleic acid. For example, a target region may
encompass a 3’ UTR, a 5’ UTR, an exon, an intron, a coding
region, a translation initiation region, translation
termination region, or other defined nucleic acid region. The
structurally defined regions for the nucleic acid can be
obtained by accession number from sequence databases such as
NCBI and such information is incorporated herein by reference.
In other embodiments, a target region may encompass the
sequence from a 5’ target site of one target segment within
the target region to a 3’ target site of another target

segment within the target region.

Targeting includes determination of at least one target
segment to which an antisense compound hybridizes, such that a
desired effect occurs. In certain embodiments, the desired
effect is a reduction in mRNA target nucleic acid levels. In
other embodiments, the desired effect is reduction of levels
of protein encoded by the target nucleic acid or a phenotypic

change associated with the target nucleic acid.

A target region may contain one or more target segments.
Multiple target segments within a target region may be
overlapping. Alternatively, they may be non-overlapping. In
one embodiment, target segments within a target region are
separated by no more than about 300 nucleotides. In other

embodiments, target segments within & target region are



10

15

20

25

30

WO 2012/106508 PCT/US2012/023620
—24-
separated by no more than about, 250, 200, 150, 100, 90, 80,
70, 60, 50, 40, 30, 20, or 10 nucleotides on the target
nucleic acid. In another embodiment, target segments within a
target region are separated by no more than about 5
nucleotides on the target nucleic acid. In additional

embodiments, target segments are contiguous.

Suitable target segments may be found within a 5’ UTR, a
coding region, a 3’ UTR, an intron, or an exon. Target
segments containing a start codon or a stop codon are also
suitable target segments. A suitable target segment may
specifically exclude a certain structurally defined region

such as the start codon or stop codon.

The determination of suitable target segments may include a
comparison of the sequence of a target nucleic acid to other
sequences throughout the genome. For example, the BLAST
algorithm may be used to identify regions of similarity
amongst different nucleic acids. This comparison can prevent
the selection of antisense compound sequences that may
hybridize in a non-specific manner to sequences other than a
selected target nucleic acid (i.e., non-target or coff-target

sequences) .

There may be wvariation in activity (e.g., as defined by
percent reduction of target nucleic acid levels) of the
antisense compounds within an active target region. In one
embodiment, reductions in CTGE mRNA levels are indicative of
inhibition of CTGF expression. Reductions in levels of a CIGFE
protein are also indicative of inhibition of target mRNA
expression. Further, phenotypic changes are indicative of

inhibition of CTGF expression.
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Antisense Compounds

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 thereof. This term
includes oligonucleotides composed of naturally-occurring
nucleobases, sugars and covalent internucleoside (backbone)

linkages as well as oligonucleotides having non-naturally-
occurring portions which function similarly. Such modified or
substituted oligonucleotides are often preferred over native
forms because o0of desirable properties such as, for example,
enhanced cellular uptake, enhanced affinity for nucleic acid

target and increased stability in the presence of nucleases.

While antisense oligonucleotides are a ©preferred form of
antisense compound, the present invention comprehends other
oligomeric antisense compounds, including but not limited to

oligonucleotide mimetics.

Antisense compound means an oligomeric compound capable of
undergoing hybridization to a target nucleic acid through
hydrogen bonding. Antisense compounds include, but are not
limited to oligonucleotides, oligonucleosides, oligonucleotide
analogs, oligonucleotide mimetics, antisense oligonucleotides,
S1RNA, RNA1, ribozymes, external guide sequence (EGS)
oligonucleotides (oligozymes), and other oligonucleotides which

hybridize to the target nucleic acid and modulate its expression.

In certain embodiments, an antisense compound has a nucleocbase
sequence that, when written in the 5’ to 3’ direction, comprises
the reverse complement of the target segment of a target nucleic
acid to which it 1is targeted. In certain such embodiments, an
antisense oligonucleotide has a nucleobase sequence that, when
written in the 5" to 3’ direction, comprises the reverse
complement of the target segment of a target nucleic acid to

which it is targeted.
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In certain embodiments, an antisense compound targeted to a
nucleic acid is 12 to 30 subunits in length. In other words,
antisense compounds are from 12 to 30 linked subunits. In other
embodiments, the antisense compound is 8 to 80, 12 to 50, 15 to
30, 18 to 24, 19 to 22, or 20 linked subunits. In certain such
embodiments, the antisense compounds are 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,
406, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61,
62, ©3, 64, 65, 66, 67, ©8, 69, 70, 71, 72, 73, 74, 75, 76, 77,
78, 79, or 80 linked subunits in length, or a range defined by
any two of the above values. In some embodiments the antisense
compound is an antisense oligonucleotide, and the linked subunits

are nucleotides.

In one preferred embodiment of the invention, the compound
comprises 20 or at least 14 linked nucleosides, wherein the
modified oligonucleotide has a sequence which is 100% identical
to one of the sequences set forth in SEQ ID NOs: 28, 30, 39, 40,
45, 52, 56, 78, 125 and 166. In another preferred embodiment,
the lead compound of interest has the sequence set forth in SEQ

ID No: 39 (ISIS 412294).

In certain embodiments, a shortened or truncated antisense
compound targeted to a nucleic acid has a single subunit deleted
from the 5’ end (5’ truncation), or alternatively from the 3’ end
(3’ truncation). A shortened or truncated antisense compound
targeted to a nucleic acid may have two subunits deleted from the
5’ end, or alternatively may have two subunits deleted from the
3’ end, of the antisense compound. Alternatively, the deleted
nucleosides may be dispersed throughout the antisense compound,
for example, in an antisense compound having one nucleoside
deleted from the 5’ end and one nuclecside deleted from the 37

end.

When a single additional subunit 1is present in a lengthened

antisense compound, the additional subunit may be located at the
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5 or 3' end of the antisense compound. When two are more
additional subunits are present, the added subunits may be
adjacent to each other, for example, in an antisense compound
having two subunits added to the 5" end (5’ addition), or
alternatively to the 3" end (37 addition), of the antisense
compound. Alternatively, the added subunits may be dispersed
throughout the antisense compound, for example, in an antisense
compound having one subunit added to the 5’ end and one subunit

added to the 3’ end.

It is possible to increase or decrease the length of an antisense
compound, such as an antisense oligonucleotide, and/or introduce
mismatch bases without eliminating activity. For example, in
Woolf et al. (Proc. Natl. Acad. Sci. USA 89:7305-7309, 1992), a
series of antisense oligonucleotides 13-25 nuclecbases in length
were tested for their ability to induce cleavage of a target RNA
in an oocyte injection model. Antisense oligonucleotides 25
nucleobases in length with 8 or 11 mismatch bases near the ends
of the antisense oligonucleotides were able to direct specific
cleavage of the target mRNA, albeit to a lesser extent than the
antisense oligonucleotides that contained no mismatches.
Similarly, target specific cleavage was achieved wusing 13
nucleobase antisense oligonucleotides, including those with 1 or

3 mismatches.

Gautschi et al (J. Natl. Cancer Inst. 93:463-471, March 2001)
demonstrated the ability of an oligonucleotide having 100%
complementarity to the bcl-2 mRNA and having 3 mismatches to the
bcl-xL mRNA to reduce the expression of both bcl-2 and bcl-xL in
vitro and in vivo. Furthermore, this oligonucleotide demonstrated

potent anti-tumor activity in vivo.

Maher and Dolnick (Nuc. Acid. Res. 16:3341-3358,1988) tested a
series of tandem 14 nucleobase antisense oligonucleotides, and a
28 and 42 nucleobase antisense oligonucleotides comprised of the
sequence of two or three of the tandem antisense

oligonucleotides, respectively, for their ability to arrest
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translation of human DHFR in a rabbit reticulocyte assay. Fach
of the three 14 nuclecbase antisense oligonucleotides alone was
able to inhibit translation, albeit at a mcre modest level than

the 28 or 42 nucleobase antisense oligonucleotides.

Bhanot et al. (PCT/US2007/068401) provided short antisense
compounds, including compounds comprising chemically-modified
high-affinity monomers 8 to 16 monomers in length. These short
antisense compounds were shown to be useful for reducing target
nucleic acids and/or proteins in cells, tissues, and animals with
increased ©potency and improved therapeutic index. Short
antisense compounds were effective at lower doses than previously
described antisense compounds, allowing for a reduction in
toxicity and cost of treatment. In addition, the described short

antisense compounds have greater potential for oral dosing.

Hybridizations

Once one or more target sites have been identified,
oligonucleotides are chosen which are sufficiently complementary
to the target, 1i.e., hybridize sufficiently well and with

sufficient specificity, to give the desired effect.

In the context of this invention, "hybridization™ means hydrogen
bonding, which may be Watson-Crick, Hoogsteen or reversed
Hoogsteen hydrogen bonding, between complementary nucleoside or
nucleotide bases. For example, adenine and thymine are
complementary nucleobases which pair through the formation of

hydrogen bonds.

Identity

The antisense compounds provided herein may also have a defined
percent identity to a particular nuclecotide seguence, SEQ ID NO,

or compound represented by a specific oligo (Isis) number. As
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used herein, an antisense compound 1s identical to the sequence
disclosed herein if it has the same nuclecbase pairing ability.
For example, a RNA which contains uracil in place of thymidine in
a disclosed DNA sequence would be considered identical to the DNA
sequence since both uracil and thymidine pair with adenine.
Shortened and lengthened versions of the antisense compounds
described herein as well as compounds having non-identical bases
relative to the antisense compounds provided herein also are
contemplated. The non-identical bases may be adjacent to each
other or dispersed throughout the antisense compound. Percent
identity of an antisense compound is calculated according to the
number of bases that have identical base pairing relative to the

sequence to which it is being compared.

In one embodiment, the antisense compounds are at least 70%, 75%,
80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% identical to one
or more of the antisense compounds or SEQ ID NOs, or a portion

thereof, disclosed herein.

Modifications

In a certain embodiment of the invention, modifications to
antisense compounds encompass substitutions or changes to

internucleoside linkages, sugar moieties, or nucleobases.

In one embodiment o©f the invention the compound comprises at
least one modification selected from the group consisting of a
modified internucleoside linkage, a modified sugar, and a

modified nucleobase.

Althocugh antisense oligonucleotides containing a variety of
modified internucleoside linkages may be employed, the currently
preferred modified internucleoside linkage 1is a phosphothioate
linkage between one or more of the nucleosides or wherein all of
the internucleoside linkages are phosphothicate internucleoside

linkages.
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In general, it is also preferred that the antisense
oligonucleotide contains at least one and typically more than one
modified sugar, wherein the sugar 1is a bicyclic sugar. Although
various modified sugars may be employed it is presently preferred

to employ a 2'-O-methoxyethyl sugar.

Further, at least one and typically more than one of the
nucleobases contained in the antisense oligonucleotide will be a

modified nuclecotide such as a S-methylcytosine.

A nucleoside is a base-sugar combination. The nucleocbase (also
known as base) portion of the nucleoside 1is normally a
heterocyclic Dbase moiety. Nucleotides are nucleosides that

further include a phosphate group covalently linked to the sugar
portion of the nucleoside. For those nucleosides that include a
pentofuranosyl sugar, the phosphate group can be linked to the
2', 3" or 5' hydroxyl moiety of the sugar. Oligonucleotides are
formed through the covalent linkage of adjacent nucleosides to
one another, to form a linear polymeric oligonucleotide. Within
the oligonucleotide structure, the phosphate groups are commonly
referred to as forming the internuclecside linkages of the

oligonucleotide.

Modifications to antisense compounds encompass substitutions or
changes to internucleoside linkages, sugar moieties, or
nucleobases. Modified antisense compounds are often preferred
over native forms because of desirable properties such as, for
example, enhanced cellular uptake, enhanced affinity for nucleic
acid target, increased stability in the presence of nucleases, or

increased inhibitory activity.

Chemically modified nucleosides may also be employed to increase
the binding affinity of a shortened or truncated antisense
oligonucleotide for its target nucleic acid. Consequently,
comparable results can often be obtained with shorter antisense

compounds that have such chemically modified nucleocsides.
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Modified Internucleotide Linkages

The naturally occurring internucleoside linkage of RNA and DNA is
a 3" to 5' phosphodiester linkage. Antisense compounds having one
or more modified, i.e. non-naturally occurring, internucleoside
linkages are often selected over antisense compounds having
naturally occurring internucleoside linkages because of desirable
properties such as, for example, enhanced cellular uptake,
enhanced affinity for target nucleic acids, and increased

stability in the presence of nucleases.

Oligonucleotides having modified internucleoside linkages include
internucleoside linkages that retain a phosphorus atom as well as
internucleoside linkages that do not have a phosphorus atom.
Representative phosphorus containing internucleoside linkages
include, but are not limited to, phosphodiesters,
phosphotriesters, methylphosphonates, phosphoramidate, and
phosphorothiocates. Methods of preparation of phosphorous-
containing and non-phosphorous-containing linkages are well

known.

In one embodiment, antisense compounds targeted to a CTGF nucleic
acid comprise one or more modified internucleoside linkages. In
some embodiments, the modified internucleoside linkages are
phosphorothioate linkages. In other embodiments, each
internucleoside linkage of an antisense compound is a

phosphorothioate internucleoside linkage.

As is known in the art, a nucleoside is a base-sugar combination.
The base portion of the nucleoside is normally a heterocyclic
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 nucleoside. For those nucleosides that include a
pentofuranosyl sugar, the phosphate group can be linked to either
the 2', 3' or b5' hydroxyl moiety of the sugar. In forming
oligonucleotides, the phosphate groups covalently link adjacent

nucleosides to one another to form a linear polymeric compound.
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In turn the respective ends of this linear polymeric structure
can be further joined to form a circular structure, however, open
linear structures are generally preferred. Within the
oligonucleotide structure, the phosphate groups are commonly
referred to as forming the internuclecside Dbackbone of the
oligonucleotide. The normal linkage or backbone of RNA and DNA is

a 3' to 5' phosphodiester linkage.

Specific examples of preferred antisense compounds useful in this
invention include oligonucleotides containing modified backbones
or non-natural internucleoside 1linkages. As defined 1in this
specification, oligonucleotides having modified 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 oligonucleotides that do not have a phosphorus
atom in their internucleoside backbone can also be considered to

be oligonucleosides.

Preferred modified oligonucleotide backbones include, for
example, phosphorothiocates, chiral phosphorothiocates,
phosphorodithioates, phosphotriesters, aminoalkylphosphotri-

esters, methyl and other alkyl phosphonates including 3'-alkylene
phosphonates, 5'-alkylene phosphonates and chiral phosphonates,
prhosphinates, phosphoramidates including 3'-amino phosphoramidate
and aminoalkylphosphoramidates, thiono-phosphoramidates,
thionoalkylphosphonates, thionoalkylphospho-triesters,
selenophosphates and boranophosphates having normal 3'-5"
linkages, 2'-5' 1linked analogs of these, and those having
inverted polarity wherein one or more internucleotide linkages is
a 3° to 37, 5" to 5! or 2' to 27 linkage. Preferred
oligonucleotides having inverted polarity 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 therecf). Various

salts, mixed salts and free acid forms are also included.
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Representative United States patents that teach the preparation
of the above phosphorus-containing linkages include, but are not
limited to, U.S. Pat. Nos.: 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; 5,453,49%96; 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, certain of which are commonly
owned with this application, and each of which 1s herein

incorporated by reference.

Preferred modified oligonucleotide backbones that do not include
a phosphorus atom therein have backbones that are formed by short
chain alkyl or «cycloalkyl internuclecside linkages, mixed
hetercatom and alkyl or cycloalkyl internucleoside linkages, or
one or more short chain hetercatomic or heterocyclic
internucleoside linkages. These include those having morpholino
linkages (formed in part from the sugar portion of a nucleoside);
siloxane Dbackbones; sulfide, sulfoxide and sulfone backbones;
formacetyl and thioformacetyl backbones; methylene formacetyl and
thioformacetyl backbones; riboacetyl backbones; alkene containing
backbones; sulfamate backbones; methyleneimino and
methylenehydrazino backbones; sulfonate and sulfonamide
backbones; amide backbones; and others having mixed N, 0O, 3 and

CH, component parts.

Representative United States patents that teach the preparation
of the above oligonucleosides include, but are not limited to,
U.S. Pat. Nos.: 5,034,506; 5,166,315; ©5,185,444; 5,214,134;
5,216,141; 5,235,033; 5,264,562; 5,264,504; 5,405,938; 5,434,257;
5,466,677; 5,470,9067; 5,489,0677; 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, certain of which are commonly owned with this
application, and each of which is Therein 1incorporated by

reference.
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In other preferred oligonuclectide mimetics, both the sugar and
the internucleoside linkage, i.e., the backbone, of the
nucleotide units are replaced with novel groups. The base units
are maintained for hybridization with an appropriate nucleic acid
target compound. One such oligomeric compound, an oligonucleotide
mimetic that has Dbeen shown to have excellent hybridization
properties, is referred to as a peptide nucleic acid (PNA). In
PNA compounds, the sugar-backbone of an oligonucleotide 1is
replaced with an amide containing Dbackbone, in particular an
aminoethylglycine backbone. The nuclecbases are retained and are
bound directly or indirectly to aza nitrogen atoms of the amide
portion of the backbone. Representative United States patents
that teach the preparation of PNA compounds include, but are not
limited to, U.S. Pat. Nos.: 5,539,082; 5,714,331; and 5,719,262,
each of which 1is herein incorporated by reference. Further
teaching of PNA compounds can be found in Nielsen et al.,

Science, 1991, 254, 1497-1500.

Most preferred embodiments of the invention are oligonucleotides
with phosphorothiocate backbones and oligonucleosides with
hetercatom backbones, and in particular -CH;-NH-O-CH;-, -CHz-
N (CH3) -O-CH»- [known as a methylene (methylimino) or MMI
backbone], -CH;,-0-N(CH3) -CH,—, -CH;-N (CH3) --N (CH3) -CH,- and -0-
N (CH;) -CH3-CH;- [wherein the native phosphodiester backbone 1is
represented as -0-P-0-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 preferred are oligonucleotides having
morpholino backbone structures of the above-referenced U.3. Pat.

No. 5,034,506.

Modified Sugar Moieties

Modified oligonucleotides may also contain one or more
substituted sugar moieties. For example, the furanosyl sugar ring
can be modified in a number of ways including substitution with a

substituent group, bridging to form a bicyclic nucleic acid “BNA”
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and substituticon of the 4'-0 with a heterocatom such as S or N(R)
as described in U.S. Pat. No.: 7,399,845 to Seth et al., hereby
incorporated by reference herein in its entirety. Other examples
of BNAs are described in published 1International Patent
Application No. WO 2007/146511, hereby incorporated by reference

herein in its entirety.

Antisense compounds o©f the invention can optionally contain one
or more nucleotides having modified sugar moieties. Sugar
modifications may impart nuclease stability, binding affinity or
some other Dbeneficial Dbiological property to the antisense
compounds. The furanosyl sugar zring of a nucleoside can be
modified in a number of ways including, but not limited to:
addition of a substituent group, particularly at the 2’ position;
bridging of two non-geminal ring atoms to form a bicyclic nucleic
acid (BNA); and substitution of an atom or group such as -S-, -
N(R)- or -C(R1l) (R2Z) for the ring oxygen at the 4'-position.
Modified sugars include, but are not limited to: substituted
sugars, especially 2'-substituted sugars having a 2'-F, 2'-0CHZ
(27 -0OMe) or a 2'-0(CH2)2-0CH3 (2" -0O-methoxyethyl or 2’'-MOE)
substituent group; and bicyclic modified sugars (BNAs), having a
4" - (CH2)n-0-2" bridge, where n=1 or n=2. Methods for the
preparations of modified sugars are well known to those skilled

in the art.

In certain embodiments, a 2’-modified nuclecside has a bicyclic
sugar moiety. In certain such embodiments, the bicyclic sugar
moiety is a D sugar in the alpha configuration. In certain such
embodiments, the bicyclic sugar moiety is a D sugar in the beta
configuration. In certain such embodiments, the Dbicyclic sugar
moiety is an L sugar in the alpha configuration. In certain such
embodiments, the bicyclic sugar moiety is an L sugar in the beta

configuration.

In certain embodiments, the bicyclic sugar moiety comprises a
bridge group between the 2' and the 4'-carbon atoms. In certain

such embodiments, the bridge group comprises from 1 to 8 linked
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biradical groups. In certain embodiments, the bicyclic sugar
moiety comprises from 1 to 4 linked biradical groups. In certain
embodiments, the bicyclic sugar moiety comprises 2 or 3 linked
biradical groups. In certain embodiments, the bicyclic sugar
moiety comprises 2 linked Dbiradical groups. In certain
embodiments, a linked biradical group is selected from -0-, -S-,
-N(R1) -, -C(R1) (R2)—, -C(R1)=C(R1) -, -C(R1)=N-, -C(=NR1) -, -
Si(R1) (R2)-, -S(=Q)2-, -S5(=0)-, -C(=0)- and -C(=S)-; where each
Rl and R2 1is, independently, H, hydroxyl, Cl-clz alkyl,
substituted C1-Cl2 alkyl, C2-Cl2 alkenyl, substituted C2-Cl2
alkenyl, C2-Cl12 alkynyl, substituted C2-Cl1l2 alkynyl, C5-C20 aryl,
substituted C5-C20 aryl, a heterocycle radical, a substituted
hetero-cycle radical, heterocaryl, substituted heterocaryl, C5-C7
alicyclic radical, substituted C5-C7 alicyclic radical, halogen,
substituted oxy (-0-), amino, substituted amino, azido, carboxyl,
substituted carboxyl, acyl, substituted acyl, CN, thiol,
substituted thiol, sulfonyl (S(=0)2-H), substituted sulfonyl,
sulfoxyl (S(=0)-H) or substituted sulfoxyl; and each substituent
group 1s, independently, halogen, C1-C12 alkyl, substituted Cl-
Cl2 alkyl, C2-Cl2 alkenyl, substituted C2-Cl2 alkenyl, C2-Cl12
alkynyl, substituted C2-Cl12 alkynyl, aminc, substituted amino,
acyl, substituted acyl, Cl-Cl2 aminoalkyl, Cl1-Cl2 amincalkoxy,
substituted Cl1-Cl12 aminoalkyl, substituted C1-Cl2 aminocalkoxy or

a protecting group.

In some embodiments, the bicyclic sugar moiety is bridged between
the 2’ and 4’ carbon atoms with a biradical group selected from -
O-(CHz)p-, -0-CH;—, -O-CH,CH;-, -O-CH(alkyl) -, -NH- (CH:) p—, -
N(alkyl)-(CH:;)p-, -O-CH(alkyl)-, -(CH(alkyl))-(CH:)p-, -NH-O-
(CH;)p-, —-N(alkyl)-0-(CH;)p-, or -0O-N(alkyl)-(CH;)p-, wherein p is
1, 2, 3, 4 or 5 and each alkyl group can be further substituted.

In certain embodiments, p is 1, 2 or 3.

In one aspect, each of said bridges 1is, independently, -
[C(R1) (R2)]In-, -[C(R1l) (R2)]n-0-, -C(RLR2)-N(R1)-0- or -C(R1R2)-0-
N(R1)-. In another aspect, each of said bridges is,

independently, 4'-(CHy)s-2', 4'-(CH;)»-2', 4'-CH,-0-2', 4'-(CH;):-
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0-2', 4'-CH»-O0-N(R1)-2' and 4'-CH;-N(R1)-0-2"- wherein each R1 is,

independently, H, a protecting group or Cl-Cl2 alkyl.

In nucleotides having modified sugar moieties, the nucleobase
moieties (natural, modified or a combination thereof) are
maintained for hybridization with an appropriate nucleic acid

target.

In one embodiment, antisense compounds targeted to a nucleic acid
comprise one or more nucleotides having modified sugar moieties.
In a preferred embodiment, the modified sugar moiety is 2’-MOE.
In other embodiments, the 2’-MOE modified nucleotides are

arranged in a gapmer motif.

Currently preferred oligonucleoctides comprise one of the
following at the 2' position: OH; F; 0O-, S-, or N-alkyl; 0O-, S-,
or N-alkenyl; 0-, S- or N-alkynyl; or O-alkyl-O-alkyl, wherein
the alkyl, alkenyl and alkynyl may be substituted or
unsubstituted C; to C;y alkyl or C:; to Cjy alkenyl and alkynyl.
Particularly preferred are O[(CH;), O], CHs, O(CH;), OCHs:, O(CHy),
NH,, O(CH;), CHz, O(CH:;), ONH,, and O(CH;), ON[ (CH:;), CH:)],, where n
and m are from 1 to about 10. Other preferred oligonucleotides
comprise one of the following at the 2' position: C; to Ci; lower
alkyl, substituted lower alkyl, alkenyl, alkynyl, alkaryl,
aralkyl, 0O-alkaryl or O-aralkyl, SH, SCH;, OCN, Cl, Br, CN, CFs,
OCF3, SOCH3, S0O,CH3s, ONO:, NO,, N3, NH,, heterocycloalkyl,
heterocycloalkaryl, aminoalkylamino, polyalkylamino, substituted
silyl, an RNA cleaving group, a reporter group, an intercalator,
a group for improving the pharmacokinetic properties of an
oligonucleotide, or a group for 1improving the pharmacodynamic
properties of an oligonucleotide, and other substituents having
similar properties. A preferred modification includes 2'-
methoxyethoxy (2'"-0-CH>» CH> OCHj3, also known as 2'-0-(2-
methoxyethyl) or 2'-MOE) (Martin et al., Helv. Chim. Acta, 1995,
78, 486-504) i.e., an alkoxyalkoxy group. A further preferred
modification includes 2'-dimethylaminooxyethoxy, i.e., a O(CHz):

ON (CH3) » group, also known as 2 '"-DMAQE, and 27—
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dimethylaminoethoxyethoxy (also known in the art as 2'-0-
dimethylaminoethoxyethyl or 2'-DMAEOE), i.e., 2'-0--CH,--0--CH, --
N(CH;),. A further preferred modification includes bicylic nucleic
acid (alsc referred to as 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 is preferably a methelyne (--CH,-—-), group bridging the 2°
oxygen atom and the 4' carbon atom wherein n is 1 or 2 including
a-L-Methyleneoxy (4’-CH2-0-2') BNA, bB-D-Methyleneoxy (4'-CH2-0-
2’) BNA and FEthyleneoxy (47-(CH2),-0-2") BNA. Bicyclic modified
sugars also include (6’S)-6"methyl BNA, Aminocoxy (4'-CH2-0O-N(R)-
27) BNA, Oxyamino (4’ -CH2-N (R) -0-2") BNA wherein, R is,
independently, H, a protecting group, or Cl1-Cl2 alkyl. LNAs also
form duplexes with complementary DNA, RNA or LNA with high
thermal affinities. Circular dichroism (CD) spectra show that
duplexes involving fully modified LNA (esp. LNA:RNA) structurally
resemble an A-form RNA:RNA duplex. Nuclear magnetic resonance
(NMR) examination of an ILNA:DNA duplex confirmed the 3'-endo
conformation of an LNA monomer. Recognition of double-stranded
DNA has also been demonstrated suggesting strand invasion by LNA.
Studies of mismatched sequences show that LNAs obey the Watson-
Crick base pairing zrules with generally improved selectivity

compared to the corresponding unmodified reference strands.

LNAs in which the 2'-hydroxyl group is linked to the 4' carbon
atom of the sugar ring thereby forming a 2'-C,4'-C-oxymethylene
linkage thereby forming a bicyclic sugar moiety. The linkage may
be a methelyne (-CH;-), group bridging the 2' oxygen atom and the
4' carbon atom wherein n is 1 or 2 (3ingh et al., Chem. Commun.,
1998, 4, 455-456). LNA and LNA analogs display very high duplex
thermal stabilities with complementary DNA and RNA (Tm=+3 to +10
°C), stability towards 3'-exonucleolytic degradation and good
solubility properties. Other preferred bridge groups include the
2'-deoxy—-2'-CH;OCH;-4"'" bridge. LNAs and preparation thereof are
described in published International Patent Application Nos. WO
98/39352 and WO 99/14226.
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Other preferred modifications include 2'-methoxy (2'-0-CHs), 2'-
aminopropoxy (2'-0OCH,CH,CH;NH,), 2'-allyl (2'"-CH;-CH=CH,), 2'-0-
allyl (2'-0-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' 1linked oligonucleotides and the 57
position of 5' terminal nucleotide. Oligonucleotides may also
have sugar mimetics or surrogates (sometimes referred to as DNA
analogs) such as cyclobutyl moieties in place of the
pentofurancsyl sugar. Representative United States patents that
teach the preparation of such modified sugar structures include,
but are not limited to, U.S. Pat. Nos.: 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, certain of which are commonly owned with the
instant application, and each of which is herein incorporated by
reference 1in 1its entirety. In certain embodiments, nucleosides
are modified by replacement of the ribosyl ring with a surrogate
ring system such as a morpholino ring, a cyclohexenyl ring, a
cyclohexyl ring or a tetrahydropyranyl ring such as one having

one of the formulae:

HO\C)J\ HO\ROJ\ HO\(OJ\
\v - BX HO\\" Y BX \\.

E OCH,

Many other bicyclo and tricyclo sugar surrogate ring systems are
also know in the art that can be used to modify nucleosides for
incorporation into antisense compounds (see for example review
article: Leumann, Christian J., ). Such ring systems can undergo

various additional substitutions to enhance activity.
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In one embodiment of the invention, the compound comprising at
least one tetrahydropyran modified nucleoside wherein a

tetrahydropyran ring replaces the furanose ring.

In another embodiment of the invention, wherein each of the at

least one tetrahydropyran modified nucleoside has the structure:

g—O O

wherein Bx is an optionally protected heterocyclic base moiety.

Modified Nucleobases

Oligonucleotides may also include nucleobase (often referred to
in the art simply as "base") modifications or substitutions.
Nucleobase modifications or substitutions are structurally
distinguishable from, vyet functionally interchangeable with,
naturally occurring or synthetic unmodified nuclecbases. Both
natural and modified nucleobases are capable of participating in
hydrogen bonding. Such nuclecbase modifications may impart
nuclease stability, binding affinity or some other beneficial
biological property to antisense compounds. Modified nucleobases
include synthetic and natural nuclecbases such as, for example,
5-methylcytosine (5-me-C). Certain nuclecbase substitutions,
including 5-methylcytosine substitutions, are particularly useful
for increasing the binding affinity of an antisense compound for
a target nucleic acid. For example, S5-methylcytosine
substitutions have been shown to increase nucleic acid duplex
stability by 0.6-1.2°C (Sanghvi, Y.S., Crooke, S.T. and Lebleu,
B., eds., Antisense Research and Applications, CRC Press, Boca

Raton, 1993, pp. 276-278).

Additicnal unmodified nucleobases include 5-hydroxymethyl

cytosine, xanthine, hypoxanthine, Z2-amincadenine, 6-methyl and
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other alkyl derivatives of adenine and guanine, 2-propyl and
other alkyl derivatives of adenine and guanine, 2-thiocuracil, 2-
thiothymine and 2-thiocytosine, b5-halouracil and c¢ytosine, b5-
propynyl (-C=C-CHjy) uracil and cytosine and other alkynyl
derivatives of pyrimidine bases, 6-azo uracil, c¢ytosine and
thymine, 5-uracil (pseudouracil), 4-thiouracil, 8-halo, 8-amino,
8-thiol, 8-thiocalkyl, 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-F-adenine, 2-amino-adenine, 8-azaguanine and 8-
azaadenine, 7-deazaguanine and 7-deazaadenine and 3-deazaguanine

and 3-deazaadenine.

Heterocyclic base moieties may also include those in which the
purine or pyrimidine base is replaced with other heterocycles,
for example 7-deaza-adenine, 7-deazaguancsine, 2-aminopyridine
and 2-pyridone. Nucleobases that are particularly useful for
increasing the binding affinity of antisense compounds include 5-
substituted pyrimidines, 6-azapyrimidines and N-2, N-6 and 0-6
substituted purines, including 2 aminopropyladenine, 5-

propynyluracil and 5S5-propynylcytosine.

In one embodiment, antisense compounds targeted to a CTGF nucleic
acid comprise one or more modified nuclecbases. In an additional
embodiment, gap-widened antisense oligonucleotides targeted to a
CTGF nucleic acid comprise one or more modified nuclecobases. In
some embodiments, the modified nucleobase is S5-methylcytosine. In

further embodiments, each cytosine is a S-methylcytosine.

As used herein, "unmodified™ or "natural”™ nuclecbases include the
purine bases adenine (A) and guanine (G), and the pyrimidine
bases thymine (T), cytosine (C) and uracil (U) . Modified
nucleobases include other synthetic and natural nuclecobases such
as b5-methylcytosine (5-me-C), b5-hydroxymethyl cytosine, 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
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and 2-thiocytosine, 5-halcocuracil and cytosine, 5-propynyl (-C=C-
CH;) uracil and cytosine and other alkynyl derivatives of
pyrimidine bases, 6-azo uracil, cytosine and thymine, b5-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-F-adenine, 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-
pyrimido[5,4-b][1,4]benzoxazin-2(3H)-one), phenothiazine cytidine
(l1H-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]lindol-2-one), pyridoindole cytidine (H-
pyrido[3',2':4,5]pyrrolo[2,3-d]pyrimidin-2-one) . Modified

nucleobases may also 1include those in which the purine or
pyrimidine base is replaced with other heterocycles, for example
7-deaza-adenine, 7-deazaguanosine, 2-aminopyridine and 2-
pyridone. Further nucleobases include those disclosed in U.S.
Pat. No. 3,687,808, those disclosed 1in 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, 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
oligomeric compounds of the invention. These include 5-
substituted pyrimidines, 6-azapyrimidines and N-2, N-6 and 0-6
substituted purines, including 2—-aminopropyladenine, 5-
propynyluracil and S5-propynylcytosine. 5-methylcytosine
substitutions have been shown to increase nucleic acid duplex
stability by 0.6-1.2°C (Sanghvi, Y. S., Crooke, S. T. and Lebleu,

B., eds., Antisense Research and Applications, CRC Press, Boca
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Raton, 1993, pp. 276-278) and are presently preferred base
substitutions, even more particularly when combined with 2'-0-

methoxyethyl sugar modifications.

Representative United States patents that teach the preparation
of certain of the above noted modified nucleocbases as well as
other modified nucleobases include, but are not limited to, the
above noted U.S. Pat. No. 3,087,808, 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; 6,005,0906; and 5,081,941, certain of which are
commonly owned with the instant application, and each of which is
herein incorporated by reference, and U.S. Pat. No. 5,750,092,
which has an owner in common with the owners of the instant

application and alsc herein incorporated by reference.

Antisense Compound Motifs

In certain embodiment of the invention, the compound comprises a
modified oligonucleotide comprised of (a) a gap segment
consisting of linked deoxynucleosides, preferably consists of a
thirteen linked modified deoxynucleosides; (b) a 5’ wing segment
consisting of linked modified nucleosides, preferably consists of
two linked modified nucleosides; and (c) a 3’ wing segment
consisting of linked modified nucleosides, preferably consists of
five 1linked nucleosides; wherein the gap segment 1s positioned
between the 5’ wing segment and the 3’ wing segment, and wherein
each modified nucleoside within each wing segment comprises a
modified sugar, preferably comprises a 2’'-O-methoxyethyl sugar;
and wherein each internucleoside linkage 1s a phosphothioate

linkage.
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These patterns of modified nuclectides in an antisense compound
are called motif. These motifs, confer to the antisense compounds
properties such to enhance the inhibitory activity, 1increase
binding affinity for a target nucleic acid, or 1increase

resistance to degradation by in vivo nucleases.

In certain embodiments, antisense compounds targeted to a CTGFEF
nucleic acid have chemically modified subunits arranged in
patterns, or motifs, to confer to the antisense compounds
properties such as enhanced the inhibitory activity, increased
binding affinity for a target nucleic acid, or resistance to

degradation by in vivo nucleases.

Chimeric antisense compounds typically contain at least one
region modified so as to confer increased resistance to nuclease
degradation, increased cellular uptake, increased binding
affinity for the target nucleic acid, and/or increased inhibitory
activity. A second region of a chimeric antisense compound may
opticnally serve as a substrate for the cellular endonuclease

RNase H, which cleaves the RNA strand of an RNA:DNA duplex.

Antisense compounds having a gapmer motif are considered chimeric
antisense compounds. In a gapmer an 1internal region having a
plurality of nucleotides that supports RNaseH cleavage 1is
positioned Dbetween external regions having a plurality of
nucleotides that are chemically distinct from the nucleosides of
the internal region. In the case of an antisense oligonucleotide
having a gapmer motif, the gap segment generally serves as the
substrate for endonuclease cleavage, while the wing segments
comprise modified nucleosides. In a preferred embodiment, the
regions of a gapmer are differentiated by the types of sugar
moieties comprising each distinct region. The types of sugar
moieties that are used to differentiate the regions of a gapmer
may 1in some embodiments include (f-D-ribonucleosides, p-D-deoxy-
ribonucleosides, 2'-modified nucleosides (such 2" -modified
nucleosides may include 27-MOE, and 2"-0-CH;, among others), and

bicyclic sugar modified nucleosides (such bicyclic sugar modified
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nucleosides may include those having a 4'-(CH2)n-0-2' Dbridge,
where n=1 or n=2). Preferably, each distinct region comprises
uniform sugar moleties. The wing-gap-wing motif is frequently
described as “X-Y-72”, where “X” represents the length of the 5
wing region, “Y” represents the length of the gap region, and “72”
represents the length of the 3’ wing region. Any of the
antisense compounds described herein can have a gapmer motif. In
some embodiments, X and 7 are the same, in other embodiments they
are different. In a preferred embodiment, Y is between 8§ and 15
nucleotides. X, Y or 72 can be any of 1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30 or more
nucleotides. Thus, gapmers of the present invention include, but
are not limited to, for example 2-13-5, 5-10-5, 4-8-4, 4-12-3, 4-
12-4, 3-14-3, 2-16-2, 1-18-1, 3-10-3, 2-10-2, 1-10-1 or 2-8-2.

In some embodiments, the antisense compound as a “wingmer” motif,
having a wing-gap or gap-wing configuration, i.e. an X-Y or Y-%Z
configuration as described above for the gapmer configuration.
Thus, wingmer configurations of the present invention include,
but are not limited to, for example 5-10, 8-4, 4-12, 12-4, 3-14,
le-2, 18-1, 10-3, 2-10, 1-10 or 8-2.

In one embodiment, antisense compounds targeted to a nucleic acid

possess a 2-13-5 gapmer motif.

In some embodiments, an antisense compound targeted to a CTGF
nucleic acid has a gap-widened motif. In other embodiments, an
antisense oligonucleotide targeted to a CTGF nucleic acid has a

gap-widened motif.

In one embodiment, a gap-widened antisense oligonucleotide
targeted to a CTGFE nucleic acid has a gap segment of fourteen 2'-
deoxyribonucleotides positioned between wing segments of three
chemically modified nucleosides. In one embodiment, the chemical
modification comprises a 2’-sugar modification. In another
embodiment, the chemical modification comprises a 2'-MOE sugar

modification.
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Antisense compounds having a gapmer motif are considered
“chimeric” antisense compounds or "chimeras,™ 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. These oligonucleotides typically
contain at least one region modified so as to confer increased
resistance to nuclease degradation, increased cellular uptake,
increased binding affinity for the target nucleic acid, and/or
increased inhibitory activity. 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
incorporated in a single compound or even at a single nucleoside

within an oligonucleotide.

An additional region of the oligonuclecotide may serve as a
substrate for enzymes capable of c¢leaving RNA:DNA or RNA:RNA
hyvbrids. 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
inhibition of gene expression. Consegquently, comparable results
can often be obtained with shorter oligonucleotides when chimeric
oligonucleotides are used, compared to phosphorothiocate
deoxyoligonucleotides hybridizing to the same target region.
Cleavage o©f the RNA target can be routinely detected by gel
electrophoresis and, if necessary, associated nucleic acid

hybridization techniques known in the art.

Chimeric antisense compounds of the invention may be formed as
composite structures of two or more oligonucleotides, modified
oligonucleotides, oligonucleosides and/or oligonucleotide
mimetics as described above. Such compounds have also Dbeen
referred to in the art as hybrids or gapmers. Representative
United States 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
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5,700,922, certain of which are commonly owned with the instant
application, and each of which 1is Therein incorporated by

reference in its entirety.

In the case of an antisense oligonucleotide having a gapmer
motif, the gap segment generally serves as the substrate for
endonuclease cleavage, while the wing segments comprise modified
nucleosides. In a preferred embodiment, the regions of a gapmer
are differentiated by the types of sugar moieties comprising each
distinct region. The types of sugar moieties that are used to
differentiate the regions o©of a gapmer may include p-D-
ribonucleosides, f-D-deoxyribonucleosides, 2'-modified
nucleosides (such 2'-modified nucleosides may include 2’'-MOE),

and bicyclic sugar modified nucleosides.

Another modification of the oligonucleotides of the invention
involves chemically linking to the oligonucleotide one or more
moieties or conjugates which enhance the activity, cellular
distribution or «cellular uptake of the oligonucleotide. The
compounds of the invention can include conjugate groups
covalently Dbound to functional groups such as primary or
secondary hydroxyl groups. Conjugate groups of the invention
include intercalators, reporter molecules, polyamines,
polyamides, polyethylene glycols, polyethers, groups that enhance
the pharmacodynamic properties of oligomers, and groups that
enhance the pharmacokinetic properties of oligomers. Typical
conjugates groups include cholesterols, lipids, phospholipids,
biotin, phenazine, folate, phenanthridine, anthraguinone,
acridine, fluoresceins, rhodamines, coumarins, and dyes. Groups
that enhance the pharmacodynamic properties, in the context of
this invention, include groups that improve oligomer uptake,
enhance oligomer resistance to degradation, and/or strengthen
sequence-specific hybridization with RNA. Groups that enhance the
pharmacokinetic properties, in the context of this invention,
include groups that improve oligomer uptake, distribution,
metabolism or excretion. Representative conjugate groups are

disclosed in International Patent Application PCT/US%2/09196,
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filed Oct. 23, 1992 the entire disclosure of which is
incorporated herein by reference. Conjugate moieties include but
are not limited to lipid moieties such as a cholesterol moiety
(Letsinger et al., Proc. Natl. Acad. Sci. USA, 1989, 86, 6553~
6556), cholic acid (Manoharan et al., Bioorg. Med. Chem. Let.,
1994, 4, 1053-1060), a thicether, e.g., hexyl-S-tritylthiol
(Manoharan et al., Ann. N.Y. Acad. Sci., 1992, 660, 306-309;
Manoharan et al., Bioorg. Med. Chem. Let., 1993, 3, 2765-2770), a
thiocholesterol (Oberhauser et al., Nucl. Acids Res., 1992, 20,
533-538), an aliphatic chain, e.g., dodecandiol or undecyl
residues (Saison-Behmoaras et al., EMBO J., 1991, 10, 1111-1118;
Kabanov et al., FEBS Lett., 1990, 259, 327-330; Svinarchuk et
al., Biochimie, 1993, 75, 49-54), a phospholipid, e.g., di-
hexadecyl-rac-glycerol or triethyl-ammonium 1,2-di-O-hexadecyl-
rac-glycero-3-H-phosphonate (Manoharan et al., Tetrahedron Lett.,
1995, 36, 3651-3654; Shea et al., Nucl. Acids Res., 1990, 18,
3777-3783), a polyamine or a polyethylene glycol chain (Manoharan
et al., Nucleosides & Nucleotides, 1995, 14, 969-973), or
adamantane acetic acid (Manoharan et al., Tetrahedron Lett.,
1995, 36, 3651-3654), a palmityl moiety (Mishra et al., Biochim.
Biophys. Acta, 1995, 1264, 229-237), or an octadecylamine or
hexylamino-carbonyl-oxychoclesterol moiety (Crooke et al., J.
Pharmacol. Exp. Ther., 1996, 277, ©923-937. Oligonucleotides of
the invention may also be conjugated to active drug substances,
for example, aspirin, warfarin, phenylbutazone, ibuprofen,
suprofen, fenbufen, ketoprofen, (S)-(+)-pranoprofen, carprofen,
dansylsarcosine, 2,3,5-triiodobenzoic acid, flufenamic 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)

which is incorporated herein by reference in its entirety.

Representative United States patents that teach the preparation

of such oligonucleotide conjugates include, but are not limited
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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;
5,591,584; 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; 4,876,335; 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, certain of which are commonly owned with the
instant application, and each of which is herein incorporated by

reference.

In another embodiment of the invention, the compound comprises

the modified oligonuclectide consists of 20 linked nucleosides.

In a preferred embodiment of the invention, the compound
comprises the nucleobase sequence is the sequence set forth in

SEQ ID NOs: 39, 40, 45, 52 and 166.

In one embodiment of the invention the composition comprises a
modified oligonucleotide comprising 1linked nucleosides, the
nucleobase seguence of which i1s a sequence set forth in one of
SEQ ID NOs: 28, 30, 39, 40, 43, 44, 45, 50, 51, 52, 56, 78, 125
and 166 or a salt thereof, and a pharmaceutically acceptable
carrier or diluent. Examples of pharmaceutically acceptable

salts are well known to those skilled in the art.

In one embodiment of the invention, the antisense compound 1is
complementary within a range of nuclectides on the CTGF sequence.
In certain embodiments the antisense compound 1is complementary
within the range of nucleotides 718-751, 1388-1423, 1457-1689,
2040-2069, 2120-2147, or 2207-2301 of SEQ ID NO: 9. In a certain
embodiment the antisense compound 1is complementary within the
range of nucleotides 2728-2797 of SEQ ID NO: 10. Compounds
targeted to these ranges demonstrate at least 50% inhibition

(i.e. SEQ ID NOs: 15, 29, 31, 42, 46-49, 53, 72, 81, 82, 152-154,
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164, and 165). Certain target sites listed in Table 1 also
demonstrate at least 50% inhibition (i.e. SEQ ID NOs: 12, 20, 33,
34, 76, 107, 129, 132, 134, 136, and 146). In certain embodiments
the antisense compound 1s complementary within the range of
nucleotides 553-611, 1394-1423, 1469-1508, 1559-1605, 1659-1689
or 2100-2129 of SEQ ID NO: ¢ and 2623-2647 of SEQ ID NO: 10.
Compounds targeted therein demonstrate at least 60% inhibition
(i.e. SEQ ID NOs: 27, 28, 38, 39, 40, 43, 44, 45, 50, 51, 52, 54,
55, 56, 77, 78, 79, 138 and 139). Certain additional target sites
listed in Table 1 also demonstrate at least 60% inhibition (i.e.
SEQ ID NOs: 24, 30, 61, ¢3, 67, 69, 73, 86, 125, 128, and 161).
In certain embodiments the antisense compound 1s complementary
within the range of nucleotides 1399-1423. Compounds targeted
therein demonstrate at least 70% inhibition (i.e. SEQ ID NOs: 39
and 40). Certain target sites listed in Table 1 also demonstrate
at least 70% inhibition (i.e. SEQ ID NOs: 28, 30, 44, 45, 51, 5¢,
78, 128, and 138). One target site 1listed in Table 1 also
demonstrates at least 80% inhibition (i.e. SEQ ID NO: 44). In
certain embodiments, the percent inhibition is achieved when the
antisense compound is delivered to HuVec cells at a concentration
of 50nm. Refer to Example 8, provided herein below, for more

details.

In an embodiment of the composition, the modified oligonucleotide
is a single-stranded or double stranded oligonuclectide. 1In
another embodiment of the invention, comprising a modified
oligonucleotide, wherein the modified oligonuclecotide consists of

20 linked nucleosides

In another embodiment of the invention, provides a method for
inhibiting expression of connective tissue growth factor in a
cell or a tissue which comprises contacting the cell or tissue
with the compound o©of interest under conditions such that

expression of connective tissue growth factor is inhibited.

Antisense oligonucleotides may be combined with pharmaceutically

acceptable active and/or inert substances for the preparation of
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pharmaceutical compositions or formulations. Compositions and
methods for the formulation of pharmaceutical compositions are
dependent upon a number of criteria, including, but not limited
to, route of administration, extent of disease, or dose to be

administered.

Antisense compound targeted to a nucleic acid can be utilized in
pharmaceutical compositions by combining the antisense compound
with a suitable pharmaceutically acceptable diluent or carrier. A
pharmaceutically acceptable diluent includes phosphate-buffered
saline (PBS). PBS is a diluent suitable for use in compositions
to be delivered parenterally. Accordingly, in one embodiment,
employed in the methods described herein is a pharmaceutical
composition comprising an antisense compound targeted to a
nucleic acid and &a pharmaceutically acceptable diluent. In one
embodiment, the pharmaceutically acceptable diluent is PBS. 1In
another embodiment, the pharmaceutically acceptable diluent 1is

pharmaceutical grade saline or pharmaceutical grade PBS. In other

embodiments, the antisense compound is an antisense
oligonucleotide.
Pharmaceutical compositions comprising antisense compounds

encompass any pharmaceutically acceptable salts, esters, or salts
of such esters, or any other oligonucleotide which, upon
administration to an animal, including a human, 1is capable of
providing (directly or indirectly) +the Dbiologically active
metabolite or residue thereof. Accordingly, for example, the
disclosure is also drawn to pharmaceutically acceptable salts of
antisense compounds, prodrugs, pharmaceutically acceptable salts
of such prodrugs, and other biceguivalents. Suitable
pharmaceutically acceptable salts include, but are not limited

to, sodium and potassium salts.

A prodrug can include the incorporation of additicnal nucleosides
at one or both ends of an antisense compound which are cleaved by
endogenous nucleases within the body, to form the active

antisense compound. In particular, prodrug versions of the
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oligonucleotides of the invention are prepared as SATE [(S-
acetyl-2-thioethyl)phosphate] derivatives according to the

methods disclosed in WO 93/24510 to Gosselin et al., published
Dec. 9, 1993 or in WO 94/26764 and U.S. Pat. No. 5,770,713 to

Imbach et al.

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.

Pharmaceutically acceptable base addition salts are formed with
metals or amines, such as alkali and alkaline earth metals or
organic amines. Examples of metals used as cations are sodium,
potassium, magnesium, calcium, and the like. Examples of suitable
amines are N,N'-dibenzylethylenediamine, chloroprocaine, choline,
diethanolamine, dicyclohexylamine, ethylenediamine, N-
methylglucamine, and procaine (see, for example, Berge et al.,
"Pharmaceutical Salts," J. of Pharma Sci., 1977, 66, 1-19). The
base addition salts of said acidic compounds are prepared by
contacting the free acid form with a sufficient amount of the
desired base to produce the salt in the conventional manner. The
free acid form may be regenerated by contacting the salt form
with an acid and isolating the free acid in the conventional
manner. The free acid forms differ from their respective salt
forms somewhat in certain physical properties such as solubility
in polar solvents, but otherwise the salts are equivalent to
their respective free acid for purposes of the present invention.
As wused herein, a "pharmaceutical addition salt™ includes a
pharmaceutically acceptable salt of an acid form of one of the
components of the compositions of the invention. These include
organic or 1inorganic acid salts of the amines. Preferred acid
salts are the hydrochlorides, acetates, salicylates, nitrates and
phosphates. Other suitable pharmaceutically acceptable salts are
well known to those skilled in the art and include basic salts of

a variety of inorganic and organic acids, such as, for example,
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with inorganic acids, such as for example hydrochloric acid,
hydrobromic acid, sulfuric acid or phosphoric acid; with organic
carboxylic, sulfonic, sulfo or phospho acids or N-substituted
sulfamic acids, for example acetic acid, propionic acid, glycolic
acid, succinic acid, maleic acid, hydroxymaleic acid,
methylmaleic acid, fumaric acid, malic acid, tartaric acid,
lactic acid, oxalic acid, gluconic acid, glucaric acid,
glucuronic acid, citric acid, Dbenzoic acid, cinnamic acid,
mandelic acid, salicylic acid, 4-aminosalicylic acid, 2-
phenoxybenzoic acid, 2-acetoxybenzoic acid, embonic acid,
nicotinic acid or isonicotinic acid; and with amino acids, such
as the 20 alpha-amino acids involved in the synthesis of proteins
in nature, for example glutamic acid or aspartic acid, and also
with phenylacetic acid, methanesulfonic acid, ethanesulfonic
acid, 2-hydroxyethanesulfonic acid, ethane-1,2-disulfonic acid,
benzenesulfonic acid, 4-methylbenzenesulfonic acid, naphthalene-
2-sulfonic acid, naphthalene-1,5-disulfonic acid, 2- or 3-
phosphoglycerate, glucose-6-phosphate, N-cyclohexylsulfamic acid
(with the formation of cyclamates), or with other acid organic
compounds, such as ascorbic acid. Pharmaceutically acceptable
salts of compounds may alsoc be prepared with a pharmaceutically
acceptable cation. Suitable pharmaceutically acceptable cations
are well known to those skilled in the art and include alkaline,
alkaline earth, ammenium and guaternary ammonium cations.

Carbonates or hydrogen carbonates are also possible.

For oligonucleotides, preferred examples of pharmaceutically
acceptable salts include but are not limited to (a) salts formed
with cations such as sodium, potassium, ammonium, magnesium,
calcium, polyamines such as spermine and spermidine, etc.; (b)
acid addition salts formed with inorganic acids, for example
hydrochloric acid, hydrobromic acid, sulfuric acid, phosphoric
acid, nitric acid and the like; (c) salts formed with organic
acids such as, for example, acetic acid, oxalic acid, tartaric
acid, succinic acid, maleic acid, fumaric acid, gluconic acid,

citric acid, malic acid, ascorbic acid, benzoic acid, tannic
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acid, palmitic acid, alginic acid, polyglutamic acid,
naphthalenesulfonic acid, methanesulfonic acid, p-toluenesulfonic
acid, naphthalenedisulfonic acid, polygalacturonic acid, and the
like; and (d) salts formed from elemental anions such as

chlorine, bromine, and iodine.

In certain embodiment of the invention, a pharmaceutically
acceptable carrier or diluent is an ingredient in a composition
that lacks pharmacological activity, but 1is pharmaceutically
necessary or desirable as a solvent, suspending agent or any
other pharmaceutically inert wvehicle for delivering one or more
nucleic acids to a human or non-human animal. Pharmaceutical

carriers are well known to those skilled in the art.

Carriers

Certain compositions of the present invention also incorporate
carrier compounds in the formulation. As used herein, "carrier
compound” or "carrier"™ can refer to a nucleic acid, or analog
thereof, which is 1inert (i.e., does not possess biclogical
activity per se) but 1s recognized as a nucleic acid by in vivo
processes that reduce the Dbicavailability of a nucleic acid
having Dbiological activity by, for example, degrading the
biologically active nucleic acid or promoting its removal from
circulation. The coadministration of a nucleic acid and a carrier
compound, typically with an excess of the latter substance, can
result in a substantial reduction c¢f the amount of nucleic acid
recovered in the liver, kidney or other extracirculatory
reservoirs, presumably due to competition between the carrier
compound and the nucleic acid for a common receptor. For example,
the recovery of a partially phosphorothicate oligonucleotide in
hepatic tissue can be reduced when it is coadministered with
polyinosinic acid, dextran sulfate, peclycytidic acid or 4-
acetamido-4'isothiocyano-stilbene-2,2'-disulfonic acid (Miyao et
al., Antisense Res. Dev., 1995, 5, 115-121; Takakura et al.,

Antisense & Nucl. Acid Drug Dev., 1996, 6, 177-183).
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Excipients

In contrast to a carrier compound, a "pharmaceutical carrier" or
"excipient" is a pharmaceutically acceptable solvent, suspending
agent or any other pharmacologically inert vehicle for delivering
one or more nucleic acids to an animal. The excipient may be
ligquid or solid and is selected, with the planned manner of
administration in mind, so as to provide for the desired bulk,
consistency, etc., when combined with a nucleic acid and the
other components of a given pharmaceutical composition. Typical
pharmaceutical carriers include, but are not limited to, binding
agents (e.g., pregelatinized maize starch, polyvinylpyrrolidone
or hydroxypropyl methylcellulose, etc.); fillers (e.g., lactocse
and other sugars, microcrystalline cellulose, pectin, gelatin,
calcium sulfate, ethyl cellulose, polyacrylates or calcium
hydrogen phosphate, etc.); lubricants (e.g., magnesium stearate,
talc, silica, colloidal silicon dioxide, stearic acid, metallic
stearates, hydrogenated vegetable o0ils, corn starch, polyethylene
glycols, sodium benzoate, sodium acetate, etc.); disintegrants
(e.g., starch, sodium starch glycolate, etc.); and wetting agents

(e.g., sodium lauryl sulphate, etc.).

Pharmaceutically acceptable organic or inorganic excipient
suitable for non-parenteral administration which does not
deleteriously react with nucleic acids can alsoc be wused to
formulate the compositions of the present invention. Suitable
pharmaceutically acceptable carriers include, but are not limited
to, water, salt solutions, alcohols, polyethylene glycols,
gelatin, lactose, amylose, magnesium stearate, talc, silicic
acid, viscous paraffin, hydroxymethylcellulose,

polyvinylpyrrolidone and the like.

Formulations for topical administration of nucleic acids may
include sterile and non-sterile aqueous solutions, non-agqueous
solutions in common solvents such as alcohols, or solutions of
the nucleic acids in liquid or solid o0il bases. The solutions may

also contain buffers, diluents and other suitable additives.
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Pharmaceutically acceptable organic or 1inorganic excipients
suitable for non-parenteral administration which do not

deleteriously react with nucleic acids can be used.

In one embodiment of the invention, the composition comprises a
modified oligonucleotide comprises a single-stranded or a double-
stranded oligonucleotide, and wherein the modified

oligonucleotide consists of 20 linked nucleosides.

In another embodiment o©f the invention involves a method for
inhibiting expression of connective tissue growth factor in a
cell or a tissue which comprises contacting the cell or tissue
with any one of the above-mentioned compounds under conditions
such that expression o©f connective tissue growth factor 1is

inhibited.

In certain embodiment of the invention involves a method of
treating an animal having a disease or condition associated with
expression of connective tissue growth factor which comprises
administering to the animal an amocunt of the compound described
hereinabove effective to inhibit expression of connective tissue

growth factor so as to thereby treat the animal.

In the practice of the method of this invention, an animal

includes a human as well as a non-human animal, preferably human.

The present invention also includes pharmaceutical compositions
and formulations which include the antisense compounds of the
invention. The pharmaceutical compositions o©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. Administration may be by intradermal
administration, including intradermal threading of the injection
needle, sub-cutaneous, topical (including ophthalmic and to
mucous membranes including wvaginal 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
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administration includes intravenous, intraarterial, subcutaneous,

intraperitoneal or intramuscular injection or 1infusion; or
intracranial, e.g., intrathecal or intraventricular,
administration.

Pharmaceutical compositions and formulations for topical

administration may include transdermal patches, ointments,
lotions, creams, gels, drops, suppositories, sprays, liguids and
powders. Conventional pharmaceutical carriers, aqueous, powder or
oily bases, thickeners and the like may be necessary or
desirable. Coated condoms, gloves and the 1like may also be
useful. Preferred intradermal and topical formulations 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. Preferred lipids and liposomes include
neutral (e.qg. dioleoylphosphatidyl DOPE ethanolamine,
dimyristoylphosphatidyl choline DMPC, distearolyphosphatidyl
choline) negative (e.g. dimyristoylphosphatidyl glycerol DMPG)
and cationic (e.g. dioleoyltetramethylaminopropyl DOTAP and
dioleoylphosphatidyl ethanolamine DOTMA). Oligonucleotides of the
invention may be encapsulated within liposomes or may form
complexes thereto, in particular to cationic liposomes.
Alternatively, oligonucleotides may be complexed to lipids, in
particular to cationic lipids. Preferred fatty acids and esters
include but are not limited arachidonic acid, oleic acid,
eicosanoic acid, lauric acid, caprylic acid, capric acid,
myristic acid, palmitic acid, stearic acid, linoleic acid,
lincolenic acid, dicaprate, tricaprate, monoolein, dilaurin,
glyceryl l-monocaprate, l-dodecylazacycloheptan-2-one, an
acylcarnitine, an acylcholine, or a Cjp alkyl ester (e.qg.
isopropylmyristate IPM), monoglyceride, diglyceride or
pharmaceutically acceptable salt thereocf. Topical formulations
are described in detail in U.S. patent application Ser. No.
09/315,298 filed on May 20, 1999 which is incorporated herein by

reference in its entirety.
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Pharmaceutical compositions of the present invention include, but
are not limited to, solutions, emulsions, and liposome-containing
formulations. These compositions may be generated from a variety
of components that include, but are not limited to, preformed

liquids, self-emulsifying solids and self-emulsifying semisolids.

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 1into 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 ligquid carriers or
finely divided solid carriers or both, and then, if necessary,

shaping the product.

The compositions of the present invention may be formulated into
any of many possible dosage forms such as, but not limited to,
syringes, pre-filed syringes, tablets, capsules, gel capsules,
liguid syrups, soft gels, suppositories, and enemas. The
compositions 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 o©f the suspension including, for example, sodium
carboxymethyl-cellulose, sorbitol and/or dextran. The suspension

may also contain stabilizers.

In one embodiment of the present invention the pharmaceutical
compositions may be formulated and used as foams. Pharmaceutical
foams include formulations such as, but not limited to,
emulsions, microemulsions, creams, Jjellies and liposomes. While
basically similar 1in nature these formulations wvary in the
components and the consistency of the final ©product. The
preparation of such compositions and formulations is generally

known to those skilled in the pharmaceutical and formulation arts
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and may be applied to the formulation of the compositions of the

present invention.

Liposomes

There are many organized surfactant structures besides
microcemulsions that have Dbeen studied and wused for the
formulation of drugs. These include monolayers, micelles,
bilayers and vesicles. Vesicles, such as liposomes, have
attracted great interest because of their specificity and the
duration of action they offer from the standpoint of drug
delivery. As used 1in the present invention, the term "liposome™"
means a vesicle composed of amphiphilic 1lipids arranged in a

spherical bilayer or bilayers.

Liposomes are unilamellar or multilamellar vesicles which have a
membrane formed from a lipophilic material and an agqueous
intericr. The aquecus portion contains the composition to be
delivered. Cationic liposomes possess the advantage of being able
to fuse to the cell wall. Non-cationic liposomes, although not
able to fuse as efficiently with the cell wall, are taken up by

macrophages in vivo.

In order to cross intact mammalian skin, lipid vesicles must pass
through a series of fine pores, each with a diameter less than 50
nm, under the influence of a suitable transdermal gradient.
Therefore, it 1is desirable to use a liposome which is highly

deformable and able to pass through such fine pores.

Further advantages of liposomes include; liposomes obtained from
natural ©phospholipids are Dbiocompatible and bicdegradable;
liposomes can incorporate a wide range of water and lipid soluble
drugs; liposomes can protect encapsulated drugs in their internal
compartments from metabolism and degradation (Rosoff, in
Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker (Eds.),

1988, Marcel Dekker, Inc., New York, N.Y., volume 1, p. 245).
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Important considerations in the preparation of liposome
formulations are the lipid surface charge, vesicle size and the

aqueous volume of the liposomes.

Liposomes are useful for the transfer and delivery of active
ingredients to the site of action. Because the liposomal membrane
is structurally similar to bioclogical membranes, when liposomes
are applied to a tissue, the liposomes start to merge with the
cellular membranes. As the merging of the liposome and cell
progresses, the liposomal contents are emptied into the cell

where the active agent may act.

Liposomal formulations have been the focus of extensive
investigation as the mode of delivery for many drugs. There is
growing evidence that for intradermal and topical administration,
liposomes present several advantages over other formulations.
Such advantages 1include reduced side-effects related to high
systemic absorption of the administered drug, increased
accumulation of the administered drug at the desired target, and
the ability to administer a wide variety of drugs, Dboth

hydrophilic and hydrophobic, into the skin.

Several reports have detailed the ability of liposomes to deliver
agents 1including high-molecular weight DNA into the skin.
Compounds including analgesics, antibodies, hormones and high-
molecular weight DNAs have been administered to the skin. The
majority of applications resulted in the targeting of the upper

epidermis.

Liposomes fall into two broad classes. Cationic liposomes are
positively charged liposomes which interact with the negatively
charged DNA molecules to form a stable complex. The positively
charged DNA/liposome complex binds to the negatively charged cell
surface and is internalized in an endosome. Due to the acidic pH
within the endosome, the liposomes are ruptured, releasing their
contents into the cell cytoplasm (Wang et al., Biochem. Biophys.

Res. Commun., 1987, 147, 980-985).
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Liposomes which are pH-sensitive or negatively-charged, entrap
DNA rather than complex with it. Since both the DNA and the lipid
are similarly charged, repulsion rather than complex formation
occurs. Nevertheless, some DNA 1is entrapped within the aqueous
interior of these liposomes. pH-sensitive liposomes have been
used to deliver DNA encoding the thymidine kinase gene to cell
monolayers 1in culture. Expression of the exogenous gene was
detected in the target cells (Zhou et al., Journal of Controlled
Release, 1992, 19, 269-274).

One major type of liposomal composition includes phospholipids
other than naturally-derived phosphatidylcholine. Neutral
liposome compositions, for example, can be formed from
dimyristoyl phosphatidylcholine (DMPC) or dipalmitoyl
phosphatidylcholine (DPPC) . Anionic liposome compositions
generally are formed from dimyristoyl phosphatidylglycerol, while
anionic fusogenic liposomes are formed primarily from dioleoyl
prhosphatidylethanolamine (DOPE) . Another type of liposomal
composition is formed from phosphatidylcholine (PC) such as, for
example, soybean PC, and egg PC. Another type is formed from
mixtures of phospholipid and/or phosphatidylcholine and/or

cholesterol.

Several studies have assessed the topical delivery of liposomal
drug formulations to the skin. Application of liposomes
containing interferon to guinea pig skin resulted in a reduction
of skin herpes sores while delivery of interferon via other means
(e.g. as a solution or as an emulsion) were ineffective (Weiner
et al., Journal of Drug Targeting, 1992, 2, 405-410). Further, an
additional study tested the efficacy of interferon administered
as part of a liposomal formulation to the administration of
interferon wusing an aqueous system, and concluded that the
liposomal formulation was superior to aqueous administration (du

Plessis et al., Antiviral Research, 1992, 18, 259-265).

Non-ionic liposomal systems have also been examined to determine

their utility in the delivery of drugs to the skin, in particular
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systems comprising non-ionic surfactant and cholesterol. Non-
ionic 1liposcomal formulations comprising WNovasome™ I (glyceryl
dilaurate/cholestercl/poclyoxyethylene  -10-stearyl  ether) and
Novasome™ TIT (glyceryl distearate/ cholesterol/polyoxyethylene-
10-stearyl ether) were used to deliver cyclosporin-A into the
dermis of mouse skin. Results indicated that such non-ionic
liposomal systems were effective in facilitating the deposition
of cyclosporin-A into different layers of the skin (Hu et al.

S.T.P.Pharma. Sci., 1994, 4, 6, 466).

Liposomes also include "sterically stabilized" liposomes, a term
which, as used herein, refers to liposomes comprising one or more
specialized lipids that, when incorporated into liposomes, result
in enhanced circulation lifetimes 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 liposome (A) comprises one or more glycolipids,
such as monosialoganglioside Gwi;, or (B) 1is derivatized with one
or more hydrophilic polymers, such as a polyethylene glycol (PEG)
moiety. While not wishing to be bound by any particular theory,
it is thought in the art that, at least for sterically stabilized
liposomes containing gangliosides, sphingomyelin, or PEG-
derivatized lipids, the enhanced circulation half-life of these
sterically stabilized liposomes derives from a reduced uptake
into cells of the reticulcendothelial system (RES) (Allen et al.,
FEBS Letters, 1987, 223, 42; Wu et al., Cancer Research, 1993,
53, 3765).

Various liposomes comprising one or more glycolipids are known in
the art. Papahadjopoulos et al. (Ann. N.Y. Acad. Sci., 1987, 507,
64) reported the ability of monosialoganglioside Gu1
galactocerebroside sulfate and phosphatidylinositol to improve
blood half-lives of liposomes. These findings were expounded upon
by Gabizon et al. (Proc. Natl. Acad. Sci. U.S.A., 1988, 85,
6949). U.S. Pat. No. 4,837,028 and WO 88/04924, both to Allen et
al., disclose liposcmes comprising (1) sphingomyelin and (2) the

ganglioside Gy or a galactocerebroside sulfate ester. U.S. Pat.
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No. 5,543,152 (Webb et al.) discloses 1liposomes comprising
sphingomyelin. Liposomes comprising 1,2-sn-
dimyristcylphosphatidylcholine are disclosed in WO 97/13499 (Lim
et al.).

Many liposomes comprising lipids derivatized with one or more
hydrophilic polymers, and methods of preparation thereof, are
known in the art. Sunamoto et al. (Bull. Chem. Soc. Jpn., 1980,
53, 2778) described liposomes comprising a nonionic detergent,
2C1» 15G, that contains a PEG moiety. Illum et al. (FEBS Lett.,
1984, 167, 79) noted that hydrophilic coating of polystyrene
particles with polymeric glycols results in significantly
enhanced blood half-lives. Synthetic phospholipids modified by
the attachment of carboxylic groups of polyalkylene glycols
(e.g., PEG) are described by Sears (U.S. Pat. Nos. 4,426,330 and
4,534,899) . Klibanov et al. (FEBS Lett., 1990, 208, 235)
described experiments demonstrating that liposomes comprising
phosphatidylethancl-amine (PE) derivatized with PEG or PEG
stearate have significant increases in blood circulation half-
lives. Blume et al. (Biochimica et Biophysica Acta, 1990, 1029,
91) extended such observations to other PEG-derivatized
phospholipids, e.g., DSPE-PEG, formed from the combination of
distearoylphosphatidylethanolamine (DSPE) and PEG. Liposomes
having covalently bound PEG moieties on their external surface
are described in European Patent No. EP (0 445 131 Bl and WO
90/04384 to Fisher. Liposome compositions containing 1-20 mole
percent of PE derivatized with PEG, and methods of use thereof,
are described by Woodle et al. (U.S. Pat. Nos. 5,013,556 and
5,356,033) and Martin et al. (U.5. Pat. ©No. 5,213,804 and
Furopean Patent No. EP 0 496 813 Bl). Liposomes comprising a
number of other lipid-polymer conjugates are disclosed in WO
91/05545 and U.S. Pat. No. 5,225,212 (both to Martin et al.) and
in WO 94/20073 (Zalipsky et al.) Liposomes comprising PEG-
modified ceramide lipids are described in WO 96/10391 (Choi et
al.). U.S. Pat. Nos. 5,540,935 (Mivazaki et al.) and 5,556,948
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(Tagawa et al.) describe PEG-containing liposomes that can be

further derivatized with functional moieties on their surfaces.

A limited number of liposomes comprising nucleic acids are known
in the art. WO 96/40062 to Thierry et al. discloses methods for
encapsulating high molecular weight nucleic acids in liposomes.
U.S. Pat. No. 5,264,221 to Tagawa et al. discloses protein-bonded
liposomes and asserts that the contents of such liposomes may
include an antisense RNA. U.S. Pat. No. 5,005,710 to Rahman et
al. describes certain methods of encapsulating
oligodeoxynucleotides in liposomes. WO 97/04787 to Love et al.
discloses liposomes comprising antisense oligonucleotides

targeted to the raf gene.

Transfersomes are yet another type of liposomes, and are highly
deformable lipid aggregates which are attractive candidates for
drug delivery vehicles. Transfersomes may be described as lipid
droplets which are so highly deformable that they are easily able
to penetrate through pores which are smaller than the droplet.
Transfersomes are adaptable to the environment in which they are
used, e.g. they are self-optimizing (adaptive to the shape of
pores 1in the skin), self-repairing, frequently rzreach their
targets without fragmenting, and often self-locading. To make
transfersomes 1t 1s possible to add surface edge-activators,
usually surfactants, to a standard liposomal composition.
Transfersomes have Dbeen used to deliver serum albumin to the
skin. The transfersome-mediated delivery of serum albumin has
been shown to be as effective as subcutaneous injection of a

solution containing serum albumin.

Surfactants find wide application in formulations such as
emulsions (including microemulsions) and liposomes. The most
common way of classifying and ranking the properties of the many
different types of surfactants, both natural and synthetic, is by
the use of the hydrophile/lipophile balance (HLB). The nature of
the hydrophilic group (alsc known as the "head") provides the

most useful means for categorizing the different surfactants used
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in formulations (Rieger, in Pharmaceutical Dosage Forms, Marcel

Dekker, Inc., New York, N.Y., 1988, p. 285).

If the surfactant molecule is not ionized, it is classified as a
nonionic surfactant. Nonionic surfactants find wide application
in pharmaceutical and cosmetic products and are usable over a
wide range of pH wvalues. In general their HLB values range from 2
to about 18 depending on their structure. Nonionic surfactants
include nonionic esters such as ethylene glycol esters, propylene
glycol esters, glyceryl esters, polyglyceryl esters, sorbitan
esters, sucrose esters, and ethoxylated esters. Nonionic
alkanolamides and ethers such as fatty alcohol ethoxylates,
propoxylated alcohols, and ethoxylated/propoxylated block
polymers are also included in this c¢lass. The polyoxyethylene
surfactants are the most popular members of the nonionic

surfactant class.

If the surfactant molecule carries a negative charge when it 1is
dissolved or dispersed in water, the surfactant is classified as
anionic. Anionic surfactants include carboxylates such as soaps,
acyl lactylates, acyl amides of amino acids, esters of sulfuric
acid such as alkyl sulfates and ethoxylated alkyl sulfates,
sulfconates such as alkyl benzene sulfonates, acyl isethionates,
acyl taurates and sulfosuccinates, and phosphates. The most
important members of the anionic surfactant class are the alkyl

sulfates and the socaps.

If the surfactant molecule carries a positive charge when it is
dissolved or dispersed in water, the surfactant is classified as
cationic. Cationic surfactants include quaternary ammonium salts
and ethoxylated amines. The quaternary ammonium salts are the

most used members of this class.

If the surfactant molecule has the ability to carry either a
positive or negative charge, the surfactant is classified as
amphoteric. Amphoteric surfactants include acrylic acid
derivatives, substituted alkylamides, N-alkylbetaines and

rhosphatides.
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The use of surfactants in drug products, formulations and in
emulsions has been reviewed (Rieger, 1in Pharmaceutical Dosage

Forms, Marcel Dekker, Inc., New York, N.Y., 1988, p. 285).

Penetration Enhancers

In one embodiment, the ©present invention employs various
penetration enhancers to effect the efficient delivery of nucleic
acids, particularly oligonucleotides, to the skin of animals.
Most drugs are present in solution in both ionized and nonionized
forms. However, usually only lipid soluble or lipophilic drugs
readily cross cell membranes. It has been discovered that even
non-lipophilic drugs may cross cell membranes if the membrane to
be crossed is treated with a penetration enhancer. In addition to
aiding the diffusion of non-lipophilic drugs across cell
membranes, penetration enhancers also enhance the permeability of

lipophilic drugs.

Penetration enhancers may be classified as belonging to one of
five broad categories, i.e., surfactants, fatty acids, bile
salts, chelating agents, and non-chelating non-surfactants (Lee
et al., Critical Reviews in Therapeutic Drug Carrier Systems,
1991, p. 92). Each of the above mentioned classes of penetration

enhancers are described below in greater detail.

Surfactants: In connection with the present invention,
surfactants (or "surface-active agents") are chemical entities
which, when dissolved in an agueous solution, reduce the surface
tension of the solution or the interfacial tension between the
agqueous solution and another liguid, with the result that
absorption of oligonucleotides through the mucosa is enhanced. In
addition to bile salts and fatty acids, these penetration
enhancers include, for example, sodium lauryl sulfate,
polyoxyethylene-9-lauryl ether and polyoxyethylene-20-cetyl

ether) (Lee et al., Critical Reviews 1in Therapeutic Drug Carrier
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Systems, 1991, p. 92); and perfluorochemical emulsions, such as

FC-43. Takahashi et al., J. Pharm. Pharmacol., 1988, 40, 252).

Fatty acids: Various fatty acids and their derivatives which act
as penetration enhancers include, for example, oleic acid, lauric
acid, capric acid (n-decanocic acid), myristic acid, palmitic
acid, stearic acid, linoleic acid, linolenic acid, dicaprate,
tricaprate, monoolein (l-monooleoyl-rac-glycerol), dilaurin,
caprylic acid, arachidonic acid, glycerol 1l-monocaprate, 1-
dodecylazacycloheptan-2-one, acylcarnitines, acylcholines, C-_1p
alkyl esters thereof (e.g., methyl, isopropyl and t-butyl), and
mono- and di-glycerides thereof (i.e., oleate, laurate, caprate,
myristate, palmitate, stearate, linoleate, etc.) (Lee et al.,
Critical Reviews in Therapeutic Drug Carrier Systems, 1991, p.
92; Muranishi, Critical Reviews 1in Therapeutic Drug Carrier
Systems, 1990, 7, 1-33; El Hariri et al., J. Pharm. Pharmacol.,
1992, 44, 651-654).

Bile salts: The physiological role of bile 1includes the
facilitation of dispersion and absorption of 1lipids and fat-
soluble vitamins (Brunton, Chapter 38 in: Goodman & Gilman's The
Pharmacological Basis of Therapeutics, 9th Ed., Hardman et al.
Eds., McGraw-Hill, New York, 1996, pp. 934-935). Various natural
bile salts, and their synthetic derivatives, act as penetration
enhancers. Thus the term "bile salts"™ 1includes any of the
naturally occurring components of bile as well as any of their
synthetic derivatives. The bile salts of the invention include,

for example, cholic acid (or 1its pharmaceutically acceptable

sodium salt, sodium cholate), dehydrocholic acid (sodium
dehydrocholate), deoxycholic acid (sodium deoxycholate),
glucholic acid (sodium glucholate), glycholic acid (sodium

glycocholate), glycodeoxycholic acid (sodium glycodeoxycholate),
taurcocholic acid (sodium taurocholate), taurodeoxycholic acid
(sodium taurodeoxy-cholate), chenodeoxycholic acid (sodium
chenocdeoxycholate), ursodeoxycholic acid (UDCA), sodium tauro-
24,25-dihydro-fusidate (STDHF), sodium glycodihydrofusidate and

polyoxyethylene-9-lauryl ether (POE) (Lee et al., Critical
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Reviews 1in Therapeutic Drug Carrier Systems, 1991, page 92;
Swinyard, Chapter 39 In: Remington's Pharmaceutical Sciences,
18th Ed., Gennaro, ed., Mack Publishing Co., Easton, Pa., 1990,
prages 782-783; Muranishi, Critical Reviews 1in Therapeutic Drug
Carrier Systems, 1990, 7, 1-33; Yamamoto et al., J. Pharm. Exp.
Ther., 1992, 263, 25; Yamashita et al., J. Pharm. Sci., 1990, 79,
579-583) .

Chelating Agents: Chelating agents, as used in connection with
the present invention, can be defined as compounds that remove
metallic ions from solution by forming complexes therewith, with
the result that absorption of oligonucleotides through the mucosa
is enhanced. With regards to their use as penetration enhancers
in the present invention, chelating agents have the added
advantage of also serving as DNase inhibitors, as most
characterized DNA nucleases require a divalent metal ion for

catalysis and are thus inhibited by chelating agents (Jarrett, J.

Chromatogr., 1993, 0lg, 315-339). Chelating agents of the
invention include but are not limited to disodium
ethylenediaminetetraacetate (EDTA) , citric acid, salicylates

(e.g., sodium salicylate, 5S5-methoxysalicylate and homovanilate),
N-acyl derivatives of collagen, laureth-9 and N-amino acyl
derivatives of beta-diketones (enamines) (Lee et al., Critical
Reviews 1in Therapeutic Drug Carrier Systems, 1991, page 92;
Muranishi, Critical Reviews in Therapeutic Drug Carrier Systems,

1990, 7, 1-33; Buur et al., J. Control Rel., 1990, 14, 43-51).

Non-chelating non-surfactants: As used herein, non-chelating non-
surfactant penetration enhancing compounds can be defined as
compounds that demonstrate insignificant activity as chelating
agents or as surfactants but that nonetheless enhance absorption
of oligonucleotides through the alimentary mucosa (Muranishi,
Critical Reviews in Therapeutic Drug Carrier Systems, 1990, 7, 1-
33). This class of penetration enhancers include, for example,
unsaturated cyclic ureas, l-alkyl- and l-alkenylazacyclo-alkancne
derivatives (Lee et al., Critical Reviews in Therapeutic Drug

Carrier Systems, 1991, page 92); and non-steroidal anti-
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inflammatory agents such as diclofenac sodium, indomethacin and
phenylbutazone (Yamashita et al., J. Pharm. Pharmacol., 1987, 39,
621-626) .

Agents that enhance uptake of oligonucleotides at the cellular
level may also be added to the pharmaceutical and other
compositions of the present invention. For example, cationic
lipids, such as lipofectin (Junichi et al, U.S. Pat. DNo.
5,705,188), cationic glycerol derivatives, and polycationic
molecules, such as polylysine (Lollo et al., PCT Application WO
97/30731), are also known to enhance the cellular uptake of

oligonucleotides.

Other agents may be utilized to enhance the penetration of the
administered nucleic acids into and through the skin, including
glycols such as ethylene glycol and propylene glyceol, pyrrols
such as 2-pyrrol, azones, and terpenes such as limonene and

menthone.

Other Components

The compositions of the present invention may additionally
contain other adjunct components conventionally found in
pharmaceutical compositions, at their art-established wusage
levels. Thus, for example, the compositions may contain
additional, compatible, pharmaceutically-active materials such
as, for example, antipruritics, astringents, local anesthetics or
anti-inflammatory agents, or may contain additional materials
useful in physically formulating wvarious dosage forms of the
compositions of the present invention, such as dyes, flavoring
agents, preservatives, antioxidants, opacifiers, thickening
agents and stabilizers. However, such materials, when added,
should not unduly interfere with the bioclogical activities of the
components of the compositions of the present invention. The
formulations can be sterilized and, 1f desired, mixed with

auxiliary agents, e.g., lubricants, preservatives, stabilizers,
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wetting agents, emulsifiers, salts for influencing osmotic
pressure, buffers, colorings, flavorings and/or aromatic
substances and the like which do not deleteriously interact with

the nucleic acid(s) of the formulation.

Agueous suspensions may contain substances which increase the
viscosity o©of the suspension including, for example, sodium
carboxymethylcellulose, sorbitol and/or dextran. The suspension

may also contain stabilizers.

In another related embodiment, compositions of the invention may
contain one or more antisense compounds, particularly
oligonucleotides, targeted to a first nucleic acid and one or
more additional antisense compounds targeted to a second nucleic
acid target. Numerous examples of antisense compounds are known
in the art. Two or more combined compounds may be used together

or sequentially.

The antisense compounds used in accordance with this invention
may be conveniently and routinely made through the well-known
technique of solid phase synthesis. 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.
Representative United States patents that teach the preparation
of such uptake, distributiocon and/or absorption assisting
formulations include, but are not limited to, U.S. Pat. Nos.:
5,108,921; 5,354,844; 5,416,016; 5,459,127; 5,521,291; 5,543,158;
5,547,932; 5,583,020; 5,591,721; 4,426,330; 4,534,899; 5,013,556;
5,108,921; 5,213,804; 5,227,170; 5,264,221; 5,356,633; 5,395,619;
5,416,016; 5,417,978; 5,462,854; 5,469,854; 5,512,295; 5,527,528;
5,534,259; 5,543,152; 5,556,948; 5,580,575; and 5,595,756, each

of which is herein incorporated by reference.
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Certain Indications

The specificity and sensitivity of antisense is also harnessed by
those of skill in the art for therapeutic uses. Antisense
oligonucleotides have been employed as therapeutic moieties in
the treatment of disease states in animals and man. Antisense
oligonucleotide drugs, including ribozymes, have been safely and
effectively administered to humans and numerous clinical trials
are presently underway. It is thus established that
oligonucleotides can be useful therapeutic modalities that can be
configured to be useful in treatment regimes for treatment of

cells, tissues and animals, especially humans.

In one embodiment of the invention the method comprises treating
a disease or condition, wherein the disease or disorder is a
fibrotic disease. In one embodiment of the method of the
invention, the fibrotic disease 1s  Thypertrophic scarring,
keloids, skin scarring, liver fibrosis, pulmonary fibrosis, renal

fibrosis, cardiac fibrosis, or restenosis.

In another embodiment of the invention, the method further
comprises treating the above-mentioned disease or condition,
wherein the disease or disorder is 3Jjoint fibrosis (including
frozen shoulder syndrome, tendon and peripheral nerve damage),
surgical adhesions, spinal cord damage, coronary bypass,
abdominal and peritoneal adhesions (including endometriosis,
uterine leiomyomata and fibroids), radial keratotomy and
photorefractive keratectomy, retinal reattachment surgery, device
mediated fibrosis (in for example diabetes), tendon adhesions,

Dupuytren contracture, or scleroderma.

In another embodiment of the invention also provides a method for
reducing hypertropic scarring or keloids resulting from dermal
wound healing 1in a subject in need thereof which comprises
administering to the subject an amount o¢f compound of an
antisense oligonucleotide effective to inhibit expression of
connective tissue growth factor (CTGFE) in the subject so as to

thereby reduce scarring.
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The formulation of therapeutic compositions and their subsequent
administration is believed to be within the skill of those in the
art. Dosing 1is 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. In general,
dosage from 0.1 to 25mg per injection per linear cm of scar is
used, and may be given daily, weekly, every 3 weeks, monthly or

bi-monthly.

In another embodiment of +this invention, the method further
comprises reducing hypertropic scarring or keloids resulting from
dermal wound healing, wherein wound healing is healing at a wound
selected from the group consisting of skin breakage, surgical

incisions and burns.

In certain embodiments, the invention provides methods of
treating an individual comprising administering one or more
pharmaceutical compositions of the present invention. In certain
embodiments, the i1ndividual has one of the above mentioned
disorders. In certain embodiments, the individual 1s at risk for
one of the above mentioned disorders. In certain embodiments,
the individual has been identified as in need of therapy. In
certain embodiments the invention provides methods for

prophylactically reducing CTGF expression in an individual.

Certain embodiments include treating an individual in need
thereof Dby administering to an individual a therapeutically
effective amount of an antisense compound targeted to a CTGF

nucleic acid.

In one embodiment, administration of a therapeutically effective
amount of an antisense compound targeted to a CIGEF nucleic acid
is accompanied by monitoring of CTGF levels in the skin and/or
serum of an individual, to determine an individual’s response to
administration of the antisense compound. An individual’s

response to administration of the antisense compound is used by a
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physician to determine the amount and duration of therapeutic

intervention.

In one embodiment, administration of an antisense compound
targeted to a CTGF nucleic acid results in reduction of CTGF
expression by at least 15, 20, 25, 30, 35, 40, 45, 50, 55, 60,
o5, 70, 75, 80, 85, 90, 95 or 99%, or a range defined by any two
of these values. In one embodiment, administration of an
antisense compound targeted to a CTGF nucleic acid results in a
change in a measure of CTGF as measured by a standard test, for
example, but not limited to, CTGF. In some embodiments,
administration of a CTGFEF antisense compound decreases the measure
by at least 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 5, 70, 75,
80, 85, 90, 95 or 99%, or a range defined by any two of these

values.

In certain embodiments pharmaceutical composition comprising an
antisense compound targeted to CTGF 1is used for the preparation
of a medicament for treating a patient suffering or susceptible

to any one of the above-mentioned disorders.

Certain Combination Therapies

In certain embodiments, one or more pharmaceutical compositions
of the present invention are co-administered with one or more
other pharmaceutical agents. In certain embodiments, such one or
more other pharmaceutical agents are designed to treat the same
disease or condition as the one or more ©pharmaceutical
compositions of the present invention. In certain embodiments,
such one or more other pharmaceutical agents are designed to
treat a different disease or condition as the one or more
pharmaceutical compositions of the present invention. In certain
embodiments, such one or more other pharmaceutical agents are
designed to treat an undesired effect of one or more
pharmaceutical compositions of the present invention. In certain

embodiments, one or more pharmaceutical compositions of the
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present invention are co-administered with another pharmaceutical
agent to treat an undesired effect of that other pharmaceutical
agent. In certain embodiments, one or more pharmaceutical
compositions of the present invention and one or more other
pharmaceutical agents are administered at the same time. 1In
certain embodiments, one or more pharmaceutical compositions of
the present invention and one or more other pharmaceutical agents
are administered at different times. In certain embcdiments, one
or more pharmaceutical compositions of the present invention and
one or more other pharmaceutical agents are prepared together in
a single formulation. In certain embodiments, one or more
pharmaceutical compositions of the present invention and one or

more other pharmaceutical agents are prepared separately.

In certain embodiments, pharmaceutical agents that may be co-
administered with a pharmaceutical composition of the present
invention include a second therapeutic agent. In certain such
embodiments, pharmaceutical agents that may be co-administered
with a pharmaceutical composition of the present invention
include, but are not limited to second therapeutic agent. 1In
certain such embodiments, the second therapeutic agent 1is
administered prior to administration of a pharmaceutical
composition of the present invention. In certain such
embodiments, the second therapeutic agent 1is administered
following administration of a pharmaceutical composition of the
present invention. In certain such embodiments the second
therapeutic agent 1is administered at +the same time as a
pharmaceutical composition of the present invention. In certain
such embodiments the dose of a co-administered second therapeutic
agent is the same as the dose that would be administered if the
second therapeutic agent was administered alone. In certain such
embodiments the dose o0of a co-administered second therapeutic
agent is lower than the dose that would be administered if the
second therapeutic agent was administered alone. In certain such

embodiments the dose of a co-administered second therapeutic
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agent 1s greater than the dose that would be administered if the

second therapeutic agent was administered alone.

In certain embodiments, the co-administration of a second
compound enhances the therapeutic effect of a first compound,
such that co-administration o©of the compounds results in a
therapeutic effect that is greater than the effect of
administering the first compound alone, a synergistic effect. 1In
other embodiments, the co-administration results in therapeutic
effects that are additive of the effects of the compounds when
administered alone. In other embodiments, the co-administration
results in therapeutic effects that are supra-additive of the
effects of the compounds when administered alone. In some
embodiments, the first compound is an antisense compound. In

some embodiments, the second compound is an antisense compound.

This invention 1s illustrated in the Examples Section which
follows. This section is set forth to aid in an understanding of
the invention but 1s not intended tc, and should not be construed
to limit in any way the invention as set forth in the claims

which follow thereafter.



10

15

20

25

WO 2012/106508 PCT/US2012/023620
-76-

Examples

Example 1: Selection of Lead Human Connective Tissue Growth

Factors (CTGF) Antisense Oligonucleotides Candidate
Introduction

A series of oligonucleotides were designed to target different
regions of the human connective tissue growth factor RNA,
using published sequences (GenBank accession number
NM 001901.2, incorporated herein as SEQ ID NO: 9, and GenBank
accession number NT 025741.14, incorporated herein as SEQ ID

NO: 10).

This study analyzes available sequence space and modified
antisense oligonucleotides targeting both exonic and intronic
space of CTGF. Approximately 150 novel sequences per target
were synthesized and evaluated for activity against CTGE in
cell-culture. The oligonuclectides are shown in Table 1. All
compounds in Table 1 are chimeric oligonucleotides (“gapmers”)
20 nucleotides in length, composed of a central “gap” region
consisting of either ten 2’-deoxynucleotides, which is flanked
on both sides (5’ and 3’ directions) by five-nucleotides
“wings” or 13 2'-deoxynucleotides, which is flanked on both
sides (5’ and 3’ directions) by two- and five-nucleotides
“wings,” respectively. The wings are composed  of 27 -
methoxyethyl (2" -MOE) nucleotides. The internucleoside
(backbone) linkages are phosphorothicate (P=3) throughout the
oligonucleotide. All cystidine residuals are b-methycytidines.
The compounds were analyzed for their effect on human
connective tissue growth factor mRNA levels by quantitative
real-time PCR as described later. Data are averages from two

experiments. If present, "N.D." indicates "no data".
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TABLE 1

Inhibition of human connective tissue growth factor mRNA levels by chimeric
phosphorothioate oligonucleotides having 2’ -MOE wings and a deoxy gap

TARGET
SEQ ID
NO

TARGET SEQUENCE % SEQ ID

SIS # SITE INHIB NO.

REGION

124173
$124189
{12421
. 124235
124238
£ 412271
412272
412

Seprio
412277
1412278
T 412279
1412280 : ;
BT D
Dripeo R R
£ 412283 1 CDS
412284 : :
: 412285
1412286
412287
1412288
{412289
“ai090”
1412291

412292
1412293
1412294 :
o

sy
1412298

1412299
7412300
£412301
£ 412302 :
s

412305
412306
412307
412308
iiSee

412311
f412312
1412313
1412314
412315

BT e LU
© 412319
412320
1412321 :
1412322 :

HN)

(OI0 W WILIVIVVILVL LV VWVIWVWV VWOV VWV WYV WYYV VIWVIWVWVWWYWVWYWWWVVWVOVIWV WYYV WO o

w
1
c
=
2]
GV R Ht- RV

380

2267
2282
4
38

“lEs

489
496
501

L307

553

e

1982
1991
1996

L2007

{ CCAGCTGCTTGGCGCAGACG
CCA AAGCTCAAACTTGA'““m”””””mm”
U GGTCACACTCTCAACAAATA
. AAACATGTAACTTTTGGTCA
| GGGRAGAGTTGTTGTGTGAG
| AGGGTGGAGTCGCACTGGCT
{ ACGAAGGCGACGCGGACGGG

{ TCTTTGGCGGTGCACACGCC
{ GCACCATCTTTGGCGGTGCA
 GCAGGGAGCACCATCTTTGG
{ AAGATGCAGGGAGCACCATC
{ CCACCGAAGATGCAGGGAGC
EGTACTTGCAGCTGCTCTGGA
....GGGCATGCAGCCCACCGCCE |
{ AGGCCCAACCACGGTTTGGT
{ AGGGCAGGCCCAACCACGGT
{ TAAGCCGCGAGGGCAGGCCC
| CCCACAGGTCTTGGAACAGG

CATCCCACAGGTC

'TGTTTGAC

ETGTACTAATGTAGTTCCACT
| CATTCTGGTGCTGTGTACTA
U TAATATACATTCTGGTGCTG
. ACACCTTAATATACATTCTG
| TAAAGCCACACCITAATATA

GTACCCTCCCACTGCTCCTA

CTACCTAT GGt AR
{ TACATTCTACCTATGGTGTT
{ GACRAGCTTTACATTCTACC
| GATCAGACAAGCTTTACATT
{ ATGCTTTGAACGATCAGACA

CCAGTCTAATGAGTTAATGT””““””'mmm”'
jTTTTCCCCCAGTTAGAAAAA
{ CACAATGTTTTGAATTGGGT
. ACATGGCACAATGITTTGAA
. GTTTGACATGGCACAATGTT
'”TATTTGTTTGACATGGCACALtt::   ::f 

raeTAteTeARGATAR
}CGTATAAGATGCTATCTGAT
| AATAGCAGGCATATTACTCG
%TACACTTCAAATAGCAGGCA
. TCAATTACACTTCAAATAGC
AR e AR GG
SGAATCAGAATGTCAGAGCTG
ECATTGAAATATCAAAGCATT
EGGCTAACATTGAAATATCAA
| ARTTGAGGCTAACATTGARA

35

47

R

53
0

46

35

15
16
17
18

20
22
23
24
25

.

28

28
29
30
31
32

L35

36
37
38
39
R
:Léim”””
42
R
44
45
46
47

L
50
51
52
53
E

s
57
58
59
60

25
54
55
66
57
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SEQUENCE
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o

c

INHIB

SEQ ID

7412323
(417304

1412327
412328
1412329
1412330
412331

D
412333

412334
412335
1412336
1412337
412338

| 412339

i 412341

1412342
$ 412343
1412368

412369

412371
1412372

1412373
412374
. 412375
£ 412376

i
1412378
412379

412380
. 412381
1412382

412383

412385

| 412386

?412388
412389

?4i23§4”

412395
412396
412397

| 412398

412399

412400 4102
””””mm”””m?ihffaﬂ :

‘ Intron
%Intron
i Intron

412401
412402
412403

412404

5”412468””

412409

{Intron
Intron

412387  : Intron

i Intron
i Intron

12390

“Intron
‘ Intron
;Intron
i Intron
 Intron

i 3'-UTR 5
: 3'-UTR L
Doyt oot
£ 412326

Tntren
‘ Intron
;Intron
i Intron
i Intron :
Intron 2 10 L

élntron
i Intron

WIWIWI W W W WIW
-
o

[ S S N N
=
o

s b ks

2012
2018

2040
2050
2060
2070
2088

2110
2115
2120
2128
2134
2140

OOV V VWYYV YWVWoYowvouwvo

2032

EARS
L2105

T ATTTCATGCTTTGAACGATC
2026 | CCATATAAGTATCCATTTCA
GARTTTCCATATAAGIATCC ¢
{ TCTGAGCAGAATTTCCATAT
. TGTCATTCTATCTGAGCAGA
{ TTTGACGGACTGTCATTCTA
. AACAATCTGTTTTGACGGAC
meateceTeecerrreeaa
{ TGCCAAGGACACTGATGCCT
CAGCCTGCCARCCACACTGA
{ GAAATCAGCCTGCCAAGGAC
| ACCTAGAAATCAGCCTGCCA
. TTCCTACCTAGAAATCAGCC
{ TACCACATTTCCTACCTAGEA
| TGAGGCTACCACATTTCCTA
ARATGCTTCCAGGTGRARA
| TAGRAACAAATGCTTCCAGG
 TCATATCARRGTAGRAACAA
| TCCGAAAAACAGTCATATCA
i ACCCGGCTGCAGAGGGCGAG
. CGCTTACCCGGCTGCAGAGG -
" “agroceaceeetTrcrTiT T
| AACTCAGTCCGAGCGGTTTC
: AAAGAAACTCAGTCCGAGCG
| TGGAGAAAGAAACTCAGTCC
. GCAGCTGGAGAAAGAAACTC
- ToaCAGCAGCIGGAGRRAGE

AGGGAGCACCATCTTTGGCT

e
. ACATGTACCTTAATGTTCTC
{ GCAGAACATGTACCTTAATG
| TAGGAGCAGAACATGTACCT
 OTTAATAGGAGCAGRACATS

ATAGTTAATAGGAG

fTAGTTTTGGPGATAACGGGC”mmm”””mmm‘
%TTAGATAGTTTTGGAGATAA

Seagaag
. GGAAGACTCGACTCACCCGC
. TTAGAGGAAGACTCGACTCA
{ ACCCTGACTTAGAGGAAGAC
i TCACGACCCTGACTTAGAGG
. GAGAATCACGACCCTGACTT N
 CTCCCTGGGAGAGAATCACG
 GGTCGOCACAGTTAGGACTC
{ CGTTCGGTCGGCACAGTTAG
! CCTGGATAAGGTATTTCCCC
¢ ACAAACACCATGTAAAACGC

ConcamCenenaas
U AAGTTGGGTCCTATCCACTG
. GCCCTAAGTTGGGTCCTATC
| CAAGAGCCCTAAGTTGGGTC
5CGTGQCAAGAGCCCTAAGTT””mmmm.mmm”

44

58
61
47
48

68

60
46
51

59

0
48

66
12
24

NIRRT e

gl oy
WOy

[N RYG
[

48

SN

OO OO0V Y O O U

85
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TARGET TARGET % SEQ ID
ISIS # REGION SESOID CTTE SEQUENCE —— 0.
1412410 i Intron 4 10 2584 i CAATGGTTAGATAGTTTTGG 36 131
412411 Intron 4 10 2589 | CAGCTCAATGGTTAGATAGT 53 132
A1 Tebeen a0 5 Res casancanccaanaamTaG b e
$ 412413 o Intron 4 . 10 2599 . TCCAGCAARACAGCTCAATG 59 134
£ 412414 {Intron 4 10 2604 | CTCATTCCAGCAAAACAGCT 42 135
412415  Intron 4 | 10 . 2609 | AAGCTCTCATTCCAGCAAARA 57 136
£412416 i Intron 4 10 2614 | TACACAAGCTCTCATTCCAG 44 137
412417  {Intron 4 | 10 2623 i GGTTGCTATTACACAAGCTC 72 138
1412418 [ Intron 4 = 10 2628 | CTGGTGGTTGCTATTACACA 61 139
A1 Teteen a0 ey aassacrosTeeTTaeTATE T 0 i
1 A412420 - Intron 4 . 10 2638 | TAGTGGAAAACTGGTGGTTG 5 14l
: 412421 i Intron 4 10 2663 | TTAACTAACCCTGTGGAAGA 15 142
412422 { Intron 4 10 . 2672 | TGTCTTGAATTAACTAACCC 4 143
: 412423 : Intron 4 10 2677 | TGGAATGTCTTGAATTAACT 0 144
1412424 {Intron 4 10 2691 | GCCAGAGCCTCTCTTGGAAT 36 145
£ 412425 ‘ Intron 4 10 2698 | AAARATAGCCAGAGCCTCTC 59 | 146
1412426 ‘ Intron 4 10 2703 | TGTCCARAAATAGCCAGAGC 28 147
S g g e e CCARRRRTRGCG g e g
412428 10 2713 | TCATTTGCTATGTCCAARAR 28 149
1412429 . Intron 10 2718 | GAGTCTCATTTGCTATGTCC 20 150
© 412430 i Intron 10 2723 | AGTTTGAGTCTCATTTGCTA 30 151
1412431 {Intron 10 2728 | GAGGAAGTTTGAGTCTCATT 55 152
10 . 2763  CTTCIGITGICIGACTTCIG 55 153

F NSRS SN S S
=
o
N
fos]
1=
o

| T CrCTeT ST A S e
412434 Intron .10 .2788 | TTTCTTCAACCCTCTGIGTT 15 155
412435 i Intron 10 2796 . GGAGTGGCTTTCTTCAACCC 43 156
1412436 | Intron ; | AGGAAGACAAGGGAAAAGAG 20 157
© 412437 { Intron 10 2854 | TTCTAAGGAAGACAAGGGAA 0 158
£412438 { Intron 10 2859 | TGCCCTTCTAAGGAAGACAA 31 159
412439 . Intron 10 1791 | GGATGCGAGTTGGGATCTGG 0 150
Ciisaio U Eee ; 80 Claceraeraceaeagace T e T
it 1903 GccaGhmAGCICARACTTGA 37 igr
{412442 I 37UTR 9 1783 | CCACAAGCTGTCCAGTCTAA 32 163
412443  © 3'-UTR 9 2267 | GGTCACACTCTCAACARATA 59 164
: 412444 : 3'-UTR : 9 2282 | AAACATGTAACTTTTGGICA 55 165
1418899 {37-UTR 9 1391 : TGACATGGCACAATGTTITG D+ 166
*ND — i.e. not determined in the experiment but was highly active in ancother assay.

As shown 1in Table 1, SEQ ID NOs 11-15, 17-20, 24, 26-34, 36-
57, 59, 61, 63-82, 84-86, 88, 95, 97, 99, 102, 103, 105, 107,
108, 122, 125, 127-140, 145, 146, 149, 151-154, 156, 159, 161-
165 demonstrated at least 24% inhibition of human connective
tissue growth factor expression in this assay and are
therefore preferred. The target sites to which these preferred
sequences are complementary are herein referred to as "active
sites" and are therefore preferred sites for targeting by

compounds of the present invention.

The antisense compound 1is complementary within a range of
nucleotides on the CTGF sequence, i.e. within the range of

nucleotides 718-751, 1388-1423, 1457-1689, 2040-2069, 2120-
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2147, or 2267-2301 of SEQ ID NO: 9. In a certain embodiment
the antisense compound is complementary within the range of
nucleotides 2728-2797 of SEQ ID NO: 10. Compounds targeted to
these ranges demonstrate at least 50% inhibition (i.e. SEQ ID
NOs: 15, 29, 31, 42, 46-49, 53, 72, 81, 82, 152-154, 164, and
165). Certain target sites listed in Table 1 also demonstrate
at least 50% inhibition (i.e. SEQ ID NOs: 12, 20, 33, 34, 76,
107, 129, 132, 134, 136, and 146).

In certain embodiments the antisense compound is complementary
within the range of nucleotides 553-611, 1394-1423, 1469-1508,
1559-1605, 1659-1689 or 2100-2129. Compounds targeted therein
demonstrate at least 60% inhibition (i.e. SEQ ID NOs: 27, 38,
43, 50, 52, 54, 55, 77, 79, and 86). Certain target sites
listed in Table 1 also demonstrate at least 60% inhibition

(i.e. SEQ ID NOs: 24, 61, 63, 67, 69, 73, 125, 139 and 161).

The antisense compound is also complementary within the range
of nucleotides 1389-1423, Compounds targeted therein
demonstrate at least 70% inhibition (i1.e. SEQ ID NOs: 39 and
40). Certain target sites listed in Table 1 also demonstrate
at least 70% inhibition (i.e. SEQ ID NOs: 28, 30, 45, 51, b6,
78, 128, and 138). One target site listed in Table 1 also
demonstrates at least 80% inhibition (i.e. SEQ ID NO: 44). In
certain embodiments, the percent inhibition is achieved when
the antisense compound 1is delivered to HuVec cells at a

concentration of 50nm.

Multiple leads with apparent activity greater than the
historical ASO lead sequence, SEQ ID No. 15 (ISIS 124238),

were identified in both exonic and intronic sequences.

Materials and Methods

Oligonuclectides were evaluated and activity confirmed at a
concentration 50 nM in human umbilical vein endothelial cells

(HuVEC) wusing Lipofectin mediated transfection. HuVEC cells
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from Cascade Biologics (Portland, OR) maintained in Medium 200
supplemented with Low Serum Growth Supplement (from Cascade
Biologics) were plated into 96-well plates at 5,000 cells per
well and incubated overnight at 37°C in the presence of 5% CO;.
The following day the medium was aspirated and replaced with
prewarmed Opti-MEM I (Invitrogen) containing Oligo-
Lipofectamine 2000 (Invitrogen) mixture (3 mg of Lipofectamine
2000 per 1 ml of Opti-MEM I medium). After 4 hours, the
transfection mixture was exchanged for fresh Medium 200
supplemented with Low Serum Growth Supplement and incubated at
37°C in the presence of 5% CO,. After 16-24 hours, at
approximately 80% confluence, the cells were washed with
phosphate buffer saline (PBS) and lysed for RNA purification
with the Qiagen RNeasy Kit. CTGF message was measured Dby
gquantitative real time polymerase chain reaction (RT-PCR)
(Primer/Prcbe sets shown below) and the results were

normalized to total RNA.

Statistical Analysis

Each sample was analyzed in duplicate, and vertical bars

represent the spread between the two measurements.

Results and Discussion

of the approximately 150 novel sequences per target
synthesized and evaluated for activity against CTGF in cell-
culture, the CTGE oligonucleotides (SEQ ID NOs: 28, 30, 39,
40, 45, 52, 56, 78, 125, and 166) show excellent inhibition of

human CTGF mRNA expresgssion.

Example 2: A Single-Dose Intra-Dermal Pharmacokinetic Study of

CTGF Antisense Oligonucleotide in Rabbits

Study Objective
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The purpose of this pharmacokinetic study in rabbit is to
evaluate the diffusion and concentration of a CTGEF antisense

oligonucleotide (SEQ ID NO:39, ISIS 412294) in rabbit skin at

different times subsequent to a single intra-dermal injection.

Study Design

On day 0 of the study all animals were dosed intra-dermally
(ID) with a single 100 uL injection of CTGE antisense
oligonucleotide SEQ ID NO:39 at a concentration of 50 mg/mL (5
mg total dose). The animals were dosed with the antisense
oligonucleoctide in a site to the left of the spinal mid-line,
roughly parallel to the rabbit’s shoulders and adjacent to a
suture 3 cm 1incisional wound (Figure 1A). The needle was
inserted so that the test material was injected down towards
the base of the animal’s body. On days 1, 3, 7 or 14, the
rabbits were euthanized and two full-thickness 1.0 cm punch
biopsies were obtained, one centered over the original
injection site and the other wvertically below spaced 0.5 cm
apart. The samples were snap frozen and stored at -80°C prior
to analysis of the antisense oligonucleotide drug levels using
a hybridization capture method. Results represent the mean
antisense oligonucleotide levels from both biopsies at the

indicated time.

Results and conclusions

Significant levels of the antisense oligonucleotide are
present up to 14 days after intradermal dosing (see Figure
1B) . The antisense oligonucleotide also remains close to the
original site of injection (<lcm), with very limited lateral
diffusion distal to the site of administration (Figure 1B).
For example, 1levels of ASO are very low at distances 1.5cm
distal to the injection site at all times post injection.
Therefore the pharmacological effects of this class of

molecule will be limited to areas of skin immediately adjacent
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to the injection site. To overcome this limitation, an
intradermal injection threading technique has been developed
(and used in clinical studies) which delivers equal amounts of
antisense along the full length of the developing scar. These
results demonstrate two novel findings. First, that there 1is
a prolonged residence Lime of a 2" MOE antisense
oligonucleotide with this chemical configuration in skin; and
second, antisense oligonucleotides have very limited lateral
diffusion in skin. The latter limitation of this class of
molecule can be overcome by dosing the antisense
oligonucleotde by a threading technique as described

previously.

Example 3: Animal Study with CTGF Antisense Oligonucleotide
Targeting Human Keloids In An In Vivo Model System

Study Objective

The purpose of this study was to evaluate the efficacy of
antisense oligonucleotides targeting human CTGF in an in vivo
model system using a human keloid/mouse =xenograft model. The
oligonucleotide tested was antisense oligonuclectide No.

412300 (SEQ ID NO: 45).

Methods
Human Keloid/Mouse Xenograft Model.
A human keloid/mouse xenograft model using transplanted human

keloid tissue into nude mice was used.

Fresh specimens of keloid tissue were obtained anonymously,
from discarded tissue of patients undergoing elective excision
of keloids for cosmetic reasong. The keloid samples were

processed into 10x5x5 mm samples and weighed on an analytical
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balance. The keloid samples were then implanted into the mice

as described below.

Mice were anaesthetized using 3% isoflurane. Buprenorphine was
given before surgery and post-operatively, as needed

(Ruprenorphine at 0.3 mg/ml; 2 mg/kg; SC).

After achieving general anesthesia and prepping the animal,
two 10 mm incisions were made 1in the skin, over the left and
right scapula, and a pouch created using fine-tipped scissors,
between subcutaneous fat and the fascia. One keloid sample was
inserted into each pouch. The incisions were c¢losed with
veterinary grade cyanoacrylate glue (VetBond or Nexaband) and
the area swabbed with 70% ethanol. The area was then dressed
with sterile semi-permeable membranes (Op-Site™, Smith and

Nephew) .

Evaluation of ASOs In Vivo Against Keloids

An ASO targeting human (and not mouse) CTGE was used
(antisense oligonucleotide No. 412300; SEQ ID NO: 45). To
test the efficacy of the ASO in the in vivo model system
described above, keloid implants were injected with either ASO
(dissolved in PBS) or PBS control. There were two groups of
animals with 8 animals per group (with two keloids/animal).
Animals were allowed to acclimate for approximately 2 weeks

post keloids implantation prior to ASO dosing.

A total dose of 500 upg of oligo per keloid sample was
administered in a total volume of 100ul (from a stock solution
of 5.0 mg/ml). The ASO or PBS control was administered
immediately adjacent to each implant for a total of 4 weeksg,
twice a week. One week after the last injection, one implant
was removed and subjected to gRT-PCR for gene expression

analysis, and the contralateral keloid removed and analyzed
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histology for the collagen content using integrated density of

fluorescence (IDF).

Total RNA was isolated and either CTGF or collagen, type IIT,
alpha 1 (Col3Al) mRNA determined by quantitative real-time PCR
using primer pairs that have been shown to be specific for
human mRNA sequences. The mRNA levels were correlated with the
GAPDH levels in the same samples, and any changes in the ASO-
treated samples over the control treated by PBS alone were

calculated.

Results

Results following 4 weeks of treatment with 500 wpg of
antisense oligonucleotide No. 412300 (SEQ ID NO: 45) in a
total volume of 100pl per keloid sample indicates reduction in
CTGF and Col3A1 mRNA expression in individual keloid samples.
Treatment with the CTGF ASO reduced CTGF mRNA expression in
the keloid tissue to 67% control (p=0.082) (Figure 2A).
Treatment with the CTGE ASO reduced Col3al mRNA expression in
the keloid tissue to 45% control (p=0.153) (Figure 2B).

Conclusion

Keloids are characterized by abnormal proliferation of
fibroblasts and overproduction of different forms of collagen.
Histo-pathologically, they are characterized by the presence
of whorls and nodules of thick, hyalinized collagen bundles or
kelcidal collagen with mucinous ground substance and
relatively few fibroblasts in the dermis of keloid scars. The
large thick collagen bundles and numerous thin fibrils are
closely packed together. Type III ccllagen is the second most
abundant collagen found in the skin, and is wvery abundant in
keloids. Col3Al is significantly elevated in keloids compared

to normal skin.
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It has been demonstrated here for the first time, the ability
of 2'MOE chemically modified ASOs to reduce CTGF in intact,
human keloid tissue. Treatment of the human keloid tissues
with an ASQ CTGF reduced the target CTGF mRNA expression by
33%. This has also resulted in a reduction in Col3Al
expression of b55%. This reduction in Col3Al expression would
lead to a significant therapeutic benefit in patients
suffering from keloid growth, and demonstrate the utility of a

2'"MOE ASQO as a novel drug for the treatment of kelocids.

Example 4: Breast Scar Revision Study in Humans

Study Objective

This is a randomized, double-blind, within-subject controlled
clinical study evaluating efficacy and safety of a CIGFE
antisense oligonucleotides (EXC 001) in subjects undergoing
elective revision of scars resulting from prior Dbreast
surgery. This study requires that the subjects to have pre-
existing scars of sufficient severity to warrant scar revision
surgery. Thus, this study pre-screen for subjects who could
be expected to have a high rate of hypertrophic scar or

keloids formation in the revised placebo-treated scars.

In patients who have had prior surgery of the breast and now
have bilateral matching scars at the same anatomic locations,
EXC 001 (SEQ ID NQ:39) or placebo was administered to the
portion of the revised breast scars via intradermal threading
injections. The primary objective of the study was to assess
the efficacy of EXC 001 in reducing subsequent skin scarring.
The secondary objective of the study was to assess the safety

of EXC 001.

Methods
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A 6 cm section of either side of the revised breast wound/scar
was treated with 4 doses of EXC 001 or placebo, at 2, 5, 8,
and 11 weeks after the surgical incision was <closed.
Randomization determined which side was treated with EXC 001

or placebo in each subject.

Dosage of EXC 001 wused was 5 mg per linear centimeter.
Concentration of EXC 001 used was 25 mg/ml and 100 ul of EXC
001 was injected per linear centimeter of the revised breast
wound/scar. Injections were made on both sides of each
incision, with half of the amount per linear centimeter
administered on each side. The injections on a given side
were 3 cm apart. In order to deliver placebo or EXC 001
adjacent to and along the length of the incision, intradermal
needles (3 cm long) were used for injections. The needle is
inserted immediately adjacent to the surgical incision on each
side by a threading technique, and EXC 001 or placebo is
injected as needle 1is withdrawn, so thatequal amounts of

antisense drug are administered along the length of the scar.

The study duration was approximately 31 weeks. The sgubjects
receive the scar revisions on Day 1, followed by 4 doses of
EXC 001 and placebo, at 2, 5, 8, and 11 weeks after the
surgical incisions were closed. Scar observation and

assessment were performed at week 24.

Efficacy was determined by rating each matched pair of
incisions from individual patients (within subject analysis).
Efficacy was evaluated at week 24 following scar revision
surgery, using three methods of rating severity of incisional

scars:
° Subject assessment of their scars. On a scale of 1-10
the patient rated their “overall” opinion on the

appearance of the scar.
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° Physician (investigator) assessment of the scars. On a
scale of 1-10 the physician rated overall opinion of
scar appearance.

] Expert Panel assessment of pairs of blinded scar

photographs, using a 100 mm Visual Analog Scale (VAS),
where 0 = best possible scar and 100 = worst possible
scar. This method gives information on the absolute
severity of the scars as well as the differences

between the two scars in the pair.

Results

21 subjects completed this study. Examination of the week 24
post-surgery photographs indicate that nearly all of the
subjects show recurrence of hypertrophic scars on at least one
side following scar revision surgery. In some cases, the
scars extend beyond the boundaries of the original incisions

and are therefore keloidal scars.

This study achieved statistically significant results in

favor of EXC (001 in all three endpoints (a negative score

represents the difference between placebo and EXC 001 treated,

in favor of EXC 001 - see Table 2 below).

e The subject assessment of their scars:
o The Moverall” rating was statistically significant in

favor of EXC 001 (p=0.033).

e The physician assessment of the scars:
o The “overall” rating was highly statistically significant

in favor of EXC 001 (p<0.001).

e Expert panel VAS rating of photographs was also highly

statistically significant in favor of EXC 001 (p<0.001).

TABLE 2
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Scar Assessmant Difference between p-value
Scale placebo and EXC 001
Subject Overall -2.4 0.003
Physician Overall -2.3 <0.001
Expert VAS -26.0 <0.001

Figure 3A shows that treatment with the CTIGF antisense
oligonuclecotide, (EXC 001 or SEQ ID NO: 39), inhibits
formation and growth of a hypertrophic scar at 24 weeks post
surgery. Figure 3B shows results from a different subject,
alsc at 24 weeks. In this second example, the patient has
developed a keloid at 24 weeks post revision surgery in the
placebo treated scar. In contrast, the formation and growth of
a keloid scar at the adjacent scar revision site was almost

completely prevented by treatment with EXC 001.

Therefore, in these two examples, the growth of Dboth
hypertrophic scars and keloid scars are inhibited by treatment
with EXC 001. The scores below each set of pictures represent
the degree of improvement between placebo- and EXC 00l-treated
scars. For example, an expert VAS score of -19.3 indicates
that the placebo scar is worse than the corresponding EXC 001-
treated scar by 19.3 on a 100 point scale. The physician and
subject scores of -1 means that the placebo-treated scar is
worse than the corresponding EXC 00l-treated scar by 1 point
on a 10 point scale. The result demonstrates that EXC 001
reduces the severity of Dboth hypertrophic scars and keloid

scars.
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Example 5: Primary Prevention Abdominoplasty Study in Humans

Study Objective

This is a randomized, double-blind, within-subject controlled
clinical study evaluating efficacy and safety of a CTGF
antisense oligonucleotides (EXC 001) in subjects undergoing

elective abdominoplast surgery.

Method
Study duration was 24 weeks. Subjects received the
abdominoplasty on day 1, followed by treatment with either EXC

001 or placebo over a 9 week period.

Dosage of EXC 001 wused was 5 mg per linear centimeter.
Concentration of EXC 001 used was 25 mg/ml and 100 ul of EXC
001 was 1injected per linear centimeter of the abdominoplasty
wound/scar. Injections were made on both sides of each
incision, with half of the amount per linear centimeter
administered on each side. Either drug or placebo was dosed
along two 6 cm portions of the scar at each lateral end of the
scar, and so the dosed sections are separated by at least 10cm
untreated scar. The injections on a given side were 3 cm
apart. In order to deliver placebo or EXC 001 adjacent to and
along the length of the incision, intradermal needles (3 cm
long) were used for injections. The needle 1s inserted
immediately adjacent to the surgical incision on each side
using a threading technique, and EXC 001 or placeboc 1is

injected as needle is withdrawn.

The subjects receive the scar revisions on Day 1, followed by
4 doses of EXC 001 and placebo, at 2, 5, 8, and 11 weeks after
the surgical incisions were c¢losed. Scar observation and

assessment were performed at week 12.
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Efficacy is determined by rating each matched portion of the
dosed incision (placebo treated compared to EXC 001 treated)
using the three methods of rating scar severity of incisional

scars as described in the previous example.

Results

EXC 001 is efficacious by these criteria at week 12. An
example cof the efficacy is shown in Figure 4. In this example,
the reduction in scar severity resulting from EXC 001 dosing
compared to placebo dosing is clearly seen. The placebo
treated section of the incision has developed into a
hypertrophic scar whereas the EXC 001 treated sectionof the

scar 1s more fine-line.

Another example of the ability of EXC 001 to reduce the
formation of hypertrophic scars is shown in Figure 5. In this
example, the section of the abdominoplasty on the right side
of the sgcar (to the right of the vertical line) was treated
with EXC 001 whereas the scar to the left of the vertical line
did not receive any treatment. Clearly the scar severity to

the right is less severe than to the left.

This example also demonstrates that the EXC 001 therapeutic
benefit is limited to the region of scar directly adjacent to
the site of drug intradermal threading dosing. Therefore the
drug appears to have limited diffusion away from the sire of
administration and will require dosing immediately adjacent to

the scar, for example by intradermal threading.
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Example 6: Biomarker Study Demonstrating Effect of EXC 001 On

mRNA Expression of Various Genes in Humans

Method

13 weeks prior to an abdominoplasty procedure, an area between
the umbilicus and the suprapubic hairline was used as a site
to create a total of twenty 2 cm incisions. The 2 cm long
incisions were in four columns of four incisions (A, B, C, D)
and were used for RNA analysis at week 13 post-incisions. Two
additional incisions lateral to these columns on each side of
the abdomen (a, b, and c, d) were used for 4 or 8 weeks post-
incisions mRNA analysis. Each column was separated by at

least 4 cm and each incision separated by at least 3 cm.

Treatments of incisional wounds with either EXC 001 or placebo
were randomly assigned to two treatment groups. A1l four
incisional wounds in each of the c¢olumns A, B, C, and D
received the same EXC 001 or placebo dose. All the incisional
wounds/scars on one side of the abdomen received injections of
EXC 001 and the other side received injections of placebo.
All injections were blinded to the individual receiving the
test agents. A1l incisions/scars 1in a given subject were

treated on the same dosage schedule.

Thirty subjects were randomly assigned to one of three cohorts
of 10 subjects each; each cohort was treated on a different
dosage schedule (but the high and low doses were the same for

all cohorts):

Cohort #1: Intradermal injections at weeks 2, 4, 6, 8, and 10
Cohort #2: Intradermal injections at weeks 2, 5, 8, and 11

Cohort #3: Intradermal injections at weeks 2, 6, and 10

A 27 gauge needle, approximately 38 mm long, was inserted

intradermally 2 cm (the entire length of each incision),
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parallel to and approximately 3 mm from the incisional
wound/scar (intradermal threading technique). Either EXC 001
or placebo was then injected while gradually withdrawing the
needle so that the correct amount per linear centimeter was

evenly deposited into the dermis along the incision line.

Biopsy of Incisions

One omm punch biopsy on each side adjacent to the lateral
incisions were taken at day 1 for mRNA analysis and used as
control for unwounded skin samples. At week 4, the 9 patients
in cohort 1, and at week 8, the 20 patients in cohorts 2 and 3
were biopsied from their lateral incisions (a, b, ¢, d). Two
of these incisions received EXC (001, and two received placebo
through randomized assignment. Just prior to the
abdominoplasty surgery (at week 13), each of the scars in
columns A, B, C, and D were scored for scar severity (by
Physician and Expert Panel Scales, see Example 5 above), and

also sampled for both histological and RNA analysis.

Results

There was a statistically significant improvement observed for
EXC 001 treated vs placebo treated scars for the Physician
Overall Opinion when all cohorts were combined at the high
dose level (8.7%, p-value = 0.018). There was also a
statistically significant mean difference observed for the
Overall evaluation of all cohorts combined and all doses
combined (5.9%, p-value = 0.01¢). These results again

demonstrate the ability of EXC 001 to reduce scar severity.

An example of the ability of EXC 001 to reduce the growth and
formation of hypertrophic scars is shown in Figure 6. In this
example, two matching scars are shown, one treated with bmg/cm
EXC 001 and one with placebo. The severity of the EXC 001

treated scar is less than the placebo treated scar.
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Histological analysis of these two scars also revealed an EXC
001 mediated reduction in the expression of CTGF protein (by
immunochistochemistry) clearly demonstrating that EXC 001 is
functioning to reduce the expression of its intended target
(CTGE) .Analysis of expression of 9 different mRNA transcripts
was also performed at 4, 8, and 13 weeks post wounding (Table

3)

Table 3: mRNA transcripts analyzed by XP-PCR

Gene Measured Identifier

(Accession)

Collagenl-al (COL1Al) NM 000088

Collagenl-a2 (COL1AZ) NM 000089

Collagen III-al (COL3Al) NM 000090

Connective Tissue Growth Factor (CTGF) NM 001901

Transforming Growth factor-betal (TGF-p1) NM 000660

Mothers Against Decapentaplegic Homolog 3 (SMAD3) NM 005902
Elastin M 36860

Matrix metalloproteinase 1 (MMP-1) NM 002421

a-smooth muscle actin (a-SMA/ACTAZ2) NM 001613

Following post-surgical wounding, increased mRNA expression of
CTGEF and collagen genes were anticipated. CTGE mRNA expression
in the scars was increased from baseline unwounded skin at all
three times points, and in all three cohorts (approximately 2-
5 fold). Increased expression of a variety of genes known to
be associated with scarring, including the collagen genes,
such as Colla2 (5-8 fold) and Col3Al1 (3-7 fold), was also

observed, as would be expected in developing scar tissues.

When compared to the corresponding placebo treated scar at all
three time-points measured, suppression of CTGF mRNA induction
was observed following EXC 001 injections. As showin in
Figure 7TA, at week 13, the overall (across all 3 cohorts) EXC
001 mediated reduction in CTGF mRNA induction was 53%. The
degree of CTGF mRNA suppression also wvaried with time and
cohort dosing. For example, in one cohort a single dose of

5Smg/cm reduced the induction in expression of CTGE by 74% (p =
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0.011) to an induction of only 140% expression compared to
unwounded skin (measurement taken two weeks after the last
dose of EXC 001) (Figure 7D). In addition, the overall
induced mRNA expression levels of CollA2, Col3Al (Figure 7B),
and elastin fibers (ELASE) (Figure 7C) were also significantly
decreased (by 40% (p=0.0013), 69% (p<0.0001), and 63%
(p=0.0004), respectively) by EXC 001 treatment, when measured

at week 13 (across all three cohorts).

Complete inhibition of collagen gene expression would likely
not be a desirable outcome of drug treatment, as some collagen
gene expression is required to facilitate normal wound repair
and healing processes. As shown in Figures 7D and E, there
was no significant inhibition of either SMAD3 or TGFR1 mRNA
expression by EXC 001 treatment compared to placebo at weeks 4

or 13.

These data demonstrate a mechanism of action for EXC 001 in
human. These data also demonstrate a mechanism by which EXC

001 is able to reduce the severity of skin scarring.
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What is claimed is:

A method for treating a keloid, or preventing the
formation, reformation, or growth of a keloid after an
injury to the skin, in a subject in need thereof, which
comprises administering to the subject by one or more
injections at the site of the keloid or of the injury to
the skin, a composition which comprises a modified
oligonucleotide consisting of 12-30 linked nucleosides,
at least a 12 nucleobase sequence portion of which is
present within a region selected from nucleotides 553-
611, 718-751, 1388-1423, 1457-1689, 2040-2069, 2120-2147,
2728-2797, 2267-2301, 1394-1423, 1469-1508, 1559-1605,
1659-1689, 2100-2129 and 1399-1423 of SEQ ID NO: 9, or a
salt or ester thereof, in an amount effective to treat,
or to prevent the formation, reformation, or growth of,
the keloid, wherein the effective amount is from 0.1 to
50 mg of the modified oligonucleotide per injection per
linear centimeter of the keloid or of the injury to the

skin.

A method for treating a hypertrophic scar, or preventing
the formation, reformation, or growth of a hypertrophic
scar after an injury to the skin, in a subject in need
therecf, which comprises administering to the subject by
one or more injections at the site of the hypertrophic
scar or of the injury to the skin, a composition which
comprises a modified oligonucleotide consisting of 12-30
linked nucleosides, at least a 12 nuclecbase sequence
portion of which is present within a region selected from
nucleotides 553-611, 718-751, 1388-1423, 1457-1689, 2040-
2069, 2120-2147, 2728-27797, 2267-2301, 1394-1423, 1469-
1508, 1559-1605, 1659-1689, 2100-2129 and 1399-1423 of
SEQ ID NO: 9, or a salt or ester thereof, in an amount

effective to treat, or to prevent the formation,
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reformation, or growth of, the hypertrophic scar, wherein
the effective amount is from 0.1 to 25 mg of the modified
oligonucleotide per injection per linear centimeter of

the hypertrophic scar or of the injury to the skin.

A method for reducing formation, reformation, or growth
of a scar or keloid at a site of an injury to the skin,
or of treating a pre-existing scar or keloid, in a
subject in need therecf, which comprises administering to
the subject by one or more threading injections at the
site of the injury or of the pre-existing scar or keloid,
a composition which comprises a modified oligonucleotide,
or a salt or ester thereof, targeted to a nucleic acid
encoding a protein involved in fibrosis in an amount
effective to inhibit expression of the protein and
thereby reduce scar or keloid formation, reformation, or
growth at the site of the injury or to treat the pre-

existing scar or keloid.

The method of any one of claims 1-3, wherein the one or
more threading injections comprise multiple intradermal

threading injections per scar.

A method for reducing formation, reformation, or growth
of a fibrotic lesion at a site of an injury, or of
treating a pre-existing fibrotic lesion, in a subject in
need thereof, which comprises administering to the
subject by one or more threading injections at the site
of the injury or of the pre-existing fibrotic lesion, a
composition which comprises a modified oligonucleotide,
or a salt or ester thereof, targeted to a nucleic acid
encoding a protein involved in fibrosis 1in an amount
effective to inhibit expression of the protein and
thereby reduce formation, reformation, or growth of the
fibrotic lesion at the site of the injury or to treat the

pre-existing fibrotic lesion.
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The method of c¢laim 3, 4, or 5, wherein the protein

involved in fibrosis is connective tissue growth factor.

The method of c¢laim 3, 4, or 5, wherein the protein
involved in fibrosis 1is transforming growth factor beta-

1.

The method of c¢laim 3, 4, or 5, wherein the protein
involved in fibrosis 1is mothers against decapentaplegic

homolog-3.

The method of claim 3, 4, or 5, wherein the protein

involved in fibrosis is early growth response-1.

The method of claim 3, 4, or 5, wherein the protein

involved in fibrosis is monocyte chemotactic protein-1.

The method of c¢laim 3, 4, or 5, wherein the protein

involved in fibrosis is a collagen.

The method of claim 11, wherein the collagen is Collagen

3A1, Collagen 1A2, or Collagen 1Al.

The method of c¢laim 3, 4, or 5, wherein the protein

involved in fibrosis 1s an elastin.

The method of any one of claims 3, 4, or 6-13, wherein
the effective amount is from 0.1 to 25 mg of the modified
oligonucleotide per injection per linear centimeter of
the site of the injury to the skin or of the pre-existing

scar.

The method of any one of claims 1-14, wherein the
modified oligonucleotide is administered at least once

every two weeks for at least four weeks.

The method of any one of claims 1-14, wherein the
modified oligonucleotide 1is administered at least once

every three weeks for at least six weeks.
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The method of any one of c¢laims 1-14, wherein the
modified oligonucleotide 1is administered at least once

every four weeks for at least eight weeks.

The method of any one of claims 1-14, wherein the
modified oligonucleotide is administered at least once

every eight weeks for at least sixteen weeks.

The method of any one of claims 15-18, wherein the
modified oligonucleotide is administered over a period of

at least nine weeks.

The method of any one of c¢laims 15-18, wherein the
modified oligonucleotide is administered over a period of

260 weeks.

The method of claim 6, wherein the modified
oligonucleotide consists of 12-30 linked nucleosides, at
least a 12 nuclecobase sequence portion of which 1is
present within a region selected from the group
consisting of nucleotides 553-611, 718-751, 1388-1423,
1457-1689, 2040-2069, 2120-2147, 2728-2797, 2267-2301,
1394-1423, 1469-1508, 1559-1605, 1659-1689, 2100-2129,
and 1399-1423 of SEQ ID NO: 9.

The method of any one of claims 1, 2, or 6, wherein at
least a 12 nucleobase sequence portion of the modified
oligonucleotide is present within the nucleobase sequence
set forth in any of the sequences set forth in SEQ ID NO:
28, 30, 39, 40, 43, 44, 45, 50, 51, 52, 56, 78, 125, or
166.

The method of any one of claims 1 to 22, wherein the
modified oligonucleotide consists of 20 linked

nucleosides.
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The method of any one of claims 1 to 23, wherein the
modified oligonucleotide comprises at least 14 1linked

nucleosides.

The method o¢of any one of claims 1 to 24, wherein the
modified oligonucleotide is a single-stranded

oligonucleotide.

The method of any one of claims 1 to 24, wherein the
modified oligonucleotide is a double-stranded

oligonucleotide.

The method of any one of claims 1 to 24, wherein the
modified oligonucleotide comprises at least one

oligodeoxyribonucleotide.

The method of any one of claims 1 to 24, wherein the
modified oligonucleotide comprises at least one

oligoribonucleotide.

The method of claim 22, wherein the modified
oligonucleotide has a sequence which is 100% identical
over its length to a portion of any one of the sequences
set forth in SEQ ID NO: 28, 30, 39, 40, 43, 44, 45, 50,
51, 52, 56, 78, 125, or 166.

The method of any one of claims 1 to 29, wherein the
modified oligonucleotide comprises at least one modified

internucleoside linkage.

The method of claim 30, wherein at least one modified
internucleoside linkage is a phosphothioate

internucleoside linkage.

The method of claim 31, where all of the internucleoside

linkages are phosphothioate internuclecside linkages.
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The method of any one of claims 1 to 29, wherein at least

one nucleoside comprises a modified sugar.

The method of claim 33, wherein the modified sugar is a

bicyclic sugar.

The method of c¢laim 34, wherein at least one of the

modified sugar comprises a 2’'-O-methoxyethyl.

The method of any one of claims 1 to 29, comprising at
least one tetrahydropyran modified nucleoside wherein a

tetrahydropyran ring replaces the furanose ring.

The method of claim 36, wherein each of the at least one

tetrahydropyran modified nucleoside has the structure:

Lo o

wherein Bx is an optionally protected heterocyclic base

moiety.

The method of any one of claims 1 to 29, wherein at least

one nucleoside comprises a modified nucleocobase.

The method of claim 38, wherein the modified nucleobase

is a deoxynucleoside.

The method of claim 38, wherein the modified nucleobase

is a ribonucleoside.

The method of claim 38, wherein the modified nucleobase

is a 5’ -methylcytosine.

The method of any one of claims 1 to 29, wherein the

modified oligonucleotide comprises:

(a) a gap segment consisting of linked deoxynucleosides;
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(b) a 5’ wing segment consisting of linked modified

nucleosides; and

(¢) a 3’ wing segment consgsisting of linked modified

nucleosides;

wherein the gap segment is positioned between the 5’ wing
segment and the 3’ wing segment and wherein each modified
nucleoside within each wing segment comprises a modified

sugar.

The method of claim 42, wherein the modified

oligonucleotide comprises:

(a) a gap segment consisting of thirteen linked

deoxynucleosides;

(b) a 5’ wing segment consisting of two linked modified

nucleosides; and

(c) a 3’ wing segment consisting of five linked modified

nucleosides;

wherein the gap segment is positioned between the 5’ wing
segment and the 3’ wing segment, wherein each modified
nuclecside within each wing segment comprises a 27'-0-
methoxyethyl sugar; and wherein each internucleoside

linkage is a phosphothioate linkage.

The method of c¢laim 22, wherein the sequence of the

nucleobase is the sequence set forth in SEQ ID NO:39.

The method of c¢laims 22, wherein the segquence of the

nucleobase is the sequence set forth in SEQ ID NO:40.

The method of c¢laim 22, wherein the sequence of the

nuclecbhase is the sequence set forth in SEQ ID NO:45.
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The method of c¢laim 22, wherein the sequence of the

nucleobase is the sequence set forth in SEQ ID NO:52.

The method of c¢laim 22, wherein the sequence of the

nuclecbase is the sequence set forth in SEQ ID NO:166.

The method of any one of claims 1 to 48, wherein the
composition comprises the modified oligonucleotide or a
calt thereof, and a pharmaceutically acceptable carrier

or diluent.

The method of any one of claims 1 to 49, wherein the
modified oligonucleotide directly or indirectly inhibits
expression of collagen or elastin or both, so as to treat
the keloid, prevent the formation, reformation, or growth
of the keloid, treat the hypertrophic scar, prevent the
formation, reformation, or growth of the hypertrophic
scar, reduce scar formation at the site of the injury,
treat the pre-existing scar, reduce formation of the
fibrotic lesion at the site of the injury, or treat the

pre-existing fibrotic lesion.

The method of any one of claims 1 to 50, further

comprises administering to the subject a second compound.

The method of claim 51, wherein the second compound is an
antisense compound targeting the same or a different

sequence.

The method of claim 52, wherein the modified
oligonucleotide and the second compound are administered

simultaneously.

The method of claim 52, wherein the modified
oligonucleotide and the second compound are administered

sequentially.



10

15

20

25

30

55.

56.

57.

58.

WO 2012/106508 PCT/US2012/023620

-104-

The method of any one of claims 1 to 54, wherein the
modified oligonucleotide is present in a conjugate with a
moiety which enhances uptake of the compound into, and/or
increases residence time of the compound in, the subject,

wherein the residence time is preferably 7 to 60 days.

The method of claim 55, wherein the moiety is

polyethylene glycol, hyaluronic acid, cholesterol,

adamantine acetic acid, l-pyrene butyric acid,
dihydrotestosterone, 1,3-Bis-0- (hexadecyl)glycerol,
hexadecylglycerol, hexadecylamine, geranyloxyhexyl,

palmitic acid, myristic acid, spermine, spermidine, folic
acid, wvitamin E, a carbohydrate cluster, a peptide
(including antennapedia helix, HIV Tat fragments,

integrin binding peptide), transportin, or porphyrin.

The method of any one of claims 1 to 56, wherein the
modified oligonucleotide is administered in a delivery
system which enhances uptake of the compound into, and/or
increases residence time of the compound in, the subject,

wherein the residence time is preferably 7 to 60 days.

The method of claim 57, wherein the delivery system
comprises a cationic lipid, a liposome, a microparticle,
a nanoparticle, a liquid formulation with suspended
particles with or without drug in the solution for
immediate release or with drug depot in ©particles
(particularly PLGA and poly-Arg particles), a liquid
formulation that gels after injections such as
thermosetting/responsive liquids (e.g. pluronic gels),
liquids that contain a polymer and drug in a
biocompatible solvent that precipitate when the solvent
is diluted by body fluids (e.g. atrigel), a gel, a semi-
solid formulation such as hydrogel (with a matrix backing

or as a spray solution), a powder to be sprinkled on
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during surgery, a resorbable suture, or a fast dissolving

gel or polymer strip.

The method of any one of claims 1 to 58, wherein the
modified oligonucleotide 1is administered to the subject
following a surgical excision of the keloid, scar, or

fibrotic lesion.

The method of any one of claims 1 to 58, wherein the
injury to the skin is the result of a surgical incision,
a bicpsy, a skin piercing, a skin removal, a burn, or a

wound.

The method of any one of claims 1 to 60, wherein the
effective amount is about 5 mg of the modified
oligonucleotide per injection per linear centimeter of
the keloid, the hypertrophic scar, the injury to the
skin, the site of the injury, the pre-existing scar, or

the pre-existing fibrotic lesion.

The method of any one of claims 1 to 61, wherein the
modified oligonucleotide is administered for up to 6

months.

The method of any one of claims 1 to 61, wherein the
modified oligonucleotide is administered for up to 1

year.

The method of any one of <claims 1 to 63, further
comprises administering to the subject another

therapeutic agent.

The method of claim 64, wherein such another therapeutic
agent 1s a steroid, a silicone wrap, TGF-B3 (i.e.
Juvista), collagenase (i.e. Xyflex), 17R-estrodiol (i.e.
Zesteem), IL-10 (i.e. Prevascar), mannose 6-phosphate

(i.e. Juvidex), smooth muscle relaxant (i.e. AZX100, a
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24-amino acid synthetic peptide), a stem cell therapy
(i.e. GBT009), serum amyloid protein, antibodies
targeting integrin ovf6, CTGF, TGFf, or molecules that
inhibit the activity of AILK-4 and/or ALK-5 (the TGF beta
receptors), any inhibitor designed to block TNFE activity
(for example etanercept), occlusive dressings,
compression  therapy, cryosurgery, surgical excision,
laser treatment, radiation therapy, interferon therapy,
bleomycin, b5-fluorouracil, wverapamil, imiquimod cream,
one capable of promoting wound healing, such as
Dermagraft, Apligraf, PDGF (Regranex), electrical
stimulation, "growth factors"™ as a category, dressings as
a category, small intestinal submucosa (SIS), Promogran,

hyperbaric oxygen, or combinations thereof.

The method of claim 23, wherein the modified
oligonucleotide is administered by means of a
formulation, ultrasound, electroporation, iontophoresis

or micro-needle.

The method of any one of claims 1 to 66, wherein the
modified cligonucleotide is administered adjacent to the
keloid, the hypertrophic scar, the injury to the skin,
the site of the injury, the pre-existing scar, or the

pre-existing fibrotic lesion.

The method of claim 67, wherein the modified
oligonucleotide is administered along the entire length
of the keloid, the hypertrophic scar, the injury to the
skin, the site of the injury, the pre-existing scar, or

the pre-existing fibrotic lesion.

The method of any one of claims 67, wherein the modified
oligonucleotide is administered along each side of the

keloid, the hypertrophic scar, the injury to the skin,
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the site of the injury, the pre-existing scar, or the

pre-existing fibrotic lesion.

The method of any one of claims 1 to 69, wherein the
modified oligonuclecotide is administered directly into
the keloid, the hypertrophic scar, the injury to the
skin, the site of the injury, the pre-existing scar, or

the pre-existing fibrotic lesion.

The method of any one of claims 1 to 70, wherein the

modified oligonucleotide is administered intradermally.

The method of any one of claims 1 to 70, wherein the
modified oligonucleotide is administered intradermally by

threading technique.

The method of any one of claims 1 to 70, wherein the

modified oligonucleotide is administed sub-cutaneously.

The method of any one of claims 1 to 70, wherein the

modified oligonucleotide is administered topically.

The method of any one of claims 1 to 74, wherein the
subject 1s genetically predisposed to formation of

keloids or hypertrophic scars or both.

A kit for performing the method of any one of claims 1 to
75 which comprises:
a.a device pre-filled with the composition comprising
the modified oligonucleotide; and

b. instruction for uses.
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FIGURE 5: Example of limited lateral diffusion
of EXC 001 distal to injection site.
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FIGURE 6

EXC 001 mediated reduction in abdominal scar
severity and CTGF protein expression.
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.

Physician overall score: 2 Physician overall score: 6

CTGF Immunohistochemistry (protein staining)



WO 2012/106508 PCT/US2012/023620

7/9

FIGURE 7A
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FIGURE 7B
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FIGURE 7D

Pannus Model Study (#201)
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SEQUENCE LI STI NG

<110> Excaliard Pharmaceuticals, I|nc.
Dean, Nicholas M
Krochmal , Lincoln
Har dee, Gregory
Foul kes, J. Gordon
O Donnell, Nial
Young, Leroy
Jewel |, Mark

<120> Method of Treating Keloids O Hypertrophic Scars Using Antisense
Conmpounds Targeting Connective Tissue Growth Factor (CTGF)

<130> 81583- A- PCT/ JPW BI

<150> 61/438, 879
<151> 2011-02-02

<150> 61/488, 666
<151> 2011-05-20

<150> 61/527, 821
<151> 2011-08-26

<160> 167
<170> Patentln version 3.5

<210> 1

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Positive control oligonucleotide directed to human H-ras

<400> 1
tccgtcatcg ctcctcaggg 20

<210> 2

<211> 2075

<212> DNA

<213> Honp sapi ens

<220>
<221> exon
<222> (130)..(1180)

<400> 2

cccggecgac agecccgaga cgacagcccg gegegtcccg gtccccacct ccgaccaccg 60
ccagcgcet cc aggecccgeg ctccecgetc gececgecaccg cgecctccge tcecgeccgea 120
gt gccaacc atg acc gcc gecc agt atg ggc ccc gtc cge gtc gec ttec gtg 171

Met Thr Ala Ala Ser Met Ay Pro Val Arg Val Ala Phe Va
1 5 10

gtc ctc ctc gee cte tge age cgg ccg gec gtc gge cag aac tge age 219
Val Leu Leu Ala Leu Cys Ser Arg Pro Ala val Gy Gn Asn Cys Ser
15 20 25 30
ggg ccg tge cgg tge ccg gac gag ccg geg ccg cge tge ccg geg gge 267

Gy Pro Cys Arg Cys Pro Asp Gu Pro Ala Pro Arg Cys Pro Ala Gy
35 40 45

Page 1
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gtg agc ctc gtg ctg gac gge tge gge tge tge cge gtc tge gec aag 315
Val Ser Leu Val Leu Asp Gy Cys Gy Cys Cys Arg Val Cys Ala Lys
50 55 60

cag ctg ggc gag ctg tge acc gag cgc gac ccc tge gac ccg cac aag 363
Gn Leu Gy Gu Leu Cys Thr Gu Arg Asp Pro Cys Asp Pro His Lys
65 70 75

ggc ctc ttc tgt gac ttc gge tcc ccg gec aac cge aag atc gge gtg 411
Gy Leu Phe Cys Asp Phe Gy Ser Pro Ala Asn Arg Lys Ile Gy Va
80 85 90

tgc acc gecc aaa gat ggt get cce tge atec tte ggt ggt acg gtg tac 459
Cys Thr Ala Lys Asp Gy Ala Pro Cys Ile Phe Ay @y Thr Val Tyr
0 105 110

CgC agc gga gag tcc ttc cag age age tge aag tac cag tge acg tgce 507
Arg Ser Gy GQu Ser Phe G n Ser Ser Cys Lys Tyr @n Cys Thr Cys
115 120 125

ctg gac ggg gcg gtg gge tge atg ccc ctg tge age atg gac gtt cgt 555
Leu Asp Ay Ala Val Ay Cys Met Pro Leu Cys Ser Met Asp Val Arg
130 135 140

ctg ccc age cct gac tge cecc ttc ccg agg agg gtc aag ctg ccc ggg 603
Leu Pro Ser Pro Asp Cys Pro Phe Pro Arg Arg Val Lys Leu Pro Qy
145 150 155

aaa tgc tge gag gag tgg gtg tgt gac gag ccc aag gac caa acc gtg 651
Lys Cys Cys Qu @u Trp Val Cys Asp Qu Pro Lys Asp G n Thr Val
160 165 170

gtt ggg cct gece cte geg get tac cga ctg gaa gac acg ttt gge cca 699
Val Gy Pro Ala Leu Ala Ala Tyr Arg Leu Gu Asp Thr Phe Ay Pro
175 180 185 190

gac cca act atg att aga gcc aac tgc ctg gtc cag acc aca gag tgg 747
Asp Pro Thr Met Ile Arg Ala Asn Cys Leu Val Gn Thr Thr GQu Trp
195 200 205

agc gecc tgt tcc aag acc tgt Qgg atg ggc atc tcc acc cgg gtt acc 795
Ser Ala Cys Ser Lys Thr Cys Gy Met Gy Ile Ser Thr Arg Val Thr
210 215 220

aat gac aac gcc tcc tge agg cta gag aag cag agc cgc ctg tge atg 843
Asn Asp Asn Ala Ser Cys Arg Leu Qu Lys Gn Ser Arg Leu Cys Met
225 230 235

gtc agg cct tgc gaa gect gac ctg gaa gag aac att aag aag ggc aaa 891
Val Arg Pro Cys Qu Ala Asp Leu Qu GQu Asn Ile Lys Lys Ay Lys
240 245 250

aag tgc atc cgt act ccc aaa atc tcc aag cct atc aag ttt gag ctt 939
Lys Cys Ile Arg Thr Pro Lys Ile Ser Lys Pro Ile Lys Phe Gu Leu
255 260 265 270

tct ggc tgc acc agc atg aag aca tac cga gct aaa ttc tgt gga gta 987
Ser Gy Cys Thr Ser Met Lys Thr Tyr Arg Ala Lys Phe Cys Ay Va
275 280 285

t gt acc gac ggc cga tgc tgc acc ccc cac aga acc acc acc ctg ccg 1035
Cys Thr Asp Gy Arg Cys Cys Thr Pro His Arg Thr Thr Thr Leu Pro
290 295 300

gtg gag ttc aag tgc cct gac ggc gag gtc atg aag aag aac atg atg 1083

Val GQu Phe Lys Cys Pro Asp Gy GQu Val Met Lys Lys Asn Met Met
305 310 315
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320
atc
Ile
335
gccagagagt
tttccgtaaa
aaagattccc
gacact ggt t
aatgtatatt
cagat cgact
tttagcgtge
ccat caagag
tctgattcga
ggcaagt gaa
tgtgtgtgtg
tgtttgtgcee
ct gaacacca
t at at ggaaa
gaggcat cag
<210> 3
<211> 22
<212> DNA
<213>

<220>
<223>

atc aag acc
Phe Ile Lys Thr

ttt gaa tcg
Phe G u Ser

Artificia

120202_5056_81583_A PCT_Sequence_Li sting_Text _BlI
CCC gga gac aat gac
Pro Ay Asp Asn Asp

tgt gcec tge
Cys Ala Cys

ctg tac tac
Leu Tyr Tyr

325

340

gagagacat t
aatgatttca
acccaattca
t gaagaat gt
aaggt gt ggc
cttatacgag
t cact gacct
act gagt caa
at gacact gt
tttgcctgta
tgtgtgtata
tttttatttt
t aggt agaat
ttctgctcag
tgtcttggca

factor (CTGF)

<400> 3

aactcattag
gt agcacaag
aaacattgtg
taagacttga
tttaggagca
t aat at gcct
geet gt agece
gttgttcctt
t caggaat cg
acaagccaga
tatatatata
tgtttitaat
gt aaagcttg
at agaat gac

ggctgatttc

Sequence

acaagggcct cttctgtgac tt

<210> 4
<211> 22
<212> DNA
<213>

<220>
<223>

Artificia

factor (CTGF)

<400> 4

Sequence

ggtacaccgt accaccgaag at

<210> 5
<211> 23
<212> DNA

cat tac aac tgt
His Tyr Asn Cys

agg aag atg tac
Arg Lys Met Tyr

345
act ggaact t
ttatttaaat
ccat gt caaa
cagt ggaact
gt gggagggt
gctatttgaa
ccagt gacag
aagt cagaac
gaatcctgtc
ttttttaaaa
tat gt acagt
gctttgat at
tctgatcgtt
agt ccgt caa

t aggt aggaa

Forward PCR primer directed to human

Page 3

330

gga gac atg gca tga a
Gy Asp Met Ala

gaactgattc
ctgtttttct
caaat agt ct
acattagtac
accggeccgy
gtgtaattga
ctaggatgtg
agcagact ca
gattagactg
tttatattgt
tatctaagtt
ttcaatgtta
caaagcat ga

aacagatt gt

at gt ggt agc

connecti ve

acatctcatt
aact ggggga
atcttcccca
acagcaccag
ttagt at cat
gaaggaaaat
cattctccag
gct ct gacat
gacagct t gt
aaatattgtg
aat tt aaagt
gcctcaattt
aat ggat act
tt gcaaaggg

t cacg

tissue growth

Reverse PCR primer directed to human connective tissue growth

1131

1180

1240
1300
1360
1420
1480
1540
1600
1660
1720
1780
1840
1900
1960
2020
2075

22

22



<213>

<220>
<223>

<400>
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Artificial Sequence

PCR probe directed to human connective tissue growth factor

(CTGF)
5

t gt gcaccgc caaagat ggt gct

<210>
<211>
<212>
<213>

<220>
<223>

<400>

6

19

DNA

Artificial Sequence

Forward PCR primer directed to human GAPDH
6

gaaggt gaag gtcggagtc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

7

20

DNA

Artificial Sequence

Reverse PCR primer directed to human GAPDH
7

gaagat ggtg atgggatttc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

8

20

DNA

Artificial Sequence

PCR probe directed to human GAPDH
8

caagcttccc gttctcagee

<210>
<211>
<212>
<213>

<220>
<221>
<222>

<400>

9

2358

DNA

Hormo sapi ens

exon
(207) .. (1256)

9

aaact cacac aacaactctt ccccgctgag aggagacagc cagtgcgact ccaccctcca

gct cgacggec agccgecccg gccgacagecc ccgagacgac agcccggege gtcccggtcece

ccacctccga ccaccgccag cgcetccagge cccgecgetc ccegetcgec gccaccgege

cctcegetcc geeccgeagtg ccaacc atg acc gec gecc agt atg gge ccc gtce

Met Thr Ala Ala Ser Met Gy Pro Va
1 5

cgc gtc gec ttc gtg gtc ctc ctc gec ctc tge age cgg ccg gee gte

Page 4

23

19

20

20

60
120
180
233

281
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Arg Val Ala Phe Val Val Leu Leu Ala Leu Cys Ser Arg Pro Ala Va
20

10 15 25
ggc cag aac tgc agc ggg ccg tge cgg tge ccg gac gag ccg geg ccg 329
Gy Gn Asn Cys Ser Gy Pro Cys Arg Cys Pro Asp Gu Pro Ala Pro
30 35 40
cgc tgc ccg geg gge gtg age cte gtg ctg gac gge tge gge tge tge 377
Arg Cys Pro Ala Gy Val Ser Leu Val Leu Asp Ay Cys Ay Cys Cys
45 50 55
cgc gtc tge gec aag cag ctg gge gag ctg tge acc gag cgc gac ccc 425
Arg Val Cys Ala Lys G n Leu Gy GQu Leu Cys Thr Gu Arg Asp Pro
60 65 70
tgc gac ccg cac aag ggc ctc tte tgt gac ttc gge tcc ceg gee aac 473
Cys Asp Pro His Lys Gy Leu Phe Cys Asp Phe Ay Ser Pro Ala Asn
75 80 85
cgc aag atc ggc gtg tgc acc gcc aaa gat ggt get ccc tge ate tte 521
Arg Lys Ile Ay Val Cys Thr Ala Lys Asp Gy Ala Pro Cys Ile Phe
90 95 100 105
ggt ggt acg gtg tac cgc agc gga gag tcc ttc cag agc age tgce aag 569
Gy Gy Thr vVal Tyr Arg Ser Gy Gu Ser Phe A n Ser Ser Cys Lys
110 115 120
tac cag tgc acg tgc ctg gac ggg gcg gtg gge tge atg cec ctg tge 617
I

gt
Tyr G n Cys Thr Cys Leu Asp Gy Ala Val Gy Cys Met Pro Leu Cys

125 130 135
agc atg gac gtt cgt ctg ccc agec cct gac tge ccc ttc ccg agg agg 665
Ser Met Asp Val Arg Leu Pro Ser Pro Asp Cys Pro Phe Pro Arg Arg
140 145 150
gtc aag ctg ccc ggg aaa tgc tgc gag gag tgg gtg tgt gac gag ccc 713
Val Lys Leu Pro Gy Lys Cys Cys Gu Gu Trp Val Cys Asp GQu Pro
155 160 165
aag gac caa acc gtg gtt ggg cct gcc ctc gecg get tac cga ctg gaa 761
Lys Asp G n Thr Val Val Gy Pro Ala Leu Ala Ala Tyr Arg Leu G u
170 175 180 185
gac acg ttt ggc cca gac cca act atg att aga gcc aac tgc ctg gtc 809
Asp Thr Phe Ay Pro Asp Pro Thr Met Ile Arg Ala Asn Cys Leu Val
190 195 200
cag acc aca gag tgg agc gcc tgt tcc aag acc tgt ggg atg ggc atc 857
G@n Thr Thr Gu Trp Ser Ala Cys Ser Lys Thr Cys Gy Mt Gy lle
205 210 215
tcc acc cgg gtt acc aat gac aac gcc tcc tgc agg cta gag aag cag 905
Ser Thr Arg Val Thr Asn Asp Asn Ala Ser Cys Arg Leu Gu Lys Gn
220 225 230
agc cgc ctg tge atg gtc agg cct tge gaa gect gac ctg gaa gag aac 953
Ser Arg Leu Cys Met Val Arg Pro Cys Gu Ala Asp Leu Gu G u Asn
235 240 245
att aag aag ggc aaa aag tgc atc cgt act ccc aaa atc tcc aag cct 1001
lle Lys Lys Ay Lys Lys Cys Ile Arg Thr Pro Lys Ile Ser Lys Pro
250 255 260 265
atc aag ttt gag ctt tct ggc tgc acc agc atg aag aca tac cga gct 1049
Ile Lys Phe G u Leu Ser Gy Cys Thr Ser Met Lys Thr Tyr Arg Ala
270 275 280
aaa ttc tgt gga gta tgt acc gac ggc cga tgc tgc acc ccc cac aga 1097
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Lys Phe

acc
Thr

acc
Thr

acc
Thr
300

aag
Lys

aag
Lys
315

aac
Asn

cecce
Pro
330

gga

&y Asp
t gaact gat t
tectgttttte
acaaatagtc
tacattagta
t accagcaga
t gaagt gt aa
acagct agga
gaacagcaga
tgtcgattag
aaaatttata
gttatctaag
atttcaat gt
ttcaaagcat
aaaacagatt
gaaat gt ggt
at at agct ga
t cggacagt t
aaaat aaagt
<210>
<211>

<212>
<213>

10
6001
DNA
Hormo

<400> 10
tatattattec

aat ggaat ca

ataggtttta

120202_5056_81583_A PCT_Sequence_Li sting_Text _BI

Gy Va
285

ctg
Leu

ccg
Pro

atg
Met

atg
Met

aat
Asn

Cys Thr

gt
Va

ttc
Phe

atc
Ile

Asp

tte
Phe
305

g gag
Au

atc
Ile
320

aag
Lys

ttt
Phe

gaa
Au

335

gca tga

Al a

cacat ct cat
taact ggggg
tat caacccc
cacagcacca
aaggttagta
tt gagaagga
tgtgcattct
ctcagcetctg
act ggacagc
tt gt aaat at
ttaatttaaa
tagcct caat
gaaat ggat a
gtttgcaaag
agcct cact t
tcagtttttt
tatttgttga
gtatattttt

sapi ens

actgtcaatc
gacttcttat

at at aagaaa

ttttccgtaa
aaaagattcc
agacact ggt
gaat gt at at
t cat cagata
aaattttagc
ccagccat ca
acattct gat
tt gt ggcaag
tgtgtgtgtg
gttgtttgtg
ttct gaacac
cttatatgga
gggaggcat ¢
ttaat gaaca
cacct ggaag
gagt gt gacc

tct at aaaaa

ttagtttata
tttaacaaga

at gcact cat

Gy Ag
290

Cys

cot
Pro

t gc
Cys

aag
Lys

acc
Thr

t gt
Cys

gcc
Al a

tac
Tyr
340

tcg
Ser

ctg
Leu

aaatgatttc
cacccaattc
ttgaagaatg
taaggt gt gg
gcatcttata
gtgctcactg
agagact gag
t cgaat gaca
tgaatttgece
tgtgtgtgtg
cctttttatt
cat aggt aga
aattctgctc
agtgtccttg
aat ggccttt
catttgtttc
aaaagttaca

aaaaaaaaaa

tccagat aca
caaaccaaat

ttctcaaaga

Page 6

Pro
295

Cys Thr

gac ggc gag
Asp Ay Qu
310

tac
Tyr

cat
Hi s

tgc

Cys
325

tac
Tyr

agg
Arg

aag
Lys

agt agcacaa
aaaacat t gt
ttaagacttg
ctttaggage
cgagt aat at
acct gect gt
tcaagttgtt
ctgttcagga
t gt aacaagc
tatatatata
tttgttttta
at gt aaagct
agat agaat g
gcaggct gat
att aaaaact
tactttgata
tgtttgcacc

aa

acagggt aca
ccaat ccaca

ccct agt gaa

His Arg

gtc atg
Val Met

aac tgt
Asn Cys

atg tac
Met Tyr
345

agccagagag tgagagacat taactcatta gactggaact

gttatttaaa
gccat gt caa
acagt ggaac
agt gggaggg
gcctgetatt
agccccagt g
ccttaagtca
at cggaat cc
cagatttttt
tatatgtaca
atgetttgat
t gt ct gat cg
acagtccgtc
ttctaggtag
gagt gact ct
tgactgtttt
tttctagttg

ctgctcttgt
tttgaagatt
gctgtgttta

1145

1193

1241

1296

1356
1416
1476
1536
1596
1656
1716
1776
1836
1896
1956
2016
2076
2136
2196
2256
2316
2358

60
120
180



aatgctccta
tacctaccca
attgatggec
aactaagcaa
ttgttctett
t agaatt cag
ctcctittct
ctaagggttg
t cagct acct
gaaaaagaaa
cgaagaggat
cectttttttt
gt gt caaggg
gcgaggaat g
cggagcegt at
gagaggagac
gceccegagac
ggececgecg
t gaccgecge
gcecgggt aag
cggeecgggga
cggeegt cgg
gceeggegyyg
agct gggcga
acttcggetc
accgct aggt
gct cggact g
actcgcatcc
acccct ct ct
acggt gt acc
gacggggcyg
tgccecttece
gagcccaagg

agt cagggtc
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cagtgttccc accctgacac ccagagcccce

ggt gaacccce
acacagaatc
actcct ccct
gagttttgga
tcttgtccca
ggttttacag
actctttgga
ggggggagaa
acttcctaaa
t aagaaat aa
agggaaaaaa
tttttctgtg
gt caggat ca
tcectgtttyg
aaaagcct cg
agccagt gcg
gacagcccgg
ctcceegetce
cagt at gggc
cgecgggage
gggegt gege
ccagaact gc
cgt gagectc
gct gt gecacce
ccecggecaac
gt ccggecege
agtttctttc
ct gacgcet ct
tcecttecte
gcagcggaga
t gggct gecat
cgaggagggt
accaaaccgt

gt gattct ct

ctttgcatcc
atttgctctg
tgtccttgece
aat ctgeecc
aaaccgttac
gt aggcat ct
gagtttcaag
accttttcga
aaggat gt at
ttgccagt gt
aaattctatt
agcet ggagt g
atccggtgtg
t gt aggactc
ggecgeecge
act ccaccct
cgegt ceegg
gcegecaccy
ccegtcegeg
ccecget geg
gccgaccgag
agcgggecgt
gt gct ggacg
gagcgcgacc
cgcaagat cg
ctecteecte
t ccaget get
ggat gt gaga
ttctccagece
gtccttccag
gceeet gt ge
caagct gccce
ggt t gggect
cccagggagg

at agaacaat
t at at aaaac
aggagact gc
ct caagt gac
tgaggatttc
agect at age
attttttagg
gt cagt ggac
gtttataaat
t ggt gct gga
tgccagettt
agttgat gag
cattcagctc
cccaaactca
ccagct cgac
tccccaccte
cgecct cege
tcgeettegt
geecggegget
cgecget gac
gceggt geece
get gegget g
cat gcgaccce
gegt gt gcac
acgcccaccce
gccageecge
gt gccccaat
aaagat ggt g
agcagct gca
agcat ggacg
gggaaat gct
gcect cgegg

gagt cct aac
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ggatcccttt
tcctacat at
atcctgagtc
aaat gat caa
aaatggttaa
ctctaaaacg
aattcctgcet
agaacagggc
gat atgaatc
aatact gcge
ttcagacgga
gcaggaaggt
attggcgage
cacaacaact
ggcagecgcece
cgaccaccgc
t ccgecegea
ggtcctectce
gccagggagg
cgecet gt cc
ggacgagccg
ctgcegegtce
gcacaagggc
cggt aagacc
gceecget gga
ccect geage
gcetgacctce
ctccct geat
agtaccagtg
ttcgtctgee
gcgaggagt g
gt gagt cgag
t gt gccgacc

ttct ggaaac
attaagagaa
acacgcgt ct
at ct caaat a
aagcaact ca
caaatcattg
gtttgectct
aaacttattc
aggagtgot g
tttttttett
ggaat gct ga
ggggaggaat
cgcggecgcece
cttccecget
ccggecgaca
cagcgct cca
gt gccaacca
gcectctgea
gact cgggge
tccct gcage
gcgecgegct
t gcgccaage
ctattctgtc
cgcagccccce
aaaagaaacc
ccagat ccca
tgcatcccee
cttcggt got
cacgtgcct g
cagccct gac
ggt gt gt gac

tcttectcta

gaacggggga

240
300
360
420
480
540
600
660
720
780
840
900
960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220



aat acct t at
t ggaagacac
cagagt ggag
acaacgcctc
ct gacct gga
aaaacagt gg
t ct ccaaaac
ccaccagttt
aggct ct gge
aacagaagtc
t agagt cgct
aagt gcat cc
agcat gaaga
ccccacagaa
aagaacat ga
atctttgaat
agagacatta
atgatttcag
cccaattcaa
gaagaat gt t
aggt gt ggct
atcttatacg
gct cact gac
agact gagtc
gaat gacact
aatttgcctg
tgtgtgtgta
tttttatttt
t aggt agaat
ttctgctcag
tgtccttgge
tggectttat
tttgtttcta

aagttacatg
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ccaggcgttt tacatggtgt ttgtgtgctc tgctctcgea

gtttggccca
cgectgttee
ct gcaggct a
agagaacat t
at aggaccca
tatctaacca
tccactacga
tatttttgga
agacaacaga
gatttttttt
gtactcccaa
cat accgagc
ccaccaccct
tgttcatcaa
cgctgtacta
act cattaga
t agcacaagt
aacattgtgc
aagactt gac
ttaggagcag
agt aat at gc
ctgect gt ag
aagttgttcc
gttcaggaat
t aacaagcca
tatatatata
tgtttitaat
gt aaagcttg
at agaat gac
aggctgattt
t aaaaact ga
ctttgatatg
tttgcacctt

gacccaact a
aagacct gt g
gagaagcaga
aaggt acat g
act t agggct
ttgagct gtt
aatcttccac
cat agcaaat
agact aaaac
tttcctctcet
aat ct ccaag
taaattct gt
gceggt ggag
gacct gt gcc
caggaagat g
ctggaacttg
tatttaaatc
cat gt caaac
agt ggaact a
t gggagggt a
ctgctatttg
ccccagt gac
ttaagt caga
cggaat cct g
gattttttaa
tat gt acagt
gctttgat at
tctgatcgtt
agt ccgt caa
ct aggt agga
gt gact ct at
actgtttttc
tctagttgaa

t gattagagce
ggat gggeat
gcegeetgt g
ttctgetcet
cttgccacge
ttgct ggaat
agggttagtt
gagact caaa
acagagggt t
cttttccctt
cct at caagt
ggagtatgta
ttcaagtgcc
tgccattaca
tacggagaca
aact gattca
tgtttttcta
aaatagtcta
cattagtaca
ccagcagaaa
aagt gt aat t
agct aggat g
acagcagact
t cgattagac
aatttatatt
tatctaagtt
ttcaatgtta
caaagcat ga
aacagat t gt
aat gt ggt ag
atagct gatc
ggacagttta

aat aaagt gt
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caact gcct g
ct ccaccegy
cat ggt cagg
attaactatt
ttgttagtat
gagagct t gt
aatt caagac
cttcctcecee
gaagaaagcc
gtcttectta
ttgagettte
ccgacggecy
ct gacggcga
act gt cccgg
t ggcat gaag
catctcattt
act gggggaa
t caaccccag
cagcaccaga
ggttagtatc
gagaaggaaa
tgcattctcc
cagct ct gac
t ggacagct t
gtaaatattg
aat tt aaagt
gcctcaattt
aat ggat act
tt gcaaaggg
cctcactttt
agttttttca
tttgttgaga
atattttttc

gcttaccgac
gt ccagacca
gttaccaatg
ccttgecgaag
tttcacagga
aagcccgtta
gt aat agcaa
attccaagag
tcaaaatata
actcctcettg
gaagggcaaa
t ggct gcacce
at gct gcacc
ggt cat gaag
agacaat gac
ccagagagt g
ttccgtaaaa
aagattccca
acactggttt
atgtatatta
at cagat agc
attttagegt
agccat caag
attctgattc
gtggcaagtg
tgtgtgtgtg
tgtttgtgee
ct gaacacca
t at at ggaaa
gaggcat cag
aat gaacaaa
cct ggaagca
gt gt gaccaa

t at aaagggc

2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260



ttggttattc
cttattaatc
ttaataaatt
t cacagactt
acagaacttt
cctgttgtat
ttccaaccct
ttttaaaaat
aaaattatga
attcegtttt
ggat gagcaa
catttgccca
tggtttatac
ctacccaggt
accaaaggca
aatt gcagac
t ggacagaca
caaaccaaag
ctttaaggat
ccaaat aaat
acacttcctt
gagact gact
ttcacatttt
aaaat cccac
aat at cggag
cat gt gt gag
ct caaacagc
aat ct agt ag
ggagaagat ¢
t
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atttatcctt ctaaacattt ctgagttttc ttgagcataa

at aagataat tcaccaataa ttttctaaat

gattattcca
gcaggcat ac
atagacact t
tacactt ggt
t cacat caca
tttatgetct
aat gaaat cc
t ggtt gccat
atcttccatt
agtctttage
at gagaaaat
aggtttttac
act agaat ct
agact aact t
aaaat acacc
ggaaaacttc
acacccacat
gcgeat gt ac
tctgtcaatt
act gaattag
ccaaat accc
aggcaat gt t
gtaggogot g
aaaagcagag
cagcaggt ag
gggt ttggee

ctcatactcc

<210> 11

<211> 20

<212> DNA
<213> Artificia
<220>

<223>

tagaattttt
acaccacat t
t aaatt caat
ccttttggca
aactagtcta
aggtctgttt
tcatttaaat
gat aaccaat
cattaacatt
tttatcagac
ggaattgttc
t aaagagt ga
tctccacatg
ttcccaaggt
t gaaaat aaa
ccgtgttcag
ct gt at at ag
acat acacat
aattcctaac
agcatt ct gg
acat t aaaga
tct acaaaaa
ccaaatcatc
aaacaacaag
tcactagata

tagcactcca

t ggaagt gga

Sequence

at gt aaacat
gact at acag
tctctctaga
tttgtacctc
tgtgeccttge
ctgaacttca
ggagcetattt
gacaaacaga
aat agaaat t
ttccagatta
aagaagcctc
accaaagt ga
aggat agct g
aatt agcaac
gact agct ct
aat gt gaaaa
cagt gct gcc
aggcacacac
t gcaaagat g
aaat at agaa
aaaaaaaaag
ttagat ggca
aaccaccgta
gtatctgatg
t at agaaggc
acaaagctta

atctaaattg
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atctttaatt
act t cacact
ccattttttt
ttacttcagt
tctggeegtt
acgt ggaaaa
ttaccttact
cat aagtctt
t ggcat aaat
tgttttgaaa
atgcatccta
at gt ggaaac
at ggt aaaca
aggattctag
gttgtagtge
acaaacaact
tttatggtca
aggagcagca
acagagtaca
aagggccat g
gcagcaggaa
agt cact aga
at gcacact t
agat ct gcac
cttctgagaa
caggct gaca
caagccaggy

agcaggt cac

ataggaagt t
attctataca
gaat caagt a
tgttatctte
ctccattaac
at aggt t agt
tgtttacatt
gttaaatctg
gttttgtata
agaaaaggga
gtaattcctc
ccttaccaag
aatattgtac
aaagcaat ac
gggaaaaaaa
caat gt catt
gt ccacacca
aaact ct ggg
cccecacctce
ctgttagttc
cat gat aaac
aagcat agat
ttgcaaaaca
t cacccccca
cgt gt cagca
cacgagagct
gcagetgttg
ctgectccca

cagacagat g

Antisense directed to human connective tissue growth factor

4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6001



<400>
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(CTGR)

11

ccagctgcett ggcgcagacg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

12

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

12

gccagaaagc tcaaacttga

<210>
<211>
<212>
<213>

<220>
<223>

<400>

13

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

13

ccacaagctg tccagtctaa

<210>
<211>
<212>
<213>

<220>
<223>

<400>

14

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

14

ggtcacactc tcaacaaata

<210>
<211>
<212>
<213>

<220>
<223>

<400>

15

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

15

aaacatgtaa cttttggtca

<210>
<211>
<212>
<213>

<220>
<223>

<400>

16

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

16
Page 10

20

20

20

20

20
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gggaagagtt gttgtgtgag

<210> 17

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 17
aggot ggagt cgcact ggct

<210> 18

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 18
acgaaggcga cgcggacggg

<210> 19

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 19
gccgacggec ggecgget ge

<210> 20

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 20
ggt gcacacg ccgatcttge

<210> 21

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 21
tctttggcgg tgcacacgec

Page 11

20

20

20

20

20

20
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<210> 22
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 22
gcaccatctt tggcggtgca

<210> 23

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 23
gcagggagca ccatctttgg

<210> 24

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 24
aagat gcagg gagcaccatc

<210> 25

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 25
ccaccgaaga tgcagggage

<210> 26

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 26
ccgtaccacc gaagat gcag

<210> 27
<211> 20
<212> DNA

Page 12

20

20

20

20

20



<213>

<220>
<223>

<400>

120202_5056_81583_A PCT_Sequence_Li sting_Text _BlI
Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

27

gtacttgcag ctgctctgga 20

<210>
<211>
<212>
<213>

<220>
<223>

<400>

28

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

28

gggcat gcag cccaccgccc 20

<210>
<211>
<212>
<213>

<220>
<223>

<400>

29

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

29

aggcccaacc acggtttggt 20

<210>
<211>
<212>
<213>

<220>
<223>

<400>

30

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

30

agggcaggcc caaccacggt 20

<210>
<211>
<212>
<213>

<220>
<223>

<400>

31

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

31

t aagccgcga gggcaggecce 20

<210>
<211>
<212>
<213>

<220>

32

20

DNA

Artificial Sequence

Page 13



<223>

<400>
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Antisense directed to human connective tissue growth factor
(CTGR)

32

cccacaggtc ttggaacagg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

33

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

33

agat gcccat cccacaggtc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

34

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

34

ccagtctaat gagttaat gt

<210>
<211>
<212>
<213>

<220>
<223>

<400>

35

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

35

ttcaagttcc agtctaatga

<210>
<211>
<212>
<213>

<220>
<223>

<400>

36

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

36

ttttccecca gttagaaaaa

<210>
<211>
<212>
<213>

<220>
<223>

37

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

Page 14
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20

20

20

20
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<400> 37
cacaat gttt tgaattgggt

<210> 38

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 38
acat ggcaca atgttttgaa

<210> 39

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 39
gtttgacatg gcacaatgtt

<210> 40

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 40
tatttgtttg acatggcaca

<210> 41

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 41
tgatagacta tttgtttgac

<210> 42

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 42
gttccactgt caagtcttaa

Page 15

20

20

20

20

20

20



<210>
<211>
<212>
<213>

<220>
<223>

<400>

120202_5056_81583_A PCT_Sequence_Li sting_Text _BlI

43

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

43

tgtactaatg tagttccact 20

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

44

cattctggtg ctgtgtacta 20

<210>
<211>
<212>
<213>

<220>
<223>

<400>

45

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

45

taatatacat tctggtgctg 20

<210>
<211>
<212>
<213>

<220>
<223>

<400>

46

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

46

acaccttaat atacattctg 20

<210>
<211>
<212>
<213>

<220>
<223>

<400>

47

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

47

taaagccaca ccttaatata 20

<210>
<211>

48
20

Page 16



<212>
<213>

<220>
<223>

<400>

120202_5056_81583_A PCT_Sequence_Li sting_Text _BlI
DNA
Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

48

gtaccctccc actgctccta 20

<210>
<211>
<212>
<213>

<220>
<223>

<400>

49

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

49

aagat gct at ctgatgatac 20

<210>
<211>
<212>
<213>

<220>
<223>

<400>

50

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

50

cgt at aagat gct at ct gat 20

<210>
<211>
<212>
<213>

<220>
<223>

<400>

51

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

51

aat agcaggc atattactcg 20

<210>
<211>
<212>
<213>

<220>
<223>

<400>

52

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

52

tacacttcaa atagcaggca 20

<210>
<211>
<212>
<213>

53

20

DNA

Artificial Sequence

Page 17



<220>
<223>

<400>

120202_5056_81583_A PCT_Sequence_Li sting_Text _BlI

Antisense directed to human connective tissue growth factor
(CTGR)

53

tcaattacac ttcaaatagc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

54

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

54

ggagaat gca cat cct aget

<210>
<211>
<212>
<213>

<220>
<223>

<400>

55

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

55

at ggct ggag aat gcacatc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

56

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

56

tcttgatggc tggagaatgc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

57

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

57

gaat cagaat gtcagagctg

<210>
<211>
<212>
<213>

<220>
<223>

58

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)
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<400> 58
cattgaaata tcaaagcatt

<210> 59

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 59
ggct aacatt gaaatatcaa

<210> 60

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 60
aatt gaggct aacattgaaa

<210> 61

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 61
gttcagaaat tgaggctaac

<210> 62

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 62
tatggtgttc agaaattgag

<210> 63

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 63
ctacctatgg tgttcagaaa
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<210> 64

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> ©64
tacattctac ctatggtgtt

<210> 65

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 65
gacaagcttt acattctacc

<210> 66

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 66
gatcagacaa gctttacatt

<210> 67

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 67
atgctttgaa cgatcagaca

<210> 68

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 68
atttcatgct ttgaacgatc

<210> 69
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<211>
<212>
<213>

<220>
<223>

<400>
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20
DNA
Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

69

gtatccattt catgctttga

<210>
<211>
<212>
<213>

<220>
<223>

<400>

70

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

70

ccatataagt atccatttca

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

71

gaatttccat ataagtatcc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

72

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

72

tct gagcaga atttccatat

<210>
<211>
<212>
<213>

<220>
<223>

<400>

73

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

73

tgtcattcta tctgagcaga

<210>
<211>
<212>
<213>

74

20

DNA

Artificial Sequence

Page 21

20

20

20

20

20



<220>
<223>

<400>
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Antisense directed to human connective tissue growth factor
(CTGR)

74

tttgacggac tgtcattcta

<210>
<211>
<212>
<213>

<220>
<223>

<400>

75

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

75

aacaatctgt tttgacggac

<210>
<211>
<212>
<213>

<220>
<223>

<400>

76

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

76

tgatgcctcc cctttgcaaa

<210>
<211>
<212>
<213>

<220>
<223>

<400>

77

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

77

t gccaaggac act gat gcct

<210>
<211>
<212>
<213>

<220>
<223>

<400>

78

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

78

cagcct gcca aggacact ga

<210>
<211>
<212>
<213>

<220>
<223>

79

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
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(CTGR)

79

gaaat cagcc tgccaaggac

<210>
<211>
<212>
<213>

<220>
<223>

<400>

80

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

80

acct agaaat cagcctgcca

<210>
<211>
<212>
<213>

<220>
<223>

<400>

81

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

81

ttcctaccta gaaatcagcc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

82

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

82

taccacattt cctacctaga

<210>
<211>
<212>
<213>

<220>
<223>

<400>

83

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

83

t gaggctacc acatttccta

<210>
<211>
<212>
<213>

<220>
<223>

<400>

84

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

84
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t aaaagt gag gctaccacat

<210> 85

<211> 20

<212> DNA

<213> Artificial Sequence

<220>

<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 85

caaat gcttc caggt gaaaa

<210> 86

<211> 20

<212> DNA

<213> Artificial Sequence

<220>

<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 86

t agaaacaaa tgcttccagg

<210> 87

<211> 20

<212> DNA

<213> Artificial Sequence

<220>

<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 87

tcat at caaa gtagaaacaa

<210> 88

<211> 20

<212> DNA

<213> Artificial Sequence

<220>

<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 88

tccgaaaaac agtcatatca

<210> 89

<211> 20

<212> DNA

<213> Artificial Sequence

<220>

<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 89

acccggcet gc agagggcgag
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<210> 90
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 90
cgcttacccg get gcagagg

<210> 91

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 91
gacagggcgg t cagcggcgce

<210> 92

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 92
agtccgagcg gtttettttt

<210> 93

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 93
aact cagtcc gagcggtttc

<210> 94

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 94
aaagaaactc agtccgagcg

<210> 95
<211> 20
<212> DNA
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<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 95
t ggagaaaga aact cagtcc 20

<210> 96

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 96
gcagct ggag aaagaaactc 20

<210> 97

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 97
t ggcagcagc tggagaaaga 20

<210> 98

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 98
agggagcacc atctttggcet 20

<210> 99

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 99
t cacccgcga gggcaggecce 20

<210> 100

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
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<223>

<400>
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Antisense directed to human connective tissue growth factor
(CTGR)

100

ggaagact cg actcacccgce

<210>
<211>
<212>
<213>

<220>
<223>

<400>

101

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

101

ttagaggaag actcgactca

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

102

accctgactt agaggaagac

<210>
<211>
<212>
<213>

<220>
<223>

<400>

103

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

103

t cacgaccct gacttagagg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

104

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

104

gagaat cacg accctgactt

<210>
<211>
<212>
<213>

<220>
<223>

105

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)
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<400> 105
t gggagagaa tcacgaccct

<210> 106

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 106
ctccect ggga gagaat cacg

<210> 107

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 107
ggt cggcaca gttaggactc

<210> 108

<211> 20

<212> DNA

<213> Artificial Sequence

<220>

<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 108
cgttcggtcg gcacagttag

<210> 109

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 109
cctggataag gtatttccce

<210> 110

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 110
acaaacacca tgtaaaacgc
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<210> 111

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 111
gagcacacaa acaccatgta

<210> 112

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 112
t gcgagagca gagcacacaa

<210> 113

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 113
taagct gcga gagcagagca

<210> 114

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 114
gt cggt aage tgcgagagca

<210> 115

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 115
ttccagtcgg taagctgcega

<210> 116
<211> 20

Page 29

20

20

20

20

20



<212>
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<220>
<223>

<400>
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DNA
Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

116

acatgtacct taatgttctc 20

<210>
<211>
<212>
<213>

<220>
<223>

<400>

117

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

117

gcagaacatg taccttaatg 20

<210>
<211>
<212>
<213>

<220>
<223>

<400>

118

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

118

t aggagcaga acat gt acct 20

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

119

gttaatagga gcagaacat g 20

<210>
<211>
<212>
<213>

<220>
<223>

<400>

120

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

120

t gaaaaat ag ttaataggag 20

<210>
<211>
<212>
<213>

121

20

DNA

Artificial Sequence
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<400>
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Antisense directed to human connective tissue growth factor
(CTGR)

121

ccactgtttt tcctgtgaaa

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

122

aagttgggtc ctatccactg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

123

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

123

gccctaagtt gggtcctatc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

124

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

124

caagagccct aagttgggtc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

125

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

125

cgt ggcaaga gccctaagtt

<210>
<211>
<212>
<213>

<220>
<223>

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)
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<400> 126
cgggcttata ctaacaagcg

<210> 127

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 127
gat aacgggc ttatactaac

<210> 128

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 128
ttggagataa cgggcttata

<210> 129

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 129
tagttttgga gataacgggc

<210> 130

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 130
ttagatagtt ttggagataa

<210> 131

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 131
caatggttag atagttttgg
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<210> 132

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 132
cagct caatg gttagatagt

<210> 133

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 133
caaaacagct caatggttag

<210> 134

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 134
tccagcaaaa cagctcaatg

<210> 135

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 135
thattccag Caaaacagct

<210> 136

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 136
aagctctcat tccagcaaaa

<210> 137
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<211>
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<220>
<223>

<400>
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20
DNA
Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

137

tacacaagct ctcattccag

<210>
<211>
<212>
<213>

<220>
<223>

<400>

138

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

138

ggttgctatt acacaagctc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

139

ctggtggttg ctattacaca

<210>
<211>
<212>
<213>

<220>
<223>

<400>

140

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

140

gaaaact ggt ggttgctatt

<210>
<211>
<212>
<213>

<220>
<223>

<400>

141

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

141

tagt ggaaaa ctggtggttg

<210>
<211>
<212>
<213>

142

20

DNA

Artificial Sequence
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<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 142
ttaactaacc ctgtggaaga

<210> 143

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 143
tgtcttgaat taactaaccc

<210> 144

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 144
t ggaat gtct tgaattaact

<210> 145

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 145
gccagagcect ctcttggaat

<210> 146

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 146
aaaaat agcc agagcctctc

<210> 147

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
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<400>
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(CTGR)

147

t gt ccaaaaa tagccagagce

<210>
<211>
<212>
<213>

<220>
<223>

<400>

148

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

148

t gct at gt cc aaaaat agcc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

149

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

149

tcatttgcta tgtccaaaaa

<210>
<211>
<212>
<213>

<220>
<223>

<400>

150

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

150

gagtctcatt tgctatgtcc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

151

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

151

agtttgagtc tcatttgcta

<210>
<211>
<212>
<213>

<220>
<223>

<400>

152

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

152
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gaggaagttt gagtctcatt

<210> 153

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 153
cttectgttgt ctgacttctg

<210> 154

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 154
cctctgtgtt ttagtcttoct

<210> 155

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 155
tttcttcaac cctectgtgtt

<210> 156

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 156
ggagtggctt tcttcaacce

<210> 157

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 157
aggaagacaa gggaaaagag
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<210> 158
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 158
ttctaaggaa gacaagggaa

<210> 159

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 159
tgcccttcta aggaagacaa

<210> 160

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 160
ggat gcgagt t gggat ct ag

<210> 161

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 161
ccagctgcett ggcgcagacg

<210> 162

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Antisense directed to human connective tissue growth factor
(CTGR)

<400> 162
gccagaaagc tcaaacttga

<210> 163
<211> 20
<212> DNA
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<220>
<223>

<400>
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Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

163

ccacaagctg tccagtctaa 20

<210>
<211>
<212>
<213>

<220>
<223>

<400>

164

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

164

ggtcacactc tcaacaaata 20

<210>
<211>
<212>
<213>

<220>
<223>

<400>

165

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

165

aaacatgtaa cttttggtca 20

<210>
<211>
<212>
<213>

<220>
<223>

<400>

166

20

DNA

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

166

t gacat ggca caatgttttg 20

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Artificial Sequence

Antisense directed to human connective tissue growth factor
(CTGR)

167

ccttccctga aggttcctce 20
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