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METHOD FOR RSDUCING SCARRING DURING WOUMD HEALING USING

ANTISENSE COMPOUNDS DIRSCTBD TO CTGF

The invention disclosed herein was made in part with

government support NIH grant RQ1-GM063825 . Accordingly, the

U.S. Government has certain rights in this invention.

Throughout this application, certain patents, patent

applications, and publications are referenced by patent

number, application number, and for the latter, by authors and

publication date. Pull citations for these publications may be

found at the end of this specification immediately preceding

the claims . The disclosures of these documents in their

entireties are hereby incorporated by reference into this

application in order to more fully describe the state of the

art to which this invention relates.

Field of Invention

The present invention relates to reducing scarring resulting

from wound healing.

Background of the Invention

Dermal Wound Healing Process

Dermal wound healing is a complex process that, when properly

orchestrated, leads to reestablishment of skin integrity with

minimal residual scarring. Normal wound healing includes a

transition from a proliferative phase, during which

extracellular matrix (ECM) proteins are elaborated, to a

remodeling phase, during which the wound is strengthened

through stromal organization. Abnormal wound healing may

result in pathologic dermal scarring, which represents a

diverse spectrum of disorders that range from unsightly scars,

to keloids, to life-threatening systemic diseases such as



scleroderma. One example of pathologic dermal scarring is

hypertrophic scars that are an unfavorable outcome of burns,

trauma, or surgery. Although much has been learned about the

pathophysiology of pathologic dermal scarring, most treatment

modalities lack a defined mechanism of action, are non¬

specific, and have limited efficacy (Mustoe 2004) . Indeed to

date, there are no FDA approved drugs to treat dermal

scarring.

The Roles of Transforming Growth Factor-Beta (TGF-fJ) and

Connective Tissue Growth Factor (CTGF)

There is widespread evidence that dysregulation of the

transforming growth faccor-beta (TGF- β) family leads to

scarring in a variety of chronic inflammatory conditions and

in response to acute injury. (Shah et al. 1995; Leask and

Abraham 2004) As such, TGF- β has been the target of many

therapeutic approaches designed to limit acute and chronic

fibrosis. However, since TGF- β plays pleiotrophic physiologic

roles, efforts to modulate it have been limited by concerns

about treatment specificity. (Shull et al . 1992) For example,

neutralization of TGF- β reduces fibrosis in animal models of

surgical scarring (Lu et al . 2005; Shah et al . 1992) but has

also delayed wound healing. (Sisco et al . 2005)

Another growth factor of interest is connective tissue growth

factor (CTGF) , which is a matricellular protein that is known

to regulate aspects of cell proliferation, migration,

differentiation, angiogenesis, 3CM production, and adhesion.

(Frazier et al. 1995) Overexpression of CTGF mRMA and protein

has been observed in chronic fibrotic disorders affecting

multiple organ systems. In the skin, the role of CTGF in

fibrosis is becoming better defined. Although CTGF has minimal

basal expression in normal skin, it demonstrates transient up-

regulation for several days following dermal injury. (Lin et

al, 2005; Igarashi ε: al . 1993; Dammeier et al . 1998) In



contrast , persistent overexpressio π of CTGF has been observed

in biopsies of keloids and localized sclerosis. (Igarashi et

al . 1996) Fibroblasts cultured from hypertrophic scars,

keloids, and scleroderma lesions express increased basal CTGF.

(Colwell St al. 2006; Shi-Wen et al. 2000) In addition, cells

cultured from hypertrophic scars elaborate more CTGF in

response to stimulation with TGF- β. (Colwell et al . 2005)

Since TGF- β potently induces CTGF through several pathways,

CTGF has long been thought to mediate many of its fibrotic

effects. Indeed, studies in various cell populations have

demonstrated roles for CTGF in the TGF -β-dependent induction

of fibronectin (Fn) , collagen, and tissue inhibitor of

metalloproteinase-1 (TIMP-I). (Frazier et al. 1996,- Blalock et

al. 2003; Grotendorst 1997,- Wang et al . 2004) more recent

paradigm suggests that CTGF functions as a co- factor to TGF- β
by enhancing ligand- receptor binding in activated cells. (Abreu

et al. 2002) This may explain research that shows a limited

ability of CTGF to induce ECM production and sustained

fibrosis in vivo in the absence of TGF- β.(Frazier et al. 1996;

Bonniaud et al . 2003; Mori et al . 1999) In addition, while

CTGF mediates the effects of TGF- β on myofibroblast

differentiation, it is insufficient to bring about this change

when introduced exoger.ously (Folger et al. 2001) .

There are several examples whereby TGF- β-independent induction

of CTGF may contribute to its pathologic activity. Mechanical

stress induces CTGF expression directly (Garrett 2004; Kessler

et al. 2001; Schild et al . 2002). Elevated expression of CTGF,

without a concomitant rise in TGF- β, has been observed in

response to several factors known to contribute to healing,

such as thrombin, factor Vila, and exogenous CTGF.

Furthermore, endotheli π-1 , epidermal growth factor, fibroblast

growth factor, vascular endothelial growth factor, and

platelet -derived growth factor can independently initiate

transcription of CTGF ir. fibroblasts.



CTGF may be an attractive target for modulating hypertrophic

scarring for several reasons . As a cofactor and downstream

mediator of TGF- β, CTGF may represent a more specific target

than TGF- β for gene-directed molecular therapies aimed at

scarring, particularly since TGF- β has pluripotent effects

unrelated to scar formation. In addition, CTGF may have TGF- β

independent functions in maintaining a fibrotic phenotype that

would be neglected by anti-TGF- β strategies. Despite advances

in understanding CTGF' s roles in augmenting fibrosis in

multiple organ systems and in chronic dermal diseases such as

scleroderma, CTGF' s roles in acute scarring and wound healing

remain largely observational .

To determine whether CTGF was necessary for wound healing and

scar hypertrophy, a study was conducted whereby CTGF was

specifically blocked in well -characterized rabbit models. The

goal of the study was also to determine mechanisms whereby

CTGF might be exerting its effect. The hypothesis was that

inhibition of CTGF expression in vivo would abrogate fibrosis

without having a detrimental effect on wound closure, a

finding that has not been previously shown in skin by others .

The Role of Antisensa Oligonucleotide

Antisense technology is an effective means for reducing the

expression of specific gene products and may be uniquely

useful in a number of therapeutic, diagnosic, and research

applications for the modulation of connective tissue factor

expression. (Garde et al ., 2005, U.S. Patent 6,965,025B2)

An antisense compound is an oligomeric compound that is

capable of undergoing hybridization to a target nucleic acid

(e.g. target mRNA) .

Antisense compounds, compositions and methods for modulating

expression of connective tissue growth factor and for

treatment of disease associated with expression of connective



tissue growth factor are disclosed intra alia in U.S. Pat. No.

6965025B2.



Summary of the Invention

The present invention provides a method for reducing

hypertropic scarring resulting from dermal wound healing in a

subject in need thereof which comprises administering to the

subject an antisense compound particularly an antisense

oligonucleotide which inhibits expression of connective tissue

growth factor (CTGF) in an amount effective to inhibit

expression of CTG? and thereby reduce hypertrophic scarring.



Brief Description of the Figures

FIGURE 1 shows that CTGF mRNA expression in a rabbit ear

hypertrophic scar model continues to increase through day 40

in scar- forming wounds. mRNA levels are expressed relative to

levels found in unwounded skin. The sample size is 6 wounds

per time point (N=6) .

FIGURE 2 shows that antisense oligonucleotides directed

against CTGF reduce CTGF mRNA expression and protein staining

in vivo. 300 µg of anti-CTGF oligonucleotide or scramble

oligonucleotide was injected at days 14, 19, and 24. Scars

were harvested at day 28. Figure 2A shows the levels of CTGF

mRNA expression measured by real-time polymerase chain

reaction (RT-PCR) . PBS in the figure stands for phosphate-

buffered saline. Figure 2B shows that CTGF protein staining,

in which anti-CTGF antibody-stained sections were digitally

analyzed for color density, which is expressed as percent

staining relative to scar area. Figure 2C shows a photograph

of a scramble-oligonucleotide-treated scar. Figure 2D shows a

photograph of an anti-CTGF-treated scar with the scale bar of

0 .25 mm .

FIGURE 3 shows that gross wound closure, as determined

photometrically, was similar in antisense- and scramble-

treated wounds at post-wounding days 7 and 10. The photographs

depict representative wounds at day 7 at a resolution of 66 x

100 mm or 600 x 600 DPI.

FIGURE 4 shows that histologic measures of wound healing are

similar in antisense- and scramble -treated wounds . Figure 4A

shows the area of granulation tissue deposition Figure 4B

shows epithelialization as assessed by measuring the gap

between the inward-migrating epithelium. Figure 4C shows

representative scramble control ASO- treated wound at day 10 in

a photograph of the histology sample. Figure 4D representative

aπti-CTGF-ASO treated wound at day 10 in a photograph of the



histology sample. The scale bar is 1 mm. Hematoxylin and eosin

stain was used in the sample preparation. These results

clearly demonstrate that treatment with an ASO inhibitor of

CTGF expression has no effect on the early wound healing

response subsequent to the generation of a wound, even though

this treatment reduces subsequent severity of hypertrophic

scarring .

FIGURE 5A shows that early and late blockade of CTGF reduced

scar hypertrophy. The scar elevation index was assessed at day

28 post -wounding. Figure 5B concerns the effort of

administering antisense oligonucleotides at days 0 , 5 , and 10

(early treatment cohort) versus administration at days 14, 19,

and 24 (late treatment cohort, (Figure 5D) . Figure 5B shows

the result for control scramble oligonucleotides. The scale

bar is 1 mm. Hematoxylin and eosin stain was used in the

sample preparation. Figures 5B to 5D are photographs of the

stained specimens . Figure 5E provides the formula for

calculating a scar elevation index (SEI) as a measurement of

the severity of the scarring.

FIGURE 6C shows that there was no statistical difference in

collagen organization between scramble and anti-CTGF ASO-

treated wounds at day 28 post -wounding. Photographs of

representative sections of dermis stained with trichrome and

sirius red are shown in Figures 6A and 6B, respectively. The

scale bar is 0.25 mm.

FIGURE 1C shows that late inhibition of CTGF reduced the α-

SMA-stained myofibroblast population in scars at day 28 post-

wounding. Ant i-α-SMA- antibody -stained sections were digitally

analyzed for color density, which is expressed as percent

staining relative to scar area. Representative sections of

stained scramble and antisense- treated wounds are shewn in

Figures 7A and 7B, respectively. The scale bar is 0.25 mm.



FIGURE 8 presents graphical representations of the effect of

ASO CTG? blockade as compared to an oligonucleotide control on

Collagen Types I (FIGURE 8A) , Collagen Type III (FIGURE 8B) ,

Fibronectin (Fn) (FIGURE 8C), and TIMP-I expression (FIGURE

8D) in vivo as measured by RT-PCR. Scars were treated with

anti-CTGF oligonucleotides in the late treatment cohort on

days 14, 19, and 24 and harvested on day 28.

FIGURE 9 shows a schematic of the injection sites of the

circular ear wound consisting of five injections at 20 µL per

injection for a total volume of 100 µL per wound.

Figure 10 shows that the percent wound closure, i.e. early

healing response associate with CTGF ASO blockade in wounded

rabbits.

Figure 11 shows the effect of various dose schedules, as

measured by the scar elevation index (SEI) , for the early and

late dosed cohorts who received 300 µg doses. The data

indicates that late dosing provides a better dose response as

compare to the responses observed in the early dose group.

Figure 12 shows the dose response for the late dosed cohort of

rabbits receiving either 100 µg or 1000 µg dose as measured by

the scar elevation index. The dose response shows more

favorable reduction in hypertrophic scars in the 1000 µg dose

group .

Figure 13 shows that the late dosed cohort of rabbits

receiving a combination of ASO to CTGF and ASO to TGF βl or

TGF β 2 at day 28 provides a particularly more favorable result

in terms of reducing hypertrophic scars than the cohorts

receiving either ASO to CTGF or ASO to TGF βl or TGF β 2 alone.



Datailed Description of the Invention

This invention provides a method for reducing hypertropic

scarring resulting from dermal wound healing in a subject in

need thereof which comprises administering to the subject an

antisense compound, such as a modified antisense

oligonucleotide, particularly an oligodeoxyribonucleotide, or

an siRNA compound which inhibits expression of connective

tissue growth factor (CTGF) in an amount of such

oligonucleotide effective to inhibit expression of CTGF in the

subject.

In the practice of the method of this invention the subject

may be an animal, preferably a human.

In one embodiment the method of the invention involves

administering antisense oligonucleotide consisting of 12 to 30

nucleosides targeted to a nucleic acid encoding connective

tissue growth factor (See SEQ ID NO:19 in U.S. Patent No.

6,965,025 B2) wherein the oligonucleotide specifically

hybridizes with said nucleic acid and inhibits expression of

connective tissue growth factor, wherein said oligonucleotide

comprises at least one modification selected from the group

consisting of a modified interπucleoside linkage, a modified

sugar, and a modified nucleobase. Examples of suitable

antisense oligonucleotides are described in aforementioned

U.S. Patent No. 6,365,025, two of which are presently

preferred, i.e. the oligonucleotides having the sequence set

forth in SEQ ID No. :39 or 48, i.e. SΞQ ID NOs: 1 or 2 herein,

respectively .

Although antisense oligonucleotides containing a variety of

modified internucleoside linkages may be employed, the

currently preferred modified internucleoside linkage is a

phosphothioate linkage between one or more of the nucleosides.



Modified oligonucleotides may also contain one or more

nucleosides having modified 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 BNA and substitution of the 4'-0 with a heteroatcm 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.

In general, it is preferred that the antisense oligonucleotide

contains at least one and typically more than one modified

sugar. Although various modified sugars may be employed it is

presently preferred to employ a 2 '-O-methoxyethyl sugar.

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" and substitution of the 4 '-O with

a heteroatom such as S or N(R) as described in U.S. Pat. No.:

7,3 99,845 to Seth et al ., hereby incorporated by reference

herein in its entirety. Other examples of BNAs are described

in published International Patent Application No.

WO 2007/146511, hereby incorporated by reference herein in its

entirety.

Antisense compounds of the invention can optionally contain

one or more nucleotides having modified sugar moieties. Sugar

modifications may impart nuclease stability, binding affinity

or some other beneficial biological property to the antisense

compounds . The furanosyl sugar ring 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 cr

group such as -S-, -N(R)- or -C(Rl) (R2) for the ring oxygen ac



the 4 '-position. Modified sugars include, but are not limited

to: substituted sugars, especially 2 '-substituted sugars

having a 2'-P, 2 '-OCH2 (2'-0Me) or a 2 '-0 (CK2) 2-OCH3 (2'-O-

methoxyethyl or 2'-MOE) substituent group; and bicyclic

modified sugars (BNAs), having a 4 '- (CH2)n-O-2' bridge, where

n=l 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 nucleoside has a

bicyclic sugar moiety. Ir. 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 bicyclic sugar moiety is an L sugar in the alpha

configuration. In certain such embodiments, the bicyclic sugar

moiety is an sugar in the beta configuration.

In certain embodiments, the bicyclic sugar moiety comprises a

bridge group between the 2 1 and the 4 '-carbon atoms. In

certain such embodiments, the bridge group comprises from 1 to

8 linked 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

biradical groups. In certain embodiments, a linked biradical

group is selected from -0-, -S-, -N(Rl)-, -C(Rl) (R2)-, -

C(Ri)=C(Rl)-, -C(Rl)=N-, -C(=NR1)-, -Si (Rl) (R2) -, -S(=0)2-, -

S(=O)-, -C(=O)- and -C(=S)-; where each Rl and R2 is,

independently, H , hydroxyl, C1-C12 alkyl, substituted C1-C12

alkyl, C2-C12 aikenyl , substituted C2-C12 alkenyl, C2-C12

alkynyl, substituted C2-C12 alkynyl, C5-C20 aryl, substituted

C5-C20 aryl, a heterocycle radical, a substituted hetero-cycie

radical, heteroaryl, substituted heteroaryl, 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, suifonyl (S(=O)2-H), substituted

sulfonyl, sulfoxyl (S(=O)-H) or substituted sulfoxyl; and each

substituent group is, independently, halogen, C1-C12 alkyl,

substituted C1-C12 alkyl, C2-C12 alkenyl, substituted C2-C12

alkenyl, C2-C12 alkynyl, substituted C2-C12 alkynyl, amino,

substituted amino, acyl, substituted acyl, C1-C12 aminoalkyl,

C1-C12 aminoalkoxy, substituted C1-C12 aminoalkyl, substituted

C1-C12 aminoalkoxy 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- (CH2)p-, -0-CH 2- ,-0-CH 2CH2- , -O-CH (alkyl) - , -

NH-(CH 2)P-, -N (alkyl) - (CH2)p -, -O-CH (alkyl) - , - (CH (alkyl) )-

(CH2)P-, -NH-O-(CH 2)P-, -N (alkyl) -0-(CH 2)P-, or -o-N (alkyl) -

(CH2)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 is, independently,

[C(Rl) (R2)]n-, - [C(Rl) (R2)]n-O-, -C (R1R2) -N (Rl) -0- or

C(R1R2) -O-N(Rl) - . In another aspect, each of said bridges is,

independently, 4 '- (CH2)3-2
•, 4 '- (CH2)2-2 ', 4'-CH 2-O-2\ 4'-

(CH2)2-0-2 ' , 4 '-CH2-O-N(Rl) -2 ' and 4 '-CH2-N (Rl) -0-2 •- wherein

each Rl is, independently, H , a protecting group or C1-C12

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, anti sense 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 oligonucleotides comprise one of the

following at the 2 ' position: OH; F ; O-, S-, or N -alkyl; 0-,

S-, or N-alkenyl; O -, S - or N-alkynyl; or 0-alkyl-O-alkyl,

wherein the alkyl, alke πyl and alkynyl may be substituted or

unsubstituted C1 to C i0 alkyl or C to Ci0 alkenyl and alkynyl .

Particularly preferred are 0 [(CH2)n0 ]mCH3, 0 (CH2 nOCH 3,

0(CH 3 nNH 2, 0(CH 2 nCH 3, 0(CH 2JnONH 2, and 0(CH 2J ONt(CH 2JnCH3J ] 2,

where n and m are from 1 to about 10 . Other preferred

oligonucleotides comprise one of the following at the 2 '

position: Ci to C
10

lower alkyl, substituted lower alkyl,

alkenyl, alkynyl, alkaryl, aralkyl, 0-alkaryl or 0-aralkyl,

SH, SCH , OCN, Cl, Br, CN, CF , OCF , SOCH 3, SO2CH3, ONO 2, NO2,

N 3, NH2, heterocycloalkyl, heterocycloalkaryl, aminoalkylamino ,

polyalkylamino, substituted silyl, an PlNA cleaving group, a

reporter group, an intercalator, a group for improving the

pharmacokinetic properties of an oligonucleotide, or a group

for improving the pharmacodynamic properties of an

oligonucleotide, and other substituents having similar

properties .

Currently preferred modifications include 2 '-methoxyethoxy

(2'-0-CH 2CH2OCH 3, also known as 2 '-0- (2-methoxyethyl) or 2'-

MOE) (Martin et al ., HeIv. Chim. Acta, 1995, 78, 486-504)

i.e., an alkoxyalkoxy group. A further preferred modification

includes 2 '-dimethylaminooxyethoxy, i.e., a 0(CH 2J ON(CH 3J2

group, also known as 2'-DMAOE, and 2'-

dimethylaminoethoxyethoxy (also known in the art as 2'-O-

dimethylaminoethoxyethyl or 2'-DMAEOE), i.e., 2 '-0-CH -O-CH 2-

N(CH 2J2.

A further currently preferred modification of the sugar

includes bicylic nucleic acid (also referred to as locked

nucleic acids (LNAs) J in which the 2 '-hydroxyl group is linked

to che 3 ' or 4 ' carbon atom of the sugar ring, thereby forming

a bicyclic sugar moiety. The linkage is preferably a methylene

(-CH2- Jn group bridging the 2 ' oxygen atom and the 4 ' carbon



atom wherein n is 1 or 2 including a-L-Methyleneoxy (4'-CH2-O-

2') BNA, S-D-Methyleneoxy (4' -CH2-O-2' ) BNA and Ethyleneoxy

(4' - (CH2) 2-0-2' } BNA. Bicyclic modified sugars also include

(6'S) -6'methyl BMA, Aminooxy (4' -CH2-O-N (R) -2' ) BNA, Oxyamino

(4' -CH2-N(R) -0-2' ) BNA wherein, R is, independently, H , a

protecting group, or C1-C12 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 LNArDNA 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 rules 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 (-CH2- )n group bridging the 2 '

oxygen atom and the 4 1 carbon atom wherein n is 1 or 2 (Singh

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 0C ) , stability

towards 3 '-exonucleolytic degradation and good solubility

properties. Other preferred bridge groups include the 2'-

deoxy-2 '-CH2OCH 2-4 ' bridge. LNAs and preparation thereof are

described in published International Patent Application Nos.

WO 98/39352 and WO 99/14226.

Other currently preferred modifications include 2 '-methoxy

(2 '-0-CH 3), 2 '-aminopropoxy (2 •-OCK 2CH2CK 2NH2), 2 •-allyl (2 '-

CH2-CH=CH 2); 2'-O-allyl (2'-0-CH 2-CK=CH 2) and 2'-fluoro (2'-F) .

The 2 '-modification may be in the arabino (up) position or



ribo (down) position. A preferred 2'-arabino modification is

2'-F. Similar modifications may also be made at other

positions on the oligonucleotide, particularly the 3 ' position

of the sugar on the 3 ' terminal nucleotide or in 2 '-5' linked

oligonucleotides and the 5 ' position of 5 ' terminal

nucleotide. Oligonucleotides may also have sugar mimetics such

as cyclobutyl moieties in place of the pentofuranosyl sugar.

Representative United States patents that teach the

preparation o f 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; 5,700,920; and 6,600,032 each

of which is hereby incorporated by reference herein in its

entirety. A representative list of preferred modified sugars

includes but is not limited to substituted sugars having a

2'-F, 2'-OCH 2 or a 2 '-0 (CH )2-OCH 3 substituent group,- 4'-thio

modified sugars and bicyclic modified sugars.

In a further embodiment, the method of the invention provides

that at least or.e and typically more than one of the

nucleobases contained in the antisense oligonucleotide will be

a modified nucleotide such as a 5-methylcytosir.e .

In one embodiment of the method of this invention the

antisense oligonucleotide is administered commencing no sooner

than 7 days after the subject is wounded, preferably

commencing about 14 days after the subject is wounded and

continuing thereafter during the period of wound healing.

Wounding can be induced by (but not limited to) the following:

skin injury, skin abrasions, elective surgery, reconstructive

surgery, general surgery, burns, cosmetic surgery and any

injury which results in breakage or damage to the skin.

Alternatively, the oligonucleotides may be administered

commencing immediately before or after the subject is wounded.



In certain embodiments of the invention the method further

comprises administering to the subject an antisense

oligonucleotide which inhibits expression of transforming

growth factor βl (TGF βl ) in addition to the antisense

oligonucleotide which inhibits expression of CTGF. Examples

of suitable antisense oligonucletodies to TGF βl are described

in U.S. Patent No. 6,436,909, one of which are presently

preferred, i.e. the oligonucleotide having the sequence set

forth in SEQ ID No: 13, herein incorporated by reference as SEQ

ID NO: 3 .

In the method o f this invention a second antisense

oligonucleotide which inhibits expression of connective tissue

growth factor may also be administered. In certain

embodiments, the co- administration of the second antisense

oligonucleotide enhances the effect of the first antisense

oligonucleotide, such that co-administration results in an

effect that is greater than the effect of administering each

alone .

Various regimes may be employed in the practice of the method

of this invention for administering antisense oligonucleotides

including simultaneous and sequential dosing regimens. For

example, the ASO which inhibits expression of connective

tissue growth factor may be administered intermittently with

each subsequent administrations being effected at least 4 days

after the prior administration.

In the methods of this invention the antisense oligonucleotide

is desirably administered in an amount effective to reduce

scarring without having an adverse effect on wound healing,

e.g. an amount between about 300 µg/cπi and about 10 rug/cm of

the wound, preferably between 250 µg/cm and 5 mg/cm; being

preferably between 500 µg/cm and 5 ir.g/cm.



In one embodiment of the invention, wherein the amount of

antisense oligonucleotide administered is between 100 µg/cm
and 10 mg/cm of the wound.

In another embodiment of the invention, where in the amount of

antisense oligonucleotide administered is above 300 µg/cm.

In a further embodiment of the invention, wherein the

antisense oligonucleotide is administered in an amount

effective to reduce scarring without having an effect on wound

healing.

This invention also provides a method for reducing hypertropic

scarring resulting from dermal wound healing in a subject in

need thereof which comprises administering to the subject an

antisense compound which inhibits expression of transforming

growth factor-beta 1 (TGF- βl ) in an amount effective to

inhibit expression of TGF- βl and thereby reduce hypertrophic

scarring.

This invention is illustrated in the Experimental Details

section which follows. This section is set forth to aid in an

understanding of the invention but is not intended to, and

should not be construed to, limit in any way the invention as

set forth in the claims set forth hereinafter.

Examples

Example 1 : Antisense Inhibition of Connective Tissue Growth

Factors (CTGF/CCN2) mRNA Limits Hypertrophic Scarring Without

Affecting Wound Healing in vivo

Introduction

This study assesses the importance of CTGF to wound repair and

hypertrophic scarring and evaluate its suitability as a target



for anti-scarring therapies. The data demonstrate that

modified antisense oligonucleotides against CTGF reduce

hypertrophic scarring in an animal (rabbit) model.

Materials and Methods

Preparing antisense oligonucleotides to CTGF

Human, mouse, and rat CTGF cDNA were analyzed for unique

20-mer nucleotide sequences with highGC contents to minimize

self-hybridization and provide stability of the

oligonucleotide mRNA complex. Twenty-mer phosphorothioate

oligonucleotides containing 2 '-O-methoxyethyl (2'MOE)

modifications at positions 1-5 and 15-20, and oligonucleotides

at positions 6-14 were used for all experiments. For each gene

target, a series of 36 different antisense oligonucleotides,

including deoxyribonucleotides, was designed to hybridize to

sequences throughout the mRNA. Oligonucleotides were

synthesized as previously described (McKay et al . 1999) and

were screened as described below.

Primary cultures of early (3 to 4 ) passage rabbit dermal

fibroblasts were grown to confluence and then treated with 150

nmol/L of oligonucleotide and 10 µg/ml of lipofectin (Life

Technologies, Inc, Rockville, MD) for 4 hours. The cells were

washed and grown for 24 hours, after which total RNA was

isolated from the cells using the RNeasy mini kit (Qiagen,

Inc., Valencia, CA) per the manufacturer's protocol. CTGF mRNA

expression was measured using real-time RT PCR as described

below. The relative CTGF mRNA levels from the RT-PCR analysis

were determined after normalization to 18S RJIA levels. The

oligodeoxynucleotide at target site 1707 in the 3'UTR of CTGF

reduced the level of CTGF mRNA in rabbit dermal fibroblasts by

92%; a similar reduction in CTGF protein was confirmed by

Western blot (data not shown) . A scrambled mismatch control

20-mer that contained a random mix of all four bases was used



as a control to assess specificity of the phosphorothioate

oligodeoxynucleotide .

For injection in vivo, 50 rag of the antisense or scramble

oligonucleotide was dissolved in 1.5 ml of sterile phosphate-

buffered saline . This stock solution was then further diluted

to provide a final concentration of 3 mg/ml of

oligonucleotide. Based on prior work using antisense

oligonucleotides in this model, (Sisco et al. 2005) 300

micrograms of antisense oligonucleotides were injected into

each wound at each time point.

Rabbit wound and scar models

This study used two different models that have been validated

separately. The wound healing model employs a 6-mτn wound,

which was found to heal predictably over 1-2 weeks. The scar

model relies on a 7-mm wound; the larger diameter of this

wound leads to significantly more scar hypertrophy than is

seen in the 6-mm wounds. This rabbit model of hypertrophic

scarring has several similarities to human hypertrophic scars.

(Morris et al . 1997) The scars are palpable and persist for up

to nine months. Their microscopic appearance is similar to

that found in humans; histology demonstrates irregularly

arranged collagen fibers and increased vascularity. Like human

scars, they respond to steroid injections and to topical

silicone treatment (Morris et al . 1997; Saulis et al . 2002)

and are less prominent in aged animals. (Marcus et al. 2000)

Application of neutralizing antibodies to TGF- β reduces scar

hypertrophy (Lu e al. 2005) .

For the purposes of this study, all animals were housed under

standard conditions and treated according to an experimental

protocol approved by the Animal Care and Use Committee of

Northwestern University. For all procedures, rabbits were

anesthetized with intramuscular ketamine (60 mg/kg) and

xylazine (5 mg/kg) . After tissue harvest, previously



anesthetized animals were euthanized with an intracardiac

injection of pentobarbital (200 mg/kg) .

Four circular punch wounds were made on the ears of white New

Zealand rabbits as previously described. (Mustoe et al. 1991)

These wounds were made to the level of the ear cartilage using

an operating microscope. Per applicants' standard methodology,

six-millimeter wounds were created to assess early wound

healing kinetics in the wound-healing cohort. To evaluate scar

hypertrophy, seven-millimeter wounds were created. Each wound

was dressed with a sterile occlusive dressing {Tegaderm, 3M,

St. Paul, MN). Dressings were kept in place or replaced as

needed until gross wound closure had occurred or the wound was

harvested, whichever came first. Wounds that exhibited signs

of desiccation, necrosis, or infection were excluded. Less

than five percent of the wounds were excluded; these were

evenly distributed among treatment groups. This rate was

consistent with untreated versions of the models

Wound and scar treatment

Antisense oligonucleotides were injected intra -dermal Iy using

a 29-gauge needle. When treatment was performed prior to

wounding, a 150 µl wheal was raised where the wound was

planned one hour prior to surgery. Treatment of existing

wounds was performed with six equal intra- dermal injections

(17 µl each) into the periphery of each healing wound. To

validate the injection process and to evaluate the i vivo

durability of the oligonucleotides, 6-mm wounds in two rabbits

were injected with 150 µg of a 2 '-O-methoxyethyl modified

oligonucleotide one hour prior to wounding. These wounds were

harvested at days 2 , 4 , 6 , and 8 . Oligonucleotide distribution

was determined using immunohistochemistry of wound sections

from oligonucleotide injected and vehicle- injected wour.ds, as

described previously, using a proprietary monoclonal antibody



that specifically recognizes this class of ancisense. (Butler

et al. 1997)

Wound cohorts

To assess whether antisense blockade of CTGF affects wound

repair, 6-mm wounds were made in the ears of six rabbits.

These wounds were treated with anti-CTGF or scrambled

oligonucleotides one hour prior to wounding and at post-

wounding days 3 and 6 . Wounds were photographed at days 7 and

10 and were harvested at day 10 for histological analysis.

Three cohorts of rabbits were used to evaluate whether

blockade of CTGF affects hypertrophic scarring. The control

group, which consisted of 12 rabbits with four 7-mm wounds on

each ear, was used to determine the temporal expression of

CTGF during scar development . Wounds from three rabbits were

harvested at each time point (days 7 , 14, 28, and 40) for

histology and mRNA analysis. Six rabbits, with four 7-mm

wounds on each ear, comprised the early scar treatment cohort.

These wounds were treated with anti-CTGF or scramble

oligonucleotides one hour prior to wounding (day 0 ) and at

post-wounding days 5 and 10. The late scar treatment cohort,

consisting of 12 rabbits, was treated with anti-CTGF or

scramble oligonucleotides on post -wounding days 14, 19, and

24 . Total RNA was extracted from scars in the late treatment

cohort and RT-PCR was performed as described below to confirm

a reduction in CTGF mRNA expression and to determine levels of

types I and III collagen, fibronectin, and TIMP-I.

Histology

Five micrometer wound and scar sections were stained with

hematoxylin and eosiπ for quantification of wound

epithelialization, granulation tissue deposition, and scar

hypertrophy, as previously described, using a digital image

analysis system (NIS-Ξlements Basic Research, Nikon Instech



Co, Kaπagawa, Japan) . (Lu et al. 2005) Scar hypertrophy was

measured using the scar elevation index (SΞI ) , a ratio of

cross-sectional scar area to the area of tissue excised to

make the wound (Figure 6d) . Sections were stained using

Masson' s trichrome and sirius red to evaluate collagen

organization within the scar, which was graded under 40 x

magnifications as low, medium, or high. Two observers blinded

to treatment evaluated each section.

Imiaunochemistry

Primary antibodies used included goat anti-human CTGF (from

Dr. Gary Grctendorst, Lovelace Resp Res Institute,

Albuquerque, New Mexico), mouse anti-human CD31 antibody (Dako

North America, Inc., Carpinteria, CA), and the α-SMA

immunostainir.g kit (Sigma, St. Louis, MO) . Antigen retrieval

was performed for α-SMA and CD31 staining by boiling the

sections in antigen retrieval buffer (Dako NA) for 15 or 60

minutes, respectively.

The slides were incubated with the primary antibodies directed

against either CTGF (1:150), CD31 (1:10), or α-SMA. CD31 and

CK-SMA slides were then incubated with biotinylated secondary

anti-mouse antibody (Sigma) . CTGF slides were incubated with

biotinylated rabbit anti-goat antibody (1:100; Vector

Laboratories, Inc., Burlingame, CA) .Detection of the antibody

complex was performed with ExtrAvidi π-Peroxidase (CD31 and α-

SMA) or avidin-biotin complex (CTGF) and DAB (Vector

Laboratories, Inc.) . Wounds injected with the reporter

oligonucleotide were stained using a monoclonal antibody as

previously described. (Butler et al . 1997)

Inflammatory cells were counted manually (based or. morphology)

in four high-power fields by two observers blinded to the

treatment group. For digital analysis, brightfield images were

acquired using the Nikon system. Images were converted to a

monochromatic channel and a threshold was set for each stain,



enabling automated DAB quantitation. The same threshold was

used for each section of a given stain. Tiling of the digital

images allowed for analysis of each scar in its entirety.

Blood vessel lumens in CD31- stained sections within scars were

automatically counted using this threshold. Likewise, the

density of α-SMA and CTGF staining within the scars was

analyzed digitally and is expressed as a percentage of the

total scar area.

Real-time PCR

The epidermis and dermis on the unwounded side of the ear were

sharply excised from each frozen specimen. The tissue was

disrupted and homogenized in a Mini-Beadbeater bead mill

(Biospec Products, Inc., Bartlesville, OK) in guanidine

thiocyanate -based lysis buffer (RLT buffer, Qiagen) . Total RNA

was extracted using the column-based RNeasy mini kit (Qiagen)

per the manufacturer's protocol. On-column DNA digestion was

performed using the RNase-free DNase Set (Qiagen) to prevent

genomic DNA carryover. First-strand cDNA was created from 1 µg
total RNA using the High Capacity cDNA Archive Kit (Applied

Biosystems, Inc., Foster, CA) using random hexamer primers per

manufacturer instruccions . PCR primers and probes (Table 1 }

were designed based on GenBank sequence data for CTGF,

collagen I-a2, collagen IHaI, fibronectin, and tissue

inhibitor of metalloproteinase-1 (TIMP-I) . The 5 ' ends of the

reporter probes were labeled with 6-FAM (carboxyf luorescein) ;

the 3 ' ends were labeled with TAMRA (6-carboxy-tetramethyl-

rhodamine) . Prior to use, each primer set was evaluated to

ensure acceptable efficiency and specific binding.

Commercially available primers for 18S rRNA, labeled with a

VIC probe (Applied 3iosys terns) were used as an endogenous

control. mRNA expression was measured in triplicate using

real-time multiplex PCR on an ABI Prism 7000 Sequence

Detection System (Applied Biosystems) . Each PCR reaction



ir.cluded 1 µl cDNA template flO ng total RMA), 900 nM target

primers, and 1.25 µl 18S primers in a final reaction volume of

25 µl . Cycling parameters were as follows: 50 °C (2 min) , 95

0C (10 min) , and 40 cycles of 95 0C (15 sec) and 60 0C (1

min) . No-template controls were run to exclude amplification

of genomic DNA. The fluorescence curves of the PCR products

were evaluated using ABI Prism 7000 SDS Study software

(Applied Biosystems) to yield relative expression data.

Table 1 . Oligonucleotide primer and probe sequences used for

real-time RT-PCR

Gene Sequence
CTGF Forward : 5'-AGCCGCCTCTGCATGGT- 3'

Reverse : 5 '-CACTTCTTGCCCTTCTTAATGTTCT- 3 '

Probe : 5'-AGGCCTTGCGAAGCTGACCTGGA- 3'
Col Ia2 Forward: 5 '-TTCTGCAGGGCTCCAATGAT- 3 '

Reverse : 5'-TCGACAAGAACAGTGTAAGTGAACCT- 3'
Probe : 5'-TTGAACTTGTTGCCGAGGGCAACAG- 3'

Col Forward : 5'- CCTGAAGCCCCAGCAGAAA- 3'
IIIal Reverse : 5'- AACAGAAATTTAGTTGGTCACTTGTACTG- 3'

Probe : 5'-
TTGCACATTTTATATGTGTTCCTTTTGTTCTAATCTTGTC- 3'

TIMP-I Forward : 5'- CGCAGCGAGGAGTTTCTCA- 3 '

Reverse: 5'- GCAAGTCGTGATGTGCAAGAG-S'
Probe : 5'- CGCTGGACAACTGCGGAACGG -3'

Fn Forward : 5'- CACCCCAGAGGAAGAAACATG- 3'
Reverse : 5'- AAGACAGGGTCTGCCAACGT- 3 '

Probe : 5'- CTCTGCAAAGGTCCATCCCAACTGGA-S'
18S Forward : 5'-GCCGCTAGAGGTGAAATTCTTG-S '

Reverse : 5'-CATTCTTGGCAAATGCTTTCG -3 '
Probe : 5'-ACCGGCGCAAGACGGACCAG- 3'

Statistical Analysis

Data were analyzed using Prism software (GraphPad Software,

Inc., San Diego, CA) . Comparisons of SEI and gene expression

among scramble and treatment groups were performed using the

Student's t-test. Comparisons of more than two groups were

performed using one-way analysis of variance with Bonferroni

testing based on our experimental protocol. Differences in

collagen organization were evaluated using chi square



bivariate tabular analysis. A P -value of less than 0.05 was

considered to be statistically significant.

Results

CTGF demonstrates progressive up-regulation during scar

formation

An objective of this study is to observe the temporal

expression of CTGF in a rabbit ear hypertrophic scar model and

compare this pattern to its expression during normal wound

healing. Levels of CTGF mRNA were negligible in unwounded

skin; its expression in healing dermal ulcers continued to

rise steadily through day 40 (Figure 1 ) . This contrasts with a

prior report in. a dead- space chamber model of granulation

tissue deposition, (Igarashi ec al. 1993) in which CTGF

expression peaked between days 6-9 and then returned to

baseline. Previously, this model shows that TGF- βl and TGF- β2
peak near day 7 and between days 14-28, respectively. (Kryger

et al. 2007) The fact that CTGF is expressed at high levels

during late scarring in this model implies that it may augment

the heightened deposition of extracellular matrix that

continues through day 40 or in the remodeling of matrix at

this relatively late time point. It further implies that the

high level of CTGF expression at day 40 is independent of TGF-

βl or TGF- β2 , suggesting an alternative regulatory pathway.

Injected oligonucleotides are durable in a rabbit model of

wound healing

The sensitivity of antisense oligonucleotides to degradation

by nucleases in vivo has largely been overcome by the

development of a 2 '-O-methoxyethyl chemical modification.

(Zhang et al . 2000) However, wounds have a heterogeneous

population of cells that migrate, divide, and release a

variety of enzymes that could dilute or degrade the

effectiveness of nucleic acids. Therefore, to evaluate the



durability and uptake o f the 2 '-O-methoxyethyl

oligonucleotides in this model, the distribution and

durability of an oligonucleotide in the skin was monitored

using a monoclonal antibody that specifically recognizes

certain oligonucleotide sequences. (Butler et al . 1997)

Immunohistochemistry demonstrated intracellular retention o f

injected oligonucleotide within and adjacent to the wound a t

days 2 , 4 , 6 , and 8 post- wounding. The oligonucleotide was not

found in unwounded skin on the opposite side of the ear.

Antisense oligonucleotides to CTGF are bioactive in vivo

RT-PCR was used to measure CTGF mRNA and immunohistochemistry

to measure CTGF protein following treatment with anti-CTGF

oligonucleotides in the late treatment cohort (treated on days

14, 19, and 24; harvested on day 28). A t the time o f harvest,

the level of CTGF mRNA in the antisense -treated scars was

reduced by 55% (P<0.05) compared to scramble-oligonucleotide

treated scars (Figure 2A) . Digital analysis of sections

stained for CTGF revealed a reduction in CTGF staining among

antisense -treated wounds (Figures 2B, 2C and 2D) . The

difference in efficacy we observed between the oligonucleotide

in vitro (92% reduction in iriRNA) versus in vivo underscores

the differences between cell culture and animal pharmacology.

It likely reflects different uptake mechanisms when cationic

lipids are used in monolayer culture, as well as the

heterogeneous nature of the cell population in vivo.

Inhibition of CTGF signaling does not significantly affect

early wound closure

Prior investigations have demonstrated that oligonucleotide-

mediated blockade of TGF- βl and TG?- β2 delays the deposition

o f granulation tissue in this model. (Sisco et al. 2005) Given

that CTGF mediates many o f the proliferative and matrix-

related effects o f TGF- βl or TGF- β2 , the study sought to

determine whether CTG? is necessary for normal healing.



(Mustoe et al. 1991) Injection of anti-CTGF oligonucleotides

at the time of wounding and at day 3 did not have a

significant impact on wound healing. Gross wound closure, as

measured histomorphometrically, was unaffected at days 7 and

10 (Figure 3 ! . The cross-sectional area of granulation tissue

in the wound was not different between anti-CTGF-

oligonucleotide-treated, scramble-olig σnucleotide-treated, and

untreated wounds (0.29+0.03 vs. 0.28+0.03 mm2 vs. 0.28+0.04

mm2) (Figure 4A) . The gap between the leading edges of

epithelium migrating into the wound was likewise similar

between treatment groups (2.2+0.4 mm vs. 2.0+0.3 mm vs.

2.2+0.3 mm, respectively) (Figure 4B) . Figure 4C shows a

representative scramble control ASO treated wound at day 10 .

Figure 4D shows a representative anti -CTGP-ASO treated wound

at day 10. The scale bar is 1 mm. Hematoxylin and eosin stain

was used in the sample preparation. These results clearly

demonstrate that treatment with an ASO inhibitor of CTGF

expression such as an ASO with the sequence in SEQ ID No. 1 or

2 has no effect on the early wound healing response subsequent

to the generation of a wound, even though this treatment

reduces subsequent severity of hypertrophic scarring. This was

an unexpected and novel finding.

Early and late inhibition of CTGF reduces scar hypertrophy

Prior experiments blocking TGF- βl or TGF- β2 or procollagen C -

proteinase have suggested that timing plays a critical role in

determining attenuation of scarring,- later treatments

correlate with more efficacious reductions in scar

hypertrophy. (Lu et al.2005, Reid et al . 2006) As CTGF mRNA

expression peaks later than TGF- βl or TGF β 2 in this model, it

is postulated that late blockade of CTGF would have a more

pronounced effect on scarring. FIGURE 5A shows that early and

late blockade of CTGF reduced scar hypertrophy. Unexpectedly,

the data presented indicate that late dosing provides better

responses compared to the response provided by early dosing.



Early injection of wounds with 300 µg anti-CTGF

oligonucleotides at days 0 , 5 , and 10 post-wcunding reduced

the scar elevation index (SEI) by 29% (Figure 5C) compared to

scrambled control oligonucleotide at day 28 (p<0.05) (Figure

5B) . Late injection of healing wounds, at days 14, 19, and 24,

reduced scar elevation by 53% [Figure 5D) in two separate

cohorts of rabbits (P<0.001) . The difference in scarring

between the early and late treatment cohorts was statistically

significant (F=O, 05) . Figures 5B to 5D are photographs of the

specimens. Figure 5E provides the formula for a scar elevation

index (SEI) as a measure of the severity of the scarring.

Clinical experience with burns and work with various

excisional models have suggested that a delay in

epithelialization contributes to scar hypertrophy, (Mustoe et

al , 2004) Keratinocytes play complex paracrine roles in

fibroblast function and differentiation, and may down-regulate

fibrotic processes. It takes up to twelve days to re-establish

epithelial coverage of seven-millimeter wounds in this model;

this contrasts with incisional models of healing, which, in

the absence of tension, do not tend to result in significant

scars. As described above, inhibition of CTGF did not affect

epithelial closure in healing wounds or the amount of

epithelium on the scars. As such, it seems unlikely that the

effect we observed is indirectly mediated through an

alteration in epithelial proliferation.

Blockade of CTGF does not have a measurable impact on

angiogenesis, inflammation, or collagen organization.

Blocking TGF- βl or TGF- β2 (Shah et al , 1994) has been shown to

alter the dermal architecture of healing incisional scars. In

this study, however, there was no significant difference in

collagen organization as evaluated with trichrome and sirius

red staining (Figure 6C) . Photographs of representative

sections of dermis showin σ trichrome and sirius red stains are



shown in Figures 6A and 6B, respectively. Down-regulation of

CTGF instead caused a reduction in the absolute amount of

matrix deposited within the scars, which is in contrast to the

changes in dermal architecture shown with TGF- β modulation.

CD-31 immunostaining (data not shown) was used to evaluate

angiogenesis and leukocyte infiltration. In this study,

staining indicated a trend toward reduced angiogenesis in CTGF

antisense treated scars,- however, this finding was not

statistically significant. There was minimal macrophage or

neutrophilic presence in the wounds. No difference in the

population of either of these cells was measurable, suggesting

that a difference in inflammation was not the cause of the

observed effects.

Blockade of CTGF is associated with a marked reduction i α-

SMA-posi tive myofibroblasts

In untreated scars, immunohistochemistry revealed significant

staining for «-smooth muscle actin α-SMA) , the most reliable

marker for the myofibroblast phenotype. Myofibroblasts, which

elaborate matrix proteins and initiate wound contraction, are

transiently present in healing wounds,- they normally disappear

through apoptosis beginning at day 16. The persistent presence

of myofibroblasts is a distinctive feature of hypertrophic

scars and is thought to contribute to the excessive matrix

production and contracture found therein. (Baur et al. 1975;

Ehlrich et al. 1994) Along with TGF- βl or TGF- β2 , mechanical

stress is required to generate α-SMA-positive myofibroblasts.

This may explain the established surgical tenet that excessive

wound tension leads to unfavorable scarring. (Arem et al .

1976) The wounds in this animal model do not contract since

the wound is rigidly splinted by the underlying cartilaginous

base. (Mustoe et al . 1991) A s fibroblasts try to contract this

wound they experience isometric stress, which provides the

physical milieu necessary for myofibroblast differentiation.

(Hinz et al. 2001,- Tomasek et al . 2002) In this study,



blocking CTGF at late time points markedly reduced the

presence of α-SMA-expressing myofibroblasts in the scars

despite the continued presence of tension in the wound (Figure

7C) , Anti- α-SMA-antibody-stained sections were digitally

analyzed for color density, which is expressed as percent

staining relative to scar area. Representative sections of

stained scramble and antisense- treated wounds are shown in

Figures 7A and 7B, respectively. This finding may explain

part of the observed reduction in scar hypertrophy, as

hypertrophic scar myofibroblasts contribute heavily to matrix

elaboration. (Ghahary et al . 1993; Harrop et al . 19S5)

Blockade of CTGF is associated with reductions in TIMP-I and

types I and III collagen

Pathologic scarring results from excessive production and

diminished degradation of ECM macromolecules, In order to

evaluate the molecular effects of CTGF on matrix production,

mRNA expression of collagen and fibronectin, which constitute

the bulk of the scar ECM (Figure 8A to C ) were measured. As

expected, collagen I expression was decreased by 31% (P<0.05)

and type III collagen was reduced by 41% (P<0.05) in anti-

CTGF-treated scars. Fibronectin expression was reduced by 14%;

this was not statistically significant. Next, the expression

of TIMP-I, which protects collagen and other matrix elements

from degradation by metalloproteinases (Figure 8D) were

measured. SiRNA blockade of CTGF has been shown to reduce

TIMP-I expression in vitro. (Li et al. 2006) Similarly, the

results indicated that TIMP-I mRNA expression decreased by 23%

in anti-CTGF treated scars (P<0.05) . There was no detectable

difference in the levels of collagen, fibronectin, and TIMP-I

in the early treatment cohort. This is presumably because

these wounds were harvested 18 days after the last antisense

treatment, at which point the oligonucleotide was unable to

effect a measurable difference in downstream gene expression.



Discussion

This study assesses the importance of CTGF to wound repair and

hypertrophic scarring and evaluate its suitability as a target

for ant i-scarring therapies. The data demonstrate that;

modified antisense oligonucleotides against CTGF reduce

hypertrophic scarring in an animal model. The data also show

that blocking CTGF does not have a measurable impact on the

deposition of granulation tissue formation or

epithelialization, this lack of effect; on wound healing was

both unexpected and will be highly beneficial in a clinical

setting, where a reduction in wound healing would not be

desired. The reduction in scarring that was observed is

associated with a decrease in myofibroblast presence in the

scars and a reduction in genes associated with matrix

production and the prevention of matrix degradation. These

results support the hypothesis that CTGF is an important

mediator of hypertrophic scarring and shed light on its role

in scar pathogenesis.

Many of the findings corroborate the clinical and in vitro

observations that have been published previously. High levels

of CTGF are transiently present in acute wounds. (Lin et al,

2005; Igarashi et al . 1993, Dammeier et al ., 1998) In our

hypertrophic scarring model, CTGF mRNA expression continues to

rise through day 40 post-wounding and parallels the

progressive hypertrophy of scars at these time points. This

continued CTGF expression outlasts the elevated expression of

TGF- βl or TGF- β2 . (Kryger et al . 2007) It correlates with

cell-culture data from hypertrophic scar fibroblasts (Colwell

et al . 2005) and mirrors observations from several fibrotic

disorders such as scleroderma.

Prolonged expression of CTGF is likely to contribute to the

excessive accumulation of matrix that results in scar

elevation in this model. CTGF auto- induction may contribute to



high lavels o f CTGF in the absence of TGF- βl or TGF- β2 . (Riser

et al. 2000) Moreover, there is accumulating evidence that

mechanical stress is an important ar.d independent inducer o f

CTGF expression. (Garrett et al, 2004; Kessler et al . 2001;

Schild et al . 2002; Chaqou ez al . 2006) This model, in which

the wound is prevented from contracting by the cartilaginous

base, is a rigid model of healing. The isometric tension

generated in fibroblasts as they attempt to contract the wound

may explain the elevated levels of CTGF expression and the

excessive accumulation o f matrix that results.

A wealth of observational data has fueled speculation that

CTGF is an important mediator of wound healing: there is

augmented expression o f CTGF in healing wounds; CTGF enhances

the production of many proteins that are essential to healing,-

and CTGF knockout mice exhibit defects in matrix production

and remodeling during embryogenesis . (Ivkovic et al. 2003)

However, the importance of CTGF to wound healing has not been

established in vivo. This study unexpectedly demonstrates that

antisense inhibition of CTGF mRNA during and soon after injury

does not have a measurable impact on two parameters of

healing. The migration of epithelium across acute wounds and

the thickness of the epithelium in mature scars were unchanged

by CTGF blockade.

Although CTGF is known to participate in granulation tissue

formation when injected, (Frazier et al, 1996; Mori et al.

1999) its inhibition here did not affect the production of

granulation tissue. These results suggest that normal CTGF

expression may not be necessary to the regenerative capacity

of the acute wound. It is possible that the antisense

oligonucleotide did not block CTGF sufficiently to unmask a

subtle role in healing. However, the data clearly demonstrated

that there is a therapeutic window in which CTGF-related scar

hypertrophy can be blocked without having a detrimental effect

on healing.



The corollary question to evaluating the importance of CTGF to

wound healing is whether CTGP plays a important role in scar

formation, While several reports have shown an ability to

reduce tissue fibrosis by blocking CTGF signal transduction in

vivo, the effect of modulating CTGF on dermal scar formation

has not been explored. The most important finding here is that

antisense oligonucleotides to CTGF cause a significant

reduction in hypertrophic scarring. Lace administration of

antisense oligonucleotides to CTGF reduces scar elevation more

than does early administration. This is accompanied by reduced

expression of type I collagen, type III collagen, and TIMP-I,

all of which are known to be induced by CTGF.

The degree of scar reduction was proportional to the level of

CTGF mRNA expression at the time of oligonucleotide

administration. These findings establish that excessive CTGF

mRNA expression is responsible for at least a portion of the

hypertrophic scar phenotype we observed. This clinical effect

is significant given that we were unable to achieve the same

degree of transcript reduction in vivo as in vitro. Naked

antisense oligonucleotides are known to be internalized into

multiple cells in animals after systemic administration.

(Butler et al ., 1997) In this study, the difficulty reflects

the complexity of the healing wound, in which there is a

heterogeneous population of transiently appearing cells. Iz

also demonstrates challenges inherent to reducing gene

expression in wounds. Methods to improve transfecticn of

oligonucleotides might further reduce CTGF levels and may

further highlight its importance to scarring.

In this study, blocking CTGF was associated with a marked

reduction in the presence of α-SMA-express ing myofibroblasts.

Several cell-culture studies have implicated CTGF in

myofibroblast differentiation. CTGF has been shown to mediate

the effect of TGF- β or. corneal fibroblast differentiation.

(Garrett et al . 2004; Grotendorst et al . 2004) However, CTGF



alone appears to be insufficient to induce a-SMA expression.

(Folger et al . 2001) This has led to the hypothesis that

mechanically-stressed fibroblasts become responsive to CTGF

after being primed by TGF- β . (Garrett et al, 2004) Results of

the applicants' experiment suggest that CTGF may orchestrate

myofibroblast differentiation within or recruitment to

hypertrophic scars. This provides an additional potential

mechanism whereby targeting CTGF exerts its effect: through

blockade of CTGF-mediated myofibroblast differentiation, which

in turn manifests as reduced ECM production.

The importance of proper timing to effect the pharmacologic

therapy of scars was previously noted in Lu et al. (2005). As

with blocking TGF- βl or TGF β 2 , the effects of blocking CTGF

were more pronounced at later time points. This may simply

reflect the increased expression of CTGF after day 14 post-

wounding. If hypertrophic scarring results from sustained CTGF

expression after TGF-(Jl or TGF- β2 has started to decline, it

seems logical that targeting it during its peak in expression

will result in the most pronounced clinical result.

Alternatively, the improved efficacy of late treatment may

reflect the chronology of myofibroblast differentiation, which

peaks in normal wounds at day 16. If CTGF coordinates

myofibroblast recruitment, differentiation, or function,

blocking it at this time point would presumably be most

effective.

In spite of the circumstantial evidence implicating CTGF in

dermal wound healing and scarring, its importance to these

processes in vivo has not been well defined until the present

setting. The data confirm that CTGF expression is sustained at

high levels during scarring— after levels of TGF- βl or TGF- β2

have returned toward baseline. It also further demonstrates

that CTGF antiser.se oligonucleotide treatment effectively

reduces scarring without having a deleterious effect on

healing. This study identifies two mechanisms whereby CTGF may



promote hypertrophic scarring: by augmenting or maintaining

the persistence of α-SMA-positive myofibroblasts in the scar

and by promoting the deposition of ECM through transcription

of genes such as collagen and TIMP-I. One can envision a

cycle, initiated by TGF- βl or TGF- β2 , whereby mechanical

strain induces CTGF expression. CTGF enhances myofibroblast

differentiation and elaboration of matrix macromolecules.

These activated myofibroblasts then elaborate more CTGF. It is

tempting to speculate that CTGF might provide a target by

which this cycle might be broken. Since CTGF is a downstream

regulator of collagen synthesis without the protean effects of

TGF- βl or TGF- β2 , it may prove to be a more attractive target

than TGF- βl or TGF- β2 in modulating scarring.

EXAMPLE 2 : Antisense Inhibition of Connective Tissue Growth

Factors (CTGF/CCN2) mRNA Limits Hypertrophic Scarring Combined.

Experiment

Materials and Methods

Creating wounds

Four circular punch wounds were made or. the ears of white New

Zealand rabbits as previously described. These wounds were

made to the level of the ear cartilage. An operating

microscope was used to ensure complete removal of the

epidermis, dermis, and perichondrium from each wound, such

that a cartilage -based ulcer remained, six-millimeter wounds

were created to assess early wour.d healing kinetics in the

wound-healing cohort. Seven-millimeter wounds were created to

evaluate scar hypertrophy in the scar cohort. Each wour.d was

individually dressed with a sterile occlusive dressing

(Tegaderm, 3M, St. Paul, MN) in order to prevent desiccation

and cartilage necrosis. The integrity of the dressings and the

condition of the wounds were checked daily.



Adminiszering ASO

Antisense oligonucleotides were injected intra-dertnally using

a 29-gauge needle on a 0.5 ml syringe. When treatment was

performed prior to wounding, a 150 µl wheal was raised where

the wound was planned one hour prior to surgery. Treatment of

existing wounds was performed with six equal intra-dermal

injections (17 µl each) into the periphery of each healing

wound,- or 4 x 20 µl injections with 20 µl in middle (Figure

9 ) .

Treatment regime

The 6-tnm wounds in two rabbits were injected with 150 µg of a

2 '-Omethoxyethyl modified oligonucleotide one hour prior to

wounding. To assess whether antisense blockade of CTGF affects

wound repair, 6-mm wounds were made in the ears of six

rabbits. These wounds were treated with anti-CTGF or scrambled

oligonucleotides one hour prior to wounding and at post-

wounding days 3 and 6 . Wounds were photographed at days 7 and

10, and were harvested at day 10 for histological analysis.

Hypertrophic scar

The animal model used in this experiment is the rabbit model

of hypertrophic scarring that has several similarities to

human hypertrophic scars. The scars are palpable and persist

for up to nine months. Their microscopic appearance is similar

to that found in humans,- histology demonstrates irregularly

arranged collagen fibers and increased vascularity. Like human

scars, they respond to steroid injections and to topical

silicone treatment and are less prominent in aged animals. To

induce hypertrophic scarring, seven millimeter circular punch

wounds were made on the ears of white Hew Zealand rabbits to

the level of the ear cartilage using an operating microscope.

Doses of 100 µg , 300 µg or 1000 µg of anti-CTGF



oligonucleotide or scramble oligonucleotide were injected into

the wound .

* Early Treatment

Wounds were treated with anti- CTGP or scramble

oligonucleotides one hour prior to wounding (day 0 ) and at

post-wounding days 5 and 10.

• Late Treatment

Scar treatment cohort, consisting of 12 rabbits, was treated

with anti-CTGF or scramble oligonucleotides on post-wounding

days 14, 19, and 24. Dose response was observed. The

preliminary conclusion is that 100 µg is sub-therapeutic,

300 µg indicates dose response, and 1000 µg indicates a

better response than 300 µg .

Key experiments performed

Key experiments performed in two cohorts are listed below:

Cohort 1 : 7 mm hypertrophic scar model (n=14 total)

• Reporter osteoglycin (OGN) was injected and harvested

at days 2 , 4 , 8 for immunohistochemistry (IHC).

• Anti-CTGF injected at days 0 , 3 , harvested at day 7

• Anti-CTGF injected at days 0 , 5 , 10 or days 14, 19,

24; both harvested at day 28

• Photometric and histologic analyses of healing

performed at days 7 and 10

• Scar evaluation index (SEI) calculated at day 28

(Refer to Figure 5E for the formula to calculating

the SEI to determine the severity of the hypertrophic

scarring. )

• CTGF cloned; RT-PCR performed at days 7 , 14, 28, 40

and after 1-5 days post -OGN injection



Cohort 2 : 7 mm hypertrophic scar model (n=17 total)

• CTGF expression determined at various tirαepoints in

healing

• Antisense OGN tested for durability and bioactivity

in vitro and in vivo

• Anti-CTGF or scramble injected early to assess wound

healing

• Anti-CTGF or scramble injected early of late to

assess scarring

Summary of combination experiment

The first three groups were kept unchanged. For group four

(both subgroups) a different dosing regime was used as

follows:

• Day 14, 19, 24 dosed with CTGF ASO (SEQ ID No . 1 or 2 )

(at 300 µg in 100 µl )

• Day 15, 20, 25 dosed with TGFβl ASO (SSQ ID No . 3 ) (at

300 µg in 100 µl )

Results and Discussion

To assess whether antisense blockade of CTGF affects

hypertrophic scarring three groups of rabbits were used. The

control group, which consisted of 12 rabbits with four 7-mm

wounds on each ear, was used to determine the temporal

expression of CTGF during scar development .

Wounds from three rabbits were harvested at each time point

(days 7 , 14, 28, and 40) for histology and mRNA analysis. Six

rabbits, with four 7-mm wounds on each ear, comprised the

early scar treatment cohort. Photometric and histologic

analyses of healing were performed at days 7 and 10 . Figure 10

shows the percent wound closure, i.e. early healing response

associated with CTGF ASO blockade in wounded rabbits. These



wounds were treated with anti-CTGF or scramble

oligonucleotides one hour prior to wounding (day 0 ) and at

post -wounding days 5 and 10. The late scar treatment cohort,

consisting of 12 rabbits, was treated with anti-CTGF or

scramble oligonucleotides on post- wounding days 14, 19, and

24.

Injection of wounds with anti-CTGF oligonucleotides at days 0 ,

5 , and 10 post-wounding reduced the scar elevation index (SEI)

by 29% compared to scrambled control oligonucleotide at day 28

(p<0.05). Late injection of healing wounds, at days 14, 19,

and 24, reduced scar elevation by 53% (Figure 11) in two

separate cohorts of rabbits (P<0.001). Figure 11 shows the

effect of these dose schedules, as measured by the scar

elevation index, for the early and late dosing cohorts. The

difference in scarring between the early and late treatment

cohorts was statistically significant (P=O. 05).

In a late dosed cohort of rabbits receiving either 100 µg or

1000 µg dose, the dose response as measured by the scar

elevation index shows more favorable reduction of hypertrophic

scars in the rabbits receiving 1000 µg dose than the 100 µg
dose (Figure 12) .

In comparison, the late dosed cohort of rabbits receiving a

combination of ASO to CTGF and ASO to TGF- βl at day 28

provides a particularly more favorable result in terms of

reducing hypertrophic scars than the cohorts receiving either

ASO to CTGF or ASO to TGF- βl (SSQ ID No: 3 ) alone (Figure 13) .

This was unexpected given the overlapping mechanisms of action

of these two targets, and represents a novel finding.

These results demonstrate that 2'MOE-modif ied antisense

oligonucleotides against CTGF reduce hypertrophic scarring in

an animal model and blocking CTGF does not have a measurable

impact on the deposition of granulation tissue formation or

epithelialization. The reduction in scarring that was observed



is associated with a decrease in myofibroblast presence in the

scars and a reduction in genes associated with matrix

production and the prevention of matrix degradation. These

results support the hypothesis that CTGF is an important

mediator of hypertrophic scarring and shed light on its role

in scar pathogenesis .
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What is claimed is :

1 . A method for reducing hypertropic scarring resulting

from dermal wound healing in a subject in need thereof

which comprises administering to the subject an

antisense compound which inhibits expression of

connective tissue growth factor (CTGF) in an amount

effective to inhibit expression of CTGF and thereby

reduce hypertrophic scarring.

2 . The method of claim 1 , wherein the antisense compound

is an antisense nucleotide.

3 . The method of claim 2 , wherein the antisense nucleotide

comprises an oligodeoxyribonucleotide.

4 . The method of claira 2 , wherein the antisense

oligonucleotide is a modified antisense oligonucleotide

comprising 12 to 30 linked nucleosides targeted to a

nucleic acid encoding connective tissue growth factor,

wherein the oligonucleotide specifically hybridizes

with said nucleic acid and inhibits expression of

connective tissue growth factor, wherein said

oligonucleotide comprises at least one modification

selected from the group consisting of a modified

intemucleoside linkage, a modified sugar, and a

modified nucleobase.

5 . The method of claim 2 or 4 , wherein the antisense

oligonucleotide comprises at least one modified

intemucleoside linkage.

6 . The method of claim 5 , wherein the modified

intemucleoside linkage is a phosphothioate linkage.

7 . The method of any one of claims 2 to 6, wherein the

antisense oligonucleotide comprises at least one

modified sugar.



8 . The method of any one of claims 2 to 7 , wherein the

modified sugar is a 2 '-O-methoxyethyl sugar.

9 . The method of any one of claims 2 to 8, wherein the

antisense oligonucleotide comprises at least one

modified nucleobase.

10. The method of claim 9 , wherein the modified nucleobase

is a 5-methylcytosine.

11. The method of any one of claims 2 to 10, wherein the

antisense oligonucleotide is administered commencing no

sooner than 7 days after the subject is wounded.

12. The method of any one of claims 2 to 10, wherein the

antisense oligonucleotide is administered commencing

immediately before or after the subject is wounded.

13. The method of any one of claims 2 to 12, wherein the

antisense oligonucleotide is administered commencing

about 14 days after the subject is wounded and

continuing thereafter during the period of wound

healing and scarring.

14 . The method of any one of claims 2 to 13 , further

comprising administering to the subject an antisense

oligonucleotide which inhibits expression of

transforming growth factor βl (TGF βl ) .

15. The method of any one of claims 2 to 14, further

comprising administering to the subject a second

antisense oligonucleotide which inhibits expression of

connective tissue growth factor.

16. The method of any one of claims 2 to 15, wherein the

antisense oligonucleotide which inhibits expression of

connective tissue growth factor is administered

intermittently with each subsequent administrations



being effected at least 4 days after the prior

administration .

17. The method of any one of claims 2 to 16, wherein the

antisense oligonucleotide is administered in an amount

effective to reduce scarring without having an adverse

effect on wound healing.

13. The method of claim 17, wherein the amount of antisense

oligonucleotide administered is between 100 µg/cm and

10 mg/cm of the wound.
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only those claims for which fees were paid, specifically claims Nos

I No required additional search fees were timely paid by the applicant Consequently, this international search report is
restricted to the invention first mentioned in the claims, it is covered by claims Nos

Remark on Protest | | The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee

I I The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation

D No protest accompanied the payment of additional search fees

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)
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