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(57) ABSTRACT 

C-terminal endostatin polypeptides are disclosed herein. In 
some embodiments, these polypeptides include or consist of 
(1) at least at least 40 consecutive amino acids of the amino 
acid sequence set forth as amino acids 133-180 of SEQ ID 
NO: 2, SEQ ID NO: 13 or SEQ ID NO: 4; (2) at least 40 
consecutive amino acids of the amino acid sequence set forth 
as amino acids 133-180 ofSEQ ID NO: 2, SEQ ID NO: 13 or 
SEQ ID NO: 4 With at most 5 amino acid substitutions, (3) the 
amino acid sequence set forth as amino acids 133-180 of SEQ 
ID NO: 2, SEQ ID NO: 13 or SEQ ID NO: 4; or (4) the amino 
acid sequence set forth as amino acids 133-180 of SEQ ID 
NO: 2, SEQ ID NO: 13 or SEQ ID NO: 4 With at most 5 amino 
acid substitutions; Wherein the polypeptide has anti-?brotic 
activity and Wherein the polypeptide does not comprise 
amino acids 1-92 of SEQ ID NO: 2, SEQ ID NO: 13 or SEQ 
ID NO: 4. Polynucleotides encoding these polypeptide, host 
cells transformed With the polynucleotides, and methods of 
using these polypeptides and polynucleotides are disclosed. 
Uses of these polypeptide, polynucleotides and expression 
vectors include the treatment of ?brosis in a subject. Thus, 
methods are provided for treating ?brosis, including ?brosis 
of the skin and/ or the lung. 

15 Claims, 17 Drawing Sheets 
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USE OF ENDOSTATIN PEPTIDES FOR THE 
TREATMENT OF FIBROSIS 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application is the US. national stage of PCT Appli 
cation No. PCT/US2010/053831, ?led Oct. 22, 2010, Which 
Was published in English under PCT Article 21(2), Which 
claims the bene?t of US. Provisional Application No. 
61/261,280, ?led Nov. 13, 2009 and US. Provisional Appli 
cation No. 61/254,143, ?led Oct. 22, 2009. The prior appli 
cations are incorporated by reference herein in their entirety. 

STATEMENT OF GOVERNMENT SUPPORT 

This invention Was made With United States government 
support pursuant to grant AR050840 from the National Insti 
tutes of Health; the United States government has certain 
rights in the invention. 

FIELD 

This relates to the ?eld of ?brosis, speci?cally to the use of 
C-terrninal polypeptides of endostatin for the treatment of 
?brosis. 

BACKGROUND 

Endostatin, a 183 amino acid proteolytic cleavage frag 
ment corresponding to the C-terminus of collagen 18, has 
anti-tumor activity With no toxic side effects (O’Reilly et al. 
(1997) Cell, 88: 277-285; Kisker et al. (2001) Cancer Res, 
61:7669-7674; Dhanabal et al. (1999) Cancer Res, 59: 189 
197; Yoon et al. (1999) Cancer Res, 59: 6251-6256; Folkman 
and Kalluri, (2003) Cancer Medicine, 6th edition, pp. 161 
194. Hamilton: B. C. Decker Inc.). A number of anti-angio 
genic activities have been reported for this protein, such as 
inhibition of endothelial cell proliferation, migration, and 
tube formation. This activity has been localiZed to the N-ter 
minal region of endostatin. Endostatin also suppresses vas 
cular endothelial groWth factor (VEGF)-induced vascular 
permeability (Takahashi et al. (2003) Faseb J, 17: 896-898). 
Endostatin inhibits endothelial cell migration by inhibiting 
phosphorylation of focal adhesion kinase via binding to (x5 [31 
integrin (Wickstrom et al. (2002) Cancer Res, 62: 5580 
5589). It also has been shoWn that cell surface glypicans are 
loW-af?nity endostatin receptors (Karumanchi et al. (2001) 
Mol Cell, 7: 811-822). Endostatin has been implicated in 
several signaling pathWays, such as doWnregulation of c-myc 
(Shichiri and Hirata (2001) Faseb J, 15: 1044-1053), cyclin 
D1 (Hanai et al. (2002) J Biol Chem, 277. 16464-16469) and 
RhoA activity (Wickstrom et al. (2003) J Biol Chem, 278: 
37895-37901), blockage of VEGF signaling (Hajitou et al. 
(2002) Faseb J, 16: 1802-1804; Kim et al. (2002) J Biol 
Chem, 277: 27872-27879), and inhibition of the Wnt-signal 
ing pathWay (Hanai et al. (2002) J Cell Biol, 158: 529-539). 
Furthermore, endostatin has been shoWn to bind and inacti 
vate metalloproteinases (Kim et al. (2000) Cancer Res, 60: 
5410-5413; Nyberg et al. (2003) J Biol Chem, 278: 22404 
22411; Lee et al. (2002) FEBS Lett, 519: 147-152) and to 
regulate a spectrum of genes Which suppress angiogenesis 
(Abdollahi et al. (2004) Mol Cell, 13: 649-663). 
The crystal structures of both murine and human endosta 

tin have been resolved (Hohenester et al. (1998) Embo J, 17: 
1656-1664; Ding et al. (1998) Proc Natl Acad Sci USA, 95: 
10443-10448) and shoW a noncovalently held dimer at high 
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2 
concentration required for crystalliZation (Ding et al. (1998) 
Proc Natl Acad Sci USA, 95: 10443-10448). The presence of 
tWo disul?de bonds results in a highly folded structure. 
Endo statin binds one atom of Zinc per monomer via the three 
histidines in the N-terminus of the molecule (histidines 1, 3, 
and 11) and asparatic 76. The heparin binding property of 
endostatin is mediated by noncontiguous arginines clustered 
over the three dimensional globular surface of the molecule 
(Sasaki et al. (1999) Embo J, 18: 6240-6248). 

Excessive deposition of extra cellular matrix (ECM) com 
ponents such as ?bronectin (FN) and type I collagen 
(Col10t1) by organ ?broblasts is de?ned as ?brosis. Organ 
?brosis is the ?nal common pathWay for many diseases that 
result in end-stage organ failure. HoWever, effective therapy 
for organ ?brosis is still unavailable (see, for example, Bjo 
raker et al., Am. J. Respir. Crit. Care. Med 2000; 157:199 
203). Uncontrollable Wound-healing responses, including 
acute and chronic in?ammation, angiogenesis, activation of 
resident cells, and ECM remodeling, are thought to be 
involved in the pathogenesis of ?brosis (Wynn, J Clin Invest 
2007; 117:524-29; Kalluri et al., Curr Opin Nephrol Hyper 
tens 2000; 9:413-8). TGF-[3 is the prototype ?brotic cytokine 
that is increased in ?brotic organs and contributes to the 
development of ?brosis by stimulating the synthesis of ECM 
molecules, activating ?broblasts to ot-smooth muscle actin 
(ot-SMA)-expressing myo?broblasts, and doWnregulating 
matrix metalloproteinases (MMPs) (see, for example, Bran 
ton et al., Microbes Infect 1999; 1:1349-65). Despite high 
expectations, a clinical trial of a monoclonal anti-TGF-[3 anti 
body in patients With early SSc failed to shoW any e?icacy 
(Varga et al., Nature RevieWs Rheumatology 2009; 5:200-6). 
Thus, a need remains for other treatments of ?brosis. 

SUMMARY 

C-terrninal endostatin polypeptides are disclosed herein 
that have anti-?brotic activity. In some embodiments, these 
polypeptides include, consist essentially of or consist of (1) at 
least 40 consecutive amino acids of the amino acid sequence 
set forth as amino acids 133-180 of SEQ ID NO: 2, SEQ ID 
NO: 13 or SEQ ID NO: 4; (2) at least 40 consecutive amino 
acids of the amino acid sequence set forth as amino acids 
133-180 ofSEQ ID NO: 2, SEQ ID NO: 13 or SEQ ID NO: 4, 
With at most 5 amino acid substitutions, (3) the amino acid 
sequence set forth as amino acids 133-180 of SEQ ID NO: 2, 
SEQ ID NO: 13 or SEQ ID NO: 4; or (4) the amino acid 
sequence set forth as amino acids 133-180 of SEQ ID NO: 2, 
SEQ ID NO: 13 or SEQ ID NO: 4 With at most 5 amino acid 
substitutions. These polypeptides have anti-?brotic activity 
and do not include amino acids 1-92 of SEQ ID NO: 2, SEQ 
ID NO: 13, or SEQ ID NO: 4, respectively. Polynucleotides 
encoding these polypeptides, host cells transformed With the 
polynucleotides, and methods of using these polypeptides 
and polynucleotides are disclosed. In one example, the 
polypeptide includes a modi?cation of the carboxy terminal 
polypeptide to include an amide. 

In some embodiments, methods are disclosed for inhibit 
ing ?brosis in vivo or in vitro. In additional embodiments, 
methods are disclosed for the treatment of ?brosis in a sub 
ject. In some speci?c non-limiting examples, the subject has 
scleroderma or pulmonary ?brosis. 
The foregoing and other features and advantages Will 

become more apparent from the folloWing detailed descrip 
tion of several embodiments, Which proceeds With reference 
to the accompanying ?gures. 

BRIEF DESCRIPTION OF THE FIGURES 

FIGS. 1A-1F. ECM production in recombinant endo statin 
and endostatin-derived peptide-treated ?broblasts in combi 
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nation With TGF-[3 stimulation. A: FN and Coll (x1 expression 
in human normal lung ?broblasts (NL) treated With vehicle 
(V), rE alone, or both With prior TGF-[3 stimulation. Proteins 
Were detected With a Western blot. GAPDH Was used as a 

loading control for lysates. B: FN and Collotl expression of 
endostatin polypeptide-treated lung ?broblasts folloWing 
TGF-[3 stimulation in primary pulmonary ?broblasts from a 
healthy control, a patient With SSc, and a patient With IPF. C: 
Graphical summary of FN and Collotl expression in lung 
?broblasts obtained using ?broblasts from 4 healthy controls 
(NL), 3 patients With SSc, and 3 patients With IPF. Intensity of 
bands Was normalized to that of GAPDH and expressed as a 
ratio to Vehicle (V). Paired-t test Was used for statistical 
analysis. *P<0.04, **P<0.0l. D: Representative result of FN 
and Collotl levels in human skin ?broblasts obtained from a 
patient With morphea and a patient With SSc. E: Representa 
tive result of FN and Collotl expression in ?brotic ?broblasts 
obtained from a patients With IPF treated With V, 5 ug/ml of 
rE, or endostatin polypeptides alone (left). IPF ?broblasts 
Were treated With different concentrations (5, l0, and 20 
ug/ml) of E4. DMSO (V) Was added in a volume equivalent to 
that in the lane corresponding to 20 ug/ml of E4 (right). F: 
ot-SMA levels in normal lung ?broblasts treated With 
endostatin polypeptides folloWing TGF-[3 stimulation. 

FIGS. 2A-2C. Ex vivo human skin ?brosis organ culture 
model. A: Recombinant TGF-[3 or l><PBS (vehicle) Was 
injected intradermally into human skin explants at a concen 
tration of 1, 10, 50 ng/ml. Skin Was harvested 1 Week post 
injection. Representative H&E images are shoWn in the upper 
roW, and images of Masson trichrome-stained section are 
shoWn in the loWer roW. Magni?cation, 20x. 

B: Recombinant endostatin (rE) Was injected into human 
skin at a concentration of l, 5, 10 ug/ml. l><PBS Was used as 
a vehicle control (V). Representative H&E images are shoWn. 
Magni?cation, 20x. C: Endostatin polypeptides (E-l, E-2, 
E-3, and E-4; all at 10 ug/ml) Were injected intradermally in 
human skin. DMSO Was used as a vehicle control (V). Rep 
resentative H&E images are shoWn. Magni?cation, 20x. 

FIGS. 3A-3B. The effect of recombinant endostatin on 
TGF-[3-induced ?brosis and dermal thickness in human skin. 
A: Representative H&E images of human skin injected With 
Vehicle, 10 ng/ml TGF-[3 alone, or rE (l, 5, and 10 ug/ml) in 
combination With TGF-[3(l0 ng/ml). Tissues Were harvested 
one Week post-injection. Magni?cation, 20x. B: Graphical 
presentation of dermal thickness. Data represent four inde 
pendent experiments in triplicate using human skin explants 
from four different donors. Mann-Whitney U test Was used 
for statistical analysis. *P<0.04. 

FIGS. 4A-4B. The effect of endostatin polypeptides TGF 
[3-induced ?brosis and dermal thickness in human skin. A: 
Representative H&E images of human skin injected With 
Vehicle, 10 ng/ml TGF-[3 alone, or E-l, E-2, E-3, or E-4 (10 
ug/ml) in combination With TGF-3 (10 ng/ml). Magni?ca 
tion, 20x. B: Graphical presentation of dermal thickness data 
shoWn in A. Data represent tWo independent experiments 
using human skin explants from tWo donors, and each experi 
ment Was done in triplicate. Mann-Whitney U test Was used 
for statistical analysis. * P<0.05, ** P<0.02. 

FIGS. 5A-5B. Dose response of E-l and E-4 in TGF-[3 
induced ?brosis. A: Representative H&E images of human 
skin injected With E-l (upper roW) or E-4 (loWer roW) at a 
concentration of l, 5, l0, and 20 ug/ml in the presence of 
TGF-[3 (10 ng/ml). Magni?cation, 20x. B: Graphical analysis 
of dermal thickness data shoWn in A. DMSO Was used as a 
vehicle control. Experiments Were conducted in duplicate, 
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4 
and dermal thickness Was measured in 6 ?elds from each 
section. Mann-Whitney U test Was used for statistical analy 
sis. * P<0.02, ** P<0.0l. 

FIGS. 6A-6B. The effect of endostatin polypeptides in the 
development of ?brosis in vivo in mouse skin. A: Mice Were 
injected intradermally With vehicle, 10 ng/ml TGF-[3 alone, or 
E-l, E-2, E-3, and E-4 (10 ug/ml) in combination With TGF-[3 
(10 ng/ml). Skin Was harvested after 1 Week post-injection. 
Sections Were stained With H&E. Magni?cation, 20x. B: 
Graphical summary of dermal thickness data shoWn in A. 
Data represent four independent experiments, each done in 
duplicate. Mann-Whitney U test Was used for statistical 
analysis. * P<0.04, ** P<0.0l. 

FIGS. 7A-7B. Capacity of endostatin polypeptide to 
inhibit tubular formation in MATRIGEL® . A, Representa 
tive images of MATRIGEL® cultures of HUVECs treated 
With vehicle, rE (50 nM), or E4 (50 nM). An equivalent 
amount of DMSO Was used as vehicle. Magni?cation 40x. B, 
Image quanti?cation of the cord formation shoWn in A. Data 
shoWn summarize results of three independent experiments. 
*P<0.05, one-Way ANOVA folloWed by Bonferroni’s test. 

FIGS. 8A-8B. The effect of endostatin E-4 on bleomycin 
induced dermal ?brosis in vivo. A: Mice Were injected sub 
cutaneously With l><PBS as vehicle (V) or Bleomycin (Bleo; 
20 ug/mouse) daily. E-4 (10 ug/ml) Was mixed With bleomy 
cin on the ?rst day, and daily bleomycin administration Was 
continued Without subsequent injections of E4 (Bleo+E-4). 
Skin Was harvested after 10 days. Sections Were stained With 
H&E. Magni?cation, 100x. B: Graphical summary of dermal 
thickness data shoWn in A. Data represent three independent 
experiments. Mann-Whitney U test Was used for statistical 
analysis. * P<0.00l, ** P<0.0000l. E4 administration caused 
a signi?cant attenuation of bleomycin induced dermal ?bro 
sis even With a single administration of E4. 

FIG. 9. E4 reverses TGF [3-induced dermal ?brosis even if 
administered 3 days folloWing TGF-B. Mouse skin Was 
treatedWith TGFB day l and E-4L or E-lL (this is E-4 and E-l 
administered after a 3 day lag betWeen administration of the 
?brotic trigger and the administration of the peptide. E-l or 
E-4 Was administered intraperitoneally (IP) at day 3 and 
harvested at day 7. E4 caused a signi?cant decrease of TGF 
beta induced dermal ?brosis on day 7. Thus E4 prevents 
(FIGS. 4-6) and reverses (FIG. 9) dermal ?brosis triggered by 
TGFB. 

FIG. 10A-10C. E4 attenuates bleomycin induced lung 
?brosis in vivo. A: Sixty pg of bleomycin Was administrated 
intratracheally in combination With DMSO as a vehicle 
(Bleo) or E-4 (Bleo+E-4; 10 ug/ml). In some mice, E-4 (10 
ug/ml) Was administered intratracheally (IT) three days fol 
loWing bleomycin treatment (Bleo+E-4L). PBS Was used as a 
vehicle for bleomycin (V). Lungs Were harvested 10 days 
post-treatment. Representative images stained With H&E 
(left panel) and Masson trichrome (right panel) are represen 
tative of 3 independent experiments. Magni?cation, 100x. E4 
administered concomitantly With bleomycin or three days 
folloWing bleomycin caused a marked reduction in ?brosis 
and Masson Trichrome staining. B: Quanti?cation of acid 
soluble collagen obtained from mouse lungs treated as in 
panel C With V. Bleo, Bleo+E-4, and Bleo+E-4L. The levels 
of collagen are presented as ug/mg (lung) from three inde 
pendent experiments. Unpaired-t test Was used for statistical 
analysis. * P<0.05. E4 polypeptide given 3 days after bleo 
mycin signi?cantly reduced collagen levels in mouse lungs C: 
LoWer magni?cation (2x) of mouse lung shoWn in FIG. 9 
(BLM+E4/E4L IT day 10). For Bleo+E4L, Bleo Was admin 
istered ?rst, then there Was a lag of three days betWeen Bleo 
and E4 administration). 
























































