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gaag C. C Ca (88.33 aga. 2 agg3 Caa & G Ctgag Ci gtaisittig Cittaaai C. C. 
gga cactata tatgtagtgo atttittaaac titgaaatata taatatt cag CCagcttaaa 
CCCataca 3. Statist. 3033 a Caaiga C 328t.t.atgist Citiga CatC aättiglia. 
itgctgattic titgitaaatct tittgcttit actittcatct taaactaata cqtgccagat. 
at 2iaCtgtC gtt Cagig &gag3CSCCC & 8ts (8ttitt &a gia. C3tt 
gta caa. taaagttcti attittagitat acgtataaat at Cagtatto: tigacatgitaa 

gaaaatgtta gg catcaca Cittatattitt atgaacattg tactsgttgct ttaatatgag 
Cttcaatata agaa.gcaati tittgaaataa aaaaagattt tittittaaaa aaa8. 

Fig. 15 Cont. 
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SEQ NO: 2 

MEENYCOAALVCIGMECHSHAFA PERRGHLRESFHGHHEKG KE 

GOVLQRSKRGWWWNQSFVEEEY GEDE:WWGRI:SESGDGNIKYILSGEGAGTIFV 

IRD KSGNiiAEKTIOREERAQYT:MAQAVROTSRPEPPSEFEVIXVODINDNPPEF, 

HETYHANV PERSNVGTSWICVTASDADOPTYGNSAKTVYSIEGOPYFSVEAQTGIIR 

TALPNEY: DREAKEEYHVVIQAKDMGGHMGGISGTTXVTITLTRVNDNPPKFPQSVYOMS 

VSEAAVP3EEVGRVKAEPDIGENGEVEYNEVEGEGMESFEI: "EDYETQEGV KKKP 

VETXRAYSEKWEAANV; KSGFK) VVK SWEAEPMFASYRIEW 

CENAAAGTVWGRVHAKDPDAANSIRYSIDRHTO.DRFFT IN EDGFIKETXPEDREE 

TAWNITVFAAEIHNERHQEAKVPVAIRVLVNDNAPKFAA2YEGF; CESDQTKPSNC 

PIVTISADDKID: TANGPRFEFSI.PPEIHNPNFVRDNRDNTAGVYARRGGFSRKC 

YVSGGPCMSSN, KWCGCVNASCNAEAYNEAGISTCAEA 

ACIVII.L.V. V VLFVTIRRQKKEP, IVFEEEDVRENIITYDDEGGGEE TEAFOIATIC 

NPDGING FIPRKDIKEYQYMPRPGERPAPNSVOVIDFINTREADNDTAPPYDSI 

QIYGYEGRGSWAGSSSI.ESATTDSII, DYEYEON WGPRFKKEADLYGSKOTFDDDS 

- 

Fig. 16 
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DETECTION AND TREATMENT OF 
NON-DERMAL FIBROSS 

RELATED APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 13/100,528, filed May 4, 2011, which 
claims the benefit under 35 U.S.C. S 119(e) to U.S. Provi 
sional Application No. 61/331,355, filed May 4, 2010, both 
entitled DETECTION AND TREATMENT OF NONDER 
MAL FIBROSIS, the entire contents of each of which are 
incorporated by reference herein. 

FEDERALLY SPONSORED RESEARCH 

0002 This invention was made with Government support 
under grant number RO1 AR048114 from the National Insti 
tutes of Health. The Government has certain rights to this 
invention. 

FIELD OF THE INVENTION 

0003. The invention provides methods for diagnosing, 
monitoring and treating non-dermal fibrosis by interfering 
with cadherin-11 activity. 

BACKGROUND OF INVENTION 

0004 Interstitial lung diseases, now known as diffuse pro 
liferative lung diseases, are a spectrum of diffuse parenchy 
mal lung disease that is characterized by variable degrees of 
pulmonary fibrosis. Pulmonary fibrosis is a component of 
various interstitial pneumonias. These disorders are charac 
terized by varying degrees of inflammation, aberrant fibro 
blast proliferation, and extracellular matrix deposition that 
result in distortion of pulmonary architecture that compro 
mises pulmonary function. There are many causes of pull 
monary fibrosis including exposure to fibrosis-inducing 
agents such as silica, coal dust, radiation and certain che 
motherapeutic agents'. Despite its prevalence, the pathogen 
esis of pulmonary fibrosis is not completely understood and 
treatment options for the resolution of pulmonary fibrosis are 
lacking. 
0005. Approximately 35% of interstitial lung diseases can 
be grouped into a condition known as idiopathic pulmonary 
fibrosis (IPF)''. A comprehensive epidemiological study 
investigating the incidence of IPF, revealed a general preva 
lence rate of approximately 20 cases per 100,000'. This 
incidence was higher in individuals over 75 years of age 
where 175 cases per 100,000 were noted. A more recent study 
demonstrated a prevalence of approximately 43 cases per 
100,000 and an incidence of 16.3 cases per 100,000 patient 
years.' These data suggest that the incidence and prevalence 
of IPF in on the rise. IPF is a chronic and particularly devas 
tating form of interstitial lung disease. It is largely untreatable 
and leads to death within 3 to 8 years of diagnosis'.There are 
no effective disease-modifying treatments for IPF. 

SUMMARY OF INVENTION 

0006. The invention is premised, in part, on the unex 
pected finding that cadherin-11 is involved in non-dermal 
fibrotic conditions (i.e., non-dermal fibrosis), and that as a 
result cadherin-11 is a diagnostic marker, prognostic marker 
and therapeutic target for Such conditions. As described in 
greater detail herein, cadherin-11 was found to be upregu 
lated in non-dermal fibrotic tissues including in alveolar mac 
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rophages and alveolar epithelial cells found in bronchoalveo 
lar lavage, and Subjects lacking cadherin-11 were found to be 
less susceptible to experimentally-induced non-dermal fibro 
sis, such as lung fibrosis. Accordingly, the invention provides 
compositions and methods for diagnosing, monitoring and 
treating non-dermal fibrosis, including in particular lung 
fibrosis. 
0007 Thus, in one aspect, the invention provides a method 
for treating a subject at risk of developing non-dermal fibrosis 
comprising administering to said subject a cadherin-11 
antagonist in an amount effective to prevent or delay the onset 
of symptoms associated with non-dermal fibrosis. 
0008. The invention provides, in another aspect, a method 
for treating a Subject having non-dermal fibrosis comprising 
administering to a Subject in need thereof a cadherin-11 
antagonist in an amount effective to reduce non-dermal fibro 
S1S. 

0009. In one embodiment, the non-dermal fibrosis is lung 
fibrosis or liver fibrosis. In an important embodiment, the 
non-dermal fibrosis is lung fibrosis, more specifically idio 
pathic pulmonary fibrosis, and even more specifically severe 
idiopathic pulmonary fibrosis. 
0010. In one embodiment, the cadherin-11 antagonist is a 
cadherin-11 binding peptide. In one embodiment, the cad 
herin-11 binding peptide is an anti-cadherin-11 antibody or 
an antigen-binding antibody fragment. In one embodiment, 
the cadherin-11 binding peptide is a cadherin-11 fusion pro 
tein. In one embodiment, the cadherin-11 binding peptide 
comprises full length cadherin or a fragment thereof. 
0011. In one embodiment, the cadherin-11 antagonist is a 
cadherin-11 nucleic acid antagonist. In one embodiment, the 
cadherin-11 nucleic acid antagonist is a cadherin-11 siRNA. 
In one embodiment, the cadherin-11 nucleic acid antagonist 
is a cadherin-11 ribozyme. In one embodiment, the cadherin 
11 nucleic acid antagonist is a cadherin-11 antisense mol 
ecule. In one embodiment, cadherin-11 nucleic acid antago 
nist is a nucleic acid encoding full length cadherin-11 or a 
fragment thereof. In one embodiment, cadherin-11 nucleic 
acid antagonist is an aptamer. 
0012. In one embodiment, the cadherin-11 antagonist is a 
Small molecule. 

0013. In one embodiment, the cadherin-11 antagonist is 
administered by inhalation or intranasally. 
0014. In one embodiment, the cadherin-11 antagonist is 
administered intraperitoneally. 
0015. In one embodiment, the method further comprises 
administering a second therapeutic agent to the Subject. In 
one embodiment, the second therapeutic agent is an immu 
nosuppressant. In one embodiment, the immunosuppressant 
is a steroid. 

0016. In another aspect, the invention provides a method 
comprising measuring cadherin-11 level in a sample har 
Vested from a subject, and comparing the cadherin-11 level in 
the sample with a normal control, whereina cadherin-11 level 
in the sample harvested from the Subject that is greater than 
the cadherin-11 level in the normal control indicates non 
dermal fibrosis or a risk of developing non-dermal fibrosis. 
0017. The cadherin-11 level may be measured by manipu 
lating the sample Such as for example by lysing cells of the 
sample and detecting cadherin-11 expression products 
therein. In one embodiment, the cadherin-11 level is a cad 
herin-11 protein level. In one embodiment, the cadherin-11 
level is a cadherin-11 mRNA level. 
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0018. In one embodiment, the normal control is a sample 
of normal tissue or cells from the subject. In one embodiment, 
the normal control is a level of cadherin-11 in a population of 
Subjects. 
0019. In one embodiment, the sample is a lung sample. In 
one embodiment, the sample is a bronchoalveolar lavage 
(BAL) sample. In one embodiment, the sample comprises 
alveolar macrophages and/or alveolar epithelial cells. In one 
embodiment, the sample is a liver sample. 
0020. In one embodiment, cadherin-11 level is measured 
using immunohistochemistry. 
0021. In one embodiment, a cadherin-11 level in the 
sample harvested from the subject that is greater than the 
normal control indicates the Subject has non-dermal fibrosis. 
0022. In one embodiment, a cadherin-11 level in the 
sample harvested from the subject that is greater than the 
normal control indicates the Subject is at risk of developing 
non-dermal fibrosis. 
0023. In another aspect, the invention provides a method 
for inhibiting development (or differentiation) of myofibro 
blasts from fibroblasts using cadherin-11 antagonists. In 
important embodiments, fibroblast-to-myofibroblast differ 
entiation is associated with development of non-dermal fibro 
sis. The degree of inhibition may be determined by measuring 
the absolute or relative number or percentage of myofibro 
blasts following contact with the cadherin-11 antagonist. In 
Some instances, inhibiting may include delaying (or slowing 
the kinetics of) myofibroblast development. 
0024. In another aspect, the invention provides a method 
for inhibiting an epithelial-to-mesenchymal transition 
(EMT). In important embodiments, the EMT is associated 
with development of non-dermal fibrosis. In some instances, 
inhibiting may include delaying (or slowing the kinetics of) 
EMT. Markers of EMT include phenotype (e.g., loss of epi 
thelial cell polarity, separation of cells from each other, 
expression of growth factors, (e.g., TGF-beta and Wnt), 
expression of transcription factors (e.g., SNAILS, SMAD, 
LEF, and nuclear beta-catenin), expression of cell adhesion 
molecules (e.g., E-cadherin), and the like. These markers are 
known to those of ordinary skill in the art. 
0025. It should be appreciated that all combinations of the 
foregoing concepts and additional concepts discussed in 
greater detail below (provided such concepts are not mutually 
inconsistent) are contemplated as being part of the inventive 
Subject matter disclosed herein. In particular, all combina 
tions of claimed Subject matter appearing at the end of this 
disclosure are contemplated as being part of the inventive 
subject matter disclosed herein. It should also be appreciated 
that terminology explicitly employed herein that also may 
appear in any disclosure incorporated by reference should be 
accorded a meaning most consistent with the particular con 
cepts disclosed herein. 

BRIEF DESCRIPTION OF DRAWINGS 

0026. It is to be understood that the Figures are not neces 
sarily to Scale, emphasis instead being placed upon generally 
illustrating the various concepts discussed herein. 
0027 FIG. 1. Protein lysates were isolated from lungs of 
wild type mice administered saline or bleomycin via the 
intratracheal route. Lungs were harvested on day 12. Protein 
lysates were separated on a 10% acrylamide gel by electro 
phoresis, then transfer to a membrane for western blotting 
using isotype control antibody, anti-cadherin-11 antibody 
(Invitrogen) or anti-GAPDH antibody. Wild type and cad 
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herin-11 null fibroblast-like synoviocytes were used as posi 
tive and negative controls for the expression of cadherin-11. 
The bleomycin lung had increased levels of cadherin-11 but 
similar levels of GAPDH, indicating that cadherin-11 is 
increased during the process of lung fibrosis. 
0028 FIG. 2. Immunohistochemical analyses of lungs of 
wild type mice administered saline or bleomycin via the 
intratracheal route. Lungs were harvested on day 12. Lung 
sections from mice administered intratracheal bleomycin 
demonstrated prominent staining of cadherin-11 on fibro 
blast-like cells in the areas that are forming fibrotic foci (red 
stain). 
0029 FIG. 3. mRNA levels of Collal and cadherin-11 in 
lung tissue are increased in patients with severe IPF. Lung 
tissue was obtained from the Lung Tissue Research Consor 
tium from 8 subjects with mild IPF and normal lung function 
(control, blue) and 10 subjects with severe IPF and abnormal 
lungfunction (IPF, red). Collal was used as a control and was 
increased in patients with severe IPF. Cadherin-11 levels were 
also increased in patients with severe IPF. P-values deter 
mined using Student T-test. 
0030 FIGS. 4A-4C. Immunolocalization of cadherin-11 
expression in the lungs of mild (FIG. 4A) and severe IPF 
patients (FIGS. 4B, 4C). Arrows denote staining present in 
alveolar macrophages (FIG. 4C) and hyperplastic alveolar 
epithelial cells (FIG. 4B). Scale bars=100 um. Displayed 
sections are representative of n=10 (mild IPF) and n=10 (se 
vere IPF). 
0031 FIG. 5. Immunolocalization of cadherin-11 expres 
sion in the lungs of wild type mice administered intratracheal 
saline or bleomycin Arrows denote staining present in hyper 
plastic alveolar epithelial cells. Scale bars=50 Lum. Displayed 
sections are representative of n=12 (saline) and n=20 (bleo 
mycin). 
0032 FIGS. 6A-6D. Cadherin 11-dependent histopathol 
ogy in pulmonary fibrosis. Lung histological sections from 
wild type and Cdh11 mice in the bleomycin-induced pul 
monary fibrosis model. Lungs were taken from mice 21 days 
after 3.5 U bleomycin installation and processed for section 
ing and H&E staining. (FIG. 6A) wildtype mice administered 
intratracheal saline (n-6), (FIG. 6B) Cdh11 mice admin 
istered intratracheal saline (n=6), (FIG. 6C) Wild type mice 
administered intratracheal bleomycin (n=13), (FIG. 6D) 
Cdh11 mice administered intratracheal saline (n=11). 
Scale bars=500 p.m. Sections are representative of n=6 WT 
saline, n=6 Cdh11 saline, n=13 WT bleomycin, n=11 
Cdh11 bleomycin. 
0033 FIGS. 7A-7D. Cadherin 11-dependent histopathol 
ogy in pulmonary fibrosis. Lung histological sections from 
wild type and Cdh11 mice in the bleomycin-induced pul 
monary fibrosis model. Lungs were taken from mice 21 days 
after 3.5 U bleomycin installation and processed for section 
ing and Masson’s trichrome stain (FIGS. 7A, 7B) or IHC 
analyses for alpha Smooth muscle actin, a marker for myofi 
broblasts (FIGS. 7C, 7D). Scale bars=200 um. Sections are 
representative of n=13 WT bleomycin, n=11 Cdh11 bleo 
mycin. 
0034 FIGS. 8A-8B. Quantifiable fibrotic endpoints asso 
ciated with genetic removal of Cdh11. Fibrosis was quanti 
fied by determination of (FIG. 8A) BAL collagen via colori 
metric assay and (FIG. 8B) Ashcroft scoring on H&E stained 
lung sections. Scores were determined on 20 images per 
mouse lung. n=6 WT saline, n=6 Cdh11 saline, n=13 WT 



US 2015/0266955 A1 

bleomycin, n=11 Cdh11 bleomycin. *P<0.05 versus WT 
saline; #P-0.05 versus WT bleomycin. 
0035 FIG. 9. Cadherin-11 blocking antibodies improves 
established pulmonary fibrosis. Histopathologic improve 
ment was noted in bleomycin-induced pulmonary fibrosis 
associated with systemic delivery of cadherin-11 blocking 
antibodies (23C6 or 13C2) compared with isotype control. 
Mice received antibody every other day beginning 10 days 
after bleomycin exposure. Lungs were then taken at day 21 
and processed for sectioning and H&E staining. Scale 
bars=500 um. Sections are representative of n=6 saline, n=7 
Bleo-isotype, n=8 Bleo--13C2, and n=6 Bleo-23C6. 
0036 FIGS. 10A-10C. Cadherin-11 blocking antibody 
reduces lung collagen and myofibroblasts. Mouse lungsgiven 
bleomycin plus systemic antibody were processed and 
stained for (FIG. 10A) collagen deposition (Masson’s 
Trichrome stain) and (FIG. 10B) myofibroblasts (C-SMA 
immunohistochemistry). Scale bars=200 um. (FIG. 10C) 
Soluble collagen in BAL fluid quantified with colorimetric 
assay. n=6 saline, n=7 Bleo-isotype, n=8 Bleo--13C2, and 
n=6Bleo--23C6.*P<0.05 versus saline; #P-0.05 versus bleo 
mycin--isotype. 
0037 FIGS. 11A-11D. TGF-B-induced EMT and Cdh11 
expression in A549 lung epithelial cells. A549 lung epithelial 
cells were stimulated with TGF-3 (10 ng/ml) and at 24 hours, 
RNA was isolated and fold change transcripts (vs. BSA) were 
determined for (FIG. 11A) E cadherin, (FIG. 11B) N cad 
herin, (FIG. 11C) C.1 pro-collagen, and (FIG. 11D) cadherin 
11. *P<0.05 versus BSA. **P=0.06 versus BSA. Data repre 
sentative of 3 separate experiments. 
0038 FIGS. 12A-12D. Cdh11 knockdown prevents TGF 
B-induced EMT of lung epithelial cells. A549 lung epithelial 
cells were transfected with Cdh11 or control siRNA, subse 
quently stimulated with TGF-B and at 24 hours, RNA was 
isolated and fold change transcripts (vs. BSA+control 
siRNA) were determined for (FIG. 12A) E cadherin, (FIG. 
12B) N cadherin, (FIG. 12C) C.1 pro-collagen, and (FIG. 
12D) cadherin-11. Data representative of 3 separate experi 
mentS. 

0039 FIG. 13. Cdh11 knockdown prevents TGF-B-in 
duced transition to mesenchymal morphology in lung epithe 
lial cells. A549 lung epithelial cells were transfected with 
Cdh11 or control siRNA and subsequently stimulated with 
TGF-B. At 24 hours, cell morphology was assessed using 
phase contrast microscopy. 
0040 FIG. 14. Cdh11 knockdown prevents TGF-B-in 
duced SNAIL2 upregulation in lung epithelial cells. A549 
lung epithelial cells were transfected with Cdh11 or control 
siRNA, subsequently stimulated with TGF-3 and at 24 hours, 
RNA was isolated and fold change transcripts (vs. BSA+ 
control siRNA) were determined for SNAIL2, an EMT tran 
Scription factor. Data representative of 3 separate experi 
mentS. 

0041 FIG. 15. Nucleotide sequence of human cadherin 
11 (SEQID NO:1). 
0042 FIG. 16. Amino acid sequence of human cadherin 
11 (SEQID NO:2). 

DETAILED DESCRIPTION OF INVENTION 

0043. The invention is based, in part, on the unexpected 
finding that cadherin-11 is upregulated in non-dermal fibrosis 
(such as pulmonary fibrosis), and that the lack of cadherin-11 
provides some resistance to experimentally-induced non-der 
mal fibrosis (such as pulmonary fibrosis). Included in these 
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findings is the further unexpected discovery that alveolar 
macrophages and alveolar epithelial cells express cadherin 
11 in these experimental models and thus these cells may be 
analyzed to detect and/or monitor fibrosis. Importantly, these 
cells are present in bronchoalveolar lavage and thus detection 
and/or monitoring assays for lung fibrosis can be performed 
using BAL samples rather than an invasive procedure. Based 
on these findings, the invention contemplates and provides 
compositions and methods for the treatment of non-dermal 
fibrosis comprising cadherin-11 antagonists. The accompa 
nying Examples demonstrate, interalia, that lung tissue from 
patients with severe idiopathic pulmonary fibrosis have 
increased levels of cadherin-11, and that mice having experi 
mentally-induced lung fibrosis also have increased levels of 
cadherin-11. Most strikingly, mice lacking cadherin-11 (i.e., 
cadherin-11 knock-out mice) have decreased tissue fibrosis in 
the lung in this same experimental model. The Examples 
further show that anti-cadherin-11 antibodies are effective in 
treating pulmonary fibrosis even after it is established. These 
data are the first evidence that, interalia, cadherin-11 is not 
only a key mediator of non-dermal fibrosis but also a thera 
peutic target in the treatment of non-dermal fibrosis, includ 
ing pulmonary fibrosis. 

Fibrosis: 

0044 Fibrosis refers to the development of excess fibrous 
connective tissue in an organ or tissue. Fibrosis can occur in 
a variety of tissues or organs. Fibrotic conditions include lung 
fibrosis, hepatic fibrosis (e.g., associated with alcohol con 
Sumption, viral hepatitis, and/or schistosomiasis), hyper 
trophic scars, keloids, burns, Peyronie's disease, Dupuytren’s 
contractures, myelofibrosis, pancreatic fibrosis, post-myo 
cardial infarction cardiac fibrosis, kidney/renal fibrosis asso 
ciated with diabetes, post-inflammatory renal fibrosis, and 
drug-induced fibrosis (e.g., resulting from chemotherapy 
and/or radiation exposure). 
0045 Important aspects of the invention intend to diag 
nose, monitor and/or treat non-dermal fibrosis. Non-dermal 
fibrosis is fibrosis that manifests itself in an organ other than 
the skin (or dermis). As important example of non-dermal 
fibrosis is lung (or pulmonary) fibrosis. Lung fibrosis can be 
associated with interstitial lung disease and diffuse prolifera 
tive lung disease. An more specific example of lung fibrosis is 
idiopathic pulmonary fibrosis (IPF), including IPF with 
severe airway restriction (referred to herein as severe IPF). 
Other examples of non-dermal fibrosis include liver (or 
hepatic) fibrosis, ocular fibrosis, fibrosis of the gut, kidney (or 
renal) fibrosis, pancreatic fibrosis, and vascular fibrosis. 
Some forms of non-dermal fibrosis are referred to as non 
dermal interstitial fibrosis. 
0046 Non-dermal fibrosis may be further categorized by 

its etiology, to the extent such etiology is known. For 
example, the fibrosis, including non-dermal fibrosis, may be 
associated with or resulting from an infection (e.g., a viral 
infection or a parasitic infection), or it may be drug-induced 
fibrosis (e.g., chemotherapy), or it may be alcohol-induced 
fibrosis. 
0047. Non-dermal fibrosis may be transplant-induced or it 
may occur independently of transplant (i.e., in a Subject that 
has not undergone a transplant and who is not in need of a 
transplant). In some embodiments of the invention, the Sub 
ject has not undergone a kidney (or renal transplant) nor is the 
subject in need of such a transplant. In still other embodi 
ments, the Subject has not undergone a heart transplant nor is 
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the subject in need of such a transplant. In still other embodi 
ments, the Subject does not have and/or is not at an elevated 
risk of developing an inflammatory joint disorder Such as 
rheumatoid arthritis. In still other embodiments, the subjects 
do not have a cancer and/or are not at an elevated risk of 
developing cancer. 
0048. The invention intends to detect (e.g., diagnose) and/ 
or treat (including prevent) non-dermal fibrosis in any subject 
having or Susceptible to having non-dermal fibrosis. The Sub 
jects may be human and non-human Subjects. Non-human 
Subjects include but are not limited to companion animals 
(e.g., dogs and cats), agricultural or competitive animals (e.g., 
cows, horses, etc.). It is to be understood that the invention 
contemplates methods for detecting non-dermal fibrosis 
based on the presence of abnormally elevated levels of cad 
herin-11 in a tissue or in cells. Such methods may be diag 
nostic in nature (i.e., they may indicate, alone or together with 
other symptoms or manifestations that the Subject has non 
dermal fibrosis) or they may be prognostic in nature (i.e., they 
may indicate, alone or with patient history information, that 
the subject is likely to develop non-dermal fibrosis). The 
invention further contemplates treating a subject having or at 
risk of developing fibrosis by administering to such subject a 
cadherin-11 antagonist, as described in greater detail herein. 

Cadherin-11: 

0049 Cadherin-11 is a classical type II cadherin. It com 
prises a short intracellular domain, a transmembrane domain, 
and an extracellular domain. The extracellular domain is 
comprised of 5 subdomains (sometimes themselves referred 
to as domains), each of which consists of about 110 amino 
acids. The human and mouse cadherin-11 genes have been 
isolated and sequenced previously (Suzuki S. et al. Cell Reg 
2:261-70, 1991). See also, Genbank Accession No. 
NM 001797, for the human cadherin-11 cDNA and pre 
dicted amino acid sequences (SEQID NO: 1 and SEQID NO: 
2), respectively. Cadherin-11 is also referred to as OB-cad 
herin, osteoblast cadherin, OSF-4, and CDH11. 
0050. The main function of cadherins is to facilitate the 
adhesion of one cell to another, sometimes similar, cell. Cad 
herins are involved in cell-to-cell contact and cellular inva 
sion during embryogenesis. In the post-natal tissue, they 
serve to maintain cell-to-cell contact in epithelial structures. 
Cadherins likely have other functions beyond cell-to-cell 
adhesion. For example, as described in the Examples, cad 
herin-11 is involved in epithelial-to-mesenchymal transition 
(EMT) during development of non-dermal fibrosis. Also, as 
shown in the Examples, cadherin-11 is involved in the differ 
entiation of myofibroblasts from fibroblasts. 

Cadherin-11 Antagonists: 

0051. As used herein, the term antagonist refers to any 
protein, polypeptide, peptide, peptidomimetic, glycoprotein, 
antibody, antibody fragment, carbohydrate, nucleic acid, 
organic molecule, inorganic molecule, large molecule, or 
small molecule that blocks, inhibits, reduces or neutralizes 
the function, activity and/or expression of another molecule. 
As used herein, a cadherin-11 antagonist is an agent that 
blocks, inhibits, reduces or neutralizes the function, activity 
and/or expression of cadherin-11. As described above, cad 
herin-11 is involved in cell attachment, interaction and/or 
migration. Cadherin-11 is known to bind to itself in what is 
referred to as homophilic or homotypic binding. The cad 
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herin-11 antagonists may interfere with cadherin-11 homo 
typic binding or heterotypic binding (i.e., binding of cad 
herin-11 to a counter-receptor that is not cadherin-11). The 
cadherin-11 antagonist may interfere with cadherin-11 func 
tion by reducing the amount of cadherin-11 that is expressed 
by a cell or by interacting with cadherin-11 (or its counter 
receptor) thereby preventing interaction of cadherin-11 with 
its target. Accordingly, the cadherin-11 antagonist may inter 
fere, in whole or in part, with the transcription of cadherin-11 
or with the translation of cadherin-11 (thereby interfering 
with cadherin-11 expression), or it may interfere with the 
ability of cadherin-11 to bind to another cadherin-11 or to 
another cadherin-11 counter-receptor. The cadherin-11 
antagonist may reduce cadherin-11 function or activity by 
about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or 
100%, relative to a control such as PBS. It will be understood 
that the cadherin-11 antagonist may be used in an amount that 
reduces cadherin-11 function or activity by about these 
amounts. It will further be understood that some cadherin-11 
antagonists are preferably used in vitro while others are more 
suitable for the in vivo methods provided herein. 
0.052 Some cadherin-11 antagonists bind to the extracel 
lular domain of cadherin-11, some bind to particular regions 
of the extracellular domain of cadherin-11. As discussed 
herein, the cadherin-11 extracellular domain is comprised of 
five (5) subdomains each approximately about 110 amino 
acids in size. (See, for example, U.S. Pat. No. 7,589,074 and 
Yagi et al. Genes and Development, 14:1169-1180, 2000.) 
The invention contemplates the use of cadherin-11 antago 
nists that bind to cadherin-11 EC1 or to a fragment of cad 
herin-11 EC1 (e.g., a fragment that comprises about the first 
33 through to the first 37 amino acids of EC1), or to a frag 
ment of cadherin-11 that comprises EC1 (or the first 33-37 
amino acids of EC1). In some embodiments, the antagonist 
binds to a region of EC1 having an amino acid sequence of 
GWVWNQFFVIEEYTG PDPVLVGRLHSDIDS GDGN 
(SEQID NO:3, the first 34 amino acids of EC1). Alternatively 
or additionally, the antagonist may comprise Some or all of 
this amino acid sequence. 
0053. The cadherin-11 antagonist may be a peptide or 
protein, or it may be a nucleic acid, or it may be a organic or 
inorganic Small molecule. The antagonists may be naturally 
occurring or non-naturally occurring. They may be isolated 
from a naturally occurring Source or they may be synthesized 
in vitro. 
0054 The cadherin-11 antagonists may be conjugated to 
another agent such as an imaging agent or a cytotoxic agent. 
Imaging agents may be used to visualize cadherin-11 expres 
sion in vitro (e.g., for immunohistochemical analysis) or in 
Vivo (e.g., for body imaging). Examples include radionu 
clides, contrast agents, and particulates routinely used in 
medical imaging. Cytotoxic agents are agents that are toxic to 
cells. Examples include chemotherapeutic agents, toxins, and 
the like. The use of these agents conjugated to a cadherin-11 
antagonist will target such agents to fibrotic tissue and cells. 
In these instances, therapeutic benefit may be provided by a 
combination of the cadherin-11 antagonist which interferes 
with the ability of cadherin-11 to bind to a counter-receptor 
and the cytotoxic agent which is directly toxic to cells. 
0055 Cadherin-11 Binding Peptides: 
0056 Cadherin-11 antagonists that are peptide or protein 
in nature include (1) a full length cadherin-11 protein, (2) a 
fragment of the full length protein, wherein the fragment 
comprises the transmembrane domain of cadherin-11 or a 



US 2015/0266955 A1 

fragment of the extracellular domain including for example a 
fragment comprising or consisting of EC1 (e.g., a fragment 
that comprises EC1, a fragment that comprises EC1 and EC2, 
a fragment that comprises EC1-EC3, a fragment that com 
prises EC1-EC4, a fragment that comprises EC1-EC5, a frag 
ment that comprises EC1 and EC3, a fragment that comprises 
EC1 and EC4, a fragment that comprises EC1 and EC5), (3) 
a fragment of the full length protein, wherein the fragment 
comprises one or more of cadherin-11 extracellular subdo 
mains (e.g., EC1, EC2, EC3, EC4, or EC5 of the 5 extracel 
lular subdomains of cadherin-11, or any combination 
thereof), (4) fusion proteins that comprise full length cad 
herin-11 or a fragment thereof, and (5) antibodies and frag 
ments thereof. In important embodiments, the cadherin-11 
antagonist binds to and/or comprises the EC1 domain of 
cadherin-11 or a fragment thereof (such as SEQ ID NO:3 
provided herein). Cadherin-11 antagonists that are peptide or 
protein in nature preferably will bind preferentially (or selec 
tively) to cadherin-11. Preferential (or selective) binding to 
cadherin-11 means that the peptide or protein binds with 
greater affinity to cadherin-11 than to another protein. In 
Some instances, the peptide or protein binds to cadherin-11 
with an affinity that is about 2-fold more, about 3-fold more, 
about 4-fold more, about 5-fold more, about 10-fold more, 
about 25-fold more, about 50-fold more, about 100-fold 
more, about 1000-fold more, or more than its affinity for a 
protein that is not cadherin-11 or for any other moiety. Such 
differences in affinity are preferably manifest under physi 
ological conditions as occur in vivo. In some embodiments, 
the cadherin-11 binding peptides bind to EC1 of cadherin-11, 
and optionally to the first 33-37 amino acids, including the 
first 33, first34, first35, first 36, or first 37amino acids of EC1 
of cadherin-11, as shown in SEQID NO:2 provided herein. 
Binding to this region of cadherin-11 can be determined 
through competitive binding assays using other binding 
agents known to bind to this region of cadherin-11 Such as 
those described in WO2009/089062. The afore-mentioned 
antagonists are collectively referred to as cadherin-11 binding 
peptides. Cadherin-11 binding peptides may be harvested and 
isolated from naturally occurring sources or they may be 
synthesized and screened for their ability to bind to cadherin 
11. 

0057. As used herein with respect to peptides and proteins, 
the term "isolated” means separated from its native environ 
ment in Sufficiently pure form so that it can be manipulated or 
used for any one of the purposes of the invention. 
0058 Binding peptides can also be derived from sources 
other than antibody technology. For example, binding pep 
tides can be provided by degenerate peptide libraries which 
can be readily prepared in Solution, in immobilized form, as 
bacterial flagella peptide display libraries or as phage display 
libraries. Combinatorial libraries also can be synthesized of 
peptides containing one or more amino acids. Libraries can 
also be made that are comprised of peptides and non-peptide 
synthetic moieties. 
0059 Cadherin-11, or a fragment thereof, also can be used 
to isolate other cadherin-11 binding peptides or partners. 
Isolation of binding partners may be performed according to 
well-known methods. For example, cadherin-11 or a frag 
ment thereof (e.g., an extracellular fragment) can be attached 
to a Substrate, and thenaputative cadherin-11 binding peptide 
may be applied to the substrate. If a cadherin-11 binding 
peptide is present, it will bind to the substrate-bound cad 
herin-11, and it can then be isolated and further analyzed. 
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0060 Full-Length Cadherin-11 and Cadherin-11 Frag 
ments: 

0061 Based on the known nucleotide and amino acid 
sequence of cadherin-11, Suitable fragments of cadherin-11 
may be identified and generated using conventional technol 
ogy. Reference may be made to U.S. Pat. Nos. 5,597.725, 
5,639,634, 5,646,250, 6,787,136, 6,946,768, 7,488,478, and 
7,589,074, and PCT Patent Publication Nos. WO 93/21302 
and WO2009/089062, the teachings of which relating to cad 
herin-11 nucleotide and amino acid sequences and fragments 
are incorporated by reference herein. 
0062) Examples of suitable fragments include those that 
consist of or comprise amino acids 1-40, 1-39, 1-38, 1-37, 
1-36, 1-35, 1-34, 1-33, 1-32, 1-31 or 1-30 of cadherin EC1 or 
those that consist of or comprise amino acids 15-34, 15-35, 
15-36, 15-37, 15-38, 15-39, or 15-40 of cadherin EC1. The 
first 40 amino acids of EC1 are underlined and the first 35 
amino acids of EC1 are bolded in SEQID NO:2 as provided 
herein. Examples of Suitable fragments are also provided in 
WO2009/089062 (represented by the amino acid sequences 
of SEQID NOs: 3, 10, 12, and 13, and also described in US 
2009/0253200), the sequences of which are incorporated by 
reference herein. Other fragments may comprise amino acids 
1-160, or 1-259, or 1-269 of SEQ ID NO:2, and optionally 
they may lack amino acids 1-53 of SEQ ID NO:2 which 
represents the leader and pro-region of human cadherin-11. 
0063 Cadherin-11 binding peptides may also be variants 
of full-length cadherin-11 or cadherin-11 fragments. Such 
variants may differ from cadherin-11 amino acid sequence by 
a degree. For example, variants may be about 80%, about 
85%, about 90%, about 91%, about 92%, about 93%, about 
94%, about 95%, about 96%, about 97%, about 98%, or about 
99% identical to full length cadherin-11 or to a cadherin-11 
fragment. Variants may comprise a cadherin-11 fragment and 
additional flanking constituents at the amino and/or carboxy 
end of the fragment. Such constituents may be amino acid in 
nature. In all instances, the variants bind to cadherin-11 and 
interfere with cadherin-11 function or activity. 
0064 Cadherin-11 binding peptides may beat least 10, 20, 
30, 40, 50, 60, 70, 80,90, 100, 110, amino acids in length or 
longer. For example, they may be about or at least 220, 330, 
440, 550 amino acids in length. 
0065. In some important embodiments, the cadherin-11 
inhibitory agent is a functionally equivalent peptide analog of 
cadherin-11. As used herein, the term functionally equivalent 
peptide analog refers to a peptide analog that is capable of 
inhibiting the binding of cadherin-11 to, for example, itself. 
Functionally equivalent peptide analogs of cadherin-11 are 
identified, for example, using in vitro adhesion assays that 
measure the ability of the peptide analog to inhibit cadherin 
11-mediated adhesion either between cells expressing cad 
herin-11 or between isolated cadherin-11 proteins, or some 
combination thereof. Accordingly, exemplary functionally 
equivalent peptide analogs of cadherin-11 include analogs of 
full length cadherin-11 or a cadherin-11 fragment that for 
example comprises conservative amino acid Substitutions 
relative to the wild-type sequence. 
0.066 Still other cadherin-11 binding peptides are pro 
vided in PCT Published Application Nos. WO99/57149, 
WO2004/048411, and WO2009/089062, the specific teach 
ings of which relating to cadherin-11 binding peptides and 
antagonists are incorporated by reference herein. 
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0067 Cadherin-11 Fusion Proteins: 
0068. The cadherin-11 binding peptide can be a fusion 
protein. A fusion protein, as used herein, is a protein that 
contains peptide regions from at least two different proteins. 
For example, a cadherin-11 fusion protein contains amino 
acid sequence from cadherin-11 and at least one non-cad 
herin-11 protein. Such fusion proteins can be formed by 
fusing, usually at the nucleotide level, coding sequence from 
cadherin-11 to coding sequence from a non-cadherin-11 pro 
tein. Examples of cadherin-11 fusion proteins include cad 
herin-11 GST fusion protein, cadherin-11 Fc fusion protein, 
cadherin-11 beta-galactosidase fusion protein, cadherin-11 
poly-His fusion protein, and cadherin-11 GFP fusion protein. 
Fc fusion proteins may comprise regions of the Ig constant 
domain, including without limitation the hinge region, the 
CH1 domain, the CH2 domain, and/or CH3 domain, option 
ally conjugated to the cadherin-11 fragment via the hinge 
domain. The Fc portion may derive from human antibodies or 
non-human antibodies. The antibodies may be IgG1 or IgG2. 
although they are not so limited. Methods of making Fc 
fusion proteins are known in the art and are described at least 
in EP0464533. 

0069. In some embodiments, the cadherin-11 fusion pro 
teins comprise the entire extracellular domain of cadherin-11. 
In some embodiments, the cadherin-11 fusion protein com 
prises one or more extracellular Subdomains of cadherin-11, 
Such as EC1. Examples include fusion proteins comprising 
EC1, EC1/2, EC1-3, EC1-4, EC1/3, EC1/4, and EC 1/5, or 
fragments of EC1. In important embodiments, the fusion 
protein binds to the EC1 domain of cadherin-11. Examples of 
cadherin-11 fusion proteins include cadherin-11-EC1-Fc 
fusion protein (comprising the EC1 domain of cadherin-11), 
cadherin-11-EC1/2-Fc fusion protein (comprising the EC1 
and EC2 domains of cadherin-11), and cadherin-11-EC1-5- 
Fc fusion protein (comprising the EC1, EC2, EC3, EC4, and 
EC5 domains of cadherin-11). Some fusion proteins may 
comprise the first 40, first39, first 38, first37, first 36, first 35, 
or first 34 amino acids of the EC1 domain of cadherin-11, as 
described in WO 2009/089062. 

0070 Methods of synthesis of cadherin-11 fusion proteins 
can be found at least in U.S. Pat. Nos. 5,597,725, 5,639,634, 
5,646,250, 6,787,136, 6,946,768, 7,488,478, and 7,589,074 
and PCT Patent Publication No. WO93/21302 and WO2009/ 
089062 (see for example SEQIDNOs: 6 and 7, the nucleotide 
and amino acid sequences of a human cadherin-11-EC1 
hIgG2-Fc fusion protein), the teachings of which relating to 
cadherin-11 fusion proteins are incorporated by reference 
herein. 

0071 Cadherin-11 Antibodies and Antibody Fragments: 
0072 Cadherin-11 antagonists that are cadherin-11 bind 
ing peptides may be antibodies or antigen-binding antibody 
fragments. The antibodies may be monoclonal antibodies or 
polyclonal antibodies. They may be chimeric antibodies 
including humanized antibodies. They may be four chain 
antibodies comprised of two heavy and two light chains, or 
they may be two chain antibodies such as those comprised of 
two heavy chains (such as camelid antibodies) or those com 
prised of a single heavy chain linked to a single light chain 
(such as a single chain FVS). They can be of any type (e.g., 
IgG, IgE, IgM, Ig), IgA and IgY), class (e.g., IgG1, IgG2. 
IgG3, IgG4, IgA1 and IgA2) or Subclass. As discussed below, 
these various antibody forms can be prepared according to 
conventional methodology. The antibodies and antibody 
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fragments may be naturally occurring or non-naturally occur 
ring including for example recombinantly produced antibod 
ies and fragments. 
0073. Significantly, as is well-known in the art, only a 
Small portion of an antibody molecule, the paratope, is 
involved in the binding of the antibody to its epitope (see, in 
general, Clark, W. R. (1986) The Experimental Foundations 
of Modern Immunology Wiley & Sons, Inc., New York; Roitt, 
I. (1991) Essential Immunology, 7th Ed., Blackwell Scientific 
Publications, Oxford). The pFc' and Fc regions, for example, 
are effectors of the complement cascade but are not involved 
in antigen binding. An antibody from which the pFc' region 
has been enzymatically cleaved, or which has been produced 
without the pFc' region, designated an F(ab')2 fragment, 
retains both of the antigenbinding sites of an intact antibody. 
Similarly, an antibody from which the Fc region has been 
enzymatically cleaved, or which has been produced without 
the Fc region, designated an Fab fragment, retains one of the 
antigenbinding sites of an intactantibody molecule. Proceed 
ing further, Fab fragments consist of a covalently bound anti 
body light chain and a portion of the antibody heavy chain 
denoted Fd. The Fd fragments are the major determinant of 
antibody specificity (a single Fd fragment may be associated 
with up to ten different light chains without altering antibody 
specificity) and Fd fragments retain epitope-binding ability in 
isolation. 

(0074 The terms Fab, Fab', Fc, Fd, pFc', F(ab'). Fv, and 
dAbare employed with eitherstandard immunological mean 
ings Klein, Immunology (John Wiley, New York, N.Y., 
1982); Clark, W. R. (1986) The Experimental Foundations of 
Modern Immunology (Wiley & Sons, Inc., New York); Roitt, 
I. (1991) Essential Immunology, 7th Ed., (Blackwell Scien 
tific Publications, Oxford). Well-known functionally active 
antibody fragments includebut are not limited to F(ab'), Fab, 
Fv and Fd fragments of antibodies. These fragments which 
lack the Fc fragment of intact antibody, clear more rapidly 
from the circulation, and may have less non-specific tissue 
binding than an intact antibody (Wahl et al., J. Nucl. Med. 
24:316-325 (1983)). For example, single-chain antibodies 
can be constructed in accordance with the methods described 
in U.S. Pat. No. 4,946,778 to Ladner et al. Such single-chain 
antibodies include the variable regions of the light and heavy 
chains joined by a flexible linker moiety. Methods for obtain 
ing a single domain antibody ("Fa") which comprises an 
isolated variable heavy chain single domain, also have been 
reported (see, for example, Ward et al., Nature 341:644-646 
(1989), disclosing a method of screening to identify an anti 
body heavy chain variable region (V single domain anti 
body) with sufficient affinity for its target epitope to bind 
thereto in isolated form). Methods for making recombinant 
FV fragments based on known antibody heavy chain and light 
chain variable region sequences are known in the art and have 
been described, e.g., Moore et al., U.S. Pat. No. 4.462,334. 
Other references describing the use and generation of anti 
body fragments include e.g., Fab fragments (Tijssen, Practice 
and Theory of Enzyme Immunoassays (Elsevieer, Amster 
dam, 1985)). Fv fragments (Hochman et al., Biochemistry 12: 
1130 (1973); Sharon et al., Biochemistry 15: 1591 (1976): 
Ehrilch et al., U.S. Pat. No. 4,355,023) and portions of anti 
body molecules (Audilore-Hargreaves, U.S. Pat. No. 4,470, 
925). Thus, those skilled in the art may construct antibody 
fragments from various portions of intact antibodies without 
destroying the specificity of the antibodies. 
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0075 Within the antigen-binding portion of an antibody, 
as is well-known in the art, there are complementarity deter 
mining regions (CDRs), which directly interact with the 
epitope of the antigen, and framework regions (FRS), which 
maintain the tertiary structure of the paratope (see, in general, 
Clark, 1986; Roitt, 1991). In both the heavy chain Fd frag 
ment and the light chain of IgG immunoglobulins, there are 
four framework regions (FR1 through FR4) separated respec 
tively by three complementarity determining regions (CDR1 
through CDR3). The CDRs, and in particular the CDR3 
regions, and more particularly the heavy chain CDR3, are 
largely responsible for antibody specificity. 
0076. It is now well-established in the art that the non 
CDR regions of a mammalian antibody may be replaced with 
similar regions of conspecific or heterospecific antibodies 
while retaining the epitopic specificity of the original anti 
body. This is most clearly manifested in the development and 
use of “humanized' antibodies in which non-human CDRs 
are covalently joined to human FR and/or Fc/pFc regions to 
produce a functional antibody. Thus, for example, PCT Inter 
national Publication No. WO92/04381 and published Euro 
pean Patent Application No. EP 02394.00 teach the produc 
tion and use of humanized murine antibodies in which at least 
a portion of the murine FR regions have been replaced by FR 
regions of human origin. Such antibodies, including frag 
ments of intact antibodies with antigen-binding ability, are 
often referred to as "chimeric' antibodies. There are entities 
in the United States which will synthesize humanized anti 
bodies from specific murine antibody regions commercially, 
such as Protein Design Labs (Mountain View Calif.), 
Abgenix, and Medarex. 
0077. Thus, as will be apparent to one of ordinary skill in 
the art, the present invention also provides for F(ab'), Fab, Fv 
and Fd fragments; chimericantibodies in which the Fc and/or 
FR and/or CDR1 and/or CDR2 and/or light chain CDR3 
regions have been replaced by homologous human or non 
human sequences; chimeric F(ab') fragment antibodies in 
which the FR and/or CDR1 and/or CDR2 and/or light chain 
CDR3 regions have been replaced by homologous human or 
non-human sequences; chimeric Fab fragment antibodies in 
which the FR and/or CDR1 and/or CDR2 and/or light chain 
CDR3 regions have been replaced by homologous human or 
non-human sequences; and chimeric Fd fragment antibodies 
in which the FR and/or CDR1 and/or CDR2 regions have 
been replaced by homologous human or non-human 
sequences. The present invention also includes single chain 
antibodies. 

0078. In addition, human monoclonal antibodies may be 
made by any of the methods known in the art, Such as those 
disclosed in U.S. Pat. No. 5,567,610, issued to Borrebaecket 
al., U.S. Pat. No. 565,354, issued to Ostberg, U.S. Pat. No. 
5,571,893, issued to Baker et al, Kozber, J. Immunol. 133: 
3001 (1984), Brodeur, et al., Monoclonal Antibody Produc 
tion Techniques and Applications, p. 51-63 (Marcel Dekker, 
Inc., new York, 1987), and Boerner et al., J. Immunol., 147: 
86-95 (1991). In addition to the conventional methods for 
preparing human monoclonal antibodies, such antibodies 
may also be prepared by immunizing transgenic animals that 
are capable of producing human antibodies (e.g., Jakobovits 
et al., PNAS USA, 90: 2551 (1993), Jakobovits et al., Nature, 
362:255-258 (1993), Bruggermann et al., Year in Immunol., 
7:33 (1993) and U.S. Pat. No. 5,569,825 issued to Lonberg). 
0079 Exemplary cadherin-11 antibodies and methods for 
making such antibodies are described in U.S. Pat. Nos. 5,597. 
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725, 5,639,634, 5,646,250, 6,787,136, 6,946,768, 7,488,478, 
and 7,589,074, and PCT Patent Publication No. WO 
93/21302 and WO2009/089062, the teachings of which relat 
ing to cadherin-11 antibodies are incorporated by reference 
herein. Examples of cadherin-11 antibodies include 23C6, 
13C2, 27F3, 5F82 (commercially available from Lifespan 
Science), H1M1 antibody (cadherin-11 EC1 specific anti 
body produced by hybridoma H1M1 having ATCC Accession 
No. PTA-9699), H14 antibody (cadherin-11 EC1 specific 
antibody produced by hybridoma H14 having ATCC Acces 
sion No. PTA-9701), BM5096/1A6 (commercially available 
from Acris Antibodies GmbH), 283416 (commercially avail 
able from R&D Systems), and MAB2014 (commercially 
available from Millipore). Examples of cadherin-11 antibody 
fragments include the Fab fragment of antibodies 23C6, 
13C2, 27F3, 5F82, H1M1 antibody, H14 antibody, BM5096/ 
1A6, 283416, and MAB2014. The antibodies or antibody 
fragments may comprise one or more CDRS from known 
antibodies such as the H1M1 or H14 antibodies, as described 
in US 2009/0253200, the CDR disclosure of which is incor 
porated by reference herein. 
0080 Antibodies and antibody fragments that bind to the 
EC1 domain of cadherin-11 are described in US 2009/ 
O253200 and WO2009/089062 and Such disclosures are 
incorporated by reference herein. 
I0081 Cadherin-11 antibodies may also be bispecific or 
bifunctional antibodies capable of binding to two different 
epitopes by virtue of their different antigen-binding sites. 
0082 Still other cadherin-11 antibodies are camelid anti 
bodies as described in PCT Publication No. WO 94/04678 
and U.S. Patent Publication No. 20080124324, and their 
derivatives in the form of camelid nanobodies as in U.S. Pat. 
No. 5,759,808. Camelid antibodies and camelid nanobodies 
are commercially available from sources such as Ablynx 
(Belgium). It is to be understood that the cadherin-11 camelid 
antibodies can be humanized in a manner similar to that 
described herein for other antibody types. 
I0083 Cadherin-11 Nucleic Acid Antagonists: 
I0084 Acadherin-11 antagonist may also be a nucleic acid. 
These antagonists include nucleic acids that (1) encode a 
cadherin-11 polypeptide or a fragment thereof (2) are cad 
herin-11 antisense molecules which inhibit the transcription 
or translation of the foregoing nucleic acid molecules; (3) are 
cadherin-11 inhibitory RNA (RNAi or siRNA); (4) are cad 
herin-11 ribozymes; (5) aptamers that are nucleic acid in 
nature but bind to the cadherin-11 as would binding peptides 
thereby interfering with the binding of cadherin-11 to another 
cadherin-11 or to another cadherin-11 counter-receptor. In 
Some embodiments, a cadherin-11 antagonist that is a nucleic 
acid (1) hybridizes under stringent conditions to a nucleic 
acid having a sequence of SEQID NO: 1, and (2) codes for a 
cadherin-11 polypeptide or a fragment thereofthat is capable 
of binding specifically to cadherin-11. 
I0085 Cadherin-11 Encoding Nucleic Acids: 
I0086 Cadherin-11 antagonists include nucleic acids that 
encode cadherin-11 and fragments of cadherin-11. The cad 
herin-11 full length nucleotide sequence is provided as SEQ 
ID NO:1. Nucleic acids comprising a nucleotide sequence of 
SEQID NO:1 may be used as antagonists, as an example. The 
cadherin-11 antagonists of the invention also include 
homologs and alleles of a nucleic acid molecule comprising a 
sequence of SEQID NO: 1. 
I0087. The cadherin-11 nucleic acid antagonists, may 
encode polypeptides which are soluble cadherin-11 polypep 
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tides, membrane-bound polypeptides, or cadherin-11 frag 
ments such as fragments that consist of or comprise EC1 or a 
fragment thereof (e.g., the first 33-37 amino acids of EC1). 
The soluble cadherin-11 polypeptides lack a transmembrane 
domain and, optimally, contain further amino acids which 
render the polypeptide soluble (e.g., fusion proteins, contain 
ing all or part of cadherin-11, which inhibit the binding of 
cadherin-11 to another cadherin-11). Cadherin-11 fragments 
which are membrane-bound (or membrane associated) pref 
erably contain a transmembrane domain. Cadherin-11 
nucleic acid antagonists further embrace nucleic acid mol 
ecules which code for a cadherin-11 protein having the amino 
acid sequence of SEQ ID NO: 2 (or SEQ ID NO:3, for 
example), but which may differ from the sequence of SEQID 
NO: 1 due to the degeneracy of the genetic code. 
0088 Certain cadherin-11 nucleic acid antagonists can be 
identified by conventional techniques, e.g., by identifying 
nucleic acid sequences which code for cadherin-11 and which 
hybridize to a nucleic acid molecule having the sequence of 
SEQ ID NO: 1 under stringent conditions. The term “strin 
gent conditions, as used herein, refers to parameters with 
which the art is familiar. More specifically, stringent condi 
tions, as used herein, refer to hybridization at 65 C in hybrid 
ization buffer (3.5xSSC, 0.02% formamide, 0.02% polyvinyl 
pyrolidone, 0.02% bovine serum albumin, 2.5 mMNaH2PO 
(pH 7), 0.5% SDS, 2 mM EDTA). SSC is 0.15 M sodium 
chloride/0.15M sodium citrate, pH 7: SDS is sodium dodecyl 
sulphate; and EDTA is ethylenediaminetetraacetic acid. After 
hybridization, the membrane to which the DNA is transferred 
is washed at 2xSSC at room temperature and then at 0.1 x 
SSC/0.1 xSDS at 65 C. 

0089. There are other conditions, reagents, and so forth 
which can be used, which result in a similar degree of strin 
gency. The skilled artisan will be familiar with such condi 
tions and, thus, they are not given here. It will be understood, 
however, that the skilled artisan will be able to manipulate the 
conditions in a manner to permit the clear identification of 
homologs and alleles of the nucleic acid molecules of the 
invention. The skilled artisan also is familiar with the meth 
odology for screening cells and libraries for the expression of 
further nucleic acids molecules which can be isolated and 
sequenced. In screening for cadherin-11 sequences for 
example, a Southern blot may be performed using the fore 
going conditions, together with a radioactive probe. 
0090. After washing the membrane to which the DNA is 
finally transferred, the membrane can be placed against X-ray 
film to detect the radioactive signal. 
0091. In general, cadherin-11 homologs and alleles typi 
cally will share at least 70% nucleotide identity with SEQ. ID. 
NO: 1; and in some instances, will share at least 75% nucle 
otide identity; and in still other instances, will share at least 
80% nucleotide identity. Watson-Crick complements of the 
foregoing nucleic acids are also embraced by the invention. 
The preferred cadherin-11 homologs have at least 85% 
sequence homology to SEQ. ID. NO: 1. More preferably the 
cadherin-11 homologs have at least 90% and most preferably 
at least 95% sequence homology to SEQ. ID. NO: 1. The 
homology can be calculated using various, publicly available 
software tools developed by NCBI (Bethesda, Md.) that can 
be obtained through the internet. Exemplary tools include the 
BLAST system available at the NCBI website. Pairwise and 
ClustalW alignments (BLOSUM30 matrix setting) as well as 
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Kyte-Doolittle hydropathic analysis can be obtained using 
the MacVector sequence analysis software (Oxford Molecu 
lar Group). 
0092. The invention also includes degenerate nucleic 
acids which include alternative codons to those present in the 
naturally occurring nucleic acid that encodes, for example, 
the human cadherin-11 polypeptide. As is well known in the 
art, and as an example, serine residues are encoded by the 
codons TCA, AGT, TCC, TCG, TCT and AGC. Each of the 
six codons is equivalent for the purposes of encoding a serine 
residue. Thus, it will be apparent to one of ordinary skill in the 
art that any of the serine-encoding nucleotide codons may be 
employed to direct the protein synthesis apparatus, in vitro or 
in Vivo, to incorporate a serine residue. Similarly, nucleotide 
sequence triplets which encode other amino acid residues 
include, but are not limited to, CCA, CCC, CCG and CCT 
(proline codons); CGA, CGC, CGG, CGT AGA and AGG 
(arginine codons); ACA, ACC, ACG and ACT (threonine 
codons); AAC and AAT (asparagine codons); and ATA, ATC 
and ATT (isoleucine codons). Otheramino acid residues may 
be encoded similarly by multiple nucleotide sequences. 
0093. As used herein with respect to nucleic acids, the 
term "isolated' means: (i) amplified in vitro by, for example, 
polymerase chain reaction (PCR); (ii) recombinantly pro 
duced by cloning; (iii) purified, as by cleavage and gel sepa 
ration; or (iv) synthesized by, for example, chemical synthe 
sis. An isolated nucleic acid is one which is readily 
manipulable by recombinant DNA techniques well known in 
the art. Thus, a nucleotide sequence contained in a vector in 
which 5' and 3' restriction sites are known or for which poly 
merase chain reaction (PCR) primer sequences have been 
disclosed is considered isolated but a nucleic acid sequence 
existing in its native state in its natural host is not. An isolated 
nucleic acid may be substantially purified, but need not be. 
For example, a nucleic acid that is isolated within a cloning or 
expression vector is not pure in that it may comprise only a 
tiny percentage of the material in the cell in which it resides. 
Such a nucleic acid is isolated, however, as the term is used 
herein because it is readily manipulable by standard tech 
niques known to those of ordinary skill in the art. 
0094. The cadherin-11 nucleic acid antagonist, in one 
embodiment, is operably linked to a gene expression 
sequence which directs the expression of the cadherin-11 
nucleic acid antagonist within a cell Such as a eukaryotic cell. 
The gene expression sequence' is any regulatory nucleotide 
sequence, such as a promoter sequence or promoter-enhancer 
combination which facilitates the efficient transcription and 
translation of the cadherin-11 nucleic acid antagonist to 
which it is operably linked. The gene expression sequence 
may, for example, be a mammalian or viral promoter, such as 
a constitutive or inducible promoter. Constitutive mammalian 
promoters include, but are not limited to, the promoters for 
the following genes: hypoxanthine phosphoribosyl trans 
ferase (HPTR), adenosine deaminase, pyruvate kinase, beta 
actin promoter and other constitutive promoters. Exemplary 
viral promoters which function constitutively in eukaryotic 
cells include, for example, promoters from the simian virus, 
papilloma virus, adenovirus, human immunodeficiency virus 
(HIV), Rous sarcoma virus, cytomegalovirus, the long termi 
nal repeats (LTR) of moloney leukemia virus and other ret 
roviruses, and the thymidine kinase promoter of herpes sim 
plex virus. Other constitutive promoters are known to those of 
ordinary skill in the art. The promoters useful as gene expres 
sion sequences of the invention also include inducible pro 
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moters. Inducible promoters are expressed in the presence of 
an inducing agent. For example, the metallothionein pro 
moter is induced to promote transcription and translation in 
the presence of certain metal ions. Other inducible promoters 
are known to those of ordinary skill in the art. 
0095. In general, the gene expression sequence shall 
include, as necessary, 5' non-transcribing and 5' non-translat 
ing sequences involved with the initiation of transcription and 
translation, respectively, such as a TATA box, capping 
sequence, CAAT sequence, and the like. Especially, Such 5' 
non-transcribing sequences will include a promoter region 
which includes a promoter sequence for transcriptional con 
trol of the operably joined cadherin-11 nucleic acid antago 
nist. The gene expression sequences optionally includes 
enhancer sequences or upstream activator sequences as 
desired. 
0096 Cadherin-11 nucleic acid antagonist may be used in 
both in vivo and in vitro methods. Nucleic acid molecules of 
the invention may be introduced into a cell in vitro, followed 
by the transfer of the cell to the site of fibrosis. The cell into 
which the nucleic acid molecule is introduced may be har 
vested from the site of fibrosis (e.g., a fibroblast) or it may be 
a cell which is not normally present at the site of inflamma 
tion. A sequence which permits expression of the nucleic acid 
in a particular tissue (or cell). Such as for example the lung, is 
one which is selectively transcriptionally active in the tissue 
(or cell) and thereby causes the expression of the nucleic acid 
in the tissue (or cell). Those of ordinary skill in the art will be 
able to easily identify alternative promoters that are capable 
of expressing such a nucleic acid molecule in lung tissue, liver 
tissue, renal tissue, and the like, as mentioned herein. Alter 
natively, a cell transduced with the cadherin-11 nucleic acid 
antagonist may be cultured in vitro in order to produce a 
cadherin-11 protein antagonist or it may be used in in vitro 
screening assays. For example, the gene expression sequence 
may be used to express cadherin-11 in a cell which does not 
inherently express cadherin-11. 
0097. The nucleic acid molecule sequences of the inven 
tion and the gene expression sequence are said to be “oper 
ably linked when they are covalently linked in such a way as 
to place the transcription and/or translation of the nucleic acid 
antagonist (e.g., a cadherin-11 coding sequence) under the 
influence or control of the gene expression sequence. If it is 
desired that nucleic acid molecule be translated into a func 
tional protein, two DNA sequences are said to be operably 
linked if induction of a promoter in the 5' gene expression 
sequence results in the transcription of the nucleic acid mol 
ecule and if the nature of the linkage between the two DNA 
sequences does not (1) result in the introduction of a frame 
shift mutation, (2) interfere with the ability of the promoter 
region to direct the transcription of the nucleic acid molecule, 
or (3) interfere with the ability of the corresponding RNA 
transcript to be translated into a polypeptide. Thus, a gene 
expression sequence would be operably linked to a nucleic 
acid molecule if the gene expression sequence were capable 
of effecting transcription of that nucleic acid molecule Such 
that the resulting transcript might be translated into the 
desired polypeptide. 
0098 Cadherin-11 siRNA: 
0099. The invention contemplates the use of RNA inter 
ference agents such as siRNA and shRNA as cadherin-11 
antagonists. siRNA are RNA molecules capable of causing 
interference and thus post-transcriptional silencing of spe 
cific genes in cells, including mammalian cells. SiRNA com 
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prise a double stranded region that is typically about 5-50 
base pairs, more typically 10-40 base pairs, and even more 
typically 15-30 base pairs in length. The siRNA may be 
20-50, 25-50 or 30-40 base pairs in length. These siRNA may 
be digested by the RNase III Dicer to yield smaller siRNA in 
the range of 19-28 base pairs, including 19 base pairs, 21 base 
pairs, 23 base pairs, 25 base pairs, and 27 base pairs in length. 
It is known that siRNA in this size range can be incorporated 
into and acted upon by the enzyme complex called RNA 
Induced Silencing Complex (RISC), with a net result of target 
RNA degradation and/or inhibition of any protein translation 
therefrom. In a similar manner, double-stranded RNAs with 
other regulatory functions such as microRNAs (miRNA) can 
also be used. Reference can be made to Bass, Nature 411: 
428-29 (2001); Elbashir et al., Nature 411: 494-98 (2001): 
Fire et al., Nature 391:806-11 (1998); WO 01/75164, and 
U.S. Pat. Nos. 6,506,559, 7,056,704, 7,078,196, 7,432,250, 
for greater detail on siRNA as well as methods of making 
siRNA. siRNA to cadherin-11 are commercially available 
from sources Such as Dharmacon. 

0.100 siRNA forms such as the R- and L-form will have 
overhangs on one or both ends. As discussed herein, an 
R-form siRNA has a 3' overhang on its antisense strand. It 
may be blunted on its other end and/or it may have a 3 
overhang on its other end, including an overhang comprising 
DNA residues. Alternatively, an L-form siRNA has a 3' over 
hang on its sense Strand. It may be blunted on its other end 
and/or it may have a 3' overhang on its other end, including an 
overhang comprising DNA residues. 
0101 siRNA may be comprised of ribonucleotides or a 
combination of ribonucleotides and deoxyribonucleotides, 
including in some instances modified versions of one or both. 
For example, ribonucleotides containing a non-naturally 
occurring base (instead of a naturally occurring base) Such as 
uridines and/or cytidines modified at the 5-position, e.g. 5-(2- 
amino)propyluridine, 5-bromo uridine, or adenosines and/or 
guanosines modified at the 8-position, e.g. 8-bromo gua 
nosine, or deaza nucleotides, e.g. 7-deaza-adenosine, or O 
and N-alkylated nucleotides, e.g. N6-methyl adenosine can 
be incorporated into the siRNA. As another example, Sugar 
modified ribonucleotides having a 2 OH-group replaced by a 
group selected from H, OR,R, halo, SH, SR, NH, NHR, NR 
or CN, wherein R is C-C alkyl, alkenyl or alkynyl and halo 
is F, Cl, Br or I. As yet another example, the backbone may be 
modified to comprise modified backbone linkages such as but 
not limited to phosphorothioates. The siRNA may comprise 
modifications at the base, Sugar and/or backbone, including a 
variety of Such modifications. 
0102 Thus, siRNA molecules can be provided as and/or 
derived from one or more forms including, e.g., as one or 
more isolated small-interfering RNA (siRNA) double 
stranded duplexes, as longer double-stranded RNA (dsRNA), 
or as siRNA or dsRNA transcribed from a transcriptional 
cassette in a DNA plasmid. The siRNA molecules may have 
overhangs (e.g., 3' or 5' overhangs as described in Elbashiret 
al., Genes Dev., 15:188 (2001) or Nykanen et al., Cell, 107: 
309 (2001)), or may lack overhangs (i.e., have blunt ends). 
The person of ordinary skill in the art will appreciate and 
understand how Such starting sources may be modified in 
order to arrive at the R- and L-forms described herein. 

0103 siRNA are targeted to genes in vivo or in vitro if all 
or part of the nucleotide sequence of their duplex (or double 
Stranded) is complementary to a nucleotide sequence of the 
targeted gene. Such as cadherin-1 1. siRNA made be synthe 
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sized based upon known (or predicted) nucleotide sequences 
of nucleic acids that encode proteins or other gene products. 
The sequence may be complementary to a translated or 
untranslated sequence in the target. The degree of comple 
mentarity between the siRNA and the target may be 100% or 
less than 100%, provided that sufficient identity exists to a 
target to mediate target-specific silencing. The art is familiar 
with efficacious siRNA that are less than 100% complemen 
tary to their target. 
0104. The level of silencing or interference may be mea 
Sured in any number of ways, including quantitation of 
mRNA species and/or protein species. In some instances, 
mRNA quantitation is preferred particularly where the pro 
tein is intracellular or otherwise difficult to observe and/or 
assay. mRNA levels may be measured using RT-PCR or 
RACE, as an example. Protein levels may be measured using 
immunohistochemical staining. mRNA or protein levels may 
be reduced by 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 
90%. 95%, 99%, or even 100%. Depending on the applica 
tion, partial reduction (i.e., less than 100% may be sufficient) 
as compared to the level in the absence of the exogenously 
applied siRNA. In some embodiments, the level is reduced by 
80% or more than 80% as compared to a control that has not 
been exposed to exogenously applied siRNA. 
0105 Cadherin-11 Ribozymes: 
0106 Acadherin-11 ribozyme is an enzymatic RNA mol 
ecule capable of catalyzing the specific cleavage of cadherin 
11 RNA. The cadherin-11 ribozyme binds to cadherin-11 
RNA in a sequence specific manner (i.e., via sequence spe 
cific hybridization), and this is followed by endonucleolytic 
cleavage of the cadherin-11 RNA. Examples of ribozymes 
include engineered hairpin or hammerhead motif ribozymes. 
Ribozyme sequences complementary to a target Such as cad 
herin-11 can be identified by scanning the target for ribozyme 
cleavage sites (e.g., GUA, GUU, and GUC), and then gener 
ating a sequence having about 15-20 ribonucleotides span 
ning the cleavage site. 
01.07 Cadherin-11 Antisense: 
0108. The cadherin-11 nucleic acid antagonist may bean 
antisense molecule (or oligonucleotide). Antisense oligo 
nucleotides that selectively bind to a nucleic acid molecule 
encoding a cadherin-11 polypeptide, or a fragment thereof, to 
decrease cadherin-11 activity or function are embraced by the 
present invention. As used herein, the term “antisense oligo 
nucleotide' or “antisense” describes an oligonucleotide that 
is an oligoribonucleotide, oligodeoxyribonucleotide, modi 
fied oligoribonucleotide, or modified oligodeoxyribonucle 
otide which hybridizes under physiological conditions to 
DNA comprising a particular gene or to an mRNA transcript 
of that gene and, thereby, inhibits the transcription of that 
gene and/or the translation of that mRNA. The antisense 
molecules are designed so as to interfere with transcription or 
translation of a target gene upon hybridization with the target 
gene or transcript. Those skilled in the art will recognize that 
the exact length of the antisense oligonucleotide and its 
degree of complementarity with its target will depend upon 
the specific target selected, including the sequence of the 
target and the particular bases which comprise that sequence. 
It is preferred that the antisense oligonucleotide be con 
structed and arranged so as to bind selectively with the target 
under physiological conditions, i.e., to hybridize Substan 
tially more to the target sequence than to any other sequence 
in the target cell under physiological conditions. Based upon 
SEQID NO:1 or upon allelic or homologous genomic and/or 

Sep. 24, 2015 

cDNA sequences, one of skill in the art can easily choose and 
synthesize any of a number of appropriate antisense mol 
ecules for use in accordance with the present invention. In 
order to be sufficiently selective and potent for inhibition, 
Such antisense oligonucleotides should comprise at least 10 
and, more preferably, at least 15 consecutive bases which are 
complementary to the target, although in certain cases modi 
fied oligonucleotides as short as 7 bases in length have been 
used successfully as antisense oligonucleotides (Wagner et 
al., Nat. Med. 1 (11): 1116-1118, 1995). Most preferably, the 
antisense oligonucleotides comprise a complementary 
sequence of 20-30 bases. 
0109 Although oligonucleotides may be chosen which 
are antisense to any region of the gene or mRNA transcripts, 
in preferred embodiments the antisense oligonucleotides cor 
respond to N-terminal or 5' upstream sites such as translation 
initiation, transcription initiation or promoter sites. In addi 
tion, 3'-untranslated regions may be targeted by antisense 
oligonucleotides. Targeting to mRNA splicing sites has also 
been used in the art but may be less preferred if alternative 
mRNA splicing occurs. In addition, the antisense is targeted, 
preferably, to sites in which mRNA secondary structure is not 
expected (see, e.g., Sainio et al., Cell Mol. Neurobiol. 14(5): 
439-457, 1994) and at which proteins are not expected to 
bind. Finally, although SEQ ID NO:1 discloses a cDNA 
sequence, one of ordinary skill in the art may easily derive the 
genomic DNA corresponding to this sequence. Thus, the 
present invention also provides for antisense oligonucleotides 
which are complementary to the genomic DNA correspond 
ing to SEQID NO:1. Similarly, antisense to allelic or homolo 
gous cadherin-11 or alternatively, cadherin-11 counter-recep 
tor cDNAs and genomic DNAs are enabled without undue 
experimentation. 
0110. In one set of embodiments, the antisense oligo 
nucleotides of the invention may be composed of “natural 
deoxyribonucleotides, ribonucleotides, or any combination 
thereof. That is, the 5' end of one native nucleotide and the 3' 
end of another native nucleotide may be covalently linked, as 
in natural systems, via a phosphodiester internucleoside link 
age. These oligonucleotides may be prepared by art recog 
nized methods which may be carried out manually or by an 
automated synthesizer. They also may be produced recombi 
nantly by vectors. 
0111. In preferred embodiments, however, the antisense 
oligonucleotides of the invention also may include “modi 
fied oligonucleotides. That is, the oligonucleotides may be 
modified in a number of ways which do not prevent them from 
hybridizing to their target but which enhance their stability or 
targeting or which otherwise enhance their therapeutic effec 
tiveness. 

0112 The term “modified oligonucleotide' as used herein 
describes an oligonucleotide in which (1) at least two of its 
nucleotides are covalently linked via a synthetic internucleo 
side linkage (i.e., a linkage other than a phosphodiester link 
age between the 5' end of one nucleotide and the 3' end of 
another nucleotide) and/or (2) a chemical group not normally 
associated with nucleic acids has been covalently attached to 
the oligonucleotide. Preferred synthetic internucleoside link 
ages are phosphorothioates, alkylphosphonates, phospho 
rodithioates, phosphate esters, alkylphosphonothioates, 
phosphoramidates, carbamates, carbonates, phosphate tri 
esters, acetamidates, carboxymethyl esters and peptides. 
0113. The term “modified oligonucleotide' also encom 
passes oligonucleotides with a covalently modified base and/ 
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or Sugar. For example, modified oligonucleotides include oli 
gonucleotides having backbone Sugars which are covalently 
attached to low molecular weight organic groups other than a 
hydroxyl group at the 3' position and other than a phosphate 
group at the 5' position. Thus modified oligonucleotides may 
include a 2'-O-alkylated ribose group. In addition, modified 
oligonucleotides may include Sugars such as arabinose 
instead of ribose. 
0114 Delivery of Cadherin-11 Antagonists: 
0115 Nucleic acid antagonists can be delivered to a sub 

ject alone or in association with a vector. In its broadest sense, 
a “vector” is any vehicle capable of facilitating: (1) delivery 
of a nucleic acid molecule to a target cell and/or (2) uptake of 
a nucleic acid molecule by a target cell. Preferably, the vectors 
transport the cadherin-11 nucleic acid antagonist into the 
target cell with reduced degradation relative to the extent of 
degradation that would result in the absence of the vector. 
Optionally, a “targeting ligand can be attached to the vector 
to selectively deliver the vector to a cell which expresses on its 
Surface the cognate receptor for the targeting ligand. Meth 
odologies for targeting include conjugates, such as those 
described in U.S. Pat. No. 5,391,723. In some instances, the 
nucleic acid molecules of the invention are targeted for deliv 
ery to a fibrotic tissue such as an affected lung, liver, kidney, 
and the like. 
0116. In general, the vectors useful in the invention are 
divided into two classes: biological vectors and chemical/ 
physical vectors. Biological vectors are useful for delivery/ 
uptake of nucleic acids to/by a target cell. Biological vectors 
include, but are not limited to, plasmids, phagemids, viruses, 
other vehicles derived from viral or bacterial sources that 
have been manipulated by the insertion or incorporation of 
the nucleic acid sequences of the invention, and additional 
nucleic acid fragments (e.g., enhancers, promoters) which 
can be attached to the nucleic acid sequences of the invention. 
Viral vectors are a preferred type of biological vector and 
include, but are not limited to, nucleic acid sequences from 
the following viruses: adenovirus; adeno-associated virus; 
retrovirus, Such as moloney murine leukemia virus; harvey 
murine sarcoma virus; murine mammary tumor virus; rouse 
sarcoma virus; SV40-type viruses; polyomaviruses; Epstein 
Ban viruses; papilloma viruses; herpes virus; vaccinia virus; 
polio virus; and RNA virus such as a retrovirus. One can 
readily employ other vectors not named but known in the art. 
0117. A particularly preferred virus for certain applica 
tions is the adeno-associated virus, a double-stranded DNA 
virus. The adeno-associated virus is capable of infecting a 
wide range of cell types and species and can be engineered to 
be replication-deficient. It further has advantages. Such as 
heat and lipid solvent stability, high transduction frequencies 
in cells of diverse lineages, including hemopoietic cells, and 
lack of superinfection inhibition thus allowing multiple series 
of transductions. Reportedly, the adeno-associated virus can 
integrate into human cellular DNA in a site-specific manner, 
thereby minimizing the possibility of insertional mutagenesis 
and variability of inserted gene expression. In addition, wild 
type adeno-associated virus infections have been followed in 
tissue culture for greater than 100 passages in the absence of 
selective pressure, implying that the adeno-associated virus 
genomic integration is a relatively stable event. The adeno 
associated virus can also function in an extrachromosomal 
fashion. 

0118. In general, other preferred viral vectors are based on 
non-cytopathic eukaryotic viruses in which non-essential 
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genes have been replaced with the gene of interest. Non 
cytopathic viruses include retroviruses, the life cycle of 
which involves reverse transcription of genomic viral RNA 
into DNA with subsequent proviral integration into host cel 
lular DNA. Adenoviruses and retroviruses have been 
approved for human gene therapy trials. In general, the ret 
roviruses are replication-deficient (i.e., capable of directing 
synthesis of the desired proteins, but incapable of manufac 
turing an infectious particle). Such genetically altered retro 
viral expression vectors have general utility for the high 
efficiency transduction of genes in vivo. Standard protocols 
for producing replication-deficient retroviruses (including 
the steps of incorporation of exogenous genetic material into 
a plasmid, transfection of a packaging cell line with plasmid, 
production of recombinant retroviruses by the packaging cell 
line, collection of viral particles from tissue culture media, 
and infection of the target cells with viral particles) are pro 
vided in Kriegler, M., “Gene Transfer and Expression, A 
Laboratory Manual.” W.H. Freeman C.O., New York (1990) 
and Murry, E. J. Ed. “Methods in Molecular Biology. Vol. 7, 
Humana Press, Inc., Cliffton, N.J. (1991). Another preferred 
retroviral vector is the vector derived from the moloney 
murine leukemia virus, as described in Nabel, E. G., et al., 
Science, v. 249, p. 1285-1288 (1990). 
0119. In addition to the biological vectors, chemical/ 
physical vectors are useful for delivery/uptake of nucleic 
acids or polypeptides to/by a target cell. As used herein, a 
“chemical/physical vector” refers to a natural or synthetic 
molecule, other than those derived from bacteriological or 
viral sources, capable of delivering the cadherin-11 antago 
nist to a cell. 
I0120 A preferred chemical/physical vector of the inven 
tion is a colloidal dispersion system. Colloidal dispersion 
systems include lipid-based systems including oil-in-water 
emulsions, micelles, mixed micelles, and liposomes. A pre 
ferred colloidal system of the invention is a liposome. Lipo 
Somes are artificial membrane vessels which are useful as a 
delivery vector in vivo or in vitro. It has been shown that large 
unilamellar vessels (LUV), which range in size from 0.2–4.0 
LM can encapsulate large macromolecules. RNA, DNA, and 
intact virions can be encapsulated within the aqueous interior 
and be delivered to cells in a biologically active form (Fraley, 
et al., Trends Biochem. Sci., v. 6, p. 77 (1981)). In order for a 
liposome to be an efficient gene transfer vector, one or more 
of the following characteristics should be present: (1) encap 
sulation of the gene of interest at high efficiency with reten 
tion of biological activity; (2) preferential and substantial 
binding to a target cell in comparison to non-target cells; (3) 
delivery of the aqueous contents of the vesicle to the target 
cell cytoplasm at high efficiency; and (4) accurate and effec 
tive expression of genetic information. 
0121 Liposomes may be targeted to a particular tissue, by 
coupling the liposome to a specific ligand Such as a mono 
clonal antibody, Sugar, glycolipid, or protein specific for the 
particular tissue or cell type. Additionally, the vector may be 
coupled to a nuclear targeting peptide, which will direct the 
cadherin-11 modulating nucleic acid molecule to the nucleus 
of the host cell. 
0.122 Liposomes are commercially available from Gibco 
BRL, for example, as LIPOFECTINTM and LIPOFEC 
TACETM, which are formed of cationic lipids such as N-1-(2, 
3 dioleyloxy)-propyl-N,N,N-trimethylammonium chloride 
(DOTMA) and dimethyl dioctadecylammonium bromide 
(DDAB). Methods for making liposomes are well known in 



US 2015/0266955 A1 

the art and have been described in many publications. Lipo 
somes also have been reviewed by Gregoriadis, G. in Trends 
in Biotechnology, V. 3, p. 235-241 (1985). 
0123. In general, the cadherin-11 nucleic acid antagonists 
can be administered to the Subject (any mammalian recipient) 
using the same modes of administration that currently are 
used for gene therapy in humans (e.g., adenovirus-mediated 
gene therapy). A patented procedure for performing ex vivo 
gene therapy is outlined in U.S. Pat. No. 5,399.346 and in 
exhibits submitted in the file history of that patent, all of 
which are publicly available documents. In general, ex vivo 
gene therapy involves introduction in vitro of a functional 
copy of a gene or fragment thereof into a cell(s) of a subject 
and returning the genetically engineered cell(s) to the Subject. 
The functional copy of the gene or fragment thereof is under 
operable control of regulatory elements which permit expres 
sion of the gene in the genetically engineered cell(s). Numer 
ous transfection and transduction techniques as well as appro 
priate expression vectors are well known to those of ordinary 
skill in the art, some of which are described in PCT applica 
tion WO95/OO654. 
0124. As an illustrative example, a vector containing a 
nucleic acid molecule is delivered to a site of fibrosis in a 
Subject who is a candidate for Such gene therapy. Then, the 
vector genetically modifies one or more cell types in the 
fibrotic environment with DNA encoding, for example, cad 
herin-11. Such genetically modified cells are expected to 
interfere with cadherin-11 binding to another cadherin-11. 
0125. In an alternative embodiment, primary human cells 
can be obtained from a subject who is a candidate for such 
gene therapy. Then, Such cells can be genetically engineered 
ex vivo with DNA encoding, for example, a full length cad 
herin-11. Such recombinant cells are expected to inhibit cad 
herin-11 mediated adhesion in vivo. In yet another example, 
another cell type which does not express cadherin-11 can be 
genetically manipulated in vitro to express a cadherin-11 
antagonist and then introduced into the site of fibrosis. 
0126 Exemplary compositions that can be used to facili 

tate in vitro uptake of nucleic acids by a target cell include 
calcium phosphate and other chemical mediators of intracel 
lular transport, microinjection compositions, electroporation 
and homologous recombination compositions (e.g., for inte 
grating a nucleic acid into a preselected location within the 
target cell chromosome). 
0127 Pharmaceutical Compositions, Formulations, 
Effective Amounts: 
0128. The invention further provides a pharmaceutical 
composition (i.e., a pharmaceutical preparation) comprising 
a cadherin-11 antagonist. The composition includes a phar 
maceutically acceptable carrier and a cadherin-11 antagonist. 
0129. The pharmaceutical preparations, as described 
above, are administered in effective amounts. For therapeutic 
applications, it is generally that amount Sufficient to achieve 
a medically desirable result. In general, a therapeutically 
effective amount is that amount necessary to delay the onset 
of inhibit the progression of or halt altogether the particular 
condition being treated. As an example, the effective amount 
may be that amount which serves to reduce, alleviate, or delay 
the onset of the symptoms (e.g., pain, inflammation, etc.) of 
the disorder being treated or prevented. The effective amount 
will depend upon the mode of administration, the particular 
condition being treated and the desired outcome. It will also 
depend upon the stage of the condition, the severity of the 
condition, the age and physical condition of the Subject being 
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treated, the nature of concurrent therapy, if any, the duration 
of the treatment, the specific route of administration and like 
factors within the knowledge and expertise of the medical 
practitioner. For prophylactic applications, it is that amount 
sufficient to delay the onset of, inhibit the progression of, or 
halt altogether the particular condition being prevented, and 
may be measured by the amount required to prevent the onset 
of symptoms. 
0.130 Generally, doses of active compounds of the present 
invention would be from about 0.01 mg/kg per day to 1000 
mg/kg per day, preferably from about 0.1 mg/kg to 200 mg/kg 
and most preferably from about 0.2 mg/kg to about 20 mg/kg, 
in one or more dose administrations daily, for one or more 
days. It is expected that doses ranging from 1-500 mg/kg, and 
preferably doses ranging from 1-100 mg/kg, and even more 
preferably doses ranging from 1-50 mg/kg, will be suitable. 
The preferred amount can be determined by one of ordinary 
skill in the art in accordance with standard practice for deter 
mining optimum dosage levels of the agent. It is generally 
preferred that a maximum dose of a cadherin-11 antagonist 
that is the highest safe dose according to Sound medical 
judgment be used. 
I0131 The cadherin-11 antagonists can be administered to 
a subject in need of such treatment in combination with con 
current therapy for treating fibrosis. The concurrent therapy 
may be invasive or non-invasive (e.g., drug therapy). 
Examples of drug therapies for fibrosis include but are not 
limited to methiazole, piperlongumine, antimycin a, thios 
trepton, benzbromarone, luteolin, tolfenamic acid, ciclopirox 
ethanolamine, (r)-(-)-apomorphine calciferol, GBR 12909, 
harmol, hycanthone, flufenamic acid, halofantrine, and Zard 
averine, as described in U.S. Patent Publication No. 
20100093.613. Immunosuppressants have also been used in 
the treatment of fibrosis. Examples include rapamycin, meth 
otrexate, azathioprine, cyclosporin, FK-506, CDK inhibitors, 
and steroids and corticosteroids such as cortisone, dexam 
ethasone, hydrocortisone, methylprednisolone, predniso 
lone, prednisone, and triamcinoline Other agents that may be 
used include anti-inflammatory agents such as the NSAIDs. 
These drug therapies are well-knownto those of ordinary skill 
in the art and are administered by modes known to those of 
Such skill. The drug therapies are administered in amounts 
which are effective to achieve the physiological goals, in 
combination with cadherin-11 antagonists. Thus, it is con 
templated that in some instances the drug therapies may be 
administered in amounts which are not capable of preventing 
or reducing the physiological consequences of fibrosis when 
the drug therapies are administered alone but which are 
capable of reducing the consequences when administered in 
combination with the cadherin-11 antagonists. The cadherin 
11 antagonist may be formulated with Such secondary thera 
peutic agents or they may beformulated separately. They may 
be administered at the same time or at separate times. For 
example, the cadherin-11 antagonist may be administered 
before, and/or with, and/or after the secondary therapeutic 
agent. Alternatively, the secondary therapeutic agent may be 
administered before, and/or with, and/or after the cadherin-11 
antagonist. 
0.132. The cadherin-11 antagonists may be administered 
alone or in combination with the above-described drug thera 
pies as part of a pharmaceutical composition. Such a pharma 
ceutical composition may include the cadherin-11 antagonist 
in combination with any standard physiologically and/or 
pharmaceutically acceptable carriers which are known in the 
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art. The compositions should be sterile and contain a thera 
peutically effective amount of the cadherin-11 modulating 
agentina unit of weight or Volume Suitable for administration 
to a patient. 
0133. The term “pharmaceutically-acceptable carrier as 
used herein means one or more compatible solid or liquid 
filler, diluents or encapsulating Substances which are Suitable 
for administration into a human or other animal. The term 
“pharmaceutically acceptable' means a non-toxic material 
that does not interfere with the effectiveness of the biological 
activity of the active ingredients. Pharmaceutically accept 
able further means a non-toxic material that is compatible 
with a biological system such as a cell, cell culture, tissue, or 
organism. The term "carrier denotes an organic or inorganic 
ingredient, natural or synthetic, with which the active ingre 
dient is combined to facilitate the application. The character 
istics of the carrier will depend on the route of administration. 
The components of the pharmaceutical compositions also are 
capable of being commingled with the agents of the present 
invention, and with each other, in a manner Such that there is 
no interaction which would substantially impair the desired 
pharmaceutical efficacy. The pharmaceutically acceptable 
carrier must be sterile for in vivo administration. Physiologi 
cally and pharmaceutically acceptable carriers include dilu 
ents, fillers, salts, buffers, stabilizers, solubilizers, and other 
materials which are well known in the art. 
0134 Compositions suitable for parenteral administration 
conveniently comprise a sterile aqueous preparation of the 
cadherin-11 modulating agents, which is preferably isotonic 
with the blood of the recipient. This aqueous preparation may 
be formulated according to known methods using Suitable 
dispersing or wetting agents and Suspending agents. The ster 
ile injectable preparation also may be a sterile injectable 
Solution or Suspension in a non-toxic parenterally-acceptable 
diluent or solvent, for example, as a solution in 1,3-butane 
diol. Among the acceptable vehicles and solvents that may be 
employed are water, Ringer's solution, and isotonic sodium 
chloride solution. In addition, sterile, fixed oils are conven 
tionally employed as a solvent or Suspending medium. For 
this purpose, any bland fixed oil may be employed including 
synthetic mono- or di-glycerides. In addition, fatty acids Such 
as oleic acid may be used in the preparation of injectables. 
Carrier formulations suitable for oral, subcutaneous, intrave 
nous, intramuscular, etc. administrations can be found in 
Remington’s Pharmaceutical Sciences, Mack Publishing 
Co., Easton, Pa. 
0135) A variety of administration routes are available. The 
particular mode selected will depend, of course, upon the 
particular non-dermal fibrosis being treated, the severity of 
the condition being treated, and the dosage required for thera 
peutic efficacy. The methods of the invention, generally 
speaking, may be practiced using any mode of administration 
that is medically acceptable, meaning any mode that produces 
effective levels of the active compounds without causing 
clinically unacceptable adverse effects. Such modes of 
administration include oral, rectal, topical, nasal, inhalation, 
or parenteral routes. The term “parenteral includes subcuta 
neous, intravenous, intramuscular, intraperitoneal, or infu 
S1O. 

0136. The pharmaceutical compositions may conve 
niently be presented in unit dosage form and may be prepared 
by any of the methods well-known in the art of pharmacy. All 
methods include the step of bringing the cadherin-11 antago 
nists into association with a carrier which constitutes one or 
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more accessory ingredients. In general, the compositions are 
prepared by uniformly and intimately bringing the cadherin 
11 antagonists into association with a liquid carrier, a finely 
divided solid carrier, or both, and then, if necessary, shaping 
the product. Compositions Suitable for oral administration 
may be presented as discrete units, such as capsules, tablets, 
lozenges, each containing a predetermined amount of the 
cadherin-11 antagonist. Other compositions include Suspen 
sions in aqueous liquids or non-aqueous liquids such as a 
syrup, elixir or an emulsion. In one particular embodiment, 
the preferred vehicle for delivery of the cadherin-11 antago 
nists is a biocompatible microparticle or implant that is Suit 
able for implantation into a subject. Exemplary bioerodible 
implants that are useful in accordance with this method are 
described in PCT International application no. PCT/US/ 
03307 (Publication No. WO95/24929, entitled “Polymeric 
Gene Delivery System”, claiming priority to U.S. patent 
application serial no. 213,668, filed Mar. 15, 1994). PCT/US/ 
0307 describes a biocompatible, preferably biodegradable 
polymeric matrix for containing an exogenous gene under the 
control of an appropriate promoter. The polymeric matrix is 
used to achieve Sustained release of the exogenous gene in the 
Subject. In accordance with the instant invention, the cad 
herin-11 modulating agents described herein are encapsu 
lated or dispersed within the biocompatible, preferably bio 
degradable polymeric matrix disclosed in PCT/US/03307. 
The polymeric matrix preferably is in the form of a micro 
particle Such as a microsphere (wherein, for example, the 
cadherin-11 inhibitory agent is dispersed throughout a solid 
polymeric matrix) or a microcapsule (wherein, for example, 
the cadherin-11 inhibitory agent is stored in the core of a 
polymeric shell). Other forms of the polymeric matrix for 
containing the cadherin-11 modulating agent include films, 
coatings, gels, implants, and stents. The size and composition 
of the polymeric matrix device is selected to result in favor 
able release kinetics in the tissue into which the matrix device 
is implanted. The size of the polymeric matrix devise is fur 
ther selected according to the method of delivery which is to 
be used, including for example administration of a Suspension 
by aerosol into the nasal and/or pulmonary areas. The poly 
meric matrix composition can be selected to have both favor 
able degradation rates and also to be formed of a material 
which is bioadhesive. The matrix composition also can be 
selected not to degrade, but rather, to release by diffusion over 
an extended period of time. 
0.137 Both non-biodegradable and biodegradable poly 
meric matrices can be used to deliver the cadherin-11 antago 
nists to the subject. Biodegradable matrices are preferred. 
Such polymers may be natural or synthetic polymers. Syn 
thetic polymers are preferred. The polymer is selected based 
on the period of time over which release is desired, generally 
in the order of a few hours to a year or longer. Typically, 
release over a period ranging from between a few hours and 
three to twelve months is most desirable. The polymer option 
ally is in the form of a hydrogel that can absorb up to about 
90% of its weight in water and further, optionally is cross 
linked with multivalentions or other polymers. 
0.138. In general, the cadherin-11 antagonists are delivered 
using the bioerodible implant by way of diffusion, or more 
preferably, by degradation of the polymeric matrix. Exem 
plary synthetic polymers which can be used to form the bio 
degradable delivery system include: polyamides, polycar 
bonates, polyalkylenes, polyalkylene glycols, polyalkylene 
oxides, polyalkylene terepthalates, polyvinyl alcohols, poly 
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vinyl ethers, polyvinyl esters, poly-vinyl halides, polyvi 
nylpyrrolidone, polyglycolides, polysiloxanes, polyure 
thanes and co-polymers thereof, alkyl cellulose, 
hydroxyalkyl celluloses, cellulose ethers, cellulose esters, 
nitro celluloses, polymers of acrylic and methacrylic esters, 
methyl cellulose, ethyl cellulose, hydroxypropyl cellulose, 
hydroxypropyl methyl cellulose, hydroxybutyl methyl cellu 
lose, cellulose acetate, cellulose propionate, cellulose acetate 
butyrate, cellulose acetate phthalate, carboxylethyl cellulose, 
cellulose triacetate, cellulose Sulphate sodium salt, poly(m- 
ethyl methacrylate), poly(ethyl methacrylate), poly(butyl 
methacrylate), poly(isobutyl methacrylate), poly(hexyl 
methacrylate), poly(isodecyl methacrylate), poly(lauryl 
methacrylate), poly(phenyl methacrylate), poly(methyl acry 
late), poly(isopropyl acrylate), poly(isobutyl acrylate), poly 
(octadecyl acrylate), polyethylene, polypropylene, poly(eth 
ylene glycol), poly(ethylene oxide), poly(ethylene 
terephthalate), poly(vinyl alcohols), polyvinyl acetate, poly 
vinyl chloride, polystyrene and polyvinylpyrrolidone. 
0139 Examples of biodegradable polymers include syn 

thetic polymers such as polymers of lactic acid and glycolic 
acid, polyanhydrides, poly(ortho)esters, polyurethanes, poly 
(butic acid), poly(Valeric acid), and poly(lactide-co-caprolac 
tone), and natural polymers such as alginate and other 
polysaccharides including dextran and cellulose, collagen, 
chemical derivatives thereof (substitutions, additions of 
chemical groups, for example, alkyl, alkylene, hydroxyla 
tions, oxidations, and other modifications routinely made by 
those skilled in the art), albumin and other hydrophilic pro 
teins, Zein and other prolamines and hydrophobic proteins, 
copolymers and mixtures thereof. In general, these materials 
degrade either by enzymatic hydrolysis or exposure to water 
in vivo, by surface or bulk erosion. 
0140 Bioadhesive polymers of particular interest include 
bioerodible hydrogels (described by H. S. Sawhney, C. P. 
Pathak and J. A. Hubell in Macromolecules, 1993, 26, 581 
587, the teachings of which are incorporated herein), polyhy 
aluronic acids, casein, gelatin, glutin, polyanhydrides, poly 
acrylic acid, alginate, chitosan, poly(methyl methacrylates), 
poly(ethyl methacrylates), poly(butylmethacrylate), poly 
(isobutyl methacrylate), poly(hexylmethacrylate), poly(iso 
decyl methacrylate), poly(lauryl methacrylate), poly(phenyl 
methacrylate), poly(methyl acrylate), poly(isopropyl acry 
late), poly(isobutyl acrylate), and poly(octadecyl acrylate). 
01.41 Examples of non-biodegradable polymers include 
ethylene vinyl acetate, poly(meth)acrylic acid, polyamides, 
copolymers and mixtures thereof. 
0142. Other delivery systems can include time-release, 
delayed release or sustained release delivery systems. Such 
systems can avoid repeated administrations of the cadherin 
11 antagonists described above, increasing convenience to 
the subject and the physician. Many types of release delivery 
systems are available and known to those of ordinary skill in 
the art. They include the above-described polymeric systems, 
as well as polymer base systems such as poly(lactide-gly 
collide), copolyoxalates, polycaprolactones, polyesteramides, 
polyorthoesters, polyhydroxybutyric acid, and polyanhy 
drides. Microcapsules of the foregoing polymers containing 
drugs are described in, for example, U.S. Pat. No. 5,075,109. 
Delivery systems also include non-polymer systems that are: 
lipids including sterols such as cholesterol, cholesterol esters 
and fatty acids or neutral fats such as mono- di- and tri 
glycerides; hydrogel release systems; Silastic systems; pep 
tide based systems; wax coatings; compressed tablets using 
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conventional binders and excipients; partially fused implants; 
and the like. Specific examples include, but are not limited to: 
(a) erosional systems in which the cadherin-11 modulating 
agent is contained in a form within a matrix Such as those 
described in U.S. Pat. Nos. 4452,775, 4,675,189 and 5,736, 
152 and (b) diffusional systems in which an active component 
permeates at a controlled rate from a polymer Such as 
described in U.S. Pat. Nos. 3,854,480, 5,133,974 and 5,407, 
686. In addition, pump-based hardware delivery systems can 
be used. Some of which are adapted for implantation. 
0.143 Use of a long-term sustained release implant may be 
particularly suitable for treatment of chronic conditions. 
Long-term release, are used herein, means that the implant is 
constructed and arranged to delivery therapeutic levels of the 
active ingredient for at least 30 days, and preferably 60 days. 
Long-term Sustained release implants are well-known to 
those of ordinary skill in the art and include some of the 
release systems described above. 
0144. Detecting Cadherin-11 and Measuring Cadherin-11 
Levels: 
0145 As discussed herein, the invention contemplates 
detecting cadherin-11 levels in tissues or cells of Subjects in 
order to determine whether the subject has non-dermal fibro 
sis (resulting is a diagnosis of non-dermal fibrosis) or whether 
the subject is likely to develop non-dermal fibrosis (resulting 
in a prognosis of non-dermal fibrosis). Also as discussed 
above, diagnosis or prognosis may involve consideration of 
other factors such as contemporaneous symptoms of non 
dermal fibrosis, familial history, or patient history (including 
information about etiological factors known to contribute or 
cause non-dermal fibrosis). 
0146) Detection of cadherin-11 levels may involve detect 
ing cadherin-11 genomic DNA levels, mRNA levels, miRNA 
levels, and/or protein levels. Methods for detecting any of the 
foregoing are known in the art, and include PCR, RT-PCR, 
immunohistochemistry, FACS analysis, ELISA, Southern 
analysis, Northern analysis, Western analysis, microarray 
analysis, etc. Diagnosis and/or prognosis of non-dermal 
fibrosis may be indicated by the presence of cadherin-11 
levels that are abnormally elevated in the tissue or cells of 
interest. Abnormally elevated levels are defined as levels that 
are higher than the level in a normal tissue (or a section of 
tissue) or cells that are non-fibrotic. Thus, in order to deter 
mine whether the level of cadherin-11 is abnormally elevated, 
it is typically compared to the level of cadherin-11 in a normal 
(non-fibrotic) tissue (or a non-fibrotic region of a tissue) or 
cells, or to a pre-determined normal level of cadherin-11. 
Pre-determined normal levels of cadherin-11 for a given tis 
Sue may be available based on population studies or other 
historical data. Accordingly, the comparison need not be 
made strictly to tissue or cells in the subject. 
0147 The cadherin-11 level in a subject is typically deter 
mined from a sample harvested from a subject. The nature of 
the sample will typically depend upon the type of non-dermal 
fibrosis. For example, if the non-dermal fibrosis is lung fibro 
sis, the sample may be, for example, a lung biopsy or resected 
lung tissue. In important embodiments, it may be a broncho 
alveolar lavage (BAL) sample. The harvest of such samples is 
known in the art. 
0.148. An abnormally elevated level of cadherin-11 may be 
a level that is about 5%, about 10%, about 20%, about 30%, 
about 40%, about 50%, about 60%, about 70%, about 80%, 
about 90%, or about 100% greater than the level in a normal 
control sample. The degree to which the cadherin-11 level is 
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elevated may indicate the extent of disease, such that lower 
elevated levels may be indicative of disease onset while 
higher elevated levels may be indicative of establishment of 
the disease. 
0149. It is to be understood that the cadherin-11 antago 
nists described herein may be used for the purpose of detect 
ing and measuring cadherin-11 levels, as will be readily 
apparent to those of ordinary skill in the art. 
0150. The following Examples are included for purposes 
of illustration and are not intended to limit the scope of the 
invention. 

EXAMPLES 

Example 1 

0151. To investigate whether cadherin-11 levels are 
upregulated during the process of lung fibrosis, the bleomy 
cin-induced lung fibrosis model was used. Wild type mice 
(C57BL/6) were administered either saline (control) or bleo 
mycin via the intratracheal route. Twelve days after the 
administration of bleomycin or saline, mice were humane 
sacrificed and lungs were processed for histology and western 
blot analyses to determine if cadherin-11 is increased during 
lung fibrosis in this mouse model. Protein lysates were sepa 
rated on a 10% acrylamide gel by electrophoresis, then trans 
fer to a membrane for western blotting using isotype control 
antibody, anti-cadherin-11 antibody (Invitrogen) or anti 
GAPDH antibody. Wild type and cadherin-11 null fibroblast 
like synoviocytes were used as positive and negative controls 
for the expression of cadherin-11. The bleomycin lung had 
increased levels of cadherin-11 but similar levels of GAPDH 
(FIG. 1). These data indicate that cadherin-11 is increased 
during the process of lung fibrosis. 
0152 To determine the cellular localization of cadherin 
11 staining, tissue was processed for histological analyses 
and stained with rabbit polyclonal antibodies against cad 
herin-11 or isotype control. As seen in FIG. 2, lung sections 
from mice administered intratracheal bleomycin demon 
strated prominent staining of cadherin-11 on fibroblast-like 
cells in the areas that are forming fibrotic foci (red stain). In 
saline administered lung sections, there is no staining of 
cadherin-11 within these areas. 
0153. Together these data demonstrate that cadherin-11 
levels are increased early (day 12) in the fibrotic lungs in the 
bleomycin induced lung fibrosis model and strongly suggest 
that cadherin-11 may be involved in the development offibro 
sis and serve as a therapeutic target. 

Example 2 

0154) This Example demonstrates that cadherin-11 levels 
are increased in lungs from patients with idiopathic pulmo 
nary fibrosis. Using mice that genetically lack cadherin-11 
and mouse models of lung fibrosis, we also demonstrate that 
cadherin-11 is a critical mediator offibrosis in the lung. These 
data indicate that cadherin-11 is a therapeutic target for pull 
monary fibrosis. 
O155 Methods: 
0156 Human Subjects. 
0157 Surgical lung biopsy tissue samples were obtained 
from the Lung Tissue Research Consortium. Patients were 
classified as having mild IPF and severe IPF according to 
spirometry, pathological examination and high resolution CT 
scan. Bronchoalveolar lavage (BAL) fluid was obtained from 
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discarded BAL obtained for routine clinical purposes in the 
evaluation of patients with IPF or fibrosing lung diseases. The 
studies were approved by the Committee for the Protection of 
Human Subjects at the University of Texas Health Science 
Center at Houston. 

0158 Mice. 
0159 Female mice aged 6-10 weeks were used for these 
studies. Cadherin-11 null mice and control B6:129 F 1 inter 
cross mice were maintained at in the animal care facility at the 
University of Texas Health Science Center at Houston.'" 
C57BL/6 wild-type mice were raised at Jackson Laboratories 
(Bar Harbor, Me...). All animal protocols were approved by the 
University of Texas Health Science Center at Houston Animal 
Care and Use Committee. 
0160 Bleomycin Lung Fibrosis Model. 
0.161 8-10 week old female mice were used for these 
experiments. Mice were anesthetized with avertin (250 
mg/kg, intraperitoneally), and 3.5 U/kg bleomycin (Teva 
Parenteral Medicines, Irvine, Calif.) diluted in 50 ul sterile 
saline or saline alone was instilled intratracheally. On day 21, 
mice were humanely sacrificed and lungs harvested for analy 
ses. Prior to harvesting the lungs, bronchoalveolar lavages 
were obtained with 3 lavages of 0.4 ml of PBS. Lungs were 
then infused with 10% buffered formalin at 25 cm of pressure 
and fixed overnight at 4°C. 
0162 Immunohistochemistry. 
0163 Tissue biopsies were processed for immunohistol 
ogy. Five um sections were deparaffinized, rehydrated, and 
immersed in TBS-T buffer (Tris-buffered saline and 0.1% 
Tween 20), and treated with target retrieval solution (DAKO, 
Carpinteria, Calif.) at 95° C. for 10 minutes. Rabbit poly 
clonal primary antibodies against cadherin-11 (Invitrogen 
Inc) or isotype matched control antibody (Abcam Inc., Cam 
bridge, Mass.) were used. Bound antibodies were detected 
using secondary antibodies from the DakoCytomation Envi 
sion System-HRP (3.3-diaminobenzidine tetrahydrochlo 
ride). Sections were counterstained with hematoxylin. 
(0164 RNA. Isolation and Quantitative RealTime PCR. 
0.165 Tissue biopsies frozen in RNALater (Qiagen, Valen 
cia, Calif.) were used for RNA isolation. RNA was isolated 
using the RNeasy Fibrous Tissue Mini Kit using the manu 
facturer's instructions (Qiagen, Valencia, Calif.). RNA con 
centration and purity was determined using the Nanodrop 
method. One microgram of total RNA was used to synthesize 
cDNA using Quantitect reverse transcription kits using the 
manufacturers instructions (Qiagen, Valencia, Calif.). Quan 
titative real-time PCR (qRT-PCR) was performed using vali 
dated TaqMan Gene Expression Assays for specific genes of 
interest and normalized to cyclophilin (Applied Biosystems 
Inc) on an Applied Biosystems 7900HT Fast Real-Time PCR 
System (Applied Biosystems Inc). Cyclophilin was used as 
an endogenous control to normalize transcript levels of total 
RNA of each sample. The data were analyzed with SDS 2.3 
software using the comparative CT method (2-ddCT 
method). Fold change was calculated as 2ddCT. 
(0166 Cadherin-11 siRNA Knock-Down. 
(0167 A549 cells (ATCC) were seeded in 96 well plates 
and grown overnight in DMEM containing 10% FBS and 1% 
antibiotics. For siRNA knockdown of Cdh11, cells were 
washed with antibiotic free media and Subsequently incu 
bated with Optimem (Invitrogen) with Lipofectamine 
RNAiMax (Invitrogen) and either non-targeting siRNA or 
human Cdh11 siRNA (antisense sequence: 5'-UUUGAAUG 
GAGUCAUAAGGUU) (SEQ ID NO:4) (Dharmacon RNAi 
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Technologies, Thermo) for 48 hours. Cells were then 
trypsinized and reseeded in antibiotic free medium. Six hours 
later, cells were serum-starved overnight in DMEM contain 
ing 0.1% BSA. Cells were then stimulated with or without 
TGF-B at 10 ng/ml in DMEM+0.1% BSA for 24 hours. RNA 
was isolated using Cell to Ct reagents (Ambion) according to 
manufacturers instructions. Transcripts for CDH11, 
COL1A1, N cadherin (Cdh12), and E cadherin (Cdh1) were 
obtained with corresponding Taqman probes (Applied Bio 
systems) and presented as mean fold change versus control. 
Imaging of A549 cells was performed with a BX60 inverted 
phase contrast microscope (Olympus) for determination of 
cellular morphology. 
(0168 Results: 
(0169 Pulmonary Fibrosis. 
0170 Expression and localization of cadherin 11 in 
patients with interstitial lung disease. To determine if cad 
herin-11 expression is increased in lungs of patients with 
pulmonary fibrosis, cadherin-11 mRNA levels was assessed 
total RNA isolated from lungs of patients with idiopathic 
pulmonary fibrosis (IPF) with severe airway restriction ver 
sus IPF patients with normal lung function (mild IPF lungs 
were used as “control'). As seen in FIG. 3, lung tissue from 
severe IPF patients had increased levels of type I collagen 
(Collal), a major component of the fibrotic extracellular 
matrix. Consistent with our hypothesis, lung tissue from 
severe IPF patients had increased levels of cadherin-11. 
0171 Immunolocalization was performed to determine 
cell types expressing cadherin-11 in lungs of patients with 
IPF using rabbit polyclonal anticadherin-11 antibodies. Mild 
IPF patients (FIG. 4A) had expression of cadherin-11 only on 
alveolar macrophages. The cell type expressing cadherin-11 
identified in severe IPF patients was the alveolar macrophage 
(FIG. 4C) but also very prominent expression on the hyper 
plastic alveolar epithelial cells (AECs) adjacent to fibrotic 
foci (FIG. 4B). Together the data from FIGS. 3 and 4 indicate 
an association of cadherin-11 expression with disease sever 
ity and it is expressed on both hyperplastic AECs and alveolar 
macrophages in the lungs of affected patients. 
0172 Expression of Cadherin 11 in Bleomycin-Induced 
Mouse Model of Pulmonary Fibrosis. 
0173 The intratracheal bleomycin model is a commonly 
utilized animal model to study mechanisms of pulmonary 
fibrosis and idiopathic pulmonary fibrosis. To examine the 
role of cadherin-11 in this model, initial characterization was 
performed using immunolocalization for cadherin-11 in wild 
type mice given intratracheal Saline or bleomycin. Similar to 
humans Subjects with IPF, immunohistochemistry on lungs 
from mice given bleomycin displays prominent cadherin-11 
expression in the hyperplastic AECs and alveolar macroph 
ages (FIG. 5). These results demonstrate similarities between 
this mouse model and humans and Support analysis of these 
cell types in addressing the mechanism of cadherin-11-de 
pendent fibrosis. 
0.174 Contribution of Cadherin-11 to Pulmonary Fibrosis. 
0175 Given the increased expression of cadherin-11 in 
severe IPF lungs and lungs in the bleomycin lung fibrosis 
model, we next wanted to determine if cadherin-11 is 
involved with the development pulmonary fibrosis. To exam 
ine the contribution of cadherin-11 to pulmonary fibrosis, 
intratracheal bleomycin was administered to mice lacking 
cadherin-11 (Cdh11) and compared to wild type mice 
administered bleomycin. All endpoints were assessed at 21 
days after bleomycin or saline installation. Results of H&E 
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staining display no detectable difference in pulmonary his 
tology between wild type (WT) and Cdh11 mice given 
saline (FIGS. 6A and 6B). Examination of lung sections from 
wild type (WT) mice given bleomycin displays standard his 
topathologic features consistent with pulmonary fibrosis 
including inflammation, fibrotic foci and disruption of nor 
mal alveolar architecture (FIG. 6C). These histologic end 
points are substantially reduced in Cdh11 mice (FIG. 6D). 
0176 Masson’s trichrome stain of histological sections 
(matrix stains blue, cells red) demonstrate increased collagen 
deposition in wild type mice administered bleomycin which 
is decreased in Cdh11 mice administered bleomycin 
(FIGS. 7A and 7B). IHC analyses for alpha-smooth muscle 
actin, a marker for myofibroblasts, was also performed. Myo 
fibroblasts are a key cellular mediators in the pathogenesis of 
fibrosis that produce inflammatory cytokines and extracellu 
lar matrix. Wild type mice administered bleomycin had 
increased numbers of alpha-Smooth muscle actin staining 
cells (FIG. 7C) while the number of alpha-smooth muscle 
actin staining cells of Cdh11 mice (FIG.7D) was markedly 
decreased relative to wild type mice. The data in FIG. 7 
Support the hypothesis that cadherin-11 is a critical mediator 
of pulmonary fibrosis in this mouse model. To further quan 
titate the attenuation in pulmonary fibrosis in the Cdh11 
mice administered intratracheal bleomycin, collagen levels 
were determined using the Sircol assay in the bronchoalveo 
lar (BAL) fluid from wild type and Cdh11 mice adminis 
tered saline or bleomycin. As seen in FIG. 8A, intratracheal 
bleomycin significantly increased the amount of collagen in 
BAL fluid in wild type mice. In contrast, BAL fluid from 
Cdh11 mice administered bleomycin had a statistically 
significant decrease in collagen content relative to wild type 
mice. Lastly, we used the Ashcroft score, a commonly used 
scoring method to quantitate the amount of pulmonary fibro 
sis on H&E stained sections of lungs in the model. As seen in 
FIG. 8B, lungs from wild type mice administered intratra 
cheal bleomycin significantly had a significantly higher score 
compared to lungs from Cdh11 mice administered bleo 
mycin. Together the data from FIGS. 6-8 clearly demonstrate 
the cadherin-11 is a critical mediator of pulmonary fibrosis. 
Given the increased levels of cadherin-11 in human IPF 
lungs, these data Suggest that cadherin-11 is a therapeutic 
target for pulmonary fibrosis. 
(0177 Systemic Delivery of CDH11 Blocking Antibody 
Improves Established Pulmonary Fibrosis. 
0.178 The data present in FIGS. 6-8 clearly demonstrate 
that Cdh11 mice have an attenuated pulmonary fibrotic 
response in the bleomycin induced fibrosis model. Although 
there are no gross histological differences in the lungs of wild 
type and Cdh11 mice, it is important to determine if block 
ade of cadherin-11 also decreases pulmonary fibrosis. Fur 
thermore, it is of interest to determine if cadherin-11 blockade 
is effective in the treatment of pulmonary fibrosis and not only 
in preventing the development offibrosis as Suggested by the 
Cdh11 mice studies. Pulmonary fibrosis in the bleomycin 
model is established at least 7 days after bleomycin installa 
tion (A. Moeller et al., Int Journal of Biochem and Cell Biol. 
2008). Therefore, to determine if mice with established fibro 
sis can be successfully treated by targeting cadherin-11, wild 
type mice were administered one of two systemic cadherin 
11 blocking antibodies (clone 23C6 or 13C2) beginning 10 
days after bleomycin installation. 
0179 Wild type mice were administered intratracheal 
bleomycin. On day 10, when fibrosis is already established, 
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the mice were administered 500 ug of either 23C6, 13C2, or 
isotype control antibody via the intraperitoneal route fol 
lowed by 100 ug of antibodies IP every other day until day 21. 
Mice were sacrificed and lungs were processed for histology. 
Lung sections, stained with H&E (FIG. 9), demonstrated that 
wild type mice administered bleomycin and isotype antibod 
ies developed pulmonary fibrosis which was markedly 
attenuated in the wild type mice that received bleomycin 
followed by IP 23C6 or 13C2 starting on day 10. 
0180 Additional analyses in these experiments confirmed 
the ability of 23C6 and 13C2 to treat existing pulmonary 
fibrosis in the bleomycin model. As seen in FIG. 10, lung 
sections, stained with Masson’s Trichrome demonstrated that 
lungs from wild type mice administered bleomycin and iso 
type antibodies developed marked increased deposition of the 
extracellular matrix which was markedly attenuated in the 
wild type mice that received bleomycin followed by IP 23C6 
or 13C2 starting on day 10. In addition, staining the alpha 
smooth muscle actin, the marker of the myofibroblast dem 
onstrated that the anti-cadherin-11 monoclonal antibodies, 
13C2 and 23C6, effectively reduced the number of myofibro 
blasts in the lungs of mice administered intratracheal bleo 
mycin compared to isotype control antibodies. Finally, 
soluble collagen levels as determined by the Sircol assay on 
BAL fluid from mice treated with 13C2 or 23C6 anti-cad 
herin-11 monoclonal antibodies were significantly reduced 
compared to mice given isotype control antibodies. These 
results confirm findings in Cdh11 mice that CDH11 con 
tributes to pulmonary fibrosis and demonstrates systemic 
delivery of cadherin-11 blocking antibody successfully treats 
established pulmonary fibrosis in the bleomycin induced 
fibrosis model. 

0181 Epithelial-to-Mesenchymal Transition (EMT). 
0182 EMT is involved in the pathogenesis of non-dermal 
fibrosis, and TGFbeta may play an role in this transition 
process. It is known that during EMT, expression of E-cad 
herin is reduced and/or eliminated. FIG. 11 shows that TGF 
beta increases the expression of cadherin-11 in A549 cells, a 
lung epithelial cell line. In addition, expression of Colla 1 is 
increased, expression of E-cadherin is decreased (as 
expected), and expression of N-cadherin is also increased. 
FIGS. 12 and 13 show that when cadherin-11 expression is 
blocked in A549 cells, for example using a canderin-11 spe 
cific siRNA, and then the cells are stimulated with TGFbeta, 
the upregulation of Collal expression by TGFbeta is dra 
matically reduced. Furthermore, using phase contrast micros 
copy, it is clear that the cadherin-11 knock down with siRNA 
prevents the development of the mesenchymal phenotype 
induced by TGFbeta. In the presence of TGFbeta, A549 cells 
lose cell-to-cell contacts, become spindle shaped, and spread 
out. Reduction in the level of cadherin-11 with siRNA pre 
vents these phenotypic changes, suggesting that cadherin-11 
siRNA blocks EMT and that cadherin-11 is involved in and 
potentially mediating EMT. FIG. 14 further shows that cad 
herin-11 also blocks the TGFbeta-induced upregulation of 
SNAIL2, a key EMT transcription factor. 
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EQUIVALENTS 
0200 While several inventive embodiments have been 
described and illustrated herein, those of ordinary skill in the 
art will readily envision a variety of other means and/or struc 
tures for performing the function and/or obtaining the results 
and/or one or more of the advantages described herein, and 
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each of such variations and/or modifications is deemed to be 
within the scope of the inventive embodiments described 
herein. More generally, those skilled in the art will readily 
appreciate that all parameters, dimensions, materials, and 
configurations described herein are meant to be exemplary 
and that the actual parameters, dimensions, materials, and/or 
configurations will depend upon the specific application or 
applications for which the inventive teachings is/are used. 
Those skilled in the art will recognize, or be able to ascertain 
using no more than routine experimentation, many equiva 
lents to the specific inventive embodiments described herein. 
It is, therefore, to be understood that the foregoing embodi 
ments are presented by way of example only and that, within 
the scope of the appended claims and equivalents thereto, 
inventive embodiments may be practiced otherwise than as 
specifically described and claimed. Inventive embodiments 
of the present disclosure are directed to each individual fea 
ture, system, article, material, kit, and/or method described 
herein. In addition, any combination of two or more Such 
features, systems, articles, materials, kits, and/or methods, if 
Such features, systems, articles, materials, kits, and/or meth 
ods are not mutually inconsistent, is included within the 
inventive scope of the present disclosure. 
0201 All definitions, as defined and used herein, should 
be understood to control over dictionary definitions, defini 
tions in documents incorporated by reference, and/or ordi 
nary meanings of the defined terms. 
0202 All references, patents and patent applications dis 
closed hereinare incorporated by reference with respect to the 
Subject matter for which each is cited, which in Some cases 
may encompass the entirety of the document. 
0203 The indefinite articles“a” and “an as used herein in 
the specification and in the claims, unless clearly indicated to 
the contrary, should be understood to mean “at least one.” 
0204 The phrase “and/or as used herein in the specifica 
tion and in the claims, should be understood to mean “either 
or both of the elements so conjoined, i.e., elements that are 
conjunctively present in Some cases and disjunctively present 
in other cases. Multiple elements listed with “and/or should 
be construed in the same fashion, i.e., "one or more' of the 
elements so conjoined. Other elements may optionally be 
present other than the elements specifically identified by the 
“and/or clause, whether related or unrelated to those ele 
ments specifically identified. Thus, as a non-limiting 
example, a reference to “A and/or B, when used in conjunc 
tion with open-ended language Such as “comprising can 
refer, in one embodiment, to A only (optionally including 
elements other than B); in another embodiment, to B only 
(optionally including elements other than A); in yet another 
embodiment, to both A and B (optionally including other 
elements); etc. 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 4 

<21 Os SEQ ID NO 1 
&211s LENGTH: 3654 

&212s. TYPE: DNA 

<213> ORGANISM: H. sapiens 

<4 OOs SEQUENCE: 1 
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0205 As used herein in the specification and in the claims, 
“or should be understood to have the same meaning as 
“and/or as defined above. For example, when separating 
items in a list, 'or' or “and/or shall be interpreted as being 
inclusive, i.e., the inclusion of at least one, but also including 
more than one, of a number or list of elements, and, option 
ally, additional unlisted items. Only terms clearly indicated to 
the contrary, such as “only one of or “exactly one of” or, 
when used in the claims, “consisting of will refer to the 
inclusion of exactly one element of a number or list of ele 
ments. In general, the term “or” as used herein shall only be 
interpreted as indicating exclusive alternatives (i.e. “one or 
the other but not both') when preceded by terms of exclusiv 
ity, such as “either,” “one of “only one of or “exactly one 
of “Consisting essentially of when used in the claims, shall 
have its ordinary meaning as used in the field of patent law. 
0206. As used herein in the specification and in the claims, 
the phrase “at least one.” in reference to a list of one or more 
elements, should be understood to mean at least one element 
selected from any one or more of the elements in the list of 
elements, but not necessarily including at least one of each 
and every element specifically listed within the list of ele 
ments and not excluding any combinations of elements in the 
list of elements. This definition also allows that elements may 
optionally be present other than the elements specifically 
identified within the list of elements to which the phrase “at 
least one' refers, whether related or unrelated to those ele 
ments specifically identified. Thus, as a non-limiting 
example, “at least one of A and B (or, equivalently, “at least 
one of A or B.’ or, equivalently “at least one of A and/or B) 
can refer, in one embodiment, to at least one, optionally 
including more than one, A, with no B present (and optionally 
including elements other than B); in another embodiment, to 
at least one, optionally including more than one, B, with no A 
present (and optionally including elements other than A); in 
yet another embodiment, to at least one, optionally including 
more than one, A, and at least one, optionally including more 
than one, B (and optionally including other elements); etc. 
0207. It should also be understood that, unless clearly 
indicated to the contrary, in any methods claimed herein that 
include more than one step or act, the order of the steps or acts 
of the method is not necessarily limited to the order in which 
the steps or acts of the method are recited. 
0208. In the claims, as well as in the specification above, 
all transitional phrases such as “comprising.” “including.” 
“carrying.” “having.” “containing.” “involving,” “holding.” 
“composed of and the like are to be understood to be open 
ended, i.e., to mean including but not limited to. 
0209. Only the transitional phrases “consisting of and 
“consisting essentially of shall be closed or semi-closed 
transitional phrases, respectively, as set forth in the United 
States Patent Office Manual of Patent Examining Procedures, 
Section 2111.03. 
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gcacagg.cgc cct gatcqcc atcct cqcct gcatcgt cat t ct cotggtc attgtag tat 234 O 

tgtttgttgac cctgagaagg caaaagaaag aaccact cat ttctttgag gaagaagatg 24 OO 

tcc.gtgagaa cat cattact tatgatgatg aagggggtgg ggaagaaga C acagaa.gc.ct 246 O 

ttgatattgc caccct coag aatcc tigatg gitat caatgg atttatc.ccc cqcaaagaca 252O 

tcaaac Ctga gitaticagtac atgcctagac Ctgggct cog gcc agcgc.cc alacagcgtgg 2580 

atgtcgatga Ctt catcaac acgagaatac aggaggcaga caatgaccc.c acggctic ct c 264 O 

Cttatgactic cattcaaatc tacggittatg aaggcagggg Ctcagtggcc gggtc.cctga 27 OO 

gctic cctaga gtcggccacc acagatt Cag acttggacta tatt at ct a Cagaactggg 276 O 

gacct cqttt taagaaacta gcagatttgt atggttccaa agacacttitt gatgacgatt 282O 

cittaacaata acgatacaaa tittggcctta agaactgtgt ctdgcgttct caagaatcta 288O 

gaagatgtgt aaa.caggt at ttttittaa at Caaggaaagg ct catttaala acaggcaaag 294 O 

ttitt acagag aggatacatt taataaaact gcgagga cat Caaagtggta aatactgttga 3 OOO 

aataccttitt ct cacaaaaa goggaaatatt gaagttgttt atcaactitcg ctagaaaaaa 3 O 6 O 

aaaacacttg gCatacaaaa tatttalagtg aaggagalagt ctaacgctga actgacaatg 312 O 

aagggaaatt gtt tatgtgt tatgaacatc caagttcttitc ttctitttitta agttgtcaaa 318O 

gaagct tcca caaaattaga aagga caa.ca gttctgagct gtaattt cqc cittaaactict 324 O 

ggacacticta tatgtag togc atttittaaac ttgaaatata taatatt cag ccagottaaa 33 OO 

cc catacaat g tatgtacaa tacaatgtac aattatgtct cittgagcatc aatcttgtta 3360 

ctgctgattic ttgtaaatct ttittgcttct actitt catct taalactaata cqtgccagat 342O 

ataactgtct tdttt cagtg agagacgc.cc tatttctato t catttittaa totatictatt 3480 

tgtacaattt taaagttctt attittagtat acgtataaat at cagtatt c tdacatgtaa 354 O 

gaaaatgtta cqgcatcaca cittatattitt atgaacattg tactgttgct ttaatatgag 36OO 

cittcaatata agaa.gcaatc tittgaaataa aaaaagattt ttttittaaaa aaaa 3.654 

<210s, SEQ ID NO 2 
&211s LENGTH: 796 
212. TYPE: PRT 

<213> ORGANISM: H. sapiens 

<4 OOs, SEQUENCE: 2 

Met Lys Glu Asn Tyr Cys Lieu. Glin Ala Ala Lieu Val Cys Lieu. Gly Met 
1. 5 1O 15 

Lieu. Cys His Ser His Ala Phe Ala Pro Glu Arg Arg Gly. His Lieu. Arg 
2O 25 3O 

Pro Ser Phe His Gly His His Glu Lys Gly Lys Glu Gly Glin Val Lieu. 
35 4 O 45 

Glin Arg Ser Lys Arg Gly Trp Val Trp Asin Glin Phe Phe Val Ile Glu 
SO 55 6 O 

Glu Tyr Thr Gly Pro Asp Pro Val Lieu Val Gly Arg Lieu. His Ser Asp 
65 70 7s 8O 

Ile Asp Ser Gly Asp Gly Asn. Ile Llys Tyr Ile Lieu. Ser Gly Glu Gly 
85 90 95 

Ala Gly. Thir Ile Phe Val Ile Asp Asp Llys Ser Gly Asn. Ile His Ala 
1OO 105 11 O 

Thir Lys Thr Lieu. Asp Arg Glu Glu Arg Ala Glin Tyr Thr Lieu Met Ala 
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115 12 O 125 

Glin Ala Val Asp Arg Asp Thr Asn Arg Pro Lieu. Glu Pro Pro Ser Glu 
13 O 135 14 O 

Phe Ile Val Llys Val Glin Asp Ile Asn Asp Asn. Pro Pro Glu Phe Lieu. 
145 150 155 160 

His Glu Thir Tyr His Ala Asn Val Pro Glu Arg Ser Asn Val Gly Thr 
1.65 17O 17s 

Ser Val Ile Glin Val Thr Ala Ser Asp Ala Asp Asp Pro Thir Tyr Gly 
18O 185 19 O 

Asn Ser Ala Lys Lieu Val Tyr Ser Ile Leu Glu Gly Glin Pro Tyr Phe 
195 2OO 2O5 

Ser Val Glu Ala Glin Thr Gly Ile Ile Arg Thr Ala Leu Pro Asn Met 
21 O 215 22O 

Asp Arg Glu Ala Lys Glu Glu Tyr His Val Val Ile Glin Ala Lys Asp 
225 23 O 235 24 O 

Met Gly Gly His Met Gly Gly Lieu Ser Gly. Thir Thr Lys Val Thir Ile 
245 250 255 

Thr Lieu. Thir Asp Val Asn Asp Asn Pro Pro Llys Phe Pro Glin Ser Val 
26 O 265 27 O 

Tyr Gln Met Ser Val Ser Glu Ala Ala Val Pro Gly Glu Glu Val Gly 
27s 28O 285 

Arg Val Lys Ala Lys Asp Pro Asp Ile Gly Glu Asn Gly Lieu Val Thr 
29 O 295 3 OO 

Tyr Asn Ile Val Asp Gly Asp Gly Met Glu Ser Phe Glu Ile Thir Thr 
3. OS 310 315 32O 

Asp Tyr Glu Thr Glin Glu Gly Val Ile Llys Lieu Lys Llys Pro Val Asp 
3.25 330 335 

Phe Glu Thir Lys Arg Ala Tyr Ser Lieu Lys Val Glu Ala Ala Asn. Wall 
34 O 345 35. O 

His Ile Asp Pro Llys Phe Ile Ser Asn Gly Pro Phe Lys Asp Thr Val 
355 360 365 

Thr Val Lys Ile Ser Val Glu Asp Ala Asp Glu Pro Pro Met Phe Leu 
37 O 375 38O 

Ala Pro Ser Tyr Ile His Glu Val Glin Glu Asn Ala Ala Ala Gly Thr 
385 390 395 4 OO 

Val Val Gly Arg Val His Ala Lys Asp Pro Asp Ala Ala Asn. Ser Pro 
4 OS 41O 415 

Ile Arg Tyr Ser Ile Asp Arg His Thr Asp Lieu. Asp Arg Phe Phe Thr 
42O 425 43 O 

Ile Asin Pro Glu Asp Gly Phe Ile Llys Thir Thr Llys Pro Lieu. Asp Arg 
435 44 O 445 

Glu Glu Thir Ala Trp Lieu. Asn. Ile Thr Val Phe Ala Ala Glu Ile His 
450 45.5 460 

Asn Arg His Glin Glu Ala Lys Val Pro Val Ala Ile Arg Val Lieu. Asp 
465 470 47s 48O 

Val Asn Asp Asn Ala Pro Llys Phe Ala Ala Pro Tyr Glu Gly Phe Ile 
485 490 495 

Cys Glu Ser Asp Gln Thr Lys Pro Leu Ser Asn Gln Pro Ile Val Thr 
SOO 505 51O 

Ile Ser Ala Asp Asp Lys Asp Asp Thir Ala Asn Gly Pro Arg Phe Ile 
515 52O 525 
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Phe Ser Leu Pro Pro Glu Ile Ile His Asn Pro Asn Phe Thr Val Arg 
53 O 535 54 O 

Asp Asn Arg Asp Asn. Thir Ala Gly Val Tyr Ala Arg Arg Gly Gly Phe 
5.45 550 555 560 

Ser Arg Gln Lys Glin Asp Lieu. Tyr Lieu. Lieu Pro Ile Val Ile Ser Asp 
565 st O sts 

Gly Gly Ile Pro Pro Met Ser Ser Thr Asn Thr Lieu. Thir Ile Llys Val 
58O 585 59 O 

Cys Gly Cys Asp Wall Asn Gly Ala Lieu. Lieu. Ser Cys Asn Ala Glu Ala 
595 6OO 605 

Tyr Ile Lieu. Asn Ala Gly Lieu. Ser Thr Gly Ala Lieu. Ile Ala Ile Lieu. 
610 615 62O 

Ala Cys Ile Val Ile Lieu. Lieu Val Ile Val Val Lieu. Phe Val Thir Lieu 
625 630 635 64 O 

Arg Arg Glin Llys Lys Glu Pro Lieu. Ile Val Phe Glu Glu Glu Asp Wall 
645 650 655 

Arg Glu Asn. Ile Ile Thr Tyr Asp Asp Glu Gly Gly Gly Glu Glu Asp 
660 665 67 O 

Thr Glu Ala Phe Asp Ile Ala Thr Lieu. Glin Asn. Pro Asp Gly Ile Asn 
675 68O 685 

Gly Phe Ile Pro Arg Lys Asp Ile Llys Pro Glu Tyr Glin Tyr Met Pro 
69 O. 695 7 OO 

Arg Pro Gly Lieu. Arg Pro Ala Pro Asn. Ser Val Asp Wall Asp Asp Phe 
7 Os 71O 71s 72O 

Ile Asn. Thir Arg Ile Glin Glu Ala Asp Asn Asp Pro Thr Ala Pro Pro 
72 73 O 73 

Tyr Asp Ser Ile Glin Ile Tyr Gly Tyr Glu Gly Arg Gly Ser Val Ala 
740 74. 7 O 

Gly Ser Lieu. Ser Ser Lieu. Glu Ser Ala Thir Thr Asp Ser Asp Lieu. Asp 
7ss 760 765 

Tyr Asp Tyr Lieu. Glin Asn Trp Gly Pro Arg Phe Llys Llys Lieu Ala Asp 
770 775 78O 

Lieu. Tyr Gly Ser Lys Asp Thr Phe Asp Asp Asp Ser 
78s 79 O 79. 

<210s, SEQ ID NO 3 
&211s LENGTH: 34 

212. TYPE: PRT 

<213> ORGANISM: H. sapiens 

<4 OOs, SEQUENCE: 3 

Gly Trp Val Trp Asn Glin Phe Phe Val Ile Glu Glu Tyr Thr Gly Pro 
1. 5 1O 15 

Asp Pro Val Lieu Val Gly Arg Lieu. His Ser Asp Ile Asp Ser Gly Asp 
2O 25 3O 

Gly Asn 
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<210s, SEQ ID NO 4 
&211s LENGTH: 21 
212. TYPE : RNA 

<213> ORGANISM: artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: human Coh11 siRNA 

<4 OOs, SEQUENCE: 4 

uuugaalugga glucaulaaggu ul 

What is claimed is: 
1. A method for treating a Subject at risk of developing 

non-dermal fibrosis comprising 
administering to said Subject a cadherin-11 antagonistinian 
amount effective to prevent or delay the onset of symp 
toms associated with non-dermal fibrosis. 

2. A method for treating a subject having non-dermal fibro 
sis comprising 

administering to a subject in need thereof a cadherin-11 
antagonist in an amount effective to reduce non-dermal 
fibrosis. 

3. The method of claim 2, wherein non-dermal fibrosis is 
lung fibrosis or liver fibrosis. 

4-5. (canceled) 
6. The method of claim 2, wherein the cadherin-11 antago 

nist is a cadherin-11 binding peptide. 
7. The method of claim 6, wherein the cadherin-11 binding 

peptide is an anti-cadherin-11 antibody oran antigen-binding 
antibody fragment. 

8. The method of claim 6, wherein the cadherin-11 binding 
peptide is a cadherin-11 fusion protein. 

9. The method of claim 6, wherein the cadherin-11 binding 
peptide comprises full length cadherin or a fragment thereof. 

10. The method of claim 2, wherein the cadherin-11 
antagonist is a cadherin-11 nucleic acid antagonist. 

11. The method of claim 10, wherein the cadherin-11 
nucleic acid antagonist is a cadherin-11 siRNA. 

21 

12. The method of claim 10, wherein the cadherin-11 
nucleic acid antagonist is a cadherin-11 ribozyme. 

13. The method of claim 10, wherein the cadherin-11 
nucleic acid antagonist is a cadherin-11 antisense molecule. 

14. The method of claim 10, wherein the cadherin-11 
nucleic acid antagonist is a nucleic acid encoding full length 
cadherin-11 or a fragment thereof. 

15. The method of claim 2, wherein the cadherin-11 
antagonist is a small molecule. 

16. (canceled) 
17. The method of claim 2, wherein the cadherin-11 

antagonist is administered intraperitoneally. 
18. The method of claim 2, further comprising administer 

ing to the Subject an immunosuppressant. 
19. The method of claim 18, wherein the immunosuppres 

sant is a steroid. 
20. A method comprising 
measuring cadherin-11 level in a sample harvested from a 

Subject, and 
comparing the cadherin-11 level in the sample with a nor 

mal control, wherein a cadherin-11 level in the sample 
harvested from the subject that is greater than the cad 
herin-11 level in the normal control indicates non-der 
mal fibrosis or a risk of developing non-dermal fibrosis. 

21-31. (canceled) 


