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(57) ABSTRACT 

The invention pertains to methods of treating cardiovascular 
disease by modulating in?ammatory and immunoregulatory 
responses associated With such pathological conditions. 
Embodiments of the invention provide methods for the 
treatment of cardiovascular disease in a subject having 
cardiovascular disease comprising administering an effec 
tive amount of one or more IL-17 antagonists, IL-18 antago 
nists, 4-1BB antagonists, CD30 antagonists, 0X40 antago 
nists and/or CD39 alone or in any combination. This abstract 
is provided for the sole purpose of enabling the reader to 
quickly ascertain the subject matter of the technical disclo 
sure and is not intended to be used to interpret or limit the 
scope or meaning of the claims. 
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Figure 9 
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COMPOSITIONS AND METHOD FOR TREATING 
CARDIOVASCULAR DISEASE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t under 35 U.S.C. 
§119 of US. Provisional Application Serial No. 60/494,457, 
?led Aug. 12, 2003, and US. Provisional Application Serial 
No. 60/406,418, ?led Aug. 28, 2002. 

FIELD OF THE INVENTION 

[0002] Embodiments of the invention pertain to composi 
tions and methods for treating cardiovascular disease by 
modulating in?ammatory and immunoregulatory responses 
associated With cardiovascular disease. 

BACKGROUND 

[0003] Cardiovascular disease encompasses a number of 
disorders that affect the muscle and/or blood vessels of the 
heart, peripheral blood vessels, muscles and various organs. 
It is established in the art that in?ammatory and immuno 
regulatory processes are implicated in the pathogenesis of 
various forms of cardiovascular disease. 

[0004] For eXample, in?ammatory immune responses 
have been shoWn to contribute to the pathogenesis of 
atherosclerosis. Elevated levels of C-reactive protein (CRP) 
have been associated With up to an 8.6 fold increase in the 
relative risk of symptomatic atherosclerosis (Biasucci, L., et 
al., Circulation 1999, 99:855-860). Elevated levels of CRP 
also predict patients that are at elevated risk of myocardial 
infarction (MI) or stroke, and it has also been associated 
With poor prognosis in unstable angina (Vorchheimer, D., et 
al., JAMA 2001, 286:2154-2156). Binding C1q CRP acti 
vates the classical complement pathWay and may lead to 
direct myocardial damage, coronary smooth muscle or 
endothelial cell death and subsequent atherosclerotic plaque 
rupture (AgraWal, A., et al., J Immunol 2001, 166:3998 
4004). Furthermore, a recent study demonstrated that 
elevated levels of CRP are able to identify patients that die 
of sudden cardiac death 9 years prior to the event (Albert, C., 
et al., Circulation 2002, 105:2595-9). These studies also 
imply that long-term in?ammatory eXposure and elevated 
CRP levels may contribute to the progression of acute 
coronary syndromes (Buffon, A., et al., NEJM 2002, 34755 
7). Activation of in?ammatory cells resident Within an 
atherosclerotic plaque may elaborate enZymes capable of 
degrading extracellular matriX and lead to plaque rupture. 
Alternatively, these in?ammatory cells may directly kill 
endothelial and smooth muscle cells. A number of studies 
have demonstrated that patients With unstable angina have 
peripheral T-cells that make enhanced levels of interferon 
gamma compared to patients With stable angina. Further 
more, there appears to be clonal eXpansion of a CD4+ 
CD28null T-cell population in these patients, Which appear 
to be cytotoXic and can kill endothelial cells, an effect 
enhanced by CRP (Nakajima, T., et al., Circulation 2002, 
105:570-5). 
[0005] Cytokines are critical regulators of the T-helper 1 
(Th1) and Th2 T-cell responses. The Th1 response results in 
pro-in?ammatory cytokine release characteriZed by mac 
rophage activation and, if unopposed, may result in tissue 
damage. The Th2 response results in a humoral immune 
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response, B-cell activation and an allergic reaction (Neurath, 
M., et al., Nat Med 2002, 8:567-73). A number of Th1 type 
cytokines including TNF, IL-6 and the chemokine MCP-1 
are elevated in unstable angina (AJC 2001, 88(8A):10K 
15K). Recently, IL-18 has been found to be an independent 
marker for an adverse outcome in patients diagnosed With 
acute coronary syndrome (Blankenberg, S., et al., Circula 
tion 2002, 106:24-30). Elevated levels of IL-18 have also 
been found to correlate With ulcerated, symptomatic carotid 
artery lesions (Mallat, Z., et al., Circulation 2001, 104: 1598 
603). In a mouse model of atherosclerotic plaque develop 
ment in ApoE de?cient mice, IL-18 Was shoWn to accelerate 
and enhance plaque formation, and IL-18 binding protein 
enhanced smooth muscle proliferation, Which Would pro 
mote plaque stability by increasing the thickness of the cap, 
and reduced the number of in?ltrating macrophages and 
T-cells (Mallat, Z., et al., Circ Res. 2001, 89:E41-5). Studies 
such as these establish a sound basis for implicating in?am 
matory and immunoregulatory responses in cardiovascular 
disease. 

[0006] There is an unmet need in the art for treating 
cardiovascular disease by targeting the immunopathology of 
the disease. Embodiments of the present invention address 
such needs by providing compositions and methods for 
treating cardiovascular disease by modulating the in?am 
matory and immunoregulatory responses associated With 
cardiovascular disease. 

SUMMARY OF THE INVENTION 

[0007] Embodiments of the present invention provide 
compositions and methods for the treatment of cardiovas 
cular disease in a subject having cardiovascular disease, 
comprising administering an effective amount of one or 
more antagonists, such as IL-17 antagonists that inhibit the 
binding of IL-17 to the IL-17 receptor, as Well as antagonists 
that prevent or diminish the activation of the IL-17 receptor; 
IL-18 antagonists that inhibit the binding of IL-18 to the 
IL-18 receptor, as Well as antagonists that prevent or dimin 
ish the activation of the IL-18 receptor; 4-1BB antagonists 
that inhibit the binding of 4-1BB ligand to 4-1BB, as Well as 
antagonists that prevent or diminish the activation of 4-1BB 
ligand or 4-1BB; CD30 antagonists that inhibit the binding 
of CD30 ligand to CD30, as Well as antagonists that prevent 
or diminish the activation of the CD30; OX40 antagonists 
that inhibit the binding of OX40 ligand to OX40, as Well as 
antagonists that prevent or diminish the activation of OX40; 
and/or CD39 alone or in any combination. 

[0008] Additional embodiments are described in detail 
beloW. 

BRIEF DESCRIPTION OF THE FIGURES 

[0009] FIGS. 1A and 1B depict IL-17 and IL-18 levels, 
respectively, in heart donor plasma in relation to three 
distinct groups: surviving donor recipients, donor recipients 
that died in less than 48 hrs. and unused donors With an 
ejection fraction of less than 30%. 

[0010] FIG. 2 shoWs relative abundance of IL-18 Recep 
tor in patients having an ejection fraction of less than 
30%, patients in end-stage failure (ESP) and patients having 
an ejection fraction of greater than 60% (i.e., normal myo 
cardium). 
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[0011] FIGS. 3A through 3D show comparative levels of 
IL-17 and IL-18 plasma levels among patients in various 
stages of cardiomyopathy. FIGS. 3B and 3D further dissect 
the patient population into non-ischemic and ischemic 
groups. 

[0012] FIG. 4 illustrates the plasma levels of IL-17 (open 
bars) and IL-18 (closed bars) and 4-1BB (hatched bars) of 
control subjects or donors With favorable recipient outcome 
(group A) or adverse recipient outcome (group B) post 
transplantation. 
[0013] FIG. 5 illustrates the effect of administering IL-17 
on heart chamber dimensions over time. 

[0014] FIGS. 6A and 6B depict IL-17 and IL-18 plasma 
levels in IFN-y_/_ mice immuniZed With cardiac myosin 
peptide that induces an in?ammatory myocarditis and car 
diomyopathy. 
[0015] FIGS. 7A through 7C: FIG. 7A shoWs IL-17 levels 
in mice from the experimental autoimmune myocarditis 
(EAM) model, Wherein mice having histologically demon 
strated cardiopathology (animal B) had higher expression 
levels of IL-17 over negative controls (animals C and D). 
FIG. 7B shoWs that IL-17 release from T-cells obtained 
from mice With EAM mice Was approximately 25 fold 
higher compared to control mice. T-cells Were isolated from 
animals immuniZed With cardiac myosin and exposed to 
antigen presenting cells fed myosin over antigen presenting 
cells not exposed to myosin. FIG. 7C illustrates that T-cells 
from an animal immuniZed With cardiac myosin and having 
histological evidence of cardiopathology (animal B) 
released high levels of IL-17 in response to antigen-speci?c 
stimulation by peptide-pulsed antigen presenting cells. 

[0016] FIGS. 8A and 8B shoW IL-18 levels and the ratio 
of IL-18 to IL-18 Binding Protein, respectively, in patients 
strati?ed into three patient groups: those having stable 
coronary artery disease (CAD), acute coronary syndrome 
(ACS) With cardiac troponin I (cTnI) plasma levels less than 
0.4 ng/ml or acute coronary syndrome (ACS) With cardiac 
troponin I (cTnI) plasma levels greater than 0.4 ng/ml. 

[0017] FIG. 9 illustrates that 4-1BB plasma levels Were 
signi?cantly elevated in patients With heart failure compared 
to normal subjects thereby suggesting activation of this 
system in human heart failure. 

[0018] FIG. 10 represents a dose-response of Adriamy 
cin® in Wild type and 4-1BBL—/— knock out mice. At 22.5 
mg/kg and 25 mg/kg, the percentage of Adriamycin® 
induced cardiac dysfunction Was decreased in 4-1BBL—/—. 
At high dosage (30 mg/kg), no difference Was observed 
betWeen Wild type and 4-1BBL—/— group. 

[0019] FIG. 11 is a graph shoWing 4-1BB activating 
antibody (M6) administered 3, 6, 9 days after Adriamycin® 
treatment. The onset of dysfunction Was accelerated by M6 
antibody, but the ?nal penetrance Was similar to control 
group. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0020] Embodiments of the invention provide composi 
tions and methods for treating cardiovascular disease in a 
subject having cardiovascular disease comprising adminis 
tering an effective amount of one or more IL-17 antagonists, 
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IL-18 antagonists, 4-1BB antagonists, CD30 antagonists, 
0X40 antagonists and/or CD39, alone or in any combina 
tion. 

[0021] Cardiovascular disease, as de?ned herein, encom 
passes diseases and disorders of the muscle and/or blood 
vessels of the heart, diseases and disorders of the vascular 
system, and/or diseases and disorders of organs and ana 
tomical systems caused by the diseased condition of the 
heart and/or vasculature. Examples include, but are not 
limited to: in?ammation of the heart and/or vasculature such 
as myocarditis, chronic autoimmune myocarditis, bacterial 
and viral myocarditis, as Well as infective endocarditis; heart 
failure; congestive heart failure; chronic heart failure; 
cachexia of heart failure; cardiomyopathy, including non 
ischemic (dilated cardiomyopathy; idiopathic dilated cardi 
omyopathy; cardiogenic shock, heart failure secondary to 
extracorporeal circulatory support (“post-pump syndrome”), 
heart failure folloWing ischemia/reperfusion injury, brain 
death associated heart failure (as described in OWen et al., 
1999 (Circulation. 1999 May 18;99(19):2565-70)); hyper 
trophic cardiomyopathy; restrictive cardiomyopathy; non 
ischemic systemic hypertension; valvular disease; aryth 
mogenic right ventricular cardiomyopathy) and ischemic 
(atherogenesis; atherosclerosis; arteriosclerosis; peripheral 
vascular disease; coronary artery disease; infarctions, 
including stroke, transient ischemic attacks and myocardial 
infarctions). Additional disease states encompassed by the 
de?nition of cardiovascular disease include: aneurysms; 
arteritis; angina; embolism; platelet-associated ischemic dis 
orders; ischemia/reperfusion injury; restenosis; mitral and/or 
tricuspid regurgitation; mitral stenosis; silent myocardial 
ischemia; Raynaud’s phenomena; thrombosis; deep venous 
thrombosis; pulmonary embolism; thrombotic microangio 
pathies including thrombotic thrombocytopenic purpura 
(TTP) and hemolytic uremic syndrome (HUS), essential 
thrombocythemia, disseminated intravascular coagulation 
(DIC), and thrombosis and coagulopathies associated With 
exposure to a foreign or injured tissue surfacethrombophle 
bitis; vasculitis, including KaWasaki’s vasculitis; Takayasu’s 
arteritis; veno-occlusive disease, giant cell arteritis, Wege 
ner’s granulomatosis; Schoenlein-Henoch purpura, as Well 
as cardiovascular disease arising from periodontal infections 
by one or more oral pathogens, such as bacteria. The 
examples of cardiovascular disease provided above are 
merely illustrative and provided to aid those of skill in the 
art to appreciate the scope of cardiovascular disease that 
may be treated using the compositions and methods 
described herein. Of course, other cardiovascular disease 
conditions may exist that can be treated using the inventive 
compositions and methods. Additional examples of cardio 
vascular disease and disorders associated With cardiovascu 
lar disease, as Well as complications arising from the treat 
ment of cardiovascular disease, are provided in the section 
beloW pertaining to therapeutic indications. 

[0022] An “antagonist,” as de?ned herein, is a molecule 
that partially or completely blocks the binding of tWo 
cognates thereby inhibiting the doWnstream biological 
effects of the cognates’ interaction. For example, an antago 
nist may block the binding of a ligand to its receptor, Which 
in turn reduces and/or prevents intracellular signalling via 
activating that receptor, Which in turn reduces or prevents 
the doWnstream biological effects of activating that receptor, 
such as but not limited to, cell activation, proliferation, 
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differentiation, cytokine release, up-regulation of genes, 
cell-surface expression of proteins, and the like. 

[0023] Activating or activation of a receptor is de?ned 
herein as the engagement of one or more intracellular 
signaling pathWay(s) and the transduction of intracellular 
signaling (i.e., signal transduction) in response to a molecule 
binding to a membrane-bound receptor, such as but not 
limited to, a receptorzligand interaction. 

[0024] “Signal transduction,” as used herein, is the relay 
ing of a signal by conversion from one physical or chemical 
form to another. In cell biology, the process by Which a cell 
converts an extracellular signal into a response. 

[0025] Antagonists presented herein comprise soluble 
receptor molecules, ligands and/or binding proteins, includ 
ing IL-17, IL-17 receptor (IL-17R), IL-18, IL-18 receptor 
(IL-18R), IL-18 binding protein (IL-18BP), CD30, CD30 
ligand (CD30-L), 4-1BB, 4-1BB ligand (4-1BB-L), 0X40, 
0X40 ligand (OX40-L) and CD39. Antagonists presented 
herein further comprise antibodies, fusion proteins and pep 
tibodies directed against one or more of the folloWing: 

IL-17, IL-17R, IL-18, IL-18R, CD30, CD30-L, 4-1BB, 
4-1BB-L, 0X40 and/or OX40-L. Antagonists presented 
herein further comprise small molecules, such as peptido 
mimetics and mimotopes, and the like, that antagoniZe the 
interaction betWeen IL-17 and IL-17R, IL-18 and IL-18R, 
4-1BB and 4-1BB-L, CD30 and CD30-L and/or 0X40 and 
OX40-L. Additional antagonists comprise antisense oligo 
nucleotides that speci?cally target and hybridiZe to the 
mRNA of IL-17, IL-17R, IL-18, IL-18R, CD30, CD30-L, 
4-1BB, 4-1BB-L, 0X40 and/or OX40-L thereby preventing 
gene translation of their respective proteins. Further embodi 
ments comprise gene silencing by RNA-interference mol 
ecules tailored to silence expression of IL-17, IL-17R, 
IL-18, IL-18R, 4-1BB, 4-1BB-L, CD30, CD30-L, 0X40 
and/or OX40-L. More speci?c de?nitions and examples of 
particular antagonists are provided in the sections beloW. 

[0026] A “peptibody” refers to molecules comprising an 
Fc domain and at least one peptide. Such peptibodies may be 
multimers or dimers or fragments thereof, and they may be 
derivatiZed. Peptibodies are described in greater detail in 
WO 99/25044 and WO 00/24782, Which are incorporated 
herein by reference in their entirety. The peptide may be 
from the amino acid sequence of IL-17, IL-17 receptor 
(IL-17R), IL-18, IL-18 receptor (IL-18R), IL-18 binding 
protein (IL-18BP), CD30, CD30 ligand (CD30-L), 4-1BB, 
4-1BB ligand (4-1BB-L), 0X40, 0X40 ligand (OX40-L) 
and/or CD39. 

[0027] A “peptide,” as used herein refers to molecules of 
1 to 40 amino acids. Alternative embodiments comprise 
molecules of 5 to 20 amino acids. Exemplary peptides may 
comprise portions of the extracellular domain of naturally 
occurring molecules or comprise randomiZed sequences of 
of IL-17, IL-17 receptor (IL-17R), IL-18, IL-18 receptor 
(IL-18R), IL-18 binding protein (IL-18BP), CD30, CD30 
ligand (CD30-L), 4-1BB, 4-1BB ligand (4-1BB-L), 0X40, 
0X40 ligand (OX40-L) and/or CD39. 

[0028] The term “randomized” as used to refer to peptide 
sequences refers to fully random sequences (e. g., selected by 
phage display methods or RNA-peptide screening) and 
sequences in Which one or more residues of a naturally 
occurring molecule is replaced by an amino acid residue not 
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appearing in that position in the naturally occurring mol 
ecule. Exemplary methods for identifying peptide sequences 
include phage display, E. coli display, ribosome display, 
RNA-peptide screening, chemical screening, and the like. 

[0029] The term “Fc domain” encompasses native Fc and 
Fc variant molecules and sequences as de?ned beloW. As 
With Fc variants and native Fc’s, the term “Fc domain” 
includes molecules in monomeric or multimeric form, 
Whether digested from Whole antibody or produced by other 
means. 

[0030] The term “native Fc” refers to molecule or 
sequence comprising the sequence of a non-antigen-binding 
fragment resulting from digestion of Whole antibody, 
Whether in monomeric or multimeric form. The original 
immunoglobulin source of the native Fc is preferably of 
human origin and may be any of the immunoglobulins, 
although IgG1 and IgG2 are preferred. Native Fc’s are made 
up of monomeric polypeptides that may be linked into 
dimeric or multimeric forms by covalent (i.e., disul?de 
bonds) and non-covalent association. The number of inter 
molecular disul?de bonds betWeen monomeric subunits of 
native Fc molecules ranges from 1 to 4 depending on class 
(e.g., IgG, IgA, IgE) or subclass (e.g., IgG1, IgG2, IgG3, 
IgA1, IgGA2). One example of a native Fc is a disul?de 
bonded dimer resulting from papain digestion of an IgG (see 
Ellison et al. (1982), Nucleic Acids Res. 10: 4071-9). The 
term “native Fc” as used herein is generic to the monomeric, 
dimeric, and multimeric forms. 

[0031] The term “Fc variant” refers to a molecule or 
sequence that is modi?ed from a native Fc but still com 
prises a binding site for the salvage receptor, FcRn. Inter 
national applications WO 97/34631 (published 25 Sep. 
1997) and WO 96/32478 describe exemplary Fc variants, as 
Well as interaction With the salvage receptor, and are hereby 
incorporated by reference in their entirety. Thus, the term 
“Fc variant” comprises a molecule or sequence that is 
humaniZed from a non-human native Fc. Furthermore, a 
native Fc comprises sites that may be removed because they 
provide structural features or biological activity that are not 
required for the fusion molecules of the present invention. 
Thus, the term “Fc variant” comprises a molecule or 
sequence that lacks one or more native Fc sites or residues 

that affect or are involved in (1) disul?de bond formation, 
(2) incompatibility With a selected host cell (3) N-terminal 
heterogeneity upon expression in a selected host cell, (4) 
glycosylation, (5) interaction With complement, (6) binding 
to an Fc receptor other than a salvage receptor, or (7) 
antibody-dependent cellular cytotoxicity (ADCC). Fc vari 
ants are described in further detail hereinafter. 

[0032] A “peptidomimetic” is a peptide analog that dis 
plays more favorable pharmacological properties than their 
prototype native peptides, such as a) metabolic stability, b) 
good bioavailability, c) high receptor af?nity and receptor 
selectivity, and d) minimal side effects. Designing peptido 
mimetics and methods of producing the same are knoWn in 
the art (see for example, US. Pat. Nos. 6,407,059 and 
6,420,118). Peptidomimetics may be derived from the bind 
ing site of the extracellular domain of IL-17, IL-17 receptor 
(IL-17R), IL-18, IL-18 receptor (IL-18R), IL-18 binding 
protein (IL-18BP), CD30, CD30 ligand (CD30-L), 4-1BB, 
4-1BB ligand (4-1BB-L), 0X40, 0X40 ligand (OX40-L) 
and/or CD39. In alternative embodiments, a peptidomimetic 
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comprises non-peptide compounds having the same three 
dimensional structure as peptides derived from IL-17, IL-17 
receptor (IL-17R), IL-18, IL-18 receptor (IL-18R), IL-18 
binding protein (IL-18BP), CD30, CD30 ligand (CD30-L), 
4-1BB, 4-1BB ligand (4-1BB-L), 0X40, 0X40 ligand 
(OX40-L) and/or CD39, or compounds in Which part of a 
peptide from the molecules listed above is replaced by a 
non-peptide moiety having the same three-dimensional 
structure. 

[0033] A “mimotope” is de?ned herein as peptide 
sequences that mimic binding sites on proteins (see, Parti 
dos, CD, et al., Combinatorial Chem & High Throughput 
Screening, 2002 5:15-27). Amimotope may have the capac 
ity to mimic a conformationally-dependent binding site of a 
protein. The sequences of these mimotopes do not identify 
a continuous linear native sequence or necessarily occur in 
a naturally-occurring protein. Mimotpes and methods of 
production are taught in US. Pat. No. 5,877,155 and US. 
Pat. No. 5,998,577, Which are incorporated by reference in 
their entireties. 

[0034] The term “acidic residue” refers to amino acid 
residues in D- or L-form having sidechains comprising 
acidic groups. Exemplary acidic residues include D and E. 

[0035] The term “amide residue” refers to amino acids in 
D- or L-form having sidechains comprising amide deriva 
tives of acidic groups. Exemplary residues include N and Q. 

[0036] The term “aromatic residue” refers to amino acid 
residues in D- or L-form having sidechains comprising 
aromatic groups. Exemplary aromatic residues include F, Y, 
and W. 

[0037] The term “basic residue” refers to amino acid 
residues in D- or L-form having sidechains comprising basic 
groups. Exemplary basic residues include H, K, and R. 

[0038] The term “hydrophilic residue” refers to amino 
acid residues in D- or L-form having sidechains comprising 
polar groups. Exemplary hydrophilic residues include C, S, 
T, N, and Q. 

[0039] The term “nonfunctional residue” refers to amino 
acid residues in D- or L-form having sidechains that lack 
acidic, basic, or aromatic groups. Exemplary nonfunctional 
amino acid residues include M, G, A, V, I, L and norleucine 
(Nle). 
[0040] The term “neutral hydrophobic residue” refers to 
amino acid residues in D- or L-form having sidechains that 
lack basic, acidic, or polar groups. Exemplary neutral hydro 
phobic amino acid residues include A, V, L, I, P, W, M, and 
F. 

[0041] The term “polar hydrophobic residue” refers to 
amino acid residues in D- or L-form having sidechains 
comprising polar groups. Exemplary polar hydrophobic 
amino acid residues include T, G, S, Y, C, Q, and N. 

[0042] The term “hydrophobic residue” refers to amino 
acid residues in D- or L-form having sidechains that lack 
basic or acidic groups. Exemplary hydrophobic amino acid 
residues include A, V, L, I, P, W, M, F, T, G, S, Y, C, Q, and 
N. 

[0043] The term “subject” as used herein, refers to mam 
mals. For example, mammals contemplated by the present 
invention include humans; primates; pets of all sorts, such as 
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dogs, cats, etc.; domesticated animals, such as, sheep, cattle, 
goats, pigs, horses and the like; common laboratory animals, 
such as mice, rats, rabbits, guinea pigs, etc.; as Well as 
captive animals, such as in a ZOO or free Wild animals. 
Throughout the speci?cation, the term host is used inter 
changeably With subject. 

[0044] As used herein the singular forms “a”,“and”,and 
“the” include plural referents unless the context clearly 
dictates otherWise. Thus, for example, reference to “an 
immunization” includes a plurality of such immuniZations 
and reference to “the cell” includes reference to one or more 
cells and equivalents thereof knoWn to those skilled in the 
art, and so forth. All technical and scienti?c terms used 
herein have the same meaning as commonly understood to 
one of ordinary skill in the art to Which this invention 
belongs unless clearly indicated otherWise. 

[0045] It is understood that the various embodiments of 
this invention are not limited to the particular methodology, 
protocols, cell lines, animal species or genera, constructs, 
and reagents described, as such may vary. It is also under 
stood that the terminology used herein is for the purpose of 
describing particular embodiments only, and is not intended 
to limit the scope of the present invention Which Will be 
limited only by the appended claims. 

I. IL-17, IL-18, 4-1BB, CD30 and 0X40 
Antagonists 

[0046] A. IL-17 Antagonists 

[0047] Embodiments of the present invention provide 
compositions and methods for the treatment of cardiovas 
cular disease comprising IL-17 antagonists. Studies pre 
sented herein demonstrate that IL-17 and IL-18 are elevated 
in human patients having various forms and severity of 
cardiovascular disease. These studies demonstrate that cir 
culating levels of IL-17 and/or IL-18 correlate With severity 
of cardiovascular disease. Furthermore, plasma levels of 
IL-17 and/or IL-18 are elevated in a cardiac myosin-induced 
myocarditis model and correlate With disease severity. 
Therefore, IL-17 and/or IL-18 are implicated in cardiovas 
cular disease and provide a rational basis for treating car 
diovascular disease by administering IL-17 and/or IL-18 
antagonists, alone or in combination. In addition, IL-17 
and/or IL-18 are prognostic indicators of cardiovascular 
disease and disease severity. IL-17 and/or IL-18 are also 
prognostic indicators of donor adequacy and post-transplant 
outcome. Therefore, further embodiments of the invention 
include assays for measuring IL-17 and/or IL-18 levels in 
subjects being screened for cardiovascular disease, cardio 
vascular disease severity, donor adequacy and post-trans 
plant outcome. 

[0048] An IL-17 antagonist is de?ned herein as an entitiy 
that is capable of reducing the effective amount of endog 
enous IL-17 in a subject, by either partially or completely 
blocking the interaction of IL-17 and the IL-17 receptor and 
thereby inhibiting IL-17-mediated signaling via membrane 
bound IL-17 receptor, as Well as partially or completely 
inhibiting the subsequent biological effects of activating the 
IL-17 receptor. An IL-17 antagonist may bind to IL-17 or to 
the IL-17 receptor. 

[0049] Such IL-17 antagonists include, but are not limited 
to: soluble forms of IL-17 receptor; antibodies directed 
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against IL-17 that speci?cally bind IL-17 and partially or 
completely inhibit binding of IL-17 to IL-17 receptor; 
antibodies, fusion proteins and/or peptibodies directed 
against IL-17 receptor that speci?cally bind IL-17 receptor 
and inhibit binding of IL-17 Without themselves activating 
the IL-17 receptor; molecules that bind IL-17 or IL-17 
receptor and inhibit the interaction thereof, such as IL-17 
and/or IL-17 receptor peptidomimetics and/or mimotopes. 
As used herein, When reference is made to making IL-17 
antagonists based on IL-17 or IL-17 receptor, it is under 
stood that the terms IL-17 and IL-17 receptor also encom 
pass fragments, variants, muteins, derivatives and fusion 
proteins thereof, as described in detail beloW. 

[0050] Biological activity of IL-17 and IL-17R is de?ned 
herein as comprising binding of IL-17 to the IL-17R and 
activation of the IL-17R; proin?ammatory effects; increased 
production of cytokines and chemokines, such as but not 
limited to, IL-6, IL-8, G-CSF, GM-CSF, MCP-1, Groot, 
PGE2, as Well as induction of costimulatory molecule 
ICAM. The IL-17:IL-17R interaction also has the biological 
activities of recruiting monocytes and neutrophils, up-regu 
lation of iNOS, NO and COX-2; activation of all three 
subgroups of MAPKs (the p44 and p42 extracellular signal 
regulated kinases ERK1 and ERK2), NFKB, stress-induced 
Jun NH2-terminal kinases (JNK1 and JNK2) and p38. Of 
course, it is understood that intermediate pathWays that 
culminate in such biological activities are also included in 
the de?nition of biological activity for IL-17 and IL-17R. 

[0051] IL-17 antagonists may comprise or be developed 
from IL-17 receptor polypeptide and/or polynucleotide 
sequences, as Well as fragments, variants, muteins, deriva 
tives and fusion proteins thereof. The isolation, cloning, 
preparation and characteriZation of human IL-17 receptor 
(referred to interchangably as IL-17R or huIL-17R) are 
described in US. Pat. No. 5,869,286 and US. Pat. No. 
6,072,033, Which are incorported herein by reference in their 
entirety. The full-length cDNA sequence for human IL-17R 
is provided in SEQ ID NO:3 and the corresponding amino 
acid sequence is provided in SEQ ID NO:4. 

[0052] The human IL-17 receptor has an N-terminal signal 
peptide With a predicted cleavage site betWeen amino acid 
27 and 28. The signal peptide is folloWed by a 293 amino 
acid extracellular domain, a 21 amino acid transmembrane 
domain, and a 525 amino acid cytoplasmic tail. Soluble 
polypeptides are polypeptides that are capable of being 
secreted from the cells in Which they are expressed. A 
secreted soluble polypeptide may be identi?ed (and distin 
guished from its non-soluble membrane-bound counter 
parts) by separating intact cells Which express the desired 
polypeptide from the culture medium, e.g., by centrifuga 
tion, and assaying the medium (supernatant) for the presence 
of the desired polypeptide. The presence of the desired 
polypeptide in the medium indicates that the polypeptide 
Was secreted from the cells and thus is a soluble form of the 
polypeptide. The use of soluble forms of IL-17 receptor is 
advantageous for many applications. Puri?cation of the 
polypeptides from recombinant host cells is facilitated, since 
the soluble polypeptides are secreted from the cells. More 
over, soluble polypeptides are generally more suitable than 
membrane-bound forms for parenteral administration and 
for many enZymatic procedures. Soluble forms of IL-17R 
that are useful in the methods of treating cardiovascular 
disease include the extracellular domain (residues 1-320 of 
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SEQ ID NO:4 or residues 28-320 Which excludes the signal 
peptide) or a fragment of the extracellular domain that has 
the properties of antagoniZing or preventing binding of 
IL-17 to endogenous IL-17R. Soluble IL-17R also includes 
those polypeptides Which include part of the transmembrane 
region, provided that the soluble IL-17R is capable of being 
secreted from a cell, and preferably retains the capacity to 
bind IL-17 and effectuate its biological effects. 

[0053] Other forms of the IL-17R that are useful in the 
present invention include muteins and variants (also referred 
to as analogs), such as naturally occurring variants, that are 
substantially homologous to the native IL-17R of SEQ ID 
NO:4 and as described in US. Pat. No. 6,072,033 that retain 
biological activity of IL-17R. 

[0054] The invention further encompasses IL-17 antago 
nists derived from IL-17R polynucleotide sequences. 
Embodiments of the invention include full length nucleic 
acid molecules encoding soluble IL-17R as Well as isolated 
fragments and oligonucleotides derived from the nucleotide 
sequence of SEQ ID NO:3. Such nucleic acid sequences 
may include nucleotides 178-1494 of SEQ ID NO:3 or a 
fragment thereof, and DNA and/or RNA sequences that 
hybridiZe to the coding region of the nucleotide sequence of 
SEQ ID NO:3, or its complement, under conditions of 
moderate stringency, and Which encode polypeptides or 
fragments thereof of the invention. 

[0055] In other embodiments, IL-17 antagonists may com 
prise or be developed from IL-17 polynucleotide and/or 
polypeptide sequences. The full-length cDNA sequence for 
human IL-17 is provided in SEQ ID NO: 1 and the corre 
sponding amino acid sequence is provided in SEQ ID NO: 
2. Commercially available recombinant human IL-17 is also 
available, for example, from R&D Systems, Minneapolis, 
MN. IL-17 polypeptides, as Well as biologically active 
fragments or derivatives thereof, may be used to generate 
antibodies that speci?cally bind to IL-17 and have the 
capacity of partially or completely blocking IL-17 binding to 
the IL-17 receptor. 

[0056] In further embodiments, IL-17 antagonists are 
small molecules and polypeptide mimetics, such as but not 
limited to, peptidomimetics, peptibodies and/or mimotopes 
developed from the polypeptide sequence of IL-17 (SEQ ID 
NO:2) and/or IL-17R (SEQ ID NO:4). Polypeptide mimetics 
are peptide-containing molecules Which mimic elements of 
protein secondary structure. Polypeptide mimetics, such as 
peptidomimetics and mimotopes, may be developed through 
techniques knoWn in the art, such as combinatorial peptide 
libraries. 

[0057] An IL-17 polypeptide mimetic based on the amino 
acid sequence of IL-17 Will bind to IL-17R Without activat 
ing the IL-17R and sterically hinder binding of endogenous 
IL-17. Conversely, an IL-17R polypeptide mimetic based on 
the amino acid sequence of IL-17R Will bind to IL-17 and 
sterically hinder IL-17 from binding to endogenous IL-17R. 
IL-17 peptide mimetics may be used to antagoniZe IL-17 in 
a subject and thereby reduce the proin?ammatory effects of 
IL-17. As such, IL-17 polypeptide mimetics may be used to 
treat in?ammatory and/or immunoregulatory processes 
associated With cardiovascular disease. 

[0058] Other forms of the IL-17 that are useful in the 
present invention include muteins and variants (also referred 
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to as analogs), such as naturally occurring variants, that are 
substantially homologous to the native IL-17 of SEQ ID 
NO:2 that retain biological activity of IL-17. For example, 
IL-17 homologues B, C, D, E and F. This invention addi 
tionally provides for the use of IL-17 antagonists in the 
manufacture of a medicament for the treatment of cardio 
vascular disease. This invention further provides for the use 
of polynucleotides encoding IL-17 antagonists in the manu 
facture of a medicament for the treatment of cardiovascular 
disease. 

[0059] B. IL-18 Antagonists 

[0060] Embodiments of the present invention provide 
compositions and methods for the treatment of cardiovas 
cular disease comprising IL-18 antagonists. An IL-18 
antagonist is de?ned herein as an entitiy that is capable of 
reducing the effective amount of endogenous IL-1 8, by 
either partially or completely blocking the interaction of 
IL-18 and the IL-18R and thereby inhibiting IL-18-mediated 
signaling via membrane-bound IL-18R, as Well as partially 
or completely inhibiting the subsequent biological effects of 
activating the IL-18 receptor. An IL-18 antagonist may bind 
to IL-18 or to the IL-18R. Antagonists derived from the 
IL-18R and IL-18 Binding Protein (e.g. soluble forms that 
bind IL-18) compete for IL-18 With IL-18R on the cell 
surface, thus inhibiting IL-18 from binding to cells, thereby 
preventing IL-18 from manifesting its biological activities. 

[0061] IL-18: IL-18R biological activity, is de?ned herein 
as including, but is not limted to, binding of IL-18 to the 
IL-18R and activation of the IL-18R; regulation of innate 
and acquired immune responses; proin?ammatory effects; 
induction of T-lymphocyte helper cell type 1 responses 
(Th1); enhance cell-mediated cytotoxicity; IFN-y induction; 
enhanced production of GM-CSF and IL-2; potentiation of 
anti-CD3 induced T-cell proliferation; increased Fas-medi 
ated kiling by natural killer cells (NK cells) and CD4+ Th1 
cells; increased apoptotic death via the Fas-FasL pathWay; 
up-regulation of FasL expression; induction of T-lympho 
cyte helper cell type 2 responses (Th2) in T-cells and NK 
cells; stimulation of basophils and mast cells to produce Th2 
cytokines and histamine; induction of IgE production 

[0062] Such IL-18 antagonists include, but are not limited 
to: soluble forms of IL-18R; IL-18 Binding Protein; anti 
bodies directed against IL-18 that speci?cally bind IL-18 
and partially or completely inhibit binding of IL-18 to 
IL-18R; antibodies, fusion proteins and/or peptobodies 
directed against IL-18R that speci?cally bind IL-18R and 
inhibit receptor binding of IL-18 Without themselves trans 
ducing a signal via IL-18R; small molecules that bind IL-18 
or IL-18R that inhibit the interaction thereof, such as IL-18 
and/or IL-18R peptidomimetics and/or mimotopes. As used 
herein, When reference is made to making IL-18 antagonists 
based on IL-18, IL-18 Binding Protein or IL-18 receptor, it 
is understood that the terms IL-18, IL-18 Binding Protein 
and IL-18 receptor also encompass fragments, variants, 
muteins, derivatives and fusion proteins thereof, as 
described in detail beloW. 

[0063] The isolation, cloning, preparation and character 
iZation of human IL-18 receptor (referred to interchangably 
as IL-18R or huIL-18R) are described in US. Pat. No. 
6,087,116 and US. patent application Ser. No. 09/621,502 
(PCT Publication WO 99/37772), Which are incorported 
herein by reference in their entirety. The IL-18 receptor is a 
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heterodimeric protein containing an IL-18 binding subunit 
termed IL-1Rrp1, and an accessory subunit termed AcPL. 
Although the IL-Rrpl subunit alone Will bind IL-18, its 
af?nity for IL-18 is increased dramatically When present in 
a heterodimeric complex With the AcPL subunit. 

[0064] The IL-1Rrp1 polynucleotide sequence and corre 
sponding amino acid sequence that it encodes are provided 
as SEQ ID N05 and SEQ ID NO:6, respectively. The 
soluble extracellular portion of the IL-1Rrp1 subunit that 
binds IL-18 is represented by amino acids 20 to 329 of SEQ 
ID NO:6; cleavage of the signal sequence occurs just after 
amino acid residue 19 of SEQ ID NO:6. HoWever, fragments 
as small as amino acid residues 20 to 123 and amino acid 
residues 20 to 226 of SEQ ID NO:6 have been reported to 
bind IL-18 and can also be used. The IL-1Rrp1 polypeptide 
is also described in US. Pat. No. 5,776,731, incorporated in 
its entirety by reference herein. 

[0065] The AcPL polynucleotide sequence and the amino 
acid sequence that it encodes are provided herein as SEQ ID 
NO:7 and SEQ ID NO:8, respectively. The mature extra 
cellular domain of AcPL consists of amino acids 15 to 356 
of SEQ ID NO:8; cleavage of the signal sequence occurs just 
after amino acid residue 14 of SEQ ID NO:8. The AcPL 
polypeptide, and soluble extracellular fragments thereof, are 
also described in in US. patent application Ser. No. 09/621, 
502 (PCT Publication WO 99/37772), incorporated herein 
by reference in its entirety. 

[0066] One embodiment of a soluble form of an IL-18 
receptor for use in the methods of the present invention 
comprises amino acids 1-329 sequence of SEQ ID NO:6; 
alternative embodiments of a soluble form of an IL-18 
receptor comprises amino acids 20-329 after cleavage of the 
signal sequence of SEQ ID NO:6. A further embodiment of 
a soluble form of IL-18 receptor is a heterodimeric receptor 
that includes at least amino acid residues 20-123, 20-226 or 
20-329 of SEQ ID NO:6 (the IL-1Rrp1 subunit), and at least 
amino acids 15-340 of SEQ ID NO:8 (the AcPL subunit), in 
a covalent or non-covalent association. 

[0067] Additional IL-18 antagonists comprise the IL-18 
Binding Protein. PCT Publication WO 99/09063 describes 
the IL-18 binding protein, including useful soluble frag 
ments thereof. One embodiment of a human IL-18 Binding 
Protein is the “a” isoform having the polynucleotide 
sequence of SEQ ID NO:9 and the corresponding amino 
acid sequence of SEQ ID NO:10. Of course, other IL-18 
Binding Protein isoforms that are antagonistic to IL-18 
binding to IL-18R may be used, such as the b, c and d 
isoforms. The polynucleotide and amino acid sequences for 
the b, c and d isoforms are knoWn in the art and readily 
available (see for example, Kim, S.-H., et al., PNAS 97:3 
1190-1195 (2000)). A particularly useful form of the IL-18 
binding protein is a fusion With an Fc domain of an antibody. 
The amino acid sequence of an example of such a fusion 
protein, termed IL-18BP-Fc herein, is presented in SEQ ID 
NO:11. This 422 amino acid protein, When expressed in a 
mammalian cell, Will be secreted; the mature secreted form 
of the protein contains amino acid residues 29-422. Of these 
residues, amino acid residues 29-192 represent the IL-18 
binding protein portion of the molecule, and amino acid 
residues 193-422 represent the Fc portion of the molecule. 
The Fc region facilitates puri?cation and dimeriZation of the 
fusion polypeptide. 
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[0068] IL-18 antagonists may also comprise or be devel 
oped from IL-18 polynucleotide and/or polypeptide 
sequences. Human IL-18 has been recombinantly produced 
from a cloned cDNA, as described in US. Pat. No. 5,891, 
663 and cloned genomic DNA, as disclosed in US. Pat. No. 
6,060,283, Which are incorporated by reference in their 
entirety. The full-length cDNA sequence in provided in SEQ 
ID NO:12 With the corresponding amino acid sequence in 
SEQ ID NO:13. The amino acid sequence for ICE-processed 
human IL-18 provided in SEQ ID NO:14. Commercially 
available recombinant human IL-18 is available, for 
eXample, from R&D Systems, Minneapolis, MN. IL-18 
polypeptides as Well as biologically active fragments or 
derivatives thereof may be used to generate antibodies that 
speci?cally bind to IL-18 and have the capacity of partially 
or completely blocking IL-18 binding to the IL-18 receptor. 

[0069] In one embodiment, IL-18 antagonists are polypep 
tide mimetics, such as, but not limited to peptidomimetics, 
peptibodies and/or mimotopes developed from the polypep 
tide sequence of IL-18 (SEQ ID NO:13 and/or 14). Polypep 
tide mimetics may be developed through techniques knoWn 
in the art, such as combinatorial peptide libraries. Polypep 
tide mimetics are peptide-containing molecules Which 
mimic elements of protein secondary structure. An IL-18 
polypeptide mimetic based on the amino acid sequence of 
IL-18 Will bind to IL-18 receptor Without activating the 
IL-18 receptor and sterically hinder binding of endogenous 
IL-18. IL-18 peptide mimetics may be used to antagoniZe 
IL-18 in a subject and thereby reduce the proin?ammatory 
effects of IL-18. As such, IL-18 polypeptide mimetics may 
be used to treat in?ammatory and/or immunoregulatory 
processes associated With cardiovascular disease. 

[0070] Other embodiments of IL-18, IL-18 receptor and 
IL-18 Binding Protein that may be used as IL-18 antagonists 
include muteins and variants (as described in greater detail 
beloW), such as naturally occurring variants, that are sub 
stantially homologous to the native IL-18 of SEQ ID NO:13 
and/or 14, IL-18 receptor of SEQ ID NOs:6 and 8, and IL-18 
Binding Protein of SEQ ID NO:10 that retain biological 
activity. Biological activity, in this instance, is the capacity 
to bind its cognate partner. 

[0071] This invention additionally provides for the use of 
IL-18 antagonists in the manufacture of a medicament for 
the treatment of cardiovascular disease. This invention fur 
ther provides for the use of polynucleotides encoding IL-18 
antagonists in the manufacture of a medicament for the 
treatment of cardiovascular disease. 

[0072] C. 4-1BB Antagonists 

[0073] Further embodiments of the present invention pro 
vide compositions and methods for the treatment of cardio 
vascular disease comprising 4-1BB antagonists. 

[0074] EXamples 7 and 8 describe studies demonstrating a 
role for the 4-1BB/4-1BBL immune co-stimulatory pathWay 
in Adriamycin®-induced cardiomyopathy, as Well as 
deomonstrating a novel cardiac eXpression pattern of 4-1BB 
and implicating apoptosis as a mechanism of co-stimulatory 
contribution to Adriamycin®-induced cardiomyopathy. 
More speci?cally, 4-1BBL de?cient mice and 4-1BBL decoy 
receptor-treated mice conferred partial resistance to adria 
mycin induced cardiac damage, Whereas 4-1BB activating 
antibody accelerated onset of damage, implying the contri 

Jul. 15, 2004 

bution of 4-1BB to Adriamycin® effects in heart. Apoptosis, 
measured by TUNEL, sub-G1 DNA and activated caspase-3, 
Was increased in Adriamycin®-treated Wild type myocar 
dium, but reduced in 4-1BBL—/—. Phosphorylation of Akt 
Was selectively suppressed by Adriamycin®, but maintained 
by loss of 4-1BBL, indicating the modulation of apoptosis 
by co-stimulatory pathWay in heart is possibly through Akt, 
but not Jnk and p38 signaling. The consistency of decreased 
indeX of apoptosis and the improved cardiac function in 
4-1BBL—/— suggests apoptosis play a pivotal role in Adria 
mycin®-induced cardiac de?ciency. 

[0075] A single retroorbital (RO) injection of adriamycin 
(22.5 mg/kg) leads to progressive cardiac dysfunction With 
out evidence of in?ammatory in?ltration. In this model of 
non-in?ammatory, drug-induced cardiomyopathy, 
4-1BBL—/— mice have substantially improved cardiac func 
tion by echocardiography. Furthermore, m4-1BB Fc (a 
soluble decoy receptor for 4-1BBL) reduced ADR cardiac 
dysfunction, While an agonistic antibody to 4-1BB (M6) 
accelerated and exacerbated cardiac dysfunction. While no 
in?ammatory in?ltrate is observed in this Adr-cardiomyopa 
thy, We found eXpression of 4-1BB induced on 1-5% of 
cardiac interstitial cells Within 2 days after Adr. Cardiac 
apoptosis, measured by TUNEL and sub-G1 DNA, is 
increased 3 days after ADR(45 mg/kg), concomitant With 
the increased eXpression of 4-1BB on interstitial cells. 
Chronic ongoing apoptosis, determined 5 Weeks after Adr 
challenge When cardiac dysfunction is maximal in Wild type 
but largely absent in 4-1BBL—/— mice, Was loWer in 
4-1BBL—/— mice (1.5-fold vs baseline), compared to WT 
mice (4 fold). In a separate study, caspase 3 activation, 
determined by Western blot, Was increased at 48 to 72 hrs 
post-ADR (45 mg/kg). In contrast, ADR did not induce 
caspase 3 cleavage in 4-1BBL—/— myocardium. Determined 
by Western blot, adriamycin reduced phosphorylation of Akt 
in Wild type but not 4-1BBL—/— hearts. Phosphorylation of 
JNK and p38 Was not impacted by Adr. In summary, 
4-1BB/4-1BBL immune co-stimulatory pathWay contributes 
to ADR-induced cardiomyopathy, possibly, through modu 
lation of Akt signaling to regulate apoptosis in the heart. 

[0076] A 4-1BB antagonist is de?ned herein as an entitiy 
that is capable of reducing the effective amount of available 
endogenous 4-1BB and/or 4-1BB ligand (4-1BB-L), by 
either partially or completely blocking the interaction of 
4-1BB and 4-1BB-L and thereby inhibiting 4-1BB-mediated 
signaling via 4-1BB-L and 4-1BB-L-mediated signaling via 
4-1BB, as Well as the subsequent biological effects of 
activating 4-1BB and/or 4-1BB-L. In other Words, because 
the 4-1BB:4-1BB-L interaction eXhibits bi-directional sig 
nalling, a 4-1BB antagonist may bind either 4-1BB or 
4-1BB-L so long as the antagonist does not itself activate 
4-1BB or 4-1BB-L. Such 4-1BB antagonists include, but are 
not limited to: soluble forms of 4-1BB; antibodies, fusion 
proteins and/or peptibodies directed against 4-1BB that 
speci?cally bind 4-1BB and partially or completely inhibit 
binding of 4-1BB to 4-1BB-L; antibodies, fusion proteins 
and/or peptibodies directed against 4-1BB that speci?cally 
bind 4-1BB and inhibit binding of 4-1BB-L Without them 
selves transducing a signal via 4-1BB; molecules that bind 
4-1BB or 4-1BB-L and inhibit the interaction thereof, such 
as 4-1BB and/or 4-1BB-L small molecules, peptidomimetics 
and/or mimotopes, and/or polypeptides comprising all or 
portions of 4-1BB or 4-1BB-L or modi?ed variants thereof, 
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including genetically-modi?ed muteins, multimeric forms 
and sustained-release formulations thereof. 

[0077] 4-1BB:4-1BB-L biological activity, is de?ned 
herein as including, but is not limted to, binding of 4-1BB-L 
to 4-1BB and activation of one or both of 4-1BB and 
4-1BB-L; costimulatory activity on T lymphocytes; activa 
tion and differentiation of CD4+and CD8+ cells; signal 
transduction through TRAF pathWays (TRAF 1, TRAF2 and 
TRAF3) and activation of NFKB and AP-1; inhibition of 
activation-induced cell death; facilitation of B-cell prolif 
eration and monocyte activation; up-regulation of cytokines 
including, but not limited to, IL-6, IL-8 and TNF-ot; up 
regulation of adhesion molecules, such as ICAM; doWn 
regulation of FcyRIII; production of M-CSF in monocytes; 
monocyte proliferation; and inhibition of T-cell proliferation 
induced by anti-CD3 antibodies. 

[0078] 4-1BB antagonists may comprise or be developed 
from 4-1BB-L polypeptide and polynucleotide sequences. 
The isolation, cloning, preparation and characteriZation of 
human 4-1BB-L (referred to interchangably as hu4-1BB-L) 
is described in US. Pat. No. 5,674,704, Which is incorported 
herein by reference in its entirety. 4-1BB-L refers to a genus 
of mammalian polypeptides that are capable of binding 
4-1BB. 4-1BB-L is a type II extracellular membrane 
polypeptide With an intracellular (cytoplasmic) domain at 
the N-terminus of the polypeptide (amino acids 1-25 of SEQ 
ID NO:15), folloWed by a transmembrane region polypep 
tide (amino acids 26-48 of SEQ ID NO:15), and an extra 
cellular (receptor-binding) domain at the C-terminus of the 
polypeptide polypeptide (amino acids 49-254 of SEQ ID 
NO:15). Soluble 4-1BB-L polypeptides may be derived 
from the extracellular domain, as described beloW. The 
full-length cDNA sequence for human 4-1BB-L is provided 
in SEQ ID NO:14 and the corresponding amino acid 
sequence is provided in SEQ ID NO:15. The human 
4-1BB-L protein comprises a cytoplasmic domain (amino 
acids 1-25), a transmembrane region (amino acids 26-48), 
and an extracellular domain (amino acids 49-254 of SEQ ID 
NO:15). 
[0079] In addition, 4-1BB antagonists may comprise or be 
developed from 4-1BB polypeptide and polynucleotide 
sequences. The polynucleotide sequence of a human 4-1BB 
cDNA and the amino acid sequence encoded thereby are 
presented in SEQ ID NO:17 and SEQ ID NO:18, respec 
tively. The human 4-1BB protein comprises an N-terminal 
signal sequence (amino acids —23 to —1 of SEQ ID NO:18), 
an extracellular domain comprising amino acids 1-163, a 
transmembrane region comprising amino acids 164-190, and 
a cytoplasmic domain comprising amino acids 191-232. 

[0080] Soluble forms of 4-1BB-L and 4-1BB proteins are 
provided herein. Soluble 4-1BB-L or 4-1BB polypeptides 
comprise all or part of the extracellular domain but lack the 
transmembrane region that Would cause retention of the 
polypeptide on a cell membrane. Since the 4-1BB-L protein 
lacks a signal peptide, a heterologous signal peptide may be 
fused to the N-terminus of soluble 4-1BB-L polypeptides to 
promote secretion thereof. The signal peptide is cleaved 
from the protein upon secretion from the host cell. Soluble 
4-1BB-L polypeptides include fragments that retain the 
ability to bind 4-1BB, such as truncated polypeptides of the 
extracellular domain, and soluble 4-1BB polypeptides 
include fragments that retain the ability to bind 4-1BB-L, 
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such as truncated polypeptides of the extracellular domain 
4-1BB. In alternative embodiments, the soluble proteins 
may include part of the transmembrane region or part of the 
cytoplasmic domain, provided that the protein is capable of 
being secreted rather than retained on the cell surface. 
Examples of soluble polypeptides include those comprising 
the entire extracellular domain. Speci?c examples include, 
but are not limited to a soluble human 4-1BB-L polypeptide 
comprising amino acids 49-254 of SEQ ID NO:16 and a 
soluble human 4-1BB polypeptide comprising amino acids 
1-163 of SEQ ID NO:18. 

[0081] In one embodiment, 4-1BB antagonists are 
polypeptide mimetics, such as but not limited to, peptido 
mimetics, peptibodies and/or mimotopes developed from the 
polypeptide sequence of 4-1BB-L (SEQ ID NO:16) and 
4-1BB (SEQ ID NO:18). Polypeptide mimetics may be 
developed through techniques knoWn in the art, such as 
combinatorial peptide libraries. Polypeptide mimetics are 
peptide-containing molecules Which mimic elements of pro 
tein secondary structure. A 4-1BB polypeptide mimetic 
based on the amino acid sequence of 4-1BB Will bind to 
4-1BB-L Without activating 4-1BB-L and sterically hinder 
binding of endogenous 4-1BB. Similarly, a 4-1BB-L 
polypeptide mimetic based on the amino acid sequence of 
4-1BB-L Will bind to 4-1BB Without activating 4-1BB and 
sterically hinder binding of endogenous 4-1BB-L. 4-1BB 
and 4-1BB-L peptide mimetics may be used to antagoniZe 
their respective cognates in a subject and thereby reduce the 
proin?ammatory effects of the 4-1BB/4-1BB-L interaction. 
As such, 4-1BB antagonists in the form of polypeptide 
mimetics may be used to treat in?ammatory and/or immu 
noregulatory processes associated With cardiovascular dis 
ease. 

[0082] Other embodiments of 4-1BB and 4-1BB-L that 
may be used as 4-1BB antagonists include muteins and 
variants (as described in greater detail beloW), such as 
naturally occurring variants, that are substantially homolo 
gous to the native 4-1BB-L (SEQ ID NO:16) and 4-1BB 
(SEQ ID NO:18) polypeptide sequences that retain biologi 
cal activity. Biological activity, in this instance, is the 
capacity to bind its cognate partner. 

[0083] This invention additionally provides for the use of 
4-1BB antagonists in the manufacture of a medicament for 
the treatment of cardiovascular disease. This invention fur 
ther provides for the use of polynucleotides encoding 4-1BB 
antagonists in the manufacture of a medicament for the 
treatment of cardiovascular disease. 

[0084] D. CD30 Antagonists 

[0085] Further embodiments of the present invention pro 
vide compositions and methods for the treatment of cardio 
vascular disease comprising one or more CD30 antagonists. 
A CD30 antagonist is de?ned herein as an entity that is 
capable of reducing the effective amount of endogenous 
CD30 ligand (CD30-L), by either partially or completely 
blocking the interaction of CD30-L and CD30 and thereby 
inhibiting CD30-mediated signaling via membrane-bound 
CD30, as Well as partially or completely inhibiting the 
subsequent biological activity of activating CD30. A CD30 
antagonist may bind to either CD30-L or CD30. 

[0086] The biological activity of CD30: CD30-L includes, 
but is not limited to, binding of CD30-L to CD30 and 












































































































































