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COMPOSITIONS AND METHODS FOR THE 
TREATMENT AND PREVENTION OF 

CARDIOVASCULAR DISEASES AND DISORDERS 
AND FOR IDENTIFYING AGENTS THERAPEUTIC 

THEREFOR 

RELATED APPLICATIONS 

[0001] This application claims priority to US. patent 
application Ser. No. 60/257,926 entitled “Compositions and 
Methods for the Treatment and Prevention of Cardiac and 
Myocardial Disorders” by Sabbadini, Roger A., ?led Dec. 
22, 2000. 

[0002] This application is related to US. patent applica 
tion Ser. No. (attorney docket No. 078853-0302), 
Ser. No. (attorney docket No. 078853-0305), and 
Ser. No. (attorney docket No. 078853-0306), each 
entitled “Compositions and Methods for the Treatment and 
Prevention of Cardiovascular Diseases and Disorders, and 
for Identifying Agents Therapeutic Therefor” by Sabbadini, 
Roger A., and ?led Dec. 21, 2001. 

[0003] All of the preceding applications are hereby incor 
porated in their entirety by reference thereto. 

FIELD OF THE INVENTION 

[0004] The invention relates generally to the area of 
treatment and/or prevention of cardiovascular and cere 
brovascular diseases, disorders and physical trauma. The 
bene?cial effect of the invention is achieved through the use 
of pharmaceutical compositions that contain agents that 
interfere With the production and/or biological activities of 
sphingolipids and their metabolites. The invention is also 
draWn to methods for isolating, formulating and using 
pharmaceutical compositions, and kits and medical devices 
comprising such compositions. 

BACKGROUND OF THE INVENTION 

[0005] The folloWing description includes information 
that may be useful in understanding the present invention. It 
is not an admission that any of the information provided 
herein, or any publication speci?cally or implicitly refer 
enced herein, is prior art, or even particularly relevant, to the 
presently claimed invention. 

[0006] Cardiovascular Diseases and Disorders 

[0007] Ischemic heart disease is the leading cause of death 
in the US. Each year approximately 1.5 million people 
suffer heart attacks (myocardial infarctions), of Which 1/3 (ie 
about 500,000) are fatal. In addition, about 6.75 million 
Americans suffer from angina pectoris, the most common 
manifestation of cardiac ischemia. Angina pectoris is a 
painful feeling of pressure in the chest that results from 
ischemic heart disease. In total, there are 13.5 million 
patients living With ischemic heart disease in the US. 
Americans in the high-risk categories for this disease 
include persons having one or more indicators/risk factors 
therefor, including but not limited to hypertension, high 
levels of serum cholesterol and a family history of heart 
disease. Many people have at least one of these indicator/ 
risk factors; for example, there are 50 million Americans 
diagnosed With hypertension alone. 

[0008] “Ischemia” is a condition associated With an inad 
equate ?oW of oxygenated blood to a part of the body, 
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typically caused by the constriction or blockage of the blood 
vessels supplying it. Ischemia occurs any time that blood 
How to a tissue is reduced beloW a critical level. This 
reduction in blood How can result from: the blockage of 
a vessel by an embolus (blood clot); (ii) the blockage of a 
vessel due to atherosclerosis; (iii) the breakage of a blood 
vessel (a bleeding stroke); (iv) the blockage of a blood vessel 
due to acute vasoconstriction; (v) a myocardial infarction 
(When the heart stops, the How of blood to organs is reduced 
and ischemia results); (vi) trauma; (vii) surgery, during 
Which blood How to a tissue or organ needs to be reduced or 
stopped to achieve the aims of surgery (e.g., angioplasty, 
heart and lung/heart transplants); (viii) exposure to certain 
agents, e.g., dobutamine or adenosine (Lagerqvist et al., Br. 
Heart J. 68:282-285, 1992) or anti-neoplastic and other 
chemotherapeutic agents, such as doxorubicin, that are car 
diotoxic. 

[0009] Even if the How rate (volume/time) of blood is 
adequate, ischemia may nonetheless occur due to hypoxia. 
“Hypoxia” refers to conditions in Which the oxygen content 
of blood is insuf?cient to satisfy normal cellular oxygen 
requirements. Hypoxic blood is, by de?nition, distinct from 
normoxic blood, i.e., blood in Which the oxygen content is 
suf?cient to satisfy normal cellular oxygen requirements. 
Such conditions include but are not limited to forms of heart 
failure that adversely affect cardiac pumping such as hyper 
tension, arrhythmias, septic shock, trauma, cardiomyopa 
thies and congestive heart disease. 

[0010] Myocardial ischemic disorders occur When cardiac 
blood How is restricted (ischemia) and/or When oxygen 
supply to the heart muscle is compromised (hypoxia) such 
that the heart’s demand for oxygen is not met by the supply. 
Coronary artery disease (CAD) arising from arteriosclerosis, 
particularly atherosclerosis, is the most common cause of 
ischemia, and has symptoms such as stable or unstable 
angina pectoris. CAD can lead to acute myocardial infarc 
tions (AMI) and sudden cardiac death. The spectrum of 
ischemic conditions Which result in heart failure is referred 
to as Acute Coronary Syndrome (ACS). Reperfusion injury 
is often a consequence of ischemia, in particular When 
anti-coagulants, thrombolytic agents, or anti-anginal medi 
cations are used or When the cardiac vasculature is surgically 
opened by angioplasty or by coronary artery grafting. 

[0011] Cardiotoxic agents are those materials Which 
Would cause a loss of cardiac function, including negative 
inotropy, arthyTHmias, heart failure, and cell death (both 
apoptotic and necrotic). 

[0012] Presently, treatments for acute myocardial infarc 
tion and other cardiac diseases include but are not limited to 
mechanical devices and associated procedures thereWith 
(e.g., coronary angioplasty; Grines et al., N. Engl. J. Med. 
3298:673-679, 1993); thrombolytic agents such as streptoki 
nase, tPA, and derivatives thereof. Adjuvants to these thera 
pies include beta-blockers, aspirin and heparin, and glyco 
protein (GP) IIb/IIIa inhibitors (Antman et al., Circ. 
99:2720-2732, 1999). GP IIb/IIIa inhibitors decrease platelet 
aggregation and thrombus formation (for a revieW, see 
Topol, Lancet 353:227-231, 1999). Examples include but 
are not limited to monoclonal antibodies (e.g., abciximab), 
cyclic peptides (e.g., epti?batide), and nonpeptide peptido 
mimetics (e.g., tiro?bian, lami?ban, xemilo?ban, sibra?ban, 
and lefrada?bian). 
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[0013] Preventive treatments include but are not limited to 
those that reduce a patient’s cholesterol levels by, e.g., diet 
management and pharmacological intervention. Statins are 
one type of agent that have been used to reduce cholesterol 
levels. Statins are believed to act by inhibiting the activity of 
HMG-CoA reductase, Which in turn increases the hepatic 
production of cholesterol receptors (Nickenig et al., Circ. 
100:2131-2134, 1999). The hepatic cholesterol receptors 
bind cholesterol and remove it from blood. Such agents 
include but are not limited to lovastatin, simvastatin, prav 
astatin, ?uvastatin (Lennernas, Clin. Pharmackinet. 32:403 
425, 1997). These and other statins sloWs the progression of 
coronary artery disease, and may induce regression of ath 
erosclerotic lesions in patients. It is not knoWn, hoWever, 
Whether other reductases are inhibited by such agents, and 
What side effects might occur as a result. 

[0014] Cerebrovascular Diseases and Disorders 

[0015] Patients experiencing cerebral ischemia often suf 
fer from disabilities ranging from transient neurological 
de?cit to irreversible damage (stroke) or death. Cerebral 
ischemia, i.e., reduction or cessation of blood How to the 
central nervous system, can be characteriZed as either global 
or focal. 

[0016] Focal cerebral ischemia refers to cessation or 
reduction of blood ?oW Within the cerebral vasculature 
resulting from a partial or complete occlusion in the intrac 
ranial or extracranial cerebral arteries. Such occlusion typi 
cally results in stroke, a syndrome characteriZed by the acute 
onset of a neurological de?cit that persists for at least 24 
hours, re?ecting focal involvement of the central nervous 
system and is the result of a disturbance of the cerebral 
circulation. Other causes of focal cerebral ischemia include 
vasospasm due to subarachnoid hemorrhage or iatrogenic 
intervention. 

[0017] Global cerebral ischemia refers to reduction of 
blood ?oW Within the cerebral vasculature resulting from 
systemic circulatory failure. The failure of the circulatory 
system to maintain adequate cellular perfusion leads to a in 
reduction of oxygen and nutrients to tissues. Thus, global 
cerebral ischemia results from severe depression of cardiac 
performance. The most frequent cause is acute myocardial 
infarction With loss of substantial muscle mass. Pump failure 
can also result from acute myocarditis or from depression of 
myocardial contractility folloWing cardiac arrest or pro 
longed cardiopulmonary bypass. Mechanical abnormalities, 
such as severe valvular stenosis, massive aortic or mitral 
regurgitation, acutely acquired ventricular septal defects, 
can also reduce cardiac output. Additional causes include 
cardiac arrhythmia, such as ventricular ?brillation, and any 
cardiac disease described herein. Further causes include 
interventional procedures, such as carotid angioplasty, stent 
ing or endarterectomy, Which might otherWise result in focal 
cerebral ischemia, and also cardiac procedures Which may 
result in global cerebral ischemia, such as cardiac catheter 
iZation, electrophysiologic studies, and angioplasty. 
[0018] Those skilled in the art are easily able to identify 
patients having a stroke or at risk of having a stroke, cerebral 
ischemia, head trauma, or epilepsy. For example, patients 
Who are at risk of having a stroke include, but are not limited 
to, patients having hypertension or undergoing major sur 
gery. 

[0019] Traditionally, emergent management of acute 
ischemic stroke consists of mainly general supportive care, 
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eg hydration, monitoring neurological status, blood pres 
sure control, and/or anti-platelet or anti-coagulation therapy. 
Heparin has been administered to stroke patients With lim 
ited and inconsistent effectiveness. In some circumstances, 
the ischemia resolves itself over a period of time due to the 
fact that some thrombi get absorbed into the circulation, or 
fragment and travel distally over a period of a feW days. In 
1996, the Food and Drug Administration approved the use of 
tissue plasminogen activator (t-PA) or Activase®, for treat 
ing acute stroke. HoWever, treatment With systemic t-PA is 
associated With increased risk of intracerebral hemorrhage 
and other hemorrhagic complications. Aside from the 
administration of thrombolytic agents and heparin, there are 
no therapeutic options currently on the market for patients 
suffering from occlusion focal cerebral ischemia. Vasospasm 
may be partially responsive to vasodilating agents. The 
neWly developing ?eld of neurovascular surgery, Which 
involves placing minimally invasive devices Within the 
carotid arteries to physically remove the offending lesion 
may provide a therapeutic option for these patients in the 
future, although this kind of manipulation may lead to 
vasospasm itself. 

[0020] Documents 

[0021] US. Pat. No. 6,210,976 B1 and published PCT 
patent application WO98/57179 (PCT/US98/10486), both 
entitled “Methods for Early Detection of Heart Discase”, 
hereby incorporated by reference, relate to the use of blood 
levels of certain sphingolipids for screening for early 
ischemic events before symptoms are presented in persons 
With high risk for heart disease, or in a triage setting for 
patients With acute coronary syndrome. 

[0022] PCT Application PCT/US01/12706, published as 
WO 01/80903, entitled “Detection and Treatment of Ath 
erosclerosis Based on Plasma Sphingomyelin Concentra 
tion”, relates to enZymatic methods to measure plasma and 
tissue sphingomyelin concentrations, and that human plasma 
sphingomyelin levels are positively correlated With athero 
sclerosis and coronary heart disease. 

[0023] US. Pat. No. 5,929,039, entitled “Method for 
Treating Cardiac Dysfunction and Pharmaceutical Compo 
sitions Useful Therefor”, relates to disclose methods meth 
ods for the prophylaxis or treatment of cardiac arrhythmia 
using an agent capable of blocking or inhibiting the effect or 
release of inositol(1,4,5)trisphosphate in cardiac tissue. The 
agent may be an aminoglycoside, including gentamicin. 

[0024] US. Pat. No. 5,677,288, entitled “Use of Ami 
noglycosides to Protect Against Excitotoxic Neuron Dam 
age”, relates to the use of an aminoglycoside, Which may be 
gentamicin, that suppresses the How of calcium ions into 
neurons through N-type calcium channels. The method 
relates to reducing excitotoxic damage to neurons, Which 
can occur as a result of stroke, cerebral ischemia/hypoxia, or 
other events or conditions. 

[0025] Published US. Patent Application 20010041688, 
entitled “Methods and Compositions for the Regulation of 
Vasoconstriction”, relates to modulation of sphingosine 
kinase and sphingosine-1-phosphate phosphatase activity 
and EDG receptor signaling for the treatment of conditions 
relating to vasoconstriction and vasoconstriction, including 
migraine, stroke, subarachnoid hemorrhage and vasospasm. 

[0026] Ancellin et al., “Extracelluar export of sphingosine 
kinase-1 enZyme: Sphingosine 1 phosphate generation and 
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the induction of angiogenic vascular maturation”, JBC 
Papers in Press. Published on Dec. 10, 2001 as manuscript 
M102841200 relates to events related to angiogenosis that 
are mediated by a sphingosine kinase. 

SUMMARY OF THE INVENTION 

[0027] The invention is draWn to compositions and meth 
ods for treating or preventing cardiovascular, cardiac, myo 
cardial and other diseases, disorders or physical trauma, 
and/or cerbrovascular diseases and disorders, in Which 
therapeutic agents are administered to a patient that alters 
the activity or concentration of an undesirable, toXic and/or 
cardiotoXic sphingolipids, or metabolites thereof. The thera 
peutic methods and compositions of the invention are said to 
be “sphingolipid-based” in order to indicate that they act by 
changing the absolute, relative and/or available concentra 
tion and/or activities of certain undesirable, toXic or car 
diotoXic sphingolipids. The invention is also draWn to 
chemical libraries and screening assays that are used to 
identify novel sphingolipid-based therapeutics. 

[0028] The compositions of the invention are used in 
methods of sphingolipid-based cardiovascular and cardiac 
therapy. “Cardiac therapy” refers to the prevention and/or 
treatment of myocardial diseases, disorders or physical 
trauma. Conditions of particular interest include but not 
limited to myocardial ischemia; acute myocardial infarction 
(AMI); coronary artery disease (CAD); acute coronary syn 
drome (ACS); cardiac cell and tissue damage that may occur 
during or as a consequence of pericutaneous revasculariZa 
tion (coronary angioplasty) With or Without stenting; coro 
nary bypass grafting (CABG) or other surgical or medical 
procedures or therapies that may cause ischemic or 
ischemic/reperfusion damage in humans; and cardiovascular 
trauma. 

[0029] “Cardiovascular therapy” encompasses cardiac 
therapy as Well as the prevention and/or treatment of other 
diseases associated With the cardiovascular system, such as 
heart disease. The term “heart disease” encompasses any 
type of disease, disorder, trauma or surgical treatment that 
involves the heart or myocardial tissue. Of particular interest 
are heart diseases that relate to hypoXia and/or ischemia of 
myocardial tissue and/or heart failure. One type of heart 
disease that can result from ischemia is reperfusion injury, 
such as can occur When anti-coagulants, thrombolytic 
agents, or anti-anginal medications are used in therapy, or 
When the cardiac vasculature is surgically opened by angio 
plasty or by coronary artery grafting. Another type of heart 
disease to Which the invention is directed is oronary artery 
disease (CAD), Which can arise from arteriosclerosis, par 
ticularly atherosclerosis, a common cause of ischemia. CAD 
has symptoms such as stable or unstable angina pectoris, and 
can lead to acute myocardial infarctions (AMI) and sudden 
cardiac death. The term “heart failure” encompasses acute 
myocardial infarction, myocarditis, a cardiomyopathy, con 
gestive heart failure, septic shock, cardiac trauma and ido 
pathic heart failure. The spectrum of ischemic conditions 
Which result in heart failure is referred to as Acute Coronary 
Syndrome (ACS). 
[0030] “Cerebrovascular therapy” refers to therapy 
directed to the prevention and/or treatment of diseases and 
disorders associated With cerebral ischemia and/or hypoXia. 
Of particular interest is cerebral ischemia and/or hypoXia 
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resulting from global ischemia resulting from a heart dis 
ease, including Without limitation heart failure. 

[0031] “Toxic sphingolipids” are those sphingolipids that 
can cause or enhance the necrosis and/or apoptosis of cells, 
including, in some instances, particular cell types that are 
found in speci?c tissues or organs. “CardiotoXic sphingolip 
ids” are toXic sphingolipids that directly or indirectly cause 
or enhance cardiac arrythmias, the negative inotropy (loss of 
contractile function) of the heart and the necrosis and/or 
apoptosis of cells found in or associated With the heart, 
including but not limited to cardiomyocytes, cardiac neurons 
and the like. “Undesirable sphingolipids” include toXic and 
cardiotoXic sphingolipids, as Well as metabolites, particu 
larly metabolic precursors, of toXic and cardiotoXic sphin 
golipids. Undesirable, cardiotoXic and/or toXic sphingolipids 
of particular interest include but are not limited to ceramide 
(CER), sphingosine-l-phosphate (S-l-P) and sphingosine 
(SPH; D(+)-erythro-2-amino-4-trans-octadecene-1,3-diol, 
or sphinganine). 

[0032] The term “metabolites” refers to compounds from 
Which sphingolipids are made, as Well as those that result 
from the degradation of sphingolipids; that is compounds 
that are involved in the sphingolipid metabolic pathWays 
(FIGS. 1 and 2). Metabolites include metabolic precursors 
and metabolic products. The term “metabolic precursors” 
refers to compounds from Which sphingolipids are made. 
Metabolic precursors of particular interest include but are 
not limited to SPC, sphingomyelin, dihydrosphingosine, 
dihydroceramide, and 3-ketosphiganine. The term “meta 
bolic products” refers to compounds that result from the 
degradation of sphingolipids, such as phosphorylcholine 
(a.l<.a. phosphocholine, choline phosphate), fatty acids, 
including free fatty acids, and heXadecanal (a.l<.a. palmital 
dehyde). 

[0033] As used herein, the term “therapeutic” encom 
passes the full spectrum of treatments for a disease or 
disorder. A “therapeutic” agent of the invention may act in 
a manner that is prophylactic or preventive, including those 
that incorporate procedures designed to target individuals 
that can be identi?ed as being at risk (pharmacogenetics); or 
in a manner that is ameliorative or curative in nature; or may 
act to sloW the rate or eXtent of the progression of a disease 
or disorder; or may act to minimiZe the time required, the 
occurrence or eXtent of any discomfort or pain, or physical 
limitations associated With recuperation from a disease, 
disorder or physical trauma; or may be used as an adjuvant 
to other therapies and treatments. The term “cardiotherapeu 
tic agent” refers to an agent that is therapeutic to diseases 
and diseases caused by or associated With cardiac and 
mycardial diseases and disorders. 

[0034] Without Wishing to be bound by any particular 
theory, it is believed that the level of undesirable sphingolip 
ids such as SPH or S-l-P, and/or one or more of their 
metabolites, cause or contribute to the development of 
cardiac and myocardial diseases and disorders. Because 
sphingolipids are also involved in ?brogenesis and Wound 
healing of liver tissue (Davaille et al., J. Biol. Chem. 
275:34268-34633, 2000; Ikeda et al., Am J. Physiol. Gas 
trointest. Liver Physiol 2791G304-G310, 2000), healing of 
Wounded vasculatures (Lee et al., Am. J. Physiol. Cell 
Physiol. 2781C612-C618, 2000), and other disease states or 
disorders, or events associated With such diseases or disor 



US 2005/0226862 A1 

ders, such as cancer, angiogenesis and in?ammation (Pyne 
et al., Biochem. J. 349:385-402, 2000), the compositions and 
methods of the present disclosure may be applied to treat 
these diseases and disorders as Well as cardiac and myocar 
dial diseases and disorders. 

[0035] One form of sphingolipid-based therapy involves 
manipulating the metabolic pathWays of sphingolipids in 
order to decrease the actual, relative and/or available in vivo 
concentrations of undesirable, toxic and/or cardiotoxic sph 
ingolipids. The invention provides compositions and meth 
ods for treating or preventing cardiac and myocardial dis 
eases, disorders or physical trauma, in Which therapeutic 
agents are administered to a patient that alters the activity or 
concentration of an enZyme, Wherein the enZyme catalyZes 
a reaction that produces or degrades undesirable, toxic 
and/or cardiotoxic sphingolipids, or metabolites thereof. An 
“enzyme” is a protein or polypeptide that catalyZes (causes, 
accelerates or enhances) a chemical reaction. The term 
“metabolism” is used to describe the biological construction 
or destruction of a compound. Metabolism comprises the 
synthesis (constructive metabolism, a.k.a. anabolism) of 
compounds and the degradation (destructive metabolism, 
a.k.a. catabolism) thereof. EnZymes of particular interest, 
and preferred modulating agents thereof (inhibitors/activa 
tors or stimulators/blocking agents), are described in the 
Detailed Description (see also Examples 7 through 10). 

[0036] In one version of this form of sphingolipid-based 
therapy, metabolic steps that involve the production of 
sphingolipids are inhibited or blocked. Therapeutic agents 
and methods are used to decrease the amount or activity of 
enZymes that catalyZe chemical reactions that degrade unde 
sirable sphingolipids and/or metabolic precursors thereof. 
Thus, net sphingolipid catabolism is increased. 

[0037] In another version of this form of sphingolipid 
based therapy, metabolic steps that involve the destruction of 
sphingolipids are activated or stimulated. Therapeutic agents 
and methods are used to increase the amount or activity of 
enZymes that catalyZe chemical reactions that degrade unde 
sirable sphingolipids and/or metabolic precursors thereof. 
Thus, net sphingolipid anabolism is decreased. 

[0038] One form of sphingolipid-based therapy involves 
the use of agents that bind undesirable, toxic and/or car 
diotoxic sphingolipids, or metabolites thereof. Such sphin 
golipid-binding agents include but are not limited to proteins 
and polypeptide derivatives thereof that bind undesirable, 
toxic and/or cardiotoxic sphingolipids or metabolites 
thereof. Such a protein and polypeptide may, by Way of 
non-limiting example, be a non-catalytic derivative of an 
enZyme involved in the sphingolipid metabolic pathWays, a 
derivative of proteins that participate in the sphingomyelin 
signaling pathWay, a derivative of a receptor that binds an 
undesirable, toxic and/or cardiotoxic sphingolipid, an anti 
body or antibody derivative that is directed to (speci?cally 
binds) an undesirable, toxic and/or cardiotoxic sphingolipid. 
Such derivatives are preferably Water soluble. (Sphin 
golipid-binding agents are described in the Detailed 
Description of the Invention; see also Examples 6 and 14). 

[0039] One form of sphingolipid-based therapy involves 
the use of agents that bind sphingolipid receptors that initiate 
and stimulate the sphingomyelin signaling pathWay. This 
pathWay ultimately results in increased ceramide produc 
tion. An increased level of ceramide Would, in turn, be 
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expected to result in elevated concentrations of undesirable 
sphingolipids such as, e.g., S-1-P and SPH. Thus, inhibiting 
or blocking such receptors decreases, or at least prevents an 
increase due to the sphingomyelin signaling pathWay, the 
intracellular production of ceramide and metabolites thereof 
(see the Detailed Description and Example 9). Another form 
of sphingolipid-based therapy involves the use of molecular 
genetics to generate therapeutic agents (see the Detailed 
Description and Example 18). 

[0040] In one version of this form Of sphingolipid-based 
therapy, the therapeutic agent is a protein (including, Without 
limitation, polypeptides, oligopeptides, and peptidomimet 
ics). A “protein” is a molecule having a sequence of amino 
acids that are linked to each other in a linear molecule by 
peptide bonds. The term protein refers to a polypeptide that 
is isolated from a natural source, or produced from an 
isolated cDNA using recombinant DNA technology; and has 
a sequence of amino acids having a length of at least about 
200 amino acids. As used herein, the term “polypeptide” 
includes proteins, fusion proteins, oligopeptides and 
polypeptide derivatives, With the exception that peptidomi 
metics are considered to be small molecules herein. An 
“oligopeptide” is a polypeptide having a short amino acid 
sequence (i.e., 2 to about 200 amino acids). An oligopeptide 
is generally prepared by chemical synthesis. Although oli 
gopeptides and protein fragments may be otherWise pre 
pared, it is possible to use recombinant DNA technology 
and/or in vitro biochemical manipulations. For example, a 
nucleic acid encoding an amino acid sequence may be 
prepared and used as a template for in vitro transcription/ 
translation reactions. 

[0041] A“protein fragment” is a proteolytic fragment of a 
larger polypeptide, Which may be a protein or a fusion 
protein. A proteolytic fragment may be prepared by in vivo 
or in vitro proteolytic cleavage of a larger polypeptide, and 
is generally too large to be prepared by chemical synthesis. 
Preferably, proteolytic fragments have amino acid sequences 
having a length from about 10 to about 5,000 amino acids; 
more preferably about 200 to 1000 amino acids; most 
preferably 200 to about 1,000 amino acids. 

[0042] A therapeutic protein may be a dominant negative 
mutant of an enZyme that catalyZes a reaction that results in 
the production of an undesirable, toxic and/or cardiotoxic 
sphingolipid or a metabolite thereof, of a receptor for such 
a sphingolipid, or of a protein that participates in the 
sphingomyelin signaling pathWay. A “dominant negative 
mutant protein” is one that, When expressed, (I) docs not 
itself provide the activity of the Wildtype protein and (ii) 
inhibits the action of the Wildtype form of the protein. The 
therapeutic protein may be an enZyme, produced by recom 
binant DNA technology or any other appropriate method, 
that catalyZes a reaction that results in the degradation of a 
undesirable, toxic and/or cardiotoxic sphingolipid, or a 
metabolite thereof; and such an enZyme may be one that has 
been altered via molecular genetics to have improved desir 
able properties such as enhanced catalytic activity, tighter 
substrate binding, etc. 

[0043] In another version of this form of sphingolipid 
based therapy, the therapeutic agent is a nucleic acid (includ 
ing, Without limitation, DNA, RNA, and oligonucleotides). 
A therapeutic nucleic acid may have a sequence that is 
antisense to a nucleotide sequence found Within an mRNA 
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that encodes an enzyme that catalyzes a reaction that results 
in the production of a undesirable, toxic and/or cardiotoxic 
sphingolipid, or a metabolite thereof, or a receptor thereof. 
Such nucleic molecules include antisense oligonucleotides. 
Such antisense nucleic acids bind to a speci?c target mRNA 
due to their complementary sequences, and prevent the 
mRNA from being processed or translated, or enhance or 
cause the degradation of the mRNA. A therapeutic nucleic 
acid may be a gene therapy construct that comprises and 

expresses, over-expresses or constitutively expresses nucleic acids that are antisense to those that encode an 

enZyme that catalyZes a reaction that results in the produc 
tion of a undesirable, toxic and/or cardiotoxic sphingolipid 
or a metabolite thereof; (ii) therapeutic proteins, such as 
enZyme that degrades a sphingolipid, or a dominant negative 
mutant that inhibits such an enZyme, or a sphingolipid 
binding protein. 

[0044] Any composition and method of the invention that 
may be used in sphingolipid-based therapy may be used in 
combination With any other compositions and methods for 
sphingolipid-based therapy, as Well as in conjunction With 
therapeutic agents and compositions that are not sphin 
golipid-based. Useful adjuvant treatments for the sphin 
golipid-based treatments of the invention modulate the sph 
ingomyelin signaling pathWay and/or inhibit cytokines (see 
the Detailed Description and Example 14). An “adjuvant” is 
any agent that is added to a composition or therapeutic 
regimen to aid the therapeutic effect of the active agent(s) 
thereof. 

[0045] An agent for sphingolipid-based therapy is formu 
lated in a pharmaceutical composition. The pharmaceutical 
compositions of the invention may be formulated for rapid 
cardiac delivery. By “rapid cardiac delivery” it is meant that 
the therapeutic agent reaches a therapeutically effective 
concentration in the blood, serum, or speci?ed tissue Within 
about 30 to 60 minutes, preferably Within about 15 to 20 
minutes, more preferably Within about 5 to 10 minutes, and 
most preferably Within about 5 seconds to about 5 minutes, 
after its administration. The pharmaceutical compositions 
are used to treat cardiac, myocardial and other diseases, 
disorders or physical trauma. 

[0046] Pharmaceutical and pharmaceutical compositions 
comprising one or more therapeutic agents of the invention 
are incorporated into kits and medical devices for such 
treatments. Medical devices are used to administer the 
pharmaceutical compositions of the invention to a patient in 
need thereof, and kits that include such devices. Such 
devices and kits may be designed for the routine adminis 
tration, including self-administration, of the pharmaceutical 
compositions of the invention. Such devices and kits may 
also be designed for emergency use, i.e., in ambulances or 
emergency rooms, or during surgery, or in activities Where 
injury is possible but Where full medical attention may not 
be immediately forthcoming (i.e., hiking and camping, or 
combat situations). The invention thus provides cardiac and 
myocardial therapies based on the role of sphingolipids in 
cardiac and myocardial diseases, disorders and physical 
trauma. 

[0047] The invention also provides screening assays, 
including high-throughput screening (HTS) assays, that are 
useful for identifying novel sphingolipid-based therapeutics. 
Chemical libraries are screened using these assays, prefer 
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ably in a high throughput manner, to identify lead com 
pounds and therapeutic agents. 

[0048] In a related aspect, the invention provides a method 
of identifying molecules that speci?cally bind to, and/or 
otherWise interfere With the action of a sphingolipid target. 
A “sphingolipid target” is any molecule or moiety that is 
desired to obtain novel compounds that bind thereto or 
otherWise inhibit the activity thereof. Sphingolipid targets of 
the inventions include, but are not limited to, sphingolipids 
per se; sphingolipid receptors; and molecules involved in 
sphingolipid metabolism, including but not limited to 
enZymes that act on sphingolipids and sphingolipid metabo 
lites. 

[0049] In another embodiment, sphingolipids that are car 
diotoxic at relatively high concentrations are used to pre 
conditon hearts. Preconditioning hearts With short cycles of 
ischemia and reperfusion is knoWn to have a cardioprotec 
tive effect in rodents (Yellon et al., Cardiovasc Res 26.983 
987, 1992; Napoli et al., J Clin Bas Cardiol 1:37-42, 1998). 
In the preconditioning methods of the invention, sphingolip 
ids that are cardiotoxic are administered in small doses. In 
the methods of the invention, sphingolipids, including but 
not limited to ceramide, sphingosine and sphingosine-1 
phosphate given in loW, intermittent doses may protect 
cardiac tissue from ischemia. 

[0050] The invention provides bene?ts not previously 
obtainable in cardiovascular, cardiac and myocardial treat 
ments. By Way of non-limiting example, the consequences 
of acute cardiac or myocardial events may result from the 
end result of a cascade of molecular events that evolve 
rapidly after symptoms become apparent. Treatments that 
address early events in the cascade may not be able to “catch 
up” With such events, i.e., may not achieve an effective level 
until after some undesirable molecules that lead to cardiac or 
myocardial damage have been produced. Sphingolipid 
based therapies act on undesirable events and molecules that 
occur or are present at the later stages of these cascades, they 
can act before such undesirable events occur or undesirable 

molecules are produced, and thus can prevent the occurrence 
of such events and/or production of such compounds to a 
greater degree than can be realiZed by therapies that act 
earlier in the cascade. Sphingolipid-based therapies 
addresses events that lead directly (rather than indirectly) to 
myocardial ischemia and other cardiac disorders, and unde 
sirable side-effects of indirect treatments are thus reduced, 
minimiZed or eliminated. Sphingolipid-based therapies pro 
vide for preventative treatments that achieve an effective 
state relatively quickly and non-intrusive as compared to 
other preventative measures, e.g., changes in diet or surgery. 

[0051] The summary of the invention described above is 
not limiting and other features and advantages of the inven 
tion Will be apparent from the folloWing detailed description 
of the preferred embodiments, as Well as from the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0052] FIG. 1 shoWs a set of biochemical reactions that 
are a central part of the sphingolipid metabolic pathWays. 

[0053] FIG. 2 is a more expansive vieW of sphingolipid 
metabolism and includes the biochemical reactions and 
enZymes shoWn in FIG. 1. Abbreviations: DAG, diacylg 
lycerol); PtdCho, phosphatidylcholine. 
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[0054] FIG. 3 shows the fate of 3H-labeled SPH in Whole 
blood. After labeled sphingosine (SPH) is added to human 
Whole blood, the concentration of SPH drops While the 
concentration of labeled sphingosine-1-phosphate (S1P) 
increases, suggesting that SPH is converted into S-1-P in 
blood; in contrast, little of the label is detected as labeled 
hexadecanal Symbols: solid line, S1P; line With long 
dashes, HD; line With short dashes, SPH. 

[0055] FIG. 4 shoWs results of experiments that demon 
strate that L-carnitine blocks the hypoxia-induced produc 
tion of sphingosine in a cellular model. 

[0056] FIG. 5 shoWs results of experiments in Which rat 
hearts are subject to ischemia With (grey lines) or Without 
(black lines) an inhibitor of sphingomyelinase. 

[0057] FIG. 6 shoWs the general chemical structure of 
aminoglycosides. “R1” through “R13” are substituent 
groups. 

ABBREVIATIONS 

[0058] Unless otherWise indicated, the folloWing abbre 
viations are used herein. 

Sphingolipids 

DHSPH Dihydrosphingosine 
CER ceramide (N-acylsphingosine) 
SPC Sphingosylphosphorylcholinc 
SPH Sphingosine 
S-1-P sphingosine-l-phosphate (a.k.a. S1P or SPP) 
SM Sphingomyelin 

[0059] 

Enzymes 

CER kinase ceramide kinase 
SMase Sphingomyelinase 
SM-deacylase Sphingomyelin deacylase 
SPH kinase Sphingosine kinase 
S-1-P Lyase Sphingosine-l-phosphate lyase 
S-1-P Sphingosine-l-phosphate lyase phosphatase 
Phosphatase 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0060] The present invention provides methods and com 
positions useful for the treatment of cardiovascular and 
cerebrovascular diseases and disorders, as Well as other 
disease states that relate to sphingolipids and sphingolipid 
metabolites. The methods and compositions act by interfer 
ing With the metabolism of various sphingolipids and/or 
their metabolites; by binding sphingolipids, thereby reduc 
ing their effective concentration; by modulating the sphin 
gomyelin signaling pathWay; via modalities based on 
molecular genetics (including but not limited to the use of 
dominant negative proteins, antisense, gene therapy, and the 
like). All the above modalities of cardiovascular therapy 
may be used alone, in combination With each other, and/or 
in combination With other methods and compositions useful 
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for cardiovascular therapy (including but not limited to those 
that interfere With the action of certain cytokines). The 
therapeutic methods and compositions of the invention are 
said to be “sphingolipid-based” in order to indicate that 
these therapies act by changing the relative, absolute or 
available concentration(s) of certain undesirable, toxic or 
cardiotoxic sphingolipids. Therapeutic administration of 
exogenous sphingolipids may have therapeutic bene?t if 
give in a preconditiong regimen (i.e., loW doses given 
intermittently). 
[0061] Applicants believe, Without Wishing to be bound by 
any particular theory, that the level of undesirable sphin 
golipids such as CER, SPH or S-1-P, and/or one or more of 
their metabolites, may be directly responsible for cardiac 
dysfunction, during or immediately after cardiac ischemia 
such as during reperfusion injury. For example, sphingosine 
has negative inotropic effects on the heart (Oral H, Dom 
GW, Mann DL. Sphingosine mediates the immediate nega 
tive inotropic effects of tumor necrosis factor-a in the adult 
mammalian cardiac myocyte. J. Biol. Chem. 
1997;272:4836-4842; KroWn K, Yasui K, Brooker M, et al. 
TNFO. receptor expression in rat cardiac myocytes: TNFO. 
inhibition of L-type Ca2+ current and Ca2+ transients. 
FEBS Letters 1995;376:24-30; Smith G W, Constable P D, 
Eppley R M, Tumbleson M E, Gumprecht L A, Haschek 
Hock W M. Puri?ed fumonisin B1 decreases cardiovascular 
function but does not alter pulmonary capillary permeability 
in sWine. Toxicological Sciences 2000;56:240-249, blocks 
Na/Ca exchangers Condrescu M, Reeves J P. Inhibition of 
sodium-calcium exchange by ceramide and sphingosine. J. 
Biol. Chem. 2001;276:4046-4054, and the L-type calcium 
channel in heart cells KroWn K, Yasui K, Brooker M, et al. 
TNFa receptor expression in rat cardiac myocytes: TNTa 
inhibition of L-type Ca2+ current and Ca2+ transients. 
FEBS Letters 1995;376:24-30, and modulates the ryanodine 
receptor McDonough PM, Yasui K, Betto R, et al. Control 
of cardiac Ca2+ levels: inhibitory actions of sphingosine on 
Ca2+ transients and L-channel conductance. Circ. Res. 
1994;75:981-989, all of Which can cause calcium deregula 
tion that is observed When cardiac cells are treated With 
sphingosine (McDonough P M, Yasui K, Betto R, et al. 
Control of cardiac Ca2+ levels: inhibitory actions of sphin 
gosine on Ca2+ transients and L-channel conductance. Circ. 
Res. 1994;75:981-989; KroWn K, Yasui K, Brooker M, et al. 
TNF(L receptor expression in rat cardiac myocytes: TNFO. 
inhibition of L-type Ca2+ current and Ca2+ transients. 
FEBS Letters 1995 ;376:24-30). In addition, SPH inhibits the 
Na/H exchanger (LoWe J H N, Huang C-L, Ives HE. 
Sphingosine differentially inhibits activation of the Na+/H+ 
exchange by phorbol esters and groWth factors. J. Biol. 
Chem. 1990;265:7188-7194), that is responsible for pH 
regulation. Sphingosine has also been shoWn to produce cell 
death in heart cells KroWn KA, Page M T, Nguyen C, et al. 
TNFot-induced apoptosis in cardiac myocytes: Involvement 
of the sphingolipid signalling cascade in cardiac cell death. 
J. Clin. Invest. 1996;98:2854-2865; Zechner D, Craig R, 
Hanford D, McDonough P M, Sabbadini R A, Glembotski C 
C. MKK6 inhibits myocardial cell apoptosis via a p38 MAP 
kinase-dependent pathWay. J. Biol. Chem. 1998;273:8232 
8239), and can also produce free radica damage during 
reperfusion HernandeZ 0, Discher, D., Bishorpric, N., Web 
ster, K. Rapid Activation of Neutral Sphingomyelinase by 
Hypoxia-Reoxygenation of Cardiac Myocytes. Circ. Res 
2000:198-204. Sphingosine-1-phosphate has been shoWn to 
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produe cell death Zechner D, Craig R, Hanford D, McDon 
ough pM, Sabbadini R A, Glembotski C C. MKK6 inhibits 
myocardial cell apoptosis via a p38 MAP kinase-dependent 
pathway. J. Biol. Chem. 1998;273:8232-8239, and promote 
arrthymias and coronary vasoconstriction Sugiyama A, 
Yatomi Y, OZaki Y, Hashimoto K. Sphingosine 1-phosphate 
induces sinus tachycardia and coronary vasoconstriction in 
the canine heart. Cardiovasc. Res. 2000;46:119-125; Mac 
Donnell K, Severson D, Giles W. Depression of excitability 
by sphingosine 1-phosphate in rat ventricular myocytes. Am. 
J. Physiol. 1998;44:H2291-H2299; and Liliom K, Sun G, 
Bunemanns M, et al. Sphingosylphosphocholine is a natu 
rally occuring lipid mediator in blood plasma: a possible role 
in regulating cardiac function via sphingolipid receptors. 
Biochem J. 2001;355:189-197). 
[0062] Because sphingolipids such as S-1-P are involved 
in ?brogenesis and Wound healing of liver tissue (Davaille 
et al., J. Biol. Chem. 275:34268-34633, 2000; Ikeda et al., 
Am J. Physiol. Gastrointest. Liver Physiol 279:G304-G310, 
2000), healing of Wounded vasculatures (Lee et al., Am. J. 
Physiol. Cell Physiol. 278:C612-C618, 2000), and other 
disease states, or events associated With such diseases, such 
as cancer, angiogenesis and in?ammation (Pyne et al., 
Biochem. J. 349:385-402, 2000), the compositions and 
methods of the disclosure may be applied to treat these 
diseases as Well as cardiac diseases. For example, S-1-P may 
be used therapeutically as a promoter of cardiac angiogen 
esis. The ability of S-1-P to stimulate angiogenesis in cell 
culture and in non-cardiac tissue has been reported (Lee et 
al., Sphingosine 1-Phosphate induces angiogenesis: its 
angiogenic action and signaling mechanism in human 
umbilical endothelial cells. Biochem Biophys Res Commun 
1999;264:743-325; Lee et al., Am J Physiol Cell Physiol 
278:C612-C618, 2000). Recent evidence suggests that exog 
enously administered S-1-P crosses the blood-brain barrier 
and promotes cerebral vasoconstriction (Tosaka et al., 
Stroke 32: 2913-2919. 2001). This suggests that sphingolip 
ids derived from cardiac or other non-cerebral sources could 
contribute to stroke. Consequently, interfering With sphin 
golipid production and/or action may be bene?cial in miti 
gating stroke, particularly in stroke casued by peripherical 
vascular disease, atherosclerosis and cardiac disorders. s.For 
example, S1P may be used therapeutically as a promoter of 
cardiac angiogenesis. The ability of S1P to stimulate angio 
genesis in cell culture and in non-cardiac tissue has been 
reported [Lee, 1999 #1508]. Recent evidence suggests that 
exogenously administered S1P crosses the blood-brain bar 
rier and promotes cerebral vasoconstriction (Tosaka et al., 
Stroke 32: 2913-2919. 2001). This suggests that sphingolip 
ids derived from cardiac or other non-cerebral sources could 
contribute to stroke. Consequently, interfering With sphin 
golipid production and/or action may be bene?cial in miti 
gating stroke, particularly in stroke casued by peripherical 
vascular disease, atherosclerosis and cardiac disorders. 

[0063] It has been suggested that an early event in the 
course of cardiac ischemia (i.e., lack of blood supply to the 
heart) is an excess production by the heart muscle of the 
naturally occurring compound sphingosine, and that other 
metabolites, particularly sphingosine-1-phosphate (S-1-P), 
are also produced either by the heart tissue itself or by 
components of blood as a consequence of cardiac sphin 
golipid production and subsequent conversion in the blood. 
The present invention provides methods and the composi 
tions thereof to inhibit and/or activate sphingolipid produc 
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tion and/or metabolism. More speci?cally, the present inven 
tion provides methods and the compositions that may block 
production of SPH, S-1-P and other metabolites by inhibit 
ing and/or activating metabolic enZymes and/or sphingolipid 
receptors involving in the sphingolipid metabolic pathWays. 
Since either hypoxia per se and/or cardiac-derived TNFO. 
and/or other cytokines may trigger the sphingomyelin signal 
transduction cascade in the heart to increase the production 
of SPH, S-1-P and other metabolites, the present invention 
also provides methods and compositions to block cytokine 
release and/or its action. 

[0064] The present invention thus provides methods and 
compositions thereof to reduce blood and tissue levels of 
key sphingolipids, e.g., SPH and S-1-P. Such methods and 
compositions include, but are not limited to, monoclonal 
and/or polyclonal antibodies directed to sphingolipids, 
Which may be used, for example, to bind and thus loWer the 
effective concentration of, undesirable sphingolipids in 
Whole blood. The present invention also provides methods 
and the compositions thereof to indirectly reduce the abso 
lute or effective (available) blood and tissue levels of key 
sphingolipids, e.g. SPH and S-1-P, including but not limited 
to methods and compositions for inhibiting and/or activating 
enZymes involving in the sphingolipid metabolic pathWays; 
for the use of soluble fragments containing the sphingolipid 
binding domain of enZymes involved in sphingolipid 
metabolism, or the binding domain of sphingolipid binding 
proteins, to bind and reduce the effective concentration of 
undesirable sphingolipids; for the use of negative dominant 
(a.k.a. “transdominant”) mutants of sphingolipid receptors 
and enZymes involved in sphingolipid metabolism; for 
genetic therapy to provide or alter a function of a sphin 
golipid enZyme or receptor; and for the use of anti sense 
oligonucleotides or transcripts against mRNAs of the sph 
ingolipid metabolic enZymes, and/or sphingolipid receptors, 
to reduce or eliminate the genetic expression of these 
enZymes. For a revieW of sphingolipid metabolism, see Liu 
et al., Crit Rev. Clin. Lab. Sci. 36:511-573, 1999. 

[0065] The present invention also provides compositions 
for inhibiting the action or expression of cytokines, inter 
ferons, chemokines and the like, that may modulate events 
that occur during the sphingomyelin signaling pathWay. This 
pathWay, Which it has been suggested is activated during 
cardiac ischemia/hypoxia (BielaWska et al., Am. J. Pathol. 
151:1257-1263, 1997; Meldrum, Am. J. Physiol. 274:R577 
R595, 1998; and Cain et al., J. Mol. Cell. Cardiol. 31:931 
947, 1999), and Which is stimulated by cytokines, interfer 
ons, chemokines and the like, ultimately results in increased 
ceramide production. An increased level of ceramide Would, 
in turn, be expected to result in elevated concentrations of 
undesirable sphingolipids such as, e.g., S-1-P and SPH. For 
revieWs of the sphingomyelin signaling pathWay, see Han 
nun et al.,Aa'v. Lipid Res. 25:27-41, 1993; Liu et al., Crit. 
Rev. Clin. Lab. Sci. 36:511-573, 1999; Igarashi, J. Biochem. 
122:1080-1087, 1997; Oral et al.,J. Biol. Chem. 272:4836 
4842, 1997; and Spiegel et al., Biochemistry (Moscow) 
63:69-83, 1998. 

[0066] Sphingolipids 

[0067] The therapeutic methods and compositions of the 
invention are said to be “sphingolipid-based” in order to 
indicate that these therapies can change the relative, absolute 
or available concentration(s) of certain undesirable, toxic or 
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cardiotoxic sphingolipids. “Toxic sphingolipids” are those 
that can, under certain circumstances, disturb the normal 
function of cells such as ones that cause or enhance the 
necrosis and/or apoptosis of cells, including, in some 
instances, particular cell types that are found in speci?c 
tissues or organs. “Cardiotoxic sphingolipids” are toxic 
sphingolipids that directly or indirectly cause a negative 
inotropic state or cause or enhance the necrosis and/or 
apoptosis of cells found in or associated With the heart, 
including but not limited to cardiomyocytes, cardiac neurons 
and the like, and/or can cause loss of cardiac function due to 
the negative inotropic, arrhythmic coronary vasoconstric 
tion/spasm effects of the sphingolipids and/or their metabo 
lites. “Undesirable sphingolipids” include toxic and car 
diotoxic sphingolipids, as Well as metabolites, particularly 
metabolic precursors, of toxic and cardiotoxic sphingolipids. 
Undesirable sphingolipids of particular interest include but 
are not limited to ceramide (CER), sphingosine-1-phosphate 
(S-1-P), and sphingosine (SPH). 
[0068] Sphingolipids are a unique class of lipids that Were 
named, due to their initially mysterious nature, after the 
Sphinx. Sphingolipids Were initially characteriZed as pri 
mary structural components of cell membranes, but recent 
studies indicate that sphingolipids also serve as cellular 
signaling and regulatory molecules (Hannun et al., Adv. 
LipidRes. 25:27-41, 1993; Speigel et al.,FASEBJ. 10:1388 
1397, 1996; Igarashi, J. Biochem 127:1080-1087, 1997). 
The metabolic pathWays for sphingolipids are shoWn in 
FIGS. 1 and 2. 

[0069] One group of sphingolipids of particular interest is 
the set of sphingolipids involved in the sphingomyelin signal 
transduction pathWay (Hannun et al.,Adv. Lipid Res. 25 :27 
41, 1993; Liu et al., Crit. Rev. Clin. Lab. Sci. 36:511-573, 
1999). In this regard, ceramide, sphingosine and sphin 
gosine-1-phosphate have been most Widely studied (Hannun 
et al., Science 243:500-507, 1989). Sphingolipid signaling 
molecules are derived from sphingomyelin and include but 
are not limited to sphingosine [(SPH; D(+)-erythro-2 
amino-4-trans-octadecene-1,3-diol or sphingenine)], sphin 
gosine-1-phosphate (S-1-P), ceramide (CER), as Well as 
sphingosylphosphorylcholine (SPC) (see FIG. 1). 
[0070] Ceramide and sphingomyelin (SPH) are intracel 
lular second messengers activated by the sphingomyelin 
signal transduction cascade that occurs in response to 
in?ammatory cytokines such as TNFot, YIFN, and IL-1[3, and 
in response to ischemia/reperfusion (BielaWska et al.,Am. J. 
Pathol. 151:1257-1263, 1997; Zager et al., Kidney Int. 
54:60-70, 1997). 
[0071] Accumulations of ceramide in ischemia of human 
and rat brains, and in renal ischemia have been alleged to 
occur (Kubota et al., Japan J. Exp. Med. 59:59-64, 1989; 
Kubota et al., Neuro. Res. 18:337-341, 1996; and Zager et 
al., Kidney Int. 54:60-70, 1997). Further, S1P causes cere 
bral vasoconstriction (Tosaka et al., Stroke 32: 2913-2919. 
2001). Taken together, it is reasoned that either brain 
derived or non-brain derived sphingolipids may contribute 
to stroke and that interfering With sphingolipid production 
and/or action may mitigate stroke. 

[0072] HernandeZ et al. (Circ. Res. 86:198-204, 2000) is 
stated to shoW that one of the earliest responses of cardiac 
myocytes to hypoxia and reoxygenation is the activation of 
neutral sphingomyelinase and the accumulation of ceramide. 
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SPH has been allegedly implicated as mediating an early 
signaling event in apoptotic cell death in a variety of cell 
types (Ohta et al., FEBS Letters 355:267-270, 1994; Ohta et 
al., Cancer Res. 55:691-697, 1995; Cuvlilier et al., Nature 
381:800-803, 1996). It is postulated that the cardiotoxic 
effects of hypoxia may result in part from sphingolipid 
production and/or from the inappropriate production of other 
metabolites (e.g. protons, calcium, certain free radicals) or 
signaling molecules (e.g. MAP kinases, caspases) that 
adversely affect cardiac function. 

[0073] S-1-P is stored in platelets and is a normal con 
stituent of human plasma and serum (Yatomi et al., J. 
Biochem. 121:969-973, 1997). Sugiyama et al. (Cardiovas 
cular Res. 46:119-125, 2000) is stated to demonstrate that 
S-1-P is a coronary vasoconstrictor and has other biological 
effects on canine hearts. Siess et al. have proposed a role for 
S-1-P in artherosclerosis (IUBMB Life 49:161-171, 2000). 
This has been supported by other data, including evidence 
that the protective effect of HDL is due to blocking S1P 
production (Xia et al., PNAS 95:14196-14201, 1988; Xia et 
al., J Biol Chem 274:33143-33147, 1999). 

[0074] Treatment of neonatal and adult cardiac cells in 
culture With physiologically relevant levels of SPH and its 
immediate metabolite, S-1-P, has been related to the activa 
tion of cardiomyocyte cell death by apoptosis, a form of 
programmed cell death that may contribute to the siZe of the 
siZe of myocardial infarct (KroWn et al., J. Clin. Invest. 
98:2854-2865, 1996; Zechner et al., J. Biol. Chem. 
273:8232-8239, 1998; Kajstura et al., Lab. Invest. 74:86 
107, 1996). 
[0075] Cordis et al. (J. Pharm. and Biomed. Analysis 
16:1189-1193, 1998) states that levels of sphingosine are 
reduced in ischemia/reperfused rat hearts. In contrast, hoW 
ever, BielaWska et al.,Am. J. Pathol. 151:1257-1263, 1997) 
is stated to present evidence that the levels of the immediate 
metabolic precursor of SPH, ceramide, are increased in rat 
neonatal cardiomyocytes perfused under ischemic condi 
tions. 

[0076] Sphingomyelin, the metabolic precursor of ceram 
ide, has been stated to be increased in experimental animals 
subjected to hypoxia (Sergeev et al., Kosm. Biol. Aviakosm. 
Ailed. (Russian) 15:71-74, 1981). Other studies have been 
stated to shoW that internal membranes of muscle cells 
contain high amounts of SPH and sphingomyelin (Sumnicht 
et al., Arch. Biochem. Biophys. 215:628-637, 1982; Sabba 
dini et al., Biochem. Biophys. Res. Comm. 193752-758, 
1993). Treatment of experimental animals With fumonisinB 
fungal toxins result in increase serum levels of SPH and 
DHSPH(S1P Was not measured) With coincident negative 
inotropic effects on the heart (Smithe et al., Toxicological 
Sciences 56:240-249, 2000). 

[0077] Modulation of the Metabolism of Sphingolipids for 
Therapeutic Bene?t 

[0078] One Way to control the amount of undesirable 
sphingolipids in a patient is to alter the activity of an enZyme 
that catalyZes a reaction that is part of sphingolipid metabo 
lism (see FIGS. 1 and 2). Speci?cally, to loWer the amount 
of undesirable sphingolipids, one can inhibit or block 

enZymes involved in sphingolipid anabolism (constructive 
metabolism, i.e., reactions that lead to the production of 
undesirable sphingolipids). Additionally or alternatively, 
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one can stimulate or activate enzymes involved in sphin 
golipid catabolism (destructive metabolism, i.e., reactions 
that lead to the breakdown of undesirable sphingolipids). 
For further details, see Examples 7-10. 

[0079] There are several enZymes involved in the sphin 
golipid metabolic pathWay that can be inhibited in order to 
reduce the amount of undesirable sphingolipids. As is 
explained herein, due to their deleterious effects on cardiac 
cells and tissues, tWo particularly undesirable sphingolipids 
are SPH and S-1-P. Enzymes that are inhibited for the 
purpose of loWering levels of SPH, S-1-P and/or other 
undesirable sphingolipids are assigned to different classes 
based on the product(s) of the reaction that they catalyZe. 

[0080] Similarly, there are several enZymes involved in 
sphingolipid metabolism that can be stimulated in order to 
reduce the amount of undesirable sphingolipids including 
but not limited to SPH and S-1-P. Stimulation of these 
enZymes leads to a more rapid degradation of undesirable 
sphingolipids. EnZymes that are stimulated for the purpose 
of loWering levels of SPH, S-1-P and other undesirable 
sphingolipids are assigned to different classes based on 
Whether they promote the production or degradation of a 
selected undesirable, toXic and/or cardiotoXic sphingolipid 
or a precursor thereof. In general, enZymes that catalyZe the 
production of a undesirable, toXic and/or cardiotoXic sphin 
golipid or its precursor are inhibited, Whereas enZymes that 
catalyZe the degradation of the undesirable, toXic and/or 
cardiotoXic sphingolipid are stimulated. 

[0081] Binding Sphingolipids, and Receptors Thereof, for 
Therapeutic Bene?t 

[0082] One Way to control the amount of undesirable 
sphingolipids in a patient is by providing a composition that 
binds one or more sphingolipids, or receptors thereof. 

[0083] Antibodies and other compounds that bind to unde 
sirable sphingolipids may be used as therapeutic “sponges” 
that reduce the level of free undesirable sphingolipids. When 
a compound is stated to be “free,” the compound is not in 
any Way restricted from reaching the site or sites Where it 
eXerts its undesirable effects. Typically, a free compound is 
present in the cardiovascular system, Which either is or 
contains the site(s) of action of the free compound, or from 
Which a compound can freely migrate to its site(s) of action. 
A free compound may also be available to be acted upon by 
any enZyme that converts the compound into an undesirable 
compound. 
[0084] Antibodies and other compounds that bind to cel 
lular receptors of undesirable sphingolipids may be used to 
compete With and/or prevent sphingolipids from binding to 
receptors and thereby causing or enhancing undesirable 
cellular or biochemical events. Such events include, but are 
not limited to, the entry of undesirable sphingolipids into 
cells, initiation of a signal cascade pathWay that has an 
undesirable outcome, and a reaction, Which may be cata 
lyZed by an enZyme, that produces an undesirable product. 
Receptors of interest include but are not limited to Edg 
receptors, SCaMPER. and other receptors that bind sphin 
golipids, and receptors for cytokines, including but not 
limited to the TNFO. receptor. 

[0085] Antibodies 

[0086] Several antibodies have recently been approved for 
therapeutic use in humans by the Federal Drug Administra 
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tion (Kling, Mod. Drug Disc. 2:33-45, 1999). In one aspect 
of sphingolipid-based cardiovascular therapy, antibodies 
that bind sphingolipids can be delivered to a patient, e.g., 
incorporation into pharmaceutical compositions, medical 
devices, and the like, for use in sphingolipid-based cardio 
vascular therapy. Such methods may, by Way of non-limiting 
eXample, (1) modulate the effective concentration of a 
undesirable, toXic and/or cardiotoXic sphingolipid or a meta 
bolic precursor thereof; (2) sterically inhibit the binding of 
a sphingolipid to a cellular receptor therefor, or to loWer the 
concentration of a sphingolipid that is available for binding 
to such a receptor; (3) sterically inhibit the enZymatic 
conversion of a metabolic precursor of a undesirable, toXic 
and/or cardiotoXic sphingolipid, or loWer the concentration 
of such a precursor that is available for enZymatic conver 
sion into a undesirable, toXic and/or cardiotoXic sphin 
golipid; and (4) remove undesirable, toXic and/or car 
diotoXic sphingolipids and their metabolic precursors from 
blood in vivo or eX vivo. 

[0087] The term “antibody” is meant to encompass an 
immunoglobulin molecule obtained by in vitro or in vivo 
generation of an immunogenic response, and includes poly 
clonal, monospeci?c and monoclonal antibodies, as Well as 
T cell receptors, and fragments and derivatives thereof. An 
“immunogenic response” is one that results in the produc 
tion of antibodies directed to one or more proteins after the 
appropriate cells have been contacted With such proteins, or 
polypeptide derivatives thereof, in a manner such that one or 
more portions of the protein function as epitopes. An epitope 
is a single antigenic determinant in a molecule. In proteins, 
particularly denatured proteins, an epitope is typically 
de?ned and represented by a contiguous amino acid 
sequence. HoWever, in the case of nondenatured proteins, 
epitopes also include structures, such as active sites, that are 
formed by the three-dimensional folding of a protein in a 
manner such that amino acids from separate portions of the 
amino acid sequence of the protein are brought into close 
physical contact With each other. 

[0088] Polyclonal antibodies are generated in a immuno 
genic response to a protein having many epitopes, and thus 
include a variety of different antibodies directed to different 
epitopes Within the protein. Methods for producing poly 
clonal antibodies are knoWn in the art (see, e.g., Cooper et 
al., Section III of Chapter 11 in: Short Protocols in Molecu 
lar Biology, 2nd Ed., Ausubel et al., eds., John Wiley and 
Sons, NeW York, 1992, pages 11-37 to 1-41). 

[0089] Monospeci?c antibodies (a.k.a. antipeptide anti 
bodies) are generated in a humoral response to a short 
(typically, 5 to 20 amino acids) immunogenic polypeptide 
that corresponds to a feW (preferably one) isolated epitopes 
of the protein from Which it is derived. A plurality of 
monospeci?c antibodies includes a variety of different anti 
bodies directed to a speci?c portion of the protein, i.e., to an 
amino acid sequence that contains at least one, preferably 
only one, epitope. Methods for producing monospeci?c 
antibodies are knoWn in the art (see, e.g., Id., pages 11-42 to 

11-46). 
[0090] A monoclonal antibody is a speci?c antibody that 
recogniZes a single speci?c epitope of an immunogenic 
protein. In a plurality of a monoclonal antibody, each 
antibody molecule is identical to the others in the plurality. 
In order to isolate a monoclonal antibody, a clonal cell line 



US 2005/0226862 A1 

that expresses, displays and/or secretes a particular mono 
clonal antibody is ?rst identi?ed; this clonal cell line can be 
used in one method of producing the antibodies of the 
invention. Methods for the preparation of clonal cell lines 
and of monoclonal antibodies expressed thereby are knoWn 
in the art (see, for example, Fuller et al., Section II of 
Chapter 11 in: Short Protocols int Molecular Biology, 2nd 
Ed., Ausubel et al., eds., John Wiley and Sons, NeW York, 
1992, pages 1‘-22 to 11-11-36). 

[0091] T cell receptors (TCR) are a distinct class of 
proteins that are genetically and structurally related to 
antibodies. TCR proteins belong to the immunoglobulin 
superfamily of proteins and have molecular structures simi 
lar to those of antibodies and, like antibodies, speci?cally 
recogniZe (i.e., speci?cally and bind) speci?c ligands. Com 
plexes of TCR are displayed on T cells and bind speci?c 
antigens for the purpose of triggering molecular events 
associated With T cell differentiation and activation. Like 
antibodies, TCR proteins recogniZe particular antigens. 
HoWever, because of differences in the precise structures of 
the portions of TCR proteins that bind ligands and the amino 
acid sequences associated With those structures, as Well as 
different mechanisms by Which genes encoding a protein are 
diversi?ed by rearrangement and mutation. Thus, the 
“molecular rules” for speci?c binding of TCR molecules to 
their ligands are different from those of antibodies, and the 
use of TCR proteins expands the population of potential 
sphingolipid-binding proteins. 

[0092] Antibody fragments and derivatives are proteins 
that are derived from antibodies and T-cell receptors and 
Which retain the ability to speci?cally recogniZe the ligand 
recogniZed by the “parent” antibody or TCR (see Gavilondo 
et al., BioTechniqaes 29:128-145, 2000, and MorroW,Amer. 
Lab. 32:15-19, 2000). Preferred fragments include Fab 
fragments (i.e., an antibody fragment that contains the 
antigen-binding domain and comprises a light chain and part 
of a heavy chain bridged by a disul?de bond); Fab‘ (an 
antibody fragment containing a single anti-binding domain 
comprising an Fab and an additional portion of the heavy 
chain through the hinge region); F(ab‘)2 (tWo Fab‘ molecules 
joined by interchain disul?de bonds in the hinge regions of 
the heavy chains; the Fab‘ molecules may be directed toWard 
the same or different epitopes); a bispeci?c Fab (an Fab 
molecule having tWo antigen binding domains, each of 
Which may be directed to a different epitope); and cameliZed 
VH domains (the variable, antigen-binding determinative 
region of a single heavy chain of an antibody in Which some 
amino acids at the VH interface are those found in the heavy 
chain of naturally occurring camel antibodies). 

[0093] Single chain antibodies (scFv) comprise a variable 
region, aka, a scFv (the variable, antigen-binding deter 
minative region of a single light and heavy chain of an 
antibody linked together by a chain of 10-25 amino acids). 
For revieWs, see Raag et al., Single-chain Fvs. FASEB J. 
9:73-80, 1995, and Hudson, Recombinant antibody frag 
ments. Curr. Op. Biotechnol. 9, 395-402, 1999. See also Bird 
et al., Single-chain antigen-binding proteins. Science 242, 
423-426, 1988, and US. Pat. Nos. 5,260,203; 5,869,620; 
5,455,030; 5,518,889; 5,534,621; 4,946,778; 6,025,165; and 
6,027,725. 

[0094] The Well-knoWn technique of phage display is used 
to prepare scFv molecules. For revieWs, see Winter et al., 
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Making antibodies by phage display technology. Annu. Rev. 
Immunol. 12:433-455, 1994; Little et al., Surface display of 
antibodies. Biotechn. Adv. 12:539-555, 1994; and Burton et 
al., Human antibodies from combinatorial libraries. Adv. 
Immunol. 57:191-280, 1994. See also US. Pat. Nos. 5,821, 
047; 5,702,892; 6,031,071; and 6,310,191. 

[0095] Complexes of single chain antibodies are also 
Within the scope of the invention and include, but are not 
limited to, a disul?de-linked Fv, or dsFv (the variable, 
antigen-binding determinative region of a single light and 
heavy chain of an antibody linked together by a disul?de 
bond; a bispeci?c sFv (a scFv or a dsFv molecule having tWo 
antigen-binding domains, each of Which may be directed to 
a different epitope); a diabody (a dimeriZed scFv formed 
When the VH domain of a ?rst scFv assembles With the VL 
domain of a second scFv and the VL domain of the ?rst scFv 
assembles With the VH domain of the second scFv; the tWo 
antigen-binding regions of the diabody may be directed 
toWards the same or different epitopes); and a triabody (a 
trimeriZed sFv, formed in a manner similar to a diabody, but 
in Which three antigen-binding domains are created in a 
single complex; the three antigen binding domains may be 
directed toWards the same or different epitopes). 

[0096] The term “antibody” also includes genetically 
engineered antibodies and/or antibodies produced by recom 
binant DNA techniques and “humanized” antibodies. 
HumaniZed antibodies have been modi?ed, by genetic 
manipulation and/or in vitro treatment to be more human, in 
terms of amino acid sequence, glycosylation pattern, etc., in 
order to reduce the antigenicity of the antibody or antibody 
fragment in an animal to Which the antibody is intended to 
be administered (GussoW et al., Methods EnZ. 203:99-121, 
1991). 
[0097] Methods of Preparing Antibodies and Antibody 
Variants 

[0098] The antibodies and antibody fragments of the 
invention may be produced by any suitable method, for 
example, in vivo (in the case of polyclonal and monospeci?c 
antibodies), in cell culture (as is typically the case for 
monoclonal antibodies, Wherein hybridoma cells expressing 
the desired antibody are cultured under appropriate condi 
tions), in in vitro translation reactions, and in recombinant 
DNA expression systems (Johnson et al., Methods EnZ. 
203:88-98, 1991). Antibodies and antibody variants can be 
produced from a variety of animal cells, preferably from 
mammalian cells, With murine and human cells being par 
ticularly preferred. Antibodies that include non-naturally 
occurring antibody and T-cell receptor variants that retain 
only the desired antigen targeting capability conferred by an 
antigen binding site(s) of an antibody can be produced by 
knoWn cell culture techniques and recombinant DNA 
expression systems (see, e.g., Johnson et al., Methods in 
EnZymol. 203:88-98, 1991; Molloy et al., Mol. Immunol. 
32:73-81, 1998; Schodin et al., J. Immunol. Methods 
200:69-77, 1997). Recombinant DNA expression systems 
are typically used in the production of antibody variants 
such as, e.g., bispeci?c antibodies and sFv molecules. Pre 
ferred recombinant DNA expression systems include those 
that utiliZe host cells and expression constructs that have 
been engineered to produce high levels of a particular 
protein. Preferred host cells and expression constructs 
include Escherichia coli; harboring expression constructs 
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derived from plasmids or viruses (bacteriophage); yeast such 
as Sacharomyces cerevisieae or Fichia pastoras harboring 
episomal or chromosomally integrated expression con 
structs; insect cells and viruses such as Sf9 cells and 
baculovirus; and mammalian cells harboring episomal or 
chromosomally integrated (e.g., retroviral) expression con 
structs (for a revieW, see Verma et al., J. Immunol. Methods 
216:165-181, 1998). Antibodies can also be produced in 
plants (US. Pat. No. 6,046,037; Ma et al., Science 268:716 
719, 1995) or by phage display technology (Winter et al., 
Annu. Rev. Immunol. 12:433-455, 1994). 

[0099] XenoMouse strains are genetically engineered 
mice in Which the murine IgH and Igk loci have been 
functionally replaced by their Ig counterparts on yeast 
arti?cial YAC transgenes. These human Ig transgenes can 
carry the majority of the human variable repertoire and can 
undergo class sWitching from IgM to IgG isotypes. The 
immune system of the xenomouse recogniZes administered 
human antigens as foreign and produces a strong humoral 
response. The use of XenoMouse in conjunction With Well 
established hybridomas techniques, results in fully human 
IgG mAbs With sub-nanomolar af?nities for human antigens 
(see US. Pat. No. 5,770,429, entitled “Transgenic non 
human animals capable of producing heterologous antibod 
ies”; US. Pat. No. 6,162,963, entitled “Generation of Xeno 
genetic antibodies”; US. Pat. No. 6,150,584, entitled 
“Human antibodies derived from immuniZed xenomice”; 
US. Pat. No. 6,114,598, entitled Generation of xenogeneic 
antibodies; and US. Pat. No. 6,075,181, entitled “Human 
antibodies derived from immuniZed xenomice”; for revieWs, 
see Green, Antibody engineering via genetic engineering of 
the mouse: XenoMouse strains are a vehicle for the facile 
generation of therapeutic human monoclonal antibodies, J. 
Immunol. Methods 231:11-23, 1999; Wells, Eek, a XenoM 
ouse: Abgenix, Inc., Chem Biol 2000 August;7(8):R185-6; 
and Davis et al., Transgenic mice as a source of fully human 
antibodies for the treatment of cancer Cancer Metastasis Rev 

1999;18(4):421-5). 
[0100] Soluble Receptor Fragments 

[0101] Soluble polypeptides derived from membrane 
bound, typically hydrophobic, sphingolipid receptors that 
retain the receptor’s ability to bind sphingolipids may also 
be used to bind sphingolipids and sphingolipid metabolites. 
In the case of Edg receptors, in some instances, particualr 
amino acid residues may be involved in the speci?city of 
sphingolipid binding, i.e., the amino acids that determine 
Which sphingolipid is bound by a speci?c receptor (Parrill et 
al., “Identi?cation of Edg1 Receptor Residues That Recog 
niZe Sphingosine 1-Phosphate”, J. Biol. Chem. 275:39379 
39384, 2000; and Wang et al., “A Single Amino Acid 
Determines Lysophospholipid Speci?city of the S1P1 
(EDG1) and LPA1 (EDG2) Phospholipid GroWth Factor 
Receptors”, JBC Papers in Press Published Oct. 16, 2001 as 
Manuscript M107301200). Such information may be used to 
provide soluble receptor fragments comprising receptor resi 
dues of interest, i.e., the stretches of amino acids that bind 
the sphingolipid. Soluble receptor fragments derived from 
the naturally soluble TNFO. receptor have been prepared and 
at least one of these, ENBREL® (Etanercept) is in devel 
opment as a therapeutic agent for arthritis. In addition, 
modi?cation of such residues may permit the skilled artisan 
to tailor the binding speci?cities and/or af?nity of soluble 
receptor fragments. 
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[0102] Soluble receptor fragments of particular interest 
include Edg-1, Edg-3, Edg-5, Edg-6 and Edg-8, all of Which 
bind the undesirable sphingolipid sphingosine-1-phosphate 
(S-1-P). The Edg-1, Edg-3, Edg-5 receptors are of particular 
interest because binding of S-1-P thereto seems to stimulate 
the production of intracellular S-1-P (Heringdorf et al., 
Stimulation of intracellular sphingosine-1-phosphate pro 
duction by G-protein-coupled sphingosine-1-phosphate 
receptors, Eur J. Pharmacol. 414:145-54, 2001). The P2Y(2) 
receptor is of interest as it also increases intracellular pro 
duction of S-1-P (Alemany et al., Stimulation of sphin 
gosine-1-phosphate formation by the P2Y(2) receptor in 
HL-60 cells: Ca(2+) requirement and implication in recep 
tor-mediated Ca(2+) mobiliZation, but not MAP kinase 
activation, Mot Pharmacol. 58:491-7, 2000). 

[0103] Soluble receptor fragments may be prepared in 
various Ways including but not limited to proteolytic diges 
tion of cells or cellular membrane preparations comprising 
the receptor (Bartfeld et al., Active acetylcholine receptor 
fragment obtained by tryptic digestion of acetylcholine 
receptor from Torpedo californica, Biochem Biophys Res 
Commun. 89:512-9, 1979; Borhani et al., CrystalliZation 
and X-ray diffraction studies of a soluble form of the human 
transferrin receptor, J Mol. Biol. 218:685-9, 1991), recom 
binant DNA technologies (Marlovits et al., Recombinant 
soluble loW-density lipoprotein receptor fragment inhibits 
common cold infection, J Mol Recognit. 11:49-51, 1998; 
Huang et al., Expression of a human thyrotrophin receptor 
fragment in Escherichia coli and its interaction With the 
hormone and autoantibodies from patients With Graves’ 
disease, J Mol Endocrinol. 8:137-44, 1992), or by in vitro 
synthesis of oligopeptides. 

[0104] Nucleic Acids 

[0105] Traditionally, techniques for detecting and purify 
ing target molecules have used polypeptides, such as anti 
bodies, that speci?cally bind such targets. While nucleic 
acids have long been knoWn to speci?cally bind other 
nucleic acids (e.g., ones having complementary sequences), 
aptamers (i.e., nucleic acids that bind non-nucleic target 
molecules) have been disclosed. See, e.g., BlackWell et al., 
Science (1990) 250:1104-1110; BlackWell et al., Science 
(1990) 250:1149-1152; Tuerk et al., Science (1990) 
249:505-510; Joyce, Gene (1989) 82:83-87; and US. Pat. 
No. 5,840,867 entitled “Aptamer analogs speci?c for bio 
molecules”. 

[0106] As applied to aptamers, the term “binding” spe 
ci?cally excludes the “Watson-Crick”-type binding interac 
tions (i.e., A:T and G:C base-pairing) traditionally associ 
ated With the DNA double helix. The term “aptamer” thus 
refers to a nucleic acid or a nucleic acid derivative that 
speci?cally binds to a target molecule, Wherein the target 
molecule is either not a nucleic acid, or (ii) a nucleic acid 
or structural element thereof that is bound through mecha 
nisms other than duplex- or triplex-type base pairing. Such 
a molecule is called a “non-nucleic molecule” herein. 

[0107] Structures of Nucleic Acids 

[0108] “Nucleic acids, as used herein, refers to nucleic 
acids that are isolated a natural source; prepared in vitro, 
using techniques such as PCR ampli?cation or chemical 
synthesis; prepared in vivo, e.g., via recombinant DNA 
technology; or by any appropriate method. Nucleic acids 

1, 
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may be of any shape (linear, circular, etc.) or topology 
(single-stranded, double-stranded, supercoiled, etc.). The 
term “nucleic acids” also includes Without limitation nucleic 
acid derivatives such as peptide nucleic acids (PNA’s) and 
polypeptide-nucleic acid conjugates; nucleic acids having at 
least one chemically modi?ed sugar residue, backbone, 
internucleotide linkage, base, nucleoside, or nucleotide ana 
log; as Well as nucleic acids having chemically modi?ed 5‘ 
or 3‘ ends; and nucleic acids having tWo or more of such 
modi?cations. Not all linkages in a nucleic acid need to be 
identical. 

[0109] Nucleic acids that are aptamers are often, but need 
not be, prepared as oligonucleotides. Oligonucleotides 
include Without limitation RNA, DNA and mixed RNA 
DNA molecules having sequences of lengths that have 
minimum lengths of 2, 4, 6, 8, 10, 11, 12, 13, 14, 15, 17, 18, 
19, 20, 21, 22, 23, 24 or 25 nucleotides, and maximum 
lengths of about 100, 75, 50, 40, 25, 20 or 15 or more 
nucleotides, irrespectively. In general, a minimum of 6 
nucleotides, preferably 10 nucelotides, more preferably 14 
to 20 nucleotides, is necessary to effect speci?c binding. 

[0110] In general, the oligonucleotides may be single 
stranded (ss) or double-stranded (ds) DNA or RNA, or 
conjugates (e.g., RNA molecules having 5‘ and 3‘ DNA 
“clamps”) or hybrids (e. g., RNA:DNA paired molecules), or 
derivatives (chemically modi?ed forms thereof). HoWever, 
single-stranded DNA is preferred, as DNA is often less labile 
than RNA. Similarly, chemical modi?cations that enhance 
an aptamer’s speci?city or stability are preferred. 

[0111] Chemical Modi?cations of Nucleic Acids 

[0112] Chemical modi?cations that may be incorporated 
into aptamers and other nucleic acids include, With neither 
limitation nor exclusivity, base modi?cations, sugar modi 
?cations, and backbone modi?cations. 

[0113] Base modi?cations: The base residues in aptamers 
may be other than naturally occurring bases (e.g., A, G, C, 
T, U, 5MC, and the like). Derivatives of purines and 
pyrimidines are knoWn in the art; an exemplary but not 
exhaustive list includes aZiridinylcytosine, 4-acetylcytosine, 
5-?uorouracil, 5-bromouracil, 5-carboxymethylaminom 
ethyl-2-thiouracil, 5-carboxymethylaminomethyluracil, 
inosine, N6-isopentenyladenine, 1-methyladenine, 1-meth 
ylpseudouracil, 1-methylguanine, 1-methylinosine, 2,2-dim 
ethylguanine, 2-methyladenine, 2-methylguanine, 3-methyl 
cytosine, 5-methylcytosine (5MC), N6-methyladenine, 
7-methylguanine, 5-methylaminomethyluracil, 5-meth 
oxyaminomethyl-2-thiouracil, beta-D-mannosylqueosine, 
5-methoxyuracil, 2-methylthio-N-6-isopentenyladenine, 
uracil-5-oxyacetic acid methylester, pseudouracil, queosine, 
2-thiocytosine, 5-methyl-2-thiouracil, 2-thiouracil, 4-thiou 
racil, 5-methyluracil, uracil-5-oxyacetic acid, and 2,6-diami 
nopurine. In addition to nucleic acids that incorporate one or 
more of such base derivatives, nucleic acids having nucle 
otide residues that are devoid of a purine or a pyrimidine 
base may also be included in aptamers. 

[0114] Sugar modi?cations: The sugar residues in aptam 
ers may be other than conventional ribose and deoxyribose 
residues. By Way of non-limiting example, substitution at 
the 2‘-position of the furanose residue enhances nuclease 
stability. An exemplary, but not exhaustive list, of modi?ed 
sugar residues includes 2‘ substituted sugars such as 2‘-O 
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methyl-, 2‘-O-alkyl, 2‘-O-allyl, 2‘-S-alkyl, 2‘-S-allyl, 
2‘-?uoro-, 2‘-halo, or 2‘-aZido-ribose, carbocyclic sugar ana 
logs, alpha-anomeric sugars, epimeric sugars such as arabi 
nose, xyloses or lyxoses, pyranose sugars, furanose sugars, 
sedoheptuloses, acyclic analogs and abasic nucleoside ana 
logs such as methyl riboside, ethyl riboside or propylribo 
side. 

[0115] Backbone modi?cations: Chemically modi?ed 
backbones include, by Way of non-limiting example, phos 
phorothioates, chiral phosphorothioates, phosphorodithio 
ates, phosphotriesters, aminoalkylphosphotriesters, methyl 
and other alkyl phosphonates including 3‘-alkylene phos 
phonates and chiral phosphonates, phosphinates, phospho 
ramidates including 3‘-amino phosphoramidate and ami 
noalkylphosphoramidates, thionophosphoramidates, 
thionoalkylphosphonates, thionoalkylphosphotriesters, and 
boranophosphates having normal 3‘-5‘ linkages, 2‘-5‘ linked 
analogs of these, and those having inverted polarity Wherein 
the adjacent pairs of nucleoside units are linked 3-5‘ to 5‘-3‘ 
or 2‘-5‘ to 5‘-2‘. Chemically modi?ed backbones that do not 
contain a phosphorus atom have backbones that are formed 
by short chain alkyl or cycloalkyl internucleoside linkages, 
mixed heteroatom and alkyl or cycloalkyl internucleoside 
linkages, or one or more short chain heteroatomic or het 
erocyclic internucleoside linkages, including Without limi 
tation morpholino linkages; siloxane backbones; sul?de, 
sulfoxide and sulfone backbones; formacetyl and thiofor 
macetyl backbones; methylene formacetyl and thiofor 
macetyl backbones; alkene containing backbones; sulfamate 
backbones; methyleneimino and methylenehydraZino back 
bones; sulfonate and sulfonamide backbones; and amide 
backbones. 

[0116] Preparation and Identi?cation of Aptamers 

[0117] In general, techniques for identifying aptamers 
involve incubating a preselected non-nucleic target molecule 
With mixtures (2 to 50 members), pools (50 to 5,000 
members) or libraries (50 or more members) of different 
nucleic acids that are potential aptamers under conditions 
that alloW complexes of target molecules and aptamers to 
form. By “different nucleic acids” it is meant that the 
nucleotide sequence of each potential aptamer may be 
different from that of any other member, that is, the 
sequences of the potential aptamers are random With respect 
to each other. Randomness can be introduced in a variety of 
manners such as, e. g., mutagenesis, Which can be carried out 
in vivo by exposing cells harboring a nucleic acid With 
mutagenic agents, in vitro by chemical treatment of a nucleic 
acid, or in vitro by biochemical replication (e.g., PCR) that 
is deliberately alloWed to proceed under conditions that 
reduce ?delity of replication process; randomiZed chemical 
synthesis, i.e., by synthesiZing a plurality of nucleic acids 
having a preselected sequence that, With regards to at least 
one position in the sequence, is random. By “random at a 
position in a preselected sequence” it is meant that a position 
in a sequence that is normally synthesiZed as, e.g., as close 
to 100% A as possible (e.g., 5‘-C-T-T-A-G-T-3‘) is alloWed 
to be randomly synthesiZed at that position (C-T-T-N-G-T, 
Wherein N indicates a randomiZed position Where, for 
example, the synthesiZing reaction contains 25% each of 
A,T,C and G; or x % A, W % T, y % C and Z % G, Wherein 
x+W+y+Z=100. In later stages of the process, the sequences 
are increasingly less randomiZed and consensus sequences 
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may appear; in any event, it is preferred to ultimately obtain 
an aptamer having a unique nucleotide sequence. 

[0118] Aptamers and pools of aptamers are prepared, 
identi?ed, characterized and/or puri?ed by any appropriate 
technique, including those utilizing in vitro synthesis, 
recombinant DNA techniques, PCR ampli?cation, and the 
like. After their formation, target:aptamer complexes are 
then separated from the uncomplexed members of the 
nucleic acid mixture, and the nucleic acids that can be 
prepared from the complexes are candidate aptamers (at 
early stages of the technique, the aptamers generally being 
a population of a multiplicity of nucleotide sequences hav 
ing varying degrees of speci?city for the target). The result 
ing aptamer (mixture or pool) is then substituted for the 
starting apatamer (library or pool) in repeated iterations of 
this series of steps. When a limited number (e.g., a pool or 
mixture, preferably a mixture With less than 10 members, 
most preferably 1) of nucleic acids having satisfactory 
speci?city is obtained, the aptamer is sequenced and char 
acteriZed. Pure preparations of a given aptamer are gener 
ated by any appropriate technique (e.g., PCR ampli?cation, 
in vitro chemical synthesis, and the like). 

[0119] For example, Tuerk and Gold (Science (1990) 
249:505-510) disclose the use of a procedure termed “sys 
tematic evolution of ligands by exponential enrichment” 
(SELEX). In this method, pools of nucleic acid molecules 
that are randomiZed at speci?c positions are subjected to 
selection for binding to a nucleic acid-binding protein (see, 
e.g., PCT International Publication No. WO 91/19813 and 
US. Pat. No. 5,270,163). The oligonucleotides so obtained 
are sequenced and otherWise characteriZation. KinZler, K. 
W., et al. (Nucleic Acids Res. (1989) 17:3645-3653) used a 
similar technique to identify synthetic double-stranded DNA 
molecules that are speci?cally bound by DNA-binding 
polypeptides. Ellington, A. D., et al. (Nature (1990) 346: 
818-822) disclose the production of a large number of 
random sequence RNA molecules and the selection and 
identi?cation of those that bind speci?cally to speci?c dyes 
such as Cibacron blue. 

[0120] Another technique for identifying nucleic acids 
that bind non-nucleic target molecules is the oligonucleotide 
combinatorial technique disclosed by Ecker, D. J. et al. 
(Nuc. Acids Res. 21, 1853 (1993)) knoWn as “synthetic 
unrandomiZation of randomiZed fragments” (SURF), Which 
is based on repetitive synthesis and screening of increasingly 
simpli?ed sets of oligonucleotide analogue libraries, pools 
and mixtures (Tuerk, C. and Gold, L. (Science 249, 505 
(1990)). The starting library consists of oligonucleotide 
analogues of de?ned length With one position in each pool 
containing a knoWn analogue and the remaining positions 
containing equimolar mixtures of all other analogues. With 
each round of synthesis and selection, the identity of at least 
one position of the oligomer is determined until the 
sequences of optimiZed nucleic acid ligand aptamers are 
discovered. 

[0121] Once a particular candidate aptamer has been iden 
ti?ed through a SURF, SELEX or any other technique, its 
nucleotide sequence can be determined (as is knoWn in the 
art), and its three-dimensional molecular structure can be 
examined by nuclear magnetic resonance (NMR). These 
techniques are explained in relation to the determination of 
the three-dimensional structure of a nucleic acid ligand that 
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binds thrombin in Padmanabhan, K. et al., J. Biol. Chem. 24, 
17651 (1993); Wang, K. Y. et al., Biochemistry 32, 1899 
(1993); and Macaya, R. F. et al., Proc. Nat’l. Acad. Sci. USA 
90, 3745 (1993). Selected aptamers may be resynthesiZed 
using one or more modi?ed bases, sugars or backbone 
linkages. Aptamers consist essentially of the minimum 
sequence of nucleic acid needed to confer binding speci?c 
ity, but may be extended on the 5‘ end, the 3‘ end, or both, 
or may be otherWise derivatiZed or conjugated. 

[0122] Small Molecules 

[0123] The term “small molecule” includes any chemical 
or other moiety, other than polypeptides and nucleic acids, 
that can act to affect biological processes. Small molecules 
can include any number of therapeutic agents presently 
knoWn and used, or can be small molecules synthesiZed in 
a library of such molecules for the purpose of screening for 
biological function(s). Small molecules are distinguished 
from macromolecules by siZe. The small molecules of this 
invention usually have molecular Weight less than about 
5,000 daltons (Da), preferably less than about 2,500 Da, 
more preferably less than 1,000 Da, most preferably less 
than about 500 Da. 

[0124] Small molecules include Without limitation organic 
compounds, peptidomimetics and conjugates thereof. As 
used herein, the term “organic compound” refers to any 
carbon-based compound other than macromolecules such 
nucleic acids and polypeptides. In addition to carbon, 
organic compounds may contain calcium, chlorine, ?uorine, 
copper, hydrogen, iron, potassium, nitrogen, oxygen, sulfur 
and other elements. An organic compound may be in an 
aromatic or aliphatic form. Non-limiting examples of 
organic compounds include acetones, alcohols, anilines, 
carbohydrates, monosaccharides, oligosaccharides, polysac 
charides, amino acids, nucleosides, nucleotides, lipids, ret 
inoids, steroids, proteoglycans, ketones, aldehydes, satu 
rated, unsaturated and polyunsaturated fats, oils and Waxes, 
alkenes, esters, ethers, thiols, sul?des, cyclic compounds, 
heterocylcic compounds, imidiZoles and phenols. An 
organic compound as used herein also includes nitrated 
organic compounds and halogenated (e.g., chlorinated) 
organic compounds. Methods for preparing peptidomimetics 
are described beloW. Collections of small molecules, and 
small molecules identi?ed according to the invention are 
characteriZed by techniques such as accelerator mass spec 
trometry (ALMS; see Turteltaub et al., Curr Pharm Des 2000 
6:991-1007, Bioanalytical applications of accelerator mass 
spectrometry for pharmaceutical research; and Enjalbal et 
al., Mass Spectrom Rev 2000 19:139-61, Mass spectrometry 
in combinatorial chemistry.) 

[0125] Preferred small molecules are relatively easier and 
less expensively manufactured, formulated or otherWise 
prepared. Preferred small molecules are stable under a 
variety of storage conditions. Preferred small molecules may 
be placed in tight association With macromolecules to form 
molecules that are biologically active and that have 
improved pharmaceutical properties. Improved pharmaceu 
tical properties include changes in circulation time, distri 
bution, metabolism, modi?cation, excretion, secretion, 
elimination, and stability that are favorable to the desired 
biological activity. Improved pharmaceutical properties 
include changes in the toxicological and ef?cacy character 
istics of the chemical entity. 






















































































