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ABSTRACT 

Methods to cause tissue, such as mucosal cells, to express 
increased amounts of bactericidal permeability increasing 
protein (BPI) are described. The BPI inducing agents 
include, for example, lipoXin compounds. 
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NOVEL APPROACH TO ANTI-MICROBIAL HOST 
DEFENSE WITH MOLECULAR SHIELDS WITH 

LIPOXIN COMPOUNDS 

CROSS-REFERENCE TO RELATED 

APPLICATION(S) 
[0001] The present application claims priority to US. 
provisional patent application No. 60/342,138, ?led Dec. 18, 
2001. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH 

[0002] The Work leading to this invention Was supported 
in part by National Institutes of Health (NIH) grants RO-1 
DK50189 and PO-1 DE13499. The US. Government there 
fore may have certain rights in the invention. 

BACKGROUND 

[0003] During both acute and chronic in?ammatory pro 
cesses, epithelial cells coordinate mucosal responses to 
infection. For this reason, much recent attention has been 
paid to understanding innate, anti-in?ammatory pathWays 
utiliZed by mucosal epithelial cells. Of particular interest are 
a group of lipid mediators termed the lipoxins Lipoxins 
are bioactive molecules derived from membrane arachidonic 
acid by the combined action of S-lipoxygenase (LO) and 
12-LO or 15-LO Anumber of recent in vitro and in vivo 
studies have revealed that lipoxins, and speci?cally lipoxin 
A4 (LXA4), function as innate “stop signals”, serving to 
control local in?ammatory processes Synthetic lipoxin 
analogs exhibit greater potency for these actions than the 
native compound, due to decreased metabolism to inactive 
compounds 
[0004] The initial encounter of microbes With human 
tissues and cells occurs at the level of mucosal tissues. 
Epithelial cells line all mucosal organs, and thus, the epi 
thelium is the key interface for microbial interactions. 
Importantly, microrganisms Which interact With mucosal 
surfaces may be bene?cial (e.g. normal ?ora) or pathogenic 
(e.g. infectious agents), and as a result, epithelial cells have 
adapted mechanisms to selectively kill or inactivate invad 
ing microorganisms. As part of this arsenal, epithelial cells 
express antimicrobial peptides Whose primary function 
includes killing of invading microorganisms. This family of 
unrelated peptides includes peroxidase, lactoferrin, 
lysoZyme, phospholipase A2, secretory leukoprotease 
inhibitor (SLPI), and defensins (1A). Among the innate 
anti-in?ammatory and/or anti-infective defense molecules 
of humans is the bactericidal/permeability-increasing pro 
tein (BPI), a 55-60 kDa protein found in neutrophil aZuor 
philc granules, on the neutrophil cell surface, and to a lesser 
extent, in speci?c granules of eosinophils (7-9). BPI selec 
tively exerts multiple anti-infective actions against gram 
negative bacteria, including cytotoxicity through damage to 
bacterial inner/outer membranes, neutraliZation of bacterial 
lipopolysaccharide (endotoxin), as Well as serving as an 
opsonin for phagocytosis of gram-negative bacteria by neu 
trophils (8, 10). Structural characteriZation of BPI reveals a 
symmetrical bipartite molecule containing a cationic N-ter 
minal region for antibacterial and endotoxin neutraliZation 
and a C-terminal motif necessary for bacterial opsoniZation 

(11). 
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[0005] Therefore, a need exists for the stimulation, pro 
duction, and/or release of BPI from body tissues to help 
combat, for example, bacterial invasion and/or infection. 

SUMMARY 

[0006] Epithelial cells Which line mucosal surfaces are the 
?rst line of defense against bacterial invasion and infection. 
Recent studies have also indicated that epithelial cells con 
tribute signi?cantly to the orchestration of ongoing in?am 
matory processes. The present invention provides that anti 
microbial peptides expressed by human epithelial cells, 
including BPI (an antibacterial and endotoxin-neutralizing 
molecule previously associated With neutrophils), can be 
stimulated and its production increased in the presence of 
the compounds of the invention, discussed vide infra. More 
over, epithelial cells express antimicrobial peptides Whose 
primary function includes killing of invading microorgan 
isms. This family of unrelated peptides includes peroxidase, 
lactoferrin, lysoZyme, phospholipase A2, secretory leuko 
protease inhibitor (SLPI), and defensins (1A). The present 
invention is intended to include the use of compounds 
presented herein for interaction With the peroxidase, lacto 
ferrin, lysoZyme, phospholipase A2; secretory leukoprotease 
inhibitor (SLPI), and defensins (1A) and including BPI. 

[0007] Moreover, the present invention provides that epi 
thelial antimicrobial peptides, such as BPI, are transcrip 
tionally regulated transcriptionally regulated by analogs of 
endogenously occurring anti-in?ammatory molecules (aspi 
rin-triggered lipoxins, ATLa). Initial studies to verify 
microarray analysis revealed that epithelial cells of Wide 
origin (oral and intestinal mucosa) express BPI and each is 
similarly regulated by ATLa. Studies aimed at localiZation of 
BPI revealed that such expression occurs on the cell surface 
of cultured epithelial cell lines and dominantly localiZes to 
epithelia in human mucosal tissue. Functional studies 
employing a BPI-neutralizing anti-serum revealed that sur 
face BPI blocks endotoxin-mediated signaling in epithelia 
and kills Salmonella typhimurium. These studies identify a 
previously unappreciated “molecular shield” for protection 
of mucosal surfaces against Gram-negative bacteria and 
their endotoxin. 

[0008] Experiments aimed at identifying neW anti-in?am 
matory molecules on mucosal surfaces revealed that epithe 
lial cells express surface BPI; the expression of Which Was 
regulated by epithelial exposure to stable analogs of aspirin 
triggered lipoxins. Epithelial BPI Was found to promote 
bacterial killing and to diminish endotoxin activation of 
epithelia. These results identify a neW pathWay by Which 
anti-in?ammatory molecules enhance anti-microbial and 
endotoxin-neutralizing activity through transcriptional acti 
vation of BPI, heretofore solely associated With phagocytes. 

[0009] It has been surprisingly discovered that lipoxins 
(LX’s), i.e., lipoxin analogs, and aspirin-triggered lipoxins 
(ATLa’s) of the invention, discussed infra, can be utiliZed 
for the stimulation and increased secretion of bactericidal 
permeability increasing protein (BPI) from various tissues, 
i.e., mucosal cells, epithelial cells, for combating infection 
and/or the invasion of bacteria in a subject. For example, 
synthetic analogs [e.g., 15-epi-16-(para?uoro)-phenoxy 
LXA4 (ATLa) modeled on 15-epi-LXA4, a native lipoxin 
generated in vivo in the presence of aspirin via COX-2 
acetylation (6), contribute in part to the anti-in?ammatory 
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actions of aspirin. Consequently, the compounds disclosed 
herein are useful for the treatment and prevention of infec 
tion by bacteria in a subject. 

[0010] According to one aspect of the invention, increased 
production or release of BPI protein by a subject’s tissue(s), 
stimulated by one or more compounds of the invention, 
provide alleviation of many disease states or conditions 
associated With endotoxin mediated effects. For example, 
such endotoxin mediated effects include, but are not limited 
to: increases in circulating tumor necrosis factor (TNF), 
soluble TNF receptors p55 and p75 (sTNFr (p55) and sTNFr 
(p75)), interleukin 6 (IL-6), interleukin 8 (IL-8), interleukin 
10 (IL-10) and increased neutrophil degranulation charac 
teriZed by increased circulating lactoferrin and/or elastase/ 
alpha 1 antitrypsin complexes increases in circulat 
ing tissue plasminogen activator antigen (tPA Ag), tissue 
plasminogen activator activity (tPA act), and alpha 2-plas 
min inhibitor-plasmin (PAP) complexes, plasminogen acti 
vator inhibitor antigen (PAI Ag) and urokinase type plasmi 
nogen activator (uPA); decrease in lymphocytes; increases 
in thrombin/antithrombin III (TAT) complexes; and 
decreases in systemic vascular resistance index (SVRI) and 
increases in cardiac index (CI). 

[0011] BPI is a potent and speci?c bactericidal compound. 
The disease targets include, for example, sepsis and infec 
tious diseases, and provide a non-antibiotic mechanism to 
?ght infectious disease caused by Gram negative bacteria. 
Therefore, use of the therapeutic compounds of the inven 
tion to stimulate production of BPI by a subject, helps to 
treat, ameliorate, or prevent such disease. 

[0012] According to another aspect of the invention, 
increased production or release of BPI protein by a subj ect’s 
tissue(s), stimulated by one or more of the BPI inducing 
agents of the invention, provides for the use of a BPI protein 
inducing agent in the manufacture of a medicament for 
treatment of humans exposed to bacterial endotoxin. This 
aspect of the invention contemplates use of at least one BPI 
protein inducing agent in the manufacture of such medica 
ments in an therapeutically effective amount to alleviate 
endotoxin in tumor necrosis factor and interleukin 6; in an 
amount effective to alleviate endotoxin mediated increase in 
circulating interleukin 8 and in neutrophil degranulation as 
characteriZed by increased circulating lactoferrin and/or 
elastase/alpha 1 antitrypsin complexes; in an amount effec 
tive to alleviate endotoxin mediated changes in numbers of 
circulating lymphocytes; in an amount effective to alleviate 
endotoxin mediated increase in circulating tissue plasmino 
gen activator and tissue plasminogen activator activity; in an 
amount effective to alleviate endotoxin-mediated decreases 
in systemic vascular resistance index; in an amount effective 
to treat sepsis; and in an amount effective to bacterial 
infections. This aspect of the invention further contemplates 
use of a BPI protein inducing agents in combination With 
bacterial antibiotics in the manufacture of such medica 
ments. 

[0013] In another aspect, the present invention is directed 
to a packaged pharmaceutical composition for treating the 
activity or conditions described herein in a subject. The 
packaged pharmaceutical composition includes a container 
holding a therapeutically effective amount of at least one 
therapeutic compound of the invention, i.e., a BPI inducing 
agent, having one of the formulae described infra and 
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instructions for using the therapeutic compound for treating 
the activity or condition in the subject. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The invention Will be more fully understood from 
the folloWing detailed description taken in conjunction With 
the accompanying draWings, in Which: 

[0015] FIG. 1 depicts BPI induction by ATLa. Con?uent 
epithelial monolayers Were exposed to indicated concentra 
tions or time periods of ATLa (1 pM). Panel A demonstrates 
quantitative microarray data for BPI in epithelial cells 
exposed to indicated conditions. In panel B, total RNA Was 
isolated from ATLa-exposed KB cells (1 pM, 8 h), and 
examined for BPI transcript by semi-quantitative RT-PCR 
(increasing numbers of PCR cycles). [3 actin transcript Was 
examined under similar conditions as an internal standard. 
In panel C, KB cells Were exposed to indicated concentra 
tions of ATLa for 8 hr and examined for BPI transcript using 
28 cycles of PCR. In panels D-F, indicated epithelial cell 
lines Were exposed to indicated periods of ATLa and BPI 
transcript Was determined by 26 cycles of RT-PCR. [3 actin 
transcript Was used as an internal standard. 

[0016] FIG. 2 depicts localiZation of BPI to the cell 
surface. In panel A, BPI Was localiZed by confocal micros 
copy in non-permeabiliZed OKF6 or Caco2 cells, as indi 
cated. ShoWn in FIG. 2 are confocal sections through the 
mid-Zone, sub-junctional portion of epithelial monolayers. 
Also shoWn is a control section omitting the primary Ab. 
Representative experiment from n=2. In panel B, T84 cells 
Were pre-exposed to ATLa (1 pM) for indicated periods of 
time. Cell surface proteins Were non-speci?cally labeled 
With biotin, BPI Was immunoprecipitated from cell lysates, 
resolved by SDS-PAGE and Western blots Were probed With 
avidin peroxidase. Also shoWn is the immunprecipitation 
control (ommission of primary antibody) as Well as a 
biotinylated BPI standard. Representative experiment from 
n=3. 

[0017] FIG. 3 also depicts localiZation of BPI to the cell 
surface. In panel A, BPI Was localiZed by confocal micros 
copy in non-permeabiliZed Caco2 cells exposed to vehicle 
(top panel) or ATLa (1 pM, 24 hours, middle and bottom 
panel). In the bottom panel, BPI adsorbed antisera Was used 
as a control. ShoWn in FIG. 2 are confocal sections through 
the mid-Zone, sub-junctional portion of epithelial monolay 
ers. Representative experiment from n=2. In panel B, T84 
cells Were pre-exposed to AT La (1 pM) for indicated periods 
of time. Cell surface proteins Were non-speci?cally labeled 
With biotin, BPI Was immunoprecipitated from cell lysates, 
resolved by SDS-PAGE and Western blots Were probed With 
avidin peroxidase. Also shoWn is the immunprecipitation 
control (omission of primary antibody) as Well as a bioti 
nylated BPI standard. Representative experiment from n=3. 

[0018] FIG. 4 depicts BPI functionally regulating epithe 
lial endotoxin responses. In panel A, transcriptional induc 
tion of ICAM-1 Was examined in KB cells in response to 
indicated concentrations of endotoxin (LPS) in the presence 
of NHS (5% v/v) or IL-1 (10 ng/ml) for 8 hr. Total RNA Was 
isolated and used to assess ICAM-l transcripts by RT-PCR. 
[3 actin transcript Was used as an internal standard. In panel 
B, endotoxin-induced ICAM-l expression Was examined in 
the presence polyclonal anti-BPI (+) or in the presence of 
NGS [3 actin transcript Was used as an internal standard. 
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In panel C, KB cells Were preexposed to ATLa (1 pM, 8 hr) 
and cell surface ELISA Was used to screen ICAM-1 protein 
induction by endotoxin/5% NHS (addtional 24 hr) in the 

presence of anti-BPI or control NGS. Single asterick indicates signi?cantly different from NGS, p<0.025). 

[0019] FIG. 5 depicts the role of epithelial BPI in bacterial 
killing. In panel A, adherent Caco2 cells Were incubated 
With S. typhimurium at a ratio of 50 bacteria per epithelial 
cell and examined for killing over a 90 min period as 
described in Materials and Methods. ShoWn in FIG. 4 are 
pooled results from three experiments. In panel B, the role 
of BPI in Caco2 killing of S. typhimurium over a 60 min 
period Was assessed by incubation of cells (Cell Assoc.) or 
supernatants With anti-BPI or NGS. The bacterial control 

omitting epithelial cells is also shoWn. Double asterix indicates signi?cantly different from anti-BPI, p<0.01). 

[0020] FIG. 6 demonstrates that ATLa enhances BPI 
dependent bacterial killing. Adherent Caco2 cells Were incu 
bated With vehicle or indicated concentrations of ATLa (24 
hr) and the role of BPI in Caco2 killing of S. typhimurium 
over a 60 min period Was assessed. Panel A demonstrates 
concentration dependent increases in bacteiral killing With 
prior exposure to ATLa. In panel B, the relative contribution 
of BPI Was examined by incubation anti-BPI or NGS. The 
bacterial control omitting epithelial cells is also shoWn. 
ShoWn here are pooled results from three experiments. 
Single asterick indicates signi?cantly increased killing 

compared to vehicle (p<0.025) and double asterix indicates signi?cantly different from NGS control (p<0.01). 

[0021] FIG. 7 also demonstrates that ATLa enhances 
BPI-dependent bacterial killing. Adherent Caco2 cells Were 
incubated With vehicle or indicated concentrations of ATLa 
(24 hr) and the role of BPI in Caco2 killing of S. typhimu 
rium over a 60 min period Was assessed. Panel A demon 
strates concentration dependent increases in bacterial killing 
With prior exposure to ATLa. The inset of panel A represents 
a killing curve in the absence of ATLa. In panel B, the 
relative contribution of BPI Was examined by incubation 
anti-BPI or control antisera pre-adsorbed With rBPI. ShoWn 
here are pooled results from three experiments. Double 
asterisk indicates signi?cantly different from control 
condition (p<0.01). 

[0022] FIG. 8 depicts staining of normal human intestinal 
(panel A) and normal human esophagus (panel B) tissue for 
BPI. ArroWs indicate predominant epithelial staining. 

[0023] FIG. 9 depicts localiZation of epithelial BPI in 
human mucosal tissues. Normal human esophageal (panels 
A and B) or colon (panels C and D) specimens Were 
obtained, ?xed in 10% buffered formalin, paraf?n embed 
ded, and sectioned. FolloWing antigen retrieval, sections 
Were stained With rabbit polyclonal BPI antisera (panels A 
and C) or control sera (BPI pre-adsorbed Ab, panels B and 
D), folloWed by peroxidase-coupled secondary antibody, 
and then visualiZed by peroxidase method. Sections Were 
visualiZed at 200x magni?cation. ArroWs indicate areas of 
dominant BPI localiZation. 

DETAILED DESCRIPTION 

[0024] The features and other details of the invention Will 
noW be more particularly described and pointed out in the 
claims. It Will be understood that the particular embodiments 
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of the invention are shoWn by Way of illustration and not as 
limitations of the invention. The principle features of this 
invention can be employed in various embodiments Without 
departing from the scope of the invention. 

[0025] Abbreviations used throughout the present appli 
cation include the folloWing and are included here for 
convenience. ATL, aspirin-triggered 15-epi-LX, 15 R-LX; 
COX, cyclooxygenase I, II (isoforms); EC, endothelial cells; 
LC/MS/MS, liquid chromatography tandem mass spectrom 
etry; LO, lipoxygenase; LT, leukotriene; LX, lipoxin; PG, 
prostaglandins; PMN, polymorphonuclear leukocyte; 
HETE, hydroxyeicosatetraenoic acid; LXA4, 5S, 6R, 15S 
trihydroxy-7,9,13-trans-11-cis-eicosatetraenoic acid; 
15-epi-LXA4, 5S, 6R, 15R-trihydroxy-7,9,13-trans-11-cis 
eicosatetraenoic acid; and C2014 (arachidonic acid, AA, an 
00-6 fatty acid). 
[0026] It has been surprisingly discovered that lipoxins 
(LX’s) and aspirin-triggered lipoxins (ATLa’s) of the inven 
tion, discussed infra, can be utiliZed for the stimulation, 
release and increased secretion of bactericidal permeability 
increasing protein (BPI) from various tissues, i.e., mucosal 
cells, epithelial cells, for combating infection and/or the 
invasion of bacteria in a subject. Consequently, the com 
pounds disclosed herein are useful for the treatment and 
prevention of infection in a subject. 

[0027] According to one aspect of the invention, increased 
production or release of BPI protein by a subject’s tissue(s), 
stimulated by one or more compounds of the invention, 
provide alleviation of many disease states or conditions 
associated With endotoxin mediated effects. For example, 
such endotoxin mediated effects include, but are not limited 
to: increases in circulating tumor necrosis factor (TNF), 
soluble TNF receptors p55 and p75 (sTNFr (p55) and sTNFr 
(p75)), interleukin 6 (IL-6), interleukin 8 (IL-8), interleukin 
10 (IL-10) and increased neutrophil degranulation charac 
teriZed by increased circulating lactoferrin and/or elastase/ 
alpha 1 antitrypsin complexes increases in circulat 
ing tissue plasminogen activator antigen (tPA Ag), tissue 
plasminogen activator activity (tPA act), and alpha 2-plas 
min inhibitor-plasmin (PAP) complexes, plasminogen acti 
vator inhibitor antigen (PAI Ag) and urokinase type plasmi 
nogen activator (uPA); decrease in lymphocytes; increases 
in thrombin/antithrombin III (TAT) complexes; and 
decreases in systemic vascular resistance index (SVRI) and 
increases in cardiac index (CI). 

[0028] BPI is a potent and speci?c bactericidal compound. 
The disease targets include, for example, sepsis and infec 
tious diseases. The present invention provide a non-antibi 
otic mechanism to ?ght infectious disease caused by Gram 
negative bacteria. Therefore, use of the therapeutic com 
pounds of the invention to stimulate production of BPI by a 
subject, helps to treat, ameliorate, or prevent such disease. 

[0029] According to another aspect of the invention, 
increased production or release of BPI protein by a subj ect’s 
tissue(s), stimulated by one or more of the compounds of the 
invention, provides for the use of a BPI protein inducing 
agent, i.e., the compounds of the invention, for the manu 
facture of a medicament for treatment of humans exposed to 
bacterial endotoxin. This aspect of the invention contem 
plates use of at least one BPI protein inducing agent in the 
manufacture of such medicaments in an amount effective to 
alleviate endotoxin in tumor necrosis factor and interleukin 
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6; in an amount effective to alleviate endotoXin mediated 
increase in circulating interleukin 8 and in neutrophil 
degranulation as characterized by increased circulating 
lactoferrin and/or elastase/alpha 1 antitrypsin complexes; in 
an amount effective to alleviate endotoXin mediated changes 
in numbers of circulating lymphocytes; in an amount effec 
tive to alleviate endotoXin mediated increase in circulating 
tissue plasminogen activator and tissue plasminogen activa 
tor activity; and in an amount effective to alleviate endot 
oXin-mediated decreases in systemic vascular resistance 
indeX. This aspect of the invention further contemplates use 
of a BPI protein inducing agents in combination With 
bacterial antibiotics in the manufacture of such medica 
ments. 

[0030] The phrase “BPI inducing agent” is intended to 
include those compounds Which cause BPI to be released 
from tissue(s), Which cause the production of BPI to be 
increased relative to the normal stasis of the subject’s 
physiology or stimulates production of BPI, or combinations 
thereof. In general, these compounds include lipoXins and 
lipoXin analogs and aspirin triggered lipoXins and analogs. 
These inducing agents cause BPI to become more readily 
available Within the subject to combat disease or infection 
Which results from the disease process. Therefore, the com 
pounds of the invention indirectly act upon the disease 
process by stimulating the increased production and/or 
release of BPI Which in turn prophylactically or therapeu 
tically treats the disease. As described above, the disease 
process may be associated With bacteria. Therefore, the 
compounds are useful for the treatment of these conditions 
such that the physiological effects associated With the dis 
ease state or condition are inhibited, decreased, or eradi 
cated. LIPOXINS 

[0031] In one aspect, lipoXins and lipoXin analogs useful 
as BPI inducing agents in treatment of the maladies 
described throughout this speci?cation have the formulae 
encompassed by US. Pat. Nos. 4,560,514, 5,441,951, 5,648, 
512, 5,650,435, and 6,048,897, the contents of Which are 
incorporated herein by reference in their entirety. For 
eXample, lipoXin analogs encompassed by the present inven 
tion include those having the folloWing characteristics. 

[0032] The instant lipoXins comprising an “active region” 
and a “metabolic transformation region” as both terms are 
de?ned herein are generally of the folloWing structure: 

[0033] Wherein R1 can be 

[0034] Wherein R1 can be 
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-continued 

HO Q3H R2 

[0035] and R2 can be 

(forms ring) 

O||||||| E 

(forms ring) 
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[0036] In one embodiment, the lipoXin analogs of this 
invention have the following structural formula I: 

[0037] Wherein X is R1, CR1, or SR1; 

[0038] Wherein R1 is 

[0039] a hydrogen atom; 

[0040] (ii) an alkyl of 1 to 8 carbons atoms, inclu 
sive, Which can be straight chain or branched; 

[0041] (iii) a cycloalkyl of 3 to 10 carbon atoms, 
inclusive; 

[0042] (iv) an aralkyl of 7 to 12 carbon atoms; 

[0043] (v) phenyl; 
[0044] (vi) substituted phenyl 

Z1 Zii 

Ziii 

Zv Ziv 

[0045] Wherein Zi, Z?, Zi?, Ziv and ZV are each inde 
pendently selected from —NO2, —CN, —C(=O)— 
R1, —SO3H, a hydrogen atom, halogen, methyl, 
—ORX, Wherein RX is 1 to 8 carbon atoms, inclusive, 
Which can be a straight chain or branched, and 
hydroXyl; 

[0046] (vii) a detectable label molecule; or 

[0047] (viii) a straight or branched chain alkenyl of 
2 to 8 carbon atoms, inclusive; 

[0048] Wherein Q1 is (C=O), SO2 or (CN); 

[0049] Wherein Q3 is O, S or NH; 

[0050] Wherein one of R2 and R3 is a hydrogen atom 
and the other is 

[0051] (a) a hydrogen atom; 

[0052] (b) an alkyl of 1 to 8 carbon atoms, inclu 
sive, Which can be straight chain or branched; 

[0053] (c) a cycloalkyl of 3 to 6 carbon atoms, 
inclusive; 

[0054] (d) an alkenyl of 2 to 8 carbon atoms, 
inclusive, Which can be straight chain or branched; 
or 

[0055] (e) RaQzRb 
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[0056] Wherein Q2 is —O— or —S—; 

[0057] wherein R8 is alkylene of 0 to 6 carbons 
atoms, inclusive, Which can be straight chain or 
branched; and Wherein Rb is alkyl of 0 to 8 carbon 
atoms, inclusive, Which can be straight chain or 
branched; 

[0058] Wherein R4 is 

[0059] (a) a hydrogen atom; 

[0060] (b) an alkyl of 1 to 6 carbon atoms, inclu 
sive, Which can be straight chain or branched; 

[0061] Wherein Y1 or Y2 is —OH, methyl, or —SH 
and Wherein the other is 

[0062] (a) a hydrogen atom 

[0063] (b) CH,Zb 

[0064] Where a+b=3, a=0 to 3, b=0 to 3; and 

[0065] each Z, independently, is a cyano, a nitro, or 
a halogen atom; 

[0066] (c) an alkyl of 2 to 4 carbon atoms, inclu 
sive, straight chain or branched; or 

[0067] (d) an alkoXy of 1 to 4 carbon atoms, 
inclusive; 

[0068] or Y1 and Y2 taken together are 

[0069] (a) =NH; or 

[0070] (b) =0; 

[0071] Wherein R5 is 

[0072] (a) an alkyl of 1 to 9 carbon atoms Which 
can be straight chain or branched; 

[0073] (b) —(CH2)n—R 
[0074] Wherein n=0 to 4 and Ri is 

[0075] a cycloalkyl of 3 to 10 carbon atoms, 
inclusive; 

[0076] (ii) a phenyl; or 

[0077] (iii) substituted phenyl 

Zi Zii 

[0078] Wherein Zi, Z?, Zi?, Ziv and ZV are each inde 
pendently selected from —NO2, —CN, —C(=O)— 
R1, —SO3H, a hydrogen atom, halogen, methyl, 
—ORX, Wherein RX is 1 to 8 carbon atoms, inclusive, 
Which can be a straight chain or branched, and 
hydroXyl; 
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[0079] (c) RaQaRb 
[0080] wherein Qa is O or S; 

[0081] wherein R8 is alkylene of 0 to 6 carbons 
atoms, inclusive, Which can be straight chain or 
branched; 

[0082] Wherein Rb is alkyl of 0 to 8 carbon atoms, 
inclusive, Which can be straight chain or branched; 

[0033] (d) —C(Riii)(Riv)—Ri 
[0084] Wherein Riii and Riv are each, independently: 

[0085] a hydrogen atom; 

[0086] (ii) CHAZb Where a+b=3, a=0 to 3, b=0+3, 
and Wherein each Z, independently, is a cyano, a 
nitro, or a halogen atom; 

[0087] (e) a haloalkyl of 1 to 8 carbon atoms, 
inclusive, and 1 to 6 halogen atoms, inclusive, 
straight chain or branched; and 

[0088] Wherein R6 is 

[0089] (a) a hydrogen atom; 

[0090] (b) an alkyl from 1 to 4 carbon atoms, 
inclusive, straight chain or branched; 

[0091] (c) a halogen. 

[0092] In one embodiment of this invention, the lipoXin 
analogs have the folloWing structure II: 

[0093] Wherein X is R1, ORl, or SR1; Wherein R1 is 

[0094] a hydrogen atom; 

[0095] (ii) an alkyl of 1 to 8 carbons atoms, inclu 
sive, Which can be straight chain or branched; 

[0096] (iii) a cycloalkyl of 3 to 10 carbon atoms, 
inclusive; 

[0097] (iv) an aralkyl of 7 to 12 carbon atoms; 

[0098] (v) a phenyl; 

[0099] (vi) substituted phenyl 

Z1 Zii 
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[0100] wherein Z, Z?, Zi?, Ziv and ZV are each inde 
pendently selected from —NO2, —CN, —C(=O)— 
R1, —SO3H, a hydrogen atom, halogen, methyl, 
—ORX, Wherein RX is 1 to 8 carbon atoms, inclusive, 
Which can be a straight chain or branched, and 
hydroXyl; 

[0101] (vii) a detectable label molecule, such as 
but not limited to ?uorescent labels; or 

[0102] (viii) an alkenyl of 2 to 8 carbon atoms, 
inclusive, straight chain or branched; 

[0103] Wherein Q1 is (C=O), SO2 or (C=N); 

[0104] Wherein Q3 is O, S or NH; 

[0105] Wherein one of R2 and R3 is hydrogen and the 
other is 

[0106] (a) a hydrogen atom; 

[0107] (b) an alkyl of 1 to 8 carbon atoms, inclu 
sive, Which can be straight chain or branched; 

[0108] (c) a cycloalkyl of 3 to 6 carbon atoms, 
inclusive; 

[0109] (d) an alkenyl of 2 to 8 carbon atoms, 
inclusive, Which can be straight chain or branched; 
or 

[0110] (e) RAQZRb 
[0111] Wherein Q2 is —O— or —S—; 

[0112] wherein R8 is alkylene of 0 to 6 carbons 
atoms, inclusive, Which can be straight chain or 
branched; 

[0113] Wherein Rb is alkyl of 0 to 8 carbon atoms, 
inclusive, Which can be straight chain or branched; 

[0114] Wherein R4 is 

[0115] (a) a hydrogen atom; 

[0116] (b) alkyl of 1 to 6 carbon atoms, inclusive, 
Which can be straight chain or branched; 

[0117] Wherein Y1 or Y2 is —OH, methyl, —H or 
—SH and Wherein the other is 

[0118] (a) a hydrogen atom; 

[0119] (b) CHaZb 
[0120] Where a+b=3, a=0 to 3, b=0 to 3 

[0121] Wherein each Z, independently, is a cyano, a 
nitro, or a halogen atom; 

[0122] (c) an alkyl of 2 to 4 carbon atoms, inclu 
sive, straight chain or branched; 

[0123] (d) an alkoXy of 1 to 4 carbon atoms, 
inclusive; or Y1 and Y2 taken together are 

[0124] (a) =NH; or 

[0125] (b) =0; 
[0126] Wherein R5 is 

[0127] (a) an alkyl of 1 to 9 carbon atoms Which 
can be straight chain or branched; 



US 2003/0195248 A1 

[0128] (b) —(CHZ), —Ri 
[0129] wherein n=0 to 4 and Ri is 

[0130] a cycloalkyl of 3 to 10 carbon atoms, 
inclusive; 

[0131] (ii) phenyl; or 

[0132] (iii) substituted phenyl 

[0133] wherein Z, Zii, Zi?, Ziv and ZV are each inde 
pendently selected from —NO2, —CN, —C(=O)— 
R1, —SO3H, a hydrogen atom, halogen, methyl, 
—ORX, Wherein RX is 1 to 8 carbon atoms, inclusive, 
Which can be a straight chain or branched, and 
hydroXyl; 

[0134] (c) —RaQaRb 
[0135] Wherein Qa is —O— or —S—; and 

[0136] wherein R8 is alkylene of 0 to 6 carbons 
atoms, inclusive, Which can be straight chain or 
branched; 

[0137] Wherein Rb is alkyl of 0 to 8 carbon atoms, 
inclusive, Which can be straight chain or branched; 

[01381 (d) —c(R?,-)(Riv)—Ri 
[0139] Wherein Riii and Riv are each independently: 

[0140] a hydrogen atom; or 

[0141] (ii) CHAZb Where a+b=3, a=0 to 3, b=0+3 

[0142] Wherein each Z, independently, is a cyano, a 
nitro, or a halogen atom, 

[0143] (e) a haloalkyl of 1 to 8 carbon atoms, 
inclusive, and 1 to 6 halogen atoms, inclusive, 
straight chain or branched. 

[0144] In one embodiment of this invention, the lipoXin 
analogs have the folloWing structure III: 
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[0145] Wherein X is R1, 0R1, or SR1; Wherein R1 is 

[0146] a hydrogen atom; 

[0147] (ii) an alkyl of 1 to 8 carbons atoms, inclu 
sive, Which can be straight chain or branched; 

[0148] (iii) a cycloalkyl of 3 to 10 carbon atoms, 
inclusive; 

[0149] (iv) an aralkyl of 7 to 12 carbon atoms; 

[0150] (v) phenyl; 
[0151] (vi) substituted phenyl 

[0152] Wherein Zi, Z?, Zi?, Ziv and ZV are each inde 
pendently selected from —NO2, —CN, —C(=O)— 
R1, —SO3H, a hydrogen atom, halogen, methyl, 
—ORX, Wherein RX is 1 to 8 carbon atoms, inclusive, 
Which can be a straight chain or branched, and 
hydroXyl; 

[0153] (vii) a detectable label molecule; or 

[0154] (viii) an alkenyl of 2 to 8 carbon atoms, 
inclusive, straight chain or branched; 

[0155] Wherein Q1 is (C=O), SO2 or (C=N); 

[0156] Wherein Q3 is O, S or NH; 

[0157] Wherein one of R2 and R3 is hydrogen atom 
and the other is 

[0158] (a) a hydrogen atom; 

[0159] (b) an alkyl of 1 to 8 carbon atoms, inclu 
sive, Which can be straight chain or branched; 

[0160] (c) a cycloalkyl of 3 to 6 carbon atoms, 
inclusive; 

[0161] (d) an alkenyl of 2 to 8 carbon atoms, 
inclusive, Which can be straight chain or branched; 
or 

[01621 (e) RaQzRb 
[0163] Wherein Q2 is —O— or —S—; 

[0164] wherein R8 is alkylene of 0 to 6 carbons 
atoms, inclusive, Which can be straight chain or 
branched; 

[0165] Wherein Rb is alkyl of 0 to 8 carbon atoms, 
inclusive, Which can be straight chain or branched; 

[0166] Wherein R4 is 

[0167] (a) a hydrogen atom; or 

[0168] (b) an alkyl of 1 to 6 carbon atoms, inclu 
sive, Which can be straight chain or branched; 

[0169] Wherein Y1 or Y2 is hydroXyl, methyl, hydro 
gen or thiol and 
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[0170] wherein the other is 

[0171] (a) a hydrogen atom; 

[0172] (b) CHAZb 
[0173] Where a+b=3, a 0 to 3, b=0 to 3 

[0174] Wherein each Z, independently, is a cyano, a 
nitro, or a halogen atom; 

[0175] (c) an alkyl of 2 to 4 carbon atoms, inclu 
sive, straight chain or branched; 

[0176] (d) an alkoXy of 1 to 4 carbon atoms, 
inclusive; or Y1 and Y2 taken together are 

[0177] (a) =NH; or 

[0178] (b) :0; and 

[0179] Wherein R5 is 

[0180] (a) an alkyl of 1 to 9 carbon atoms Which 
can be straight chain or branched; 

[01811 (b) —<cH2)n—Ri 
[0182] Wherein n=0 to 4 and Ri is 

[0183] cycloalkyl of 3 to 10 carbon atoms, 
inclusive; 

[0184] (ii) phenyl; 
[0185] (iii) substituted phenyl 

[0186] wherein Z, Zii, Zi?, Ziv and ZV are each inde 
pendently selected from —NO2, —CN, —C(=O)— 
R1, —SO3H, a hydrogen atom, halogen, methyl, 
—ORX, Wherein RX is 1 to 8 carbon atoms, inclusive, 
Which can be a straight chain or branched, and 
hydroXyl; 

[0187] (c) RaQaRb 
[0188] Wherein Qa is —O— or —S—; 

[0189] wherein R8 is alkylene of 0 to 6 carbons 
atoms, inclusive, Which can be straight chain or 
branched; 

[0190] Wherein Rb is alkyl of 0 to 8 carbon atoms, 
inclusive, Which can be straight chain or branched; 
or 

[0191] (d) —C(Riii)(Riv)—Ri 
[0192] Wherein Riii and Riv are each independently: 

[0193] a hydrogen atom; or 

[0194] (ii) CH,Zb Where a+b=3, a=0 to 3, b=0+3 

[0195] Wherein each Z, independently, is a cyano, a 
nitro, or a halogen atom, 
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[0196] (e) a haloalkyl of 1 to 8 carbon atoms, 
inclusive, and 1 to 6 halogen atoms, inclusive, 
straight chain or branched. 

[0197] In another embodiment of this invention, lipoXin 
analogs have the folloWing structural formula IV: 

[0198] Wherein X is R1, ORl, or SR1; Wherein R1 is 

[0199] a hydrogen atom; 

[0200] (ii) an alkyl of 1 to 8 carbons atoms, inclu 
sive, Which can be straight chain or branched; 

[0201] (iii) a cycloalkyl of 3 to 10 carbon atoms, 
inclusive; 

[0202] (iv) an aralkyl of 7 to 12 carbon atoms; 

[0203] (v) phenyl; 

[0204] (vi) substituted phenyl 

Zm 

[0205] wherein Z, Z?, Zi?, Ziv and ZV are each inde 
pendently selected from —NO2, —CN, —C(=O)— 
R1, —SO3H, a hydrogen atom, halogen, methyl, 
—ORX, Wherein RX is 1 to 8 carbon atoms, inclusive, 
Which can be a straight chain or branched, and 
hydroXyl; 

[0206] (vii) a detectable label molecule; or 

[0207] (viii) an alkenyl of 2 to 8 carbon atoms, 
inclusive, straight chain or branched; 

[0208] Wherein Q1 is (C=O), SO2 or (CN); 

[0209] Wherein Q3 is O, S or NH; 

[0210] Wherein one of R2 and R3 is hydrogen and the 
other is 

[0211] (a) a hydrogen atom; 

[0212] (b) an alkyl of 1 to 8 carbon atoms, inclu 
sive, Which can be straight chain or branched; 

[0213] (c) a cycloalkyl of 3 to 6 carbon atoms, 
inclusive; 
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[0214] (d) an alkenyl of 2 to 8 carbon atoms, 
inclusive, Which can be straight chain or branched; 
or 

[0215] (e) RAQZRb 

[0216] Wherein Q2 is —O— or —S—; 

[0217] wherein R8 is alkylene of 0 to 6 carbons 
atoms, inclusive, Which can be straight chain or 
branched; 

[0218] Wherein Rb is alkyl of 0 to 8 carbon atoms, 
inclusive, Which can be straight chain or branched; 

[0219] Wherein R4 is 

[0220] (a) a hydrogen atom; or 

[0221] (b) an alkyl of 1 to 6 carbon atoms, inclu 
sive, Which can be straight chain or branched; 

[0222] Wherein Y1 or Y2 is —OH, methyl, or —SH 
and Wherein the other is 

[0223] (a) a hydrogen atom; 

[0224] (b) CHAZb Where a+b=3, a=0 to 3, b=0 to 3, 
Wherein each Z, independently, is a cyano, a nitro, 
or a halogen atom; 

[0225] (c) an alkyl of 2 to 4 carbon atoms, inclu 
sive, straight chain or branched; or 

[0226] (d) an alkoXy of 1 to 4 carbon atoms, 
inclusive; 

[0227] or Y1 and Y2 taken together are 

[0228] (a) =NH; or 

[0229] (b) =0; 

[0230] Wherein R5 is 

[0231] (a) an alkyl of 1 to 9 carbon atoms Which 
can be straight chain or branched; 

[02321 (b) —<cH2)n—Ri 
[0233] Wherein n=0 to 4 and Ri is 

[0234] a cycloalkyl of 3 to 10 carbon atoms, 
inclusive; 

[0235] (ii) phenyl; or 

[0236] (iii) substituted phenyl 

[0237] wherein Z, Zii, Zi?, Ziv and ZV are each inde 
pendently selected from —NO2, —CN, —C(=O)— 
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R1, —SO3H, a hydrogen atom, halogen, methyl, 
—ORX, Wherein RX is 1 to 8 carbon atoms, inclusive, 
Which can be a straight chain or branched, and 
hydroXyl; 

[02381 (c) RaQaRb 

[0239] Wherein Qa is —O— or —S—; 

[0240] wherein R8 is alkylene of 0 to 6 carbons 
atoms, inclusive, Which can be straight chain or 
branched; 

[0241] Wherein Rb is alkyl of 0 to 8 carbon atoms, 
inclusive, Which can be straight chain or branched; 

[0242] (d) —C(Riii)(Riv)—Ri 
[0243] Wherein Riii and Riv are each independently: 

[0244] a hydrogen atom; or 

[0245] (ii) CHaZb Where a+b=3, a=0 to 3, b=0+3 
and 

[0246] Wherein each Z, independently, is a cyano, a 
nitro, or a halogen atom; or 

[0247] (e) haloalkyl of 1 to 8 carbon atoms, inclu 
sive, and 1 to 6 halogen atoms, inclusive, straight 
chain or branched; and 

[0248] Wherein R6 is 

[0249] (a) a hydrogen atom; 

[0250] (b) an alkyl from 1 to 4 carbon atoms, 
inclusive, straight chain or branched; or 

[0251] (c) a halogen atom. 

[0252] In another embodiment of this invention, lipoXin 
analogs have the folloWing structural formula V: 

[0253] Wherein R1 is 

[0254] a hydrogen atom; 

[0255] (ii) an alkyl of 1 to 8 carbons atoms, inclu 
sive, Which can be straight chain or branched; 

[0256] (iii) a cycloalkyl of 3 to 10 carbon atoms, 
inclusive; 

[0257] (iv) an aralkyl of 7 to 12 carbon atoms; 

[0258] (v) phenyl; 

[0259] (vi) substituted phenyl 
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[0260] wherein Z, Z?, Ziv and ZV are each indepen 
dently selected from —N02, —CN, —C(=0)—R1, 
—S03H, a hydrogen atom, halogen, methyl, —ORX, 
Wherein RX is 1 to 8 carbon atoms, inclusive, Which 
can be a straight chain or branched, and hydroXyl; 

[0261] (vii) a detectable label molecule; or 

[0262] (viii) an alkenyl of 2 to 8 carbon atoms, 
inclusive, straight chain or branched; 

[0263] Wherein n=1 to 10, inclusive; 

[0264] Wherein R2, R33, and R3b are each indepen 
dently: 

[0265] (a) a hydrogen atom; 

[0266] (b) an alkyl of 1 to 8 carbon atoms, inclu 
sive, Which can be straight chain or branched; 

[0267] (c) a cycloalkyl of 3 to 6 carbon atoms, 
inclusive; 

[0268] (d) an alkenyl of 2 to 8 carbon atoms, 
inclusive, Which can be straight chain or branched; 
or 

[0269] (e) RAQZRb 
[0270] Wherein 02 is —0— or —S—; 

[0271] wherein R8 is alkylene of 0 to 6 carbons 
atoms, inclusive, Which can be straight chain or 
branched; and Wherein Rb is alkyl of 0 to 8 carbon 
atoms, inclusive, Which can be straight chain or 
branched; 

[0272] Wherein Y1 or Y2 is —0H, methyl, hydrogen, 
or —SH and 

[0273] Wherein the other is 

[0274] (a) a hydrogen atom; 

[0275] (b) cnazb 
[0276] Where a+b=3, a=0 to 3, b=0 to 3, and 

[0277] Wherein each Z, independently, is a cyano, a 
nitro, or a halogen atom; 

[0278] (c) an alkyl of 2 to 4 carbon atoms, inclu 
sive, straight chain or branched; 

[0279] (d) an alkoXy of 1 to 4 carbon atoms, 
inclusive, straight chain or branched; 

[0280] or Y1 and Y2 taken together are 

[0281] (a) =NH; or 

[0282] (b) =0; 
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[0283] Wherein Y3 or Y4 is —0H, methyl, hydrogen, 
or —SH and 

[0284] Wherein the other is 

[0285] (a) a hydrogen atom; 

[0286] (b) CHaZb 
[0287] Wherein a+b=3, a=0 to 3, b=0 to 3, 

[0288] and Wherein each Z, independently, is a 
cyano, a nitro, or a halogen atom; 

[0289] (c) an alkyl of 2 to 4 carbon atoms, inclu 
sive, straight chain or branched; 

[0290] (d) an alkoXy of 1 to 4 carbon atoms, 
inclusive, straight chain or branched; 

[0291] or Y3 and Y4 taken together are 

[0292] (a) =NH; or 

[0293] (b) =0; 
[0294] Wherein Y5 or Y6 is —0H, methyl, hydrogen, 

or —SH and 

[0295] Wherein the other is 

[0296] (a) a hydrogen atom; 

[0297] (b) CH,Zb 
[0298] Where a+b=3, a=0 to 3, b=0 to 3 

[0299] Wherein each Z, independently, is a cyano, a 
nitro, or a halogen atom; 

[0300] (c) an alkyl of 2 to 4 carbon atoms, inclu 
sive, straight chain or branched; 

[0301] (d) an alkoXy of 1 to 4 carbon atoms, 
inclusive, straight chain or branched; or Y5 and Y6 
taken together are 

[0302] (a) =NH; or 

[0303] (b) =0; 
[0304] Wherein R5 is 

[0305] (a) an alkyl of 1 to 9 carbon atoms Which 
can be straight chain or branched; 

[0306] (b) —(CH2)n—Ri 
[0307] Wherein n=0 to 4 and Ri is 

[0308] a cycloalkyl of 3 to 10 carbon atoms, 
inclusive; 

[0309] (ii) phenyl; or 

[0310] (iii) substituted phenyl 

Zm 










































































