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MODULATION OF INFLAMMATION RELATED 
TO COLUMNAR EPITHELIA 

RELATED APPLICATIONS 

[0001] This application is a divisional of US. Ser. No. 
08/806,278 ?led Feb. 25, 1997, Which is a divisional of US. 
Ser. No. 08/268,049 ?led Jun. 29, 1994, Which is a continu 
ation in part application of US. Ser. No. 08/084,311 ?led 
Jun. 29, 1993, Which in turn is a continuation-in-part appli 
cation of co-pending application U.S. Ser. No. 07/748,349, 
?led Aug. 22, 1991, Which in turn is a continuation-in-part 
application of co-pending application U.S. Ser. No. 07/677, 
388, ?led Apr. 1, 1991. The contents of the aforementioned 
applications are hereby incorporated by reference. 

GOVERNMENT SUPPORT 

[0002] The Work leading to this invention Was supported 
by at least one grant from the US. Government. The US. 
Government, therefore, may be entitled to certain rights in 
the invention. 

BACKGROUND 

[0003] Columnar epithelia eXist in the lungs, kidneys, 
bladder, bile ducts, pancreatic ducts, gall bladder, testicles, 
thyroid, trachea, intestine, stomach, and liver. In many 
disease states, polymorphonuclear leukocytes (PMN) 
migrate across these epithelia. (Yardley J. H., et al. (1977). 
In The Gastrointestinal Tract. Yardley and B. C. Morson, 
editors. Williams and Wilkins Co., Baltimore. 57.) (Yardley, 
J. H. (1986). In Recent Developments in the Therapy of 
In?ammatory Bowel Disease. Proceedings of a Symposium. 
Myerhoff Center for Digestive Disease at Johns Hopkins, 
Baltimore. 3-9.) This migration of PMN is an early event in 
the mechanism of epithelial perturbation, Which includes 
one or more of the folloWing events: abnormal ?uid and 
electrolyte transport, speci?c epithelial barrier dysfunction, 
and ultimately mucosal breakdoWn. These perturbations 
lead to chronic and episodic in?ammatory conditions. 

[0004] Epithelial perturbations cause or contribute to 
many in?ammatory disease states including: gastritis, diver 
ticulitis, cystic ?brosis, infectious colitis, bronchitis, asthma, 
Crohnis disease, nephritis, alveolitis, intestinal ulcers, idio 
pathic AIDS enteropathy, gastroenteritis, ischemic diseases, 
and glomerulonephritis. The ef?cacy of eXisting therapy for 
epithelial in?ammation, such as methotreXate or corticos 
teroids, is highly unsatisfactory, partially due to a high 
toxicity Which produces severe, adverse effects such as 
bone-Weakening and systemic immuno-suppression. (Phy 
sician’s Desk Reference (41st ed., 1987) Medical Econom 
ics Co., Inc. 1103-1104.) Even under ideal bioavailability 
conditions, the eXisting treatments fail to mechanistically 
target columnar epithelial in?ammation. 

[0005] NeW treatments for epithelial in?ammation are 
needed. 

SUMMARY OF INVENTION 

[0006] This instant invention discloses neW methods and 
compositions for treating or preventing in?ammation Which 
is caused or contributed to by the perturbation of columnar 
epithelia in a subject. The neW pharmaceutical compositions 
comprise natural lipoXin A4 or analogs of lipoXin A4_ And the 
neW methods comprise administering to a subject having a 
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columnar epithelial in?ammatory disease an effective, anti 
in?ammatory amount of natural lipoXin A4 or a lipoXin A4 
analog. 
[0007] Natural lipoXin A4 and analogs are thought to 
effect-their anti-inhibitory activity by interfering With the 
interaction betWeen polymorphonuclear (PMN) cells and 
columnar epithelium. Migration of PMN is an early event in 
the mechanism of epithelial perturbation Which leads to 
mucosal breakdoWn, epithelial dysfunction, and chronic 
in?ammatory conditions. As disclosed herein, prior eXpo 
sure of polymorphonuclear leukocytes (PMN) to certain 
lipoXin compounds alters subsequent PMN migration across 
the columnar epithelium, thereby preventing an in?amma 
tory response. By inhibiting an early event in the mecha 
nism, LXA4 effectively targets in?ammation and in?amma 
tory responses caused or contributed to by epithelial 
perturbation. 
[0008] LXA4, is a naturally-occuring tetraene-containing 
eicosanoids. Therefore, pharmaceutical compositions of 
LXA4 or analogs thereof Would eXpected to be biocompat 
ible. In addition, because LXA4 and analogs thereof are 
highly potent in vivo, relatively small doses can be admin 
istered to produce a therapeutic effect. In addition, natural 
lipoXins are subject to metabolic transformations in situ, that 
Would further minimiZe any toXic, adverse effects, or 
adverse drug interactions. Alternatively, the instant inven 
tion discloses LXA4 analogs that are relatively resistant to in 
vivo degradation and therefore, if shoWn to be safe, can be 
administered for a more prolonged therapeutic effect. Lipo 
philic LXA4 can be actively absorbed by columnar epithelial 
tissue. 

[0009] For the reasons stated above, pharmaceutical com 
positions of natural LXA4 or analogs thereof provide a 
superior drug for treating columnar epithelial in?ammatory 
diseases. Additional features and advantages of the inven 
tion Will become more apparent from the folloWing detailed 
description and claims. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0010] This invention pertains to methods for treating or 
preventing in?ammation or an in?ammatory response 
caused or contributed to by the perturbation of a columnar 
epithelium. The term “columnar epithelium” is intended to 
mean one or more of the epithelia of the intestine, kidney, 
stomach, liver, thyroid, trachea, lung, gall bladder, urinary 
bladder, bile ducts, pancreatic ducts, liver, and testicles. A 
columnar epithelium performs three functions. First, it acts 
as a physical barrier. Second, it moves ?uids, electrolytes, 
and nutrients in vectors across the epithelium. Third, it 
synthesiZes and releases bioactive molecules to in?uence 
other cell types. 

[0011] An epithelial perturbation is a deleterious alteration 
of one or more of the folloWing: the normal barrier function; 
the transportation of ?uids, electrolytes, or nutrients; or the 
synthesis or release of bioactive molecules by the epithelial 
cells. The term “epithelial perturbation” is meant to include 
one or more of the folloWing events: abnormal ?uid and 
electrolyte transport, especially chloride ion secretion, spe 
ci?c epithelial barrier dysfunction, and eventual mucosal 
breakdoWn. These perturbations lead to chronic and episodic 
in?ammatory conditions. 
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[0012] This invention provides, in part, a method of 
screening for a compound Which attenuates abnormal ?uid 
and electrolyte transportation, Which may or may not be 
caused by activated in?ammatory cells. This invention also 
provides a method of treating or preventing the symptoms of 
abnormal ?uid and electrolyte transportation, such as secre 
tory diarrhea by administering to a subject of an effective 
amount of a natural lipoxin or lipoxin analog, or combina 
tion thereof, to reduce or prevent an epithelial perturbation 
of ?uid and electrolyte transportation. 

[0013] Activation of one or more types of in?ammatory 
cells can mediate this in?ammatory perturbation by inducing 
in?ammatory cell action in the form of adhesion, migration, 
the release of bioactive molecules, or a combination thereof. 
Nonlimiting examples of in?ammatory cells are leukocytes, 
Which encompass polymorphonuclear leukocytes (PMN), 
eosinophils, T-lymphocytes, B-lymphocytes, natural killer 
cells, and monocyte/macrophages. For example, migration 
of PMN across the epithelium of the intestine is an early 
event in the perturbation mechanism. The term “migration” 
is meant to include both the adhesion of PMN to the 
epithelium and the complete traversion across the epithelium 
to the other side. Under normal circumstances, PMN rarely 
adhere to the epithelial surface, and thus such adhesion is 
considered the rate-limiting step in the migratory process. 

[0014] This invention provides, in part, a method of 
screening for a compound Which inhibits the activation of 
in?ammatory cells, such as PMN, Which interact With an 
epithelium. This method evaluates the anti-in?ammatory 
action of an eicosanoid, such as a lipoxin, a lipoxin analog, 
or a combination thereof, based on the extent of its inhibition 
of PMN migration in the basal-to-apical direction. This 
invention also provides a method of treating or preventing 
in?ammation or the in?ammatory response caused or con 
tributed to by activation of in?ammatory cells. This method 
is the administration to a subject of an effective amount of 
a lipoxin or lipoxin analog, or combination thereof, to 
reduce or prevent in?ammatory cell activation and the 
consequent in?ammatory response. 

[0015] This invention is based, in part, upon the ?nding 
that prior exposure of PMN to nanomolar concentrations of 
lipoxin A4 (LXA4) and certain lipoxin analogs modify sub 
sequent PMN migration across an epithelial barrier. The 
effect Was found to be dependent on the direction of PMN 
transepithelial migration: LXA4 inhibited the number of 
migrating PMN cells in the basal-to-apical direction, but 
promoted the number of migrating PMN cells in the apical 
to-basal direction. In a typical embodiment of the screening 
method, the basal-to-apical inhibition represented a decrease 
of 25%, and the apical-to-basal promotion represented an 
increase of 80%, after pretreatment of PMN With LXA4 (10 
nM) for 15 minutes. 

In?ammatory Diseases of Columnar Epithelia 

[0016] Epithelial perturbations cause or contribute to 
in?ammatory intestinal disease states including: acute self 
limited enterocolitis; viral infections such as non-speci?c 
enteritis or speci?c viral enteritis; ulcerative colitis; Crohn’s 
disease; diverticulitis; bacterial enterocolitis, such as salmo 
nellosis, shigellosis, campylobacter enterocolitis, or yersinia 
enterocolitis; protoZoan infections such as amebiasis; hel 
minthic infection; and pseudomembraneous colitis. 
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[0017] Additional in?ammatory intestinal diseases are 
duodenitis resulting caused by infections, physical and 
chemical injuries, Celiac disease, allergic disease, immune 
disorders or stress ulcers; lymphocytic colitis; collagenous 
colitis; diversion-related colitis; acute self-limited colitis; 
microscopic colitis; solitary rectal ulcer syndrome; Behcetts 
disease; nonspeci?c ulcers of the colon; secondary ulcers of 
the colon; ischemic boWel disease; vasculitis; peptic 
duodenitis; peptic ulcer; bypass enteritis; ulcerative 
jejunoileitis; or nonspeci?c ulcers of the small intestine. 
Malabsorptive disorders include mucosal lesions associated 
With altered immune response such as idiopathic AIDS 
enteropathy, With viral or bacterial infections, or With mis 
cellaneous diseases such as mastocytosis or eosinophilic 
gastroenteritis. 
[0018] Perturbations of the epithelia of the lung and tra 
chea cause or contribute to in?ammatory lung diseases such 
as: cystic ?brosis, bronchiolitis, bronchitis, asthma, intersti 
tial lung disease, eosinophilic pneumonias, tracheobronchi 
tis, tracheoesophageal ?stulas, and alveolitis. 

[0019] Perturbations of the epithelium of the kidney cause 
or contribute to diseases such as: glomerulonephritis, 
nephritis, polycystic disease, ischemic disease, immune 
complex-induced disease, immunopathogenic injuries, 
pyelonephritis, and tubulointerstitial disease. 

[0020] Perturbations of the epithelium of the stomach 
cause or contribute to diseases such as gastritis and stomach 
ulcers. 

[0021] This invention also encompasses in?ammation of 
columnar epithelial caused or contributed to by surgery, 
allergy, chemical exposure, and physical injury. 

Methods of Screening for Anti-in?ammatory 
Compounds 

[0022] This invention provides a method of screening for 
a compound Which inhibits activation of in?ammatory cells 
Which interact With an epithelium. This method comprises 
pretreating the in?ammatory cell With the compound, plac 
ing the pretreated cell on one side of a prepared epithelial 
barrier having a chemotactic agent on the other side, and 
determining Whether the compound inhibits the activation of 
the in?ammatory cell. Nonlimiting examples of in?amma 
tory cells are leukocytes such as polymorphonuclear leuko 
cytes (PMN), eosinophils, T-lymphocytes, B-lymphocytes, 
natural killer cells, and monocyte-macrophages. In?amma 
tory cell activation includes adhesion to the epithelium, 
migration across the epithelium, release of bioactive mol 
ecules, or a combination thereof. 

[0023] The epithelial barrier can be constructed by groW 
ing epithelial cells and forming a monolayer by controlling 
the groWth media to preserve the polariZed phenotype. For 
example, T84 cells are groWn as monolayers in a 1:1 mixture 
of Dulbecco-Vogt modi?ed Eagle’s medium and Ham’s F12 
medium supplemented With 15 mM Na+-HEPES buffer, pH 
7.5, 1.2 g/l NaHCO3, 40 mg/l penicillin, 8 mg/l ampicillin, 
90 mg/l streptomycin, and 5% neWborn bovine serum. 

[0024] Normal or inverted monolayers can be constructed 
using the commercially available insert system (Costar 
inserts, 0.33 cm2, 5 pm polycarbonate ?bers, Cambridge, 
Mass.). The larger pore siZe is crucial to alloW in?ammatory 
cells to penetrate the ?lter. Furthermore, the ?lter must be 
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coated With Collagen I to allow epithelial cell attachment. 
Prepared monolayers should be used Within 6-14 days, since 
not only do physiologic responses diminish With time, but 
also cell processes can eventually move through the 5 pm 
pores and result in a doubled monolayer, With one mono 
layer on each side of the ?lter. The monolayer may be 
inverted or not, to alloW screening for migration, adhesion, 
or release of bioactive molecules in both the apical-to-basal 
direction and the basal-to-apical direction. 

[0025] Nonlimiting examples of cells from Which to form 
the epithelial barrier include: the intestinal cell lines Caco-2 
(AT CC accession number HTB 37), IEC-6 (ATCC accession 
number CRL 1592), T84 (ATCC accession number CCL 
248) or HT-29 (AT CC accession number HTB 38); the renal 
tubular cell lines MDCK (AT CC accession numbers CCL 34 
and CRL 6253) or LLC-PK1 (ATCC accession numbers CL 
101 and CRL 1392); and isolated alveolar epithelial cells 
groWn in primary culture. 

[0026] The prepared epithelial barrier may optionally have 
a permeable arti?cial membrane on one side to prevent 
membrane-membrane contact betWeen the epithelial barrier 
and the in?ammatory cell. While there are numerous arti?cal 
supports available, a preferable membrane made of poly 
carbonate may be obtained commercially from Costar Corp., 
Cambridge, Mass. 

[0027] The epithelial barrier also may have cell-siZed 
objects (approximately 7-10 pm in diameter) located in the 
interstitial spaces betWeen the epithelial barrier cells. These 
objects can be actual cells, or latex beads. The latex beads 
can be inert or coated With one or more types of active 
molecules attached to the bead surface, such as marker 
molecules, signal molecules, or monoclonal antibodies. The 
inert beads are available commercially (Seradyne, India 
napolis, Ind.). The beads mimic the physical presence of 
in?ammatory cells. In addition, the coated beads provide a 
high local concentration of the coating molecule(s) and 
minlic the structural stability of cell-cell membrane contact. 
Furthermore, the beads provide a method of introducing 
bioactive molecules of otherWise loW solubility into the 
system for long periods of time. The beads may be coated 
With a particular selected molecule, Without undue experi 
mentation, by methods knoWn to those skilled in the art. 

[0028] A chemotactic agent elicits the adhesion, migra 
tion, release of a bioactive molecule, or combination thereof 
by the in?ammatory cells on the opposite side of the 
epithelial barrier. Nonlimiting examples of an appropriate 
chemotactic agent are: eicosanoids such as leukotriene B4 
(LTB4), 12S-hydroxy-5,8,11-cis-13-trans-eicosatetraenoic 
acid (12-HETE), and 5S-hydroxy-8,11,14-cis-6-trans-eico 
satetraenoic acid (5-HETE); IL-8, IGF-B, C5a, platelet acti 
vating factor (PAP), and N-formyl-Met-Leu-Phe In 
addition, any microbial pathogen-derived chemotactic factor 
may be used, since fMLP is a model attractant for bacterial 
chemotaxis. The amount of chemoattractant should be suf 
?cient to elicit adhesion, migration, or release of a bioactive 
molecule in the absence of an inhibiting compound for the 
particular barrier system being used. For example, a con 
centration of 1 pM fMLP may be used. 

[0029] Measuring the inhibition of in?ammatory cell acti 
vation can be achieved in several Ways. The relative number 
of migrating PMN cells can be measured, for example, by a 
myeloperoxidase assay. The effect of cell activation, in the 
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form of speci?c barrier dysfunction or abnormal electrolyte 
transport, can also be evaluated With electrophysiological 
measurements of the electrical resistance of the epithelial 
barrier, the electrical resistance of the epithelial cell mem 
brane, and/or the endogenous cell current. 

[0030] In a typical embodiment, the method Would be a 
method of screening for a compound Which modi?es PMN 
adhesion to or migration across an intestinal epithelial 
barrier. This method comprises pretreating PMN With the 
compound, placing the pretreated PMN on one side of the 
intestinal barrier having a chemotactic agent on the other 
side, and determining Whether the compound modi?es PMN 
adhesion to or migration across the barrier. The epithelial 
barrier may be modeled by columnar epithelial cells With 
features similar to those of natural crypt epithelial, such as 
but not limited to a monolayer of human intestinal epithelial 
cell line T84. The chemotactic agent is fMLP (1 pM). The 
determination of the effectiveness of the compound is mea 
sured by the relative change in migration or adhesion of the 
PMN as measured by a myeloperoxidase assay. ( Madara, J. 
L. et al. (1992) J. Tiss. Cult. Meth. 14:209-216.) Experi 
mental details of this embodiment of the screening method 
are provided in Example 1 beloW. 

[0031] This invention also provides a method of screening 
for a compound Which attentuates the effect of an activated 
in?ammatory cell upon a columnar epithelium, thereby 
attenuating one or more deleterious perturbations. This 
method comprises: combining an in?ammatory cell With a 
prepared epithelial barrier, pretreating this combination With 
the compound, adding an activating agent, and determining 
Whether the deleterious perturbations are attentuated by the 
compound. 
[0032] The activating agent is an agent Which stimulates 
the activation of the the in?ammatory cell. Nonlimiting 
examples of an in?ammatory cell activating agent are: 
phorbol ester, a Ca+2 ionophore, phytohemaglutinin, chemo 
tactic agents as described above, and endotoxin. In addition, 
the activating agent may have an effect on both the in?am 
matory cell and the epithelial cell. Nonlimiting examples of 
these kinds of activating agents are cytokines such as y-IFN. 
The prepared epithelial barrier can be made as described 
above. 

[0033] The attenuation can be measured in terms of elec 
trical parameters such as the electrical resistance of the 
epithelial barrier, the electrical resistance of the epithelial 
cell membrane, or the endogenous current, or combinations 
thereof. The relative attenuation is the comparison of elec 
trical parameters in the presence and absence of the com 
pound. 

[0034] A typical embodiment of this method Will be used 
to screen for a compound Which reduces or eliminates the 
symptoms of secretory diarrhea caused by abnormal chlo 
ride secretion. The PMN-derived paracrine factor that elicits 
chloride secretion from T84 intestinal epithelial cell mono 
layers is 5‘-adenosine monophosphate (5 ‘-AMP). (Madara, J. 
L. et al. (1993) J. Clin. Invest. 91: 2320-2325 The method 
comprises: combining an intestinal epithelial barrier With 
PMN cells, stimulating chloride secretion by an intestinal 
epithelial cells With an amount of 5‘-AMP or an agonist 
thereof, exposing the epithelial cells to the compound; and 
determining the attenuating effect of the compound upon the 
activation of the epithelial cells. The attenuation is measured 
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by the electrical resistance of the epithelial barrier, the 
electrical resistance of the epithelial cell membrane, and/or 
the endogenous cell current. 

[0035] Nonlimiting examples of 5‘-AMP agonists are 
cyclic AMP, forskolin, and carbachol. Nonlimiting examples 
of variable ranges appropriate for a standard dose-response 
curye are: 5‘-AMP (10_8-10_3 M, in the apical direction; 
10 #7310‘2 M in the basal direction); cAMP and forskolin 
(10 -10_2 M); and carbachol (10_8-10_3 M). For example, 
incremental steps of one-half log concentrations may be 
used. The amount of the 5‘-AMP or agonist should be an 
amount sufficient to elicit intestinal chloride secretion. The 
following Example 2 discloses the experimental details for 
performing the electrophysiological measurements. 

[0036] The intestinal epithelial barrier may be from, but is 
not limited to, any of the above mentioned intestinal cell 
lines, especially the T84 cell line. In addition, the screened 
compound may be, for example, an eicosanoid such as a 
lipoxin or lipoxin analog. The lipoxin analog may have a 
longer tissue half-life than the corresponding lipoxin, or may 
be actively absorbed by the intestine, or both. 

Lipoxins, Lipoxin Analogs, and Combinations 
Thereof 

[0037] Lipoxin compounds (eg natural lipoxins and 
lipoxin analogs) can be administered to a subject for the 
treatment or prevention of in?ammation or in?ammatory 
responses caused or contributed to by epithelial perturba 
tions. Preferred lipoxin compounds are natural lipoxin A4 
(LXA4) and analogs thereof. 

[0038] “Natural lipoxins” are lipoxygenase-derived, bio 
logically active eicosanoids produced by PMN, platelets, 
eosinophils and macrophages. (Samuelsson B., et al. (1987). 
Science 237:1171-1176); (Dahlen S. E., and C. N. Serhan 
(1991). In Lipoxygenases and Their Products, Academic 
Press. NeW York, NY. 235-276). These compounds have 
been shoWn to elicit selective counterregulatory responses in 
human PMN in vitro, including the inhibition of leukotriene 
B4 (LTB4) and fMLP-stimulated chemotactic responses 
across Boyden chambers (?lters) (Lee T. H., et al. (1989). 
Clin Sci. 77:195-203); (Lee T. H., et al. (1991). Biochem 
Biophys Res Comm 180:1416-1421), blocking of Ca2+ 
mobiliZation (Springer T. A . (1990). Nature 346:196-197), 
and inhibition of LTD4-induced adhesion to mesangial cells 
(Brady H. R., et al. (1990).Am J. PhysioL 259 (Renal Fluid 
Electrolyte Physiol. 28): F809-815). In vivo, lipoxins are 
potent in?ammatory mediators Which act to inhibit lympho 
cyte migration across vascular endothelia (Hedqvist P. J. et 
al. (1989). Acta. Physiol Scand. 137: 571-572), decrease 
LTD4-induced vasoconstriction (Badr K. E, et al. (1989). 
Proc. Nat Acad. Sct U.S.A. 86:3486-3442), and modulate 
LTD 4-induced airWay obstruction, (Christie P. E., et al. 
(1992) Am RevRespirDis 145:1281-1284). Lipoxins include 
the bioactive (5S, 14R, 15S)-trihydroxy-6,10,12-trans-8-cis 
eicosatetraenoic acid (LXB4), and more preferably,(5S, 6R, 
15S)-trihydroxy-7,9,13-trans-I1 -cis-eicosatetraenoic acid 
(LXAa 
[0039] In addition to natural lipoxins, lipoxin analogs are 
useful antiin?ammatory agents. “Lipoxin analogs” include 
compounds Which are structurally similar to natural 
lipoxins, compounds Which share the same receptor recog 
nition site, compounds Which share the same or similar 
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lipoxin metabolic transformation region as lipoxin, and 
compounds Which are art-recogniZed as being analogs of 
lipoxin. Lipoxin analogs also include metabolites of lipoxin 
and lipoxin analogs. A nonlimiting example of a lipoxin 
analog Which inhibits PMN migration across an epithelial 
barrier is 11-trans-LXA4. (See Example 1). Some lipoxin 
analogs are sufficiently lipophilic to be actively absorbed by 
the intestine. Generally, lipophilic analogs Will have rela 
tively short (C2-C4) hydrocarbon groups occupying the 
C-16+ position, as in the natural lipoxin compound. 

[0040] One particularly suitable class of lipoxin analogs 
for use in the instant invention are those exhibiting a longer 
tissue half-life than corresponding natural lipoxins. A 
“lipoxin analog having a longer tissue half-life than corre 
sponding lipoxins” refers to a compound Which has an 
“active region” that functions like the active region of a 
natural lipoxin (e.g. LXA4 or LXB4), but Which has a 
“metabolic transformation region” that differs from natural 
lipoxin. By“active region” is meant the region of a natural 
lipoxin or lipoxin analog, Which is associated With in vivo 
cellular interactions. The active region may bind the “rec 
ognition site” of a cellular lipoxin receptor or a macromol 
ecule or complex of macromolecules, including an enZyme 
and its cofactor. Preferred lipoxin A4 analogs have an active 
region comprising C5-C15 of natural lipoxin A4. Preferred 
lipoxin B 4 analogs have an active region comprising C5-C14 
of natural lipoxin B4. 

[0041] The term “metabolic transformation region” refers 
to that portion of a lipoxin, a lipoxin metabolite, or lipoxin 
analog including a lipoxin analog metabolite, upon Which an 
enZyme or an enZyme and its cofactor attempts to perform 
one or more metabolic transformations Which that enZyme 
or enZyme and cofactor normally transform on lipoxins. The 
metabolic transformation region may or may not be suscep 
tible to the transformation. A nonlimiting example of a 
metabolic transformation region of a lipoxin is a portion of 
LXA4 that includes the C-13,14 double bond or the C-15 
hydroxyl group, or both. 

[0042] The pathWay of lipoxin metabolism includes dehy 
drogenation, reduction of at least one unsaturated carbon 
carbon bond, and/or uu-oxidation. These enZymatic transfor 
mation occur Within the C-12 to C-20 portion of an LXA4 
analog, for example. Therefore, a lipoxin analog With a 
longer tissue half-life may be designed With chemical modi 
?cations Which inhibit, resist, or raise the transition state 
energy of an analog or its metabolite for at least one of the 
metabolic transformations. Such analogs employ electronic 
effects at the relevant carbon atom, steric effects, and/or 
potential suicide substrate moieties such as those that alloW 
covalent Michael addition to a metabolic enZyme. 

[0043] Nonlimiting examples of a LXA4 analog having a 
longer tissue half-life than LXA4 include LXA4 analogs With 
C-15 and/or C-16 substitutions such as: mono- or di-hy 
droxyl, methyl, ?uoromethyl, and ?uoro; C-16 substitutions 
such as phenyl, halo-substituted phenyl, and alkoxy; and 
C-19 or C-20 substitutions such as ?uoromethyl, phenyl, and 
?uoro; and 13-yne or 14-yne substitutions. It is knoWn that 
the intestine actively absorbs lipophilic fatty acids, espe 
cially those tWo to four carbon atoms in length. (Binder, H. 
J. In, Gastrointestinal Disease, 4th ed. (Sleisenger, M. H., 
and Fordtran, J. S., eds.) W. B. Saunders Co., Phildelphia, 
1989, pp. 1022-1045.) In other emgodiments, similar sub 
stitutions create structural analogs based on other lipoxins 
such as LXB4. 
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[0044] In the most preferred embodiment of this inven- [0046] In other preferred embodiments of this invention, 
tion, the compounds of this invention have the following the compounds of this invention have the following struc 
structural formulas: tural formulas: 

1 2 

HO OH O HO OH 0 

OR’ OR’ 

Me OH Me OH 

3 4 

HO OH O HO OH 0 

OR’ OR’ 

OH OH 

5 6 

HO OH O HO OH 0 

OR’ OR’ 

O—< > O—< > 
OH OH 

7 8 
HO OH O HO OH 0 

OR’ OR’ 

O||||||| E 

[0045] Where R‘ is H or CH 3. 
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-continued 

[0047] This invention also contemplates use of combina 
tions of lipoXins and lipoXin analogs. A nonlimiting example 
of a combination is a mixture comprising a lipoXin analog X 
Which inhibits one enZyme Which metaboliZes lipoXins and 
Which optionally has speci?c activity With a lipoXin receptor 
recognition site, and a second lipoXin analog y Which has 
speci?c activity With a lipoXin receptor recognition site and 
Which optionally inhibits or resists lipoXin metabolism. This 
combination results in a longer tissue half-life for at leasty 
since X inhibits one of the enZymes Which metaboliZe 
lipoXins. Thus, the lipoXin action mediated or antagoniZed 
byy is enhanced. 

Methods of Making LipoXins and LipoXin Analogs 

O [0048] LipoXins may be isolated as described (Serhan, C. 
HO OH N. et al. (1990) Methods in Enzymol. 187:167) from bio 

logical sources, synthesiZed or obtained commercially. 
\ \ OH LXA4 and LXB4 are available from Biolmol, Inc. (Philadel 

' phia, Pa.) and Cayman Biochemical (Ann Arbor, Mich.). 
LXA4, LXB4, and the 11-trans-LXA4 isomer are available 
from Cascade Biochemical, Ltd (Berkshire, UK). Nonlim 
iting eXamples of the structures and syntheses of both 

ll lipoXins and lipoXin analogs, including methyl esters of 
lipoXin analogs, are illustrated in the folloWing patents and 
publications: 

[0049] (1) Nicolaou, K. C. et al. Identi?cation of a novel 
7-cis-11-trans-LXA4 generated by human neutrophils: 
total synthesis, spasmogenic activities and comparison 

HO OH 0 With other geometric isomers of lipoXins A4 and B4 
(1989). Biochim. Biophys. Acta 1003:44-53; 

\ \ OH [0050] (2) Nicolaou, K. C. et al. Total synthesis of novel 
/ 0 C1 geometric isomers of LXA4 and LXB4 (1989). J. Org. 

: Chem. 54: 5527-5535; 

SH [0051] (3) Nicolaou, K. C. et al. LipoXins and related 
eicosanoids: biosynthesis, biological properties, and 
chemical synthesis (1991). Angew. Chem Int Ed. Engl 
30: 1100-1116; 

[0052] (4) US. Pat. Nos. 4,576,758; 4,560,514; 
5,079261; and 5,049,681; and 

[0053] (5) JP Patent Nos. 3,227,922; 63,088,153; 
62,198,677; and 1,228,994. 

[0054] Preferred lipoXin analogues having a longer half 
life than natural lipoXins can be prepared as described in the 
folloWing Example 2 

Methods of Treatment 

[0055] This invention provides, in part, method of treating 
or preventing in?ammation or an in?ammatory response 
caused or contributed to by the activation of in?ammatory 
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cells Which interact With a columnar epithelium. The inter 
action betWeen activated in?ammatory cells and the epithe 
lium results in one or more epithelial perturbations. This 
anti-in?ammatory treatment is the administration to a sub 
ject of an effective amount of a lipoxin, lipoxin analog, or 
combination thereof to inhibit the activation of the in?am 
matory cell such that the epithelial perturbation and in?am 
mation or an in?ammatory response are signi?cantly 
reduce4 or eliminated. 

[0056] A signi?cant reduction of in?ammation or an 
in?ammatory response includes reducing or eliminating one 
or more of the symptoms associated With in?ammation. For 
example, PMN transmigration stimulates electrogenic chlo 
ride secretion, Which is the basis of secretory diarrhea, one 
of the symptoms of in?ammatory boWel diseases. (ash, S. et 
al. (1991). J.Clin. Invest. 87:1474-1477.) Additional non 
limiting examples of symptoms of in?ammatory boWel 
diseases are cramping abdominal pain, malabsorption, dehy 
dration, bloody stool, or fever. In addition to the in?amma 
tory boWel disease listed above, boWel in?ammation may 
also result from surgery, allergy, chemical exposure, or 
physical injury. Reduction of epithelial perturbation can also 
include inhibition of in?ammatory cell activation. For 
example, a reduced perturbation can be the inhibition of 
PMN migration in the basal-to-apical direction represented 
by a decrease of at least about 25%. 

[0057] Lipoxins include LXA4 or LXB4. The lipoxin ana 
log can have a longer tissue half-life than the corresponding 
natural lipoxin. The lipoxin analog can also be lipophilic. 
The lipoxin analog can also be actively absorbed by the 
intestine. Lipoxins, lipoxin analogs, and combinations of 
lipoxins as used in these methods of treatment are de?ned 
above in the preceding tWo sections. 

[0058] This invention also provides a method for the 
treatment or prevention of one or more of the symptoms of 
in?ammatory diseases of columnar epithelia. In this method, 
the epithelial perturbations Which cause or contribute to 
these symptoms may or may not be mediated by in?amma 
tory cells. This method of treatment comprises the admin 
istration to a subject of an effective amount of a lipoxin, 
lipoxin analog, or combination thereof such that the epithe 
lial in?ammation or in?ammatory response is signi?cantly 
reduced or eliminated. 

[0059] A signi?cant reduction of in?ammation or an 
in?ammatory response includes reducing or eliminating one 
or more of the symptoms associated With in?ammation. For 
example, abnormal chloride secretion causes or contributes 
to secretory diarrhea, a symptom of in?ammatory boWel 
diseases. S‘AMP elicits chloride secretion from T84 intesti 
nal epithelial cell monolayers, iixa manner Which may not 
alWays be dependent upon PMN. (Nadara, J. L. et al. (1993) 
J. Clin. Invest. 91:2320-2325 Additional nonlimiting 
examples of symptoms of in?ammatory boWel diseases are 
cramping abdominal pain, malabsorption, dehydration, 
bloody stool, or fever. 

[0060] Lipoxins include LXA4 or LXB4. The lipoxin ana 
log may have characteristics such as a longer tissue half-life 
than the corresponding natural lipoxin, be lipophilic, or be 
actively absorbed by the intestine, or a combination thereof. 
Lipoxins, lipoxin analogs, and combinations of lipoxins as 
used in these methods of treatment are de?ned above. 

[0061] In one embodiment, the lipoxin or lipoxin analog 
independently acts to modulate epithelial perturbations, such 
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as chloride ion secretion. Without intending to be bound, it 
is speculated that lipoxins and lipoxin analogs, independent 
of PMN activation, can decrease chloride ion secretion to an 
extent that secretory diarrhea is signi?cantly reduced. 

Pharmaceutical Compositions and Packaged Drugs 

[0062] This invention also encompasses pharmaceutical 
compositions and packaged drugs containing lipoxins, 
lipoxin analogs, salts thereof, and combinations thereof for 
the treatment of in?ammation and in?ammatory responses 
in a subject. In one embodiment of this invention, the 
pharmaceutical compositions and packaged drugs are for the 
treatment or prevention of the columnar epithelial perturba 
tions related to PMN activation in in?ammatory boWel 
diseases. 

[0063] The term “subject” is intended to include living 
organisms susceptible to conditions or diseases caused or 
contributed to by in?ammation and in?ammatory responses. 
Examples of subjects include humans, dogs, cats, coWs, 
goats, and mice. The term “subject” is further intended to 
include transgenic species, 

[0064] The term “pharmaceutically acceptable salt” is 
intended to include art-recogniZed pharmaceutically accept 
able salts. These non-toxic salts are usually hydrolyZed 
under physiological conditions, and include organic and 
inorganic bases. Examples of salts include sodium, potas 
sium, calcium, ammonium, copper, and aluminum as Well as 
primary, secondary, and tertiary amines, basic ion exchange 
resins, purines, piperaZine, and the like. The term is further 
intended to include esters of loWer hydrocarbon groups, 
such as methyl, ethyl, and propyl. In this paragraph, the next 
paragraph, and in the discussion of methods of treatment and 
pharmaceutical compositions, it should be understood that 
references to lipoxin analogs are meant to include corre 
sponding pharmaceutically acceptable salts. 

[0065] The term “pharmaceutical composition” comprises 
one or more natural Ilipoxin or lipoxin analog as an active 
ingredient(s), or a pharmaceutically acceptable salt(s) 
thereof, and may also contain a pharmaceutically acceptable 
carrier and optionally other therapeutic ingredients. The 
compositions include compositions suitable for oral, rectal, 
ophthalmic, pulmonary, nasal, dermal, topical, parenteral 
(including subcutaneous, intramuscular and intravenous) or 
inhalation modes of administration. The most suitable route 
in any particular case Will depend on the nature and severity 
of the conditions being treated and the nature of the active 
ingredient(s). The compositions may be presented in unit 
dosage form and prepared by any of the Well-knoWn meth 
ods. 

[0066] Appropriate dosage regimes for treating a particu 
lar disease or condition associated With columnar epithelial 
in?ammation can be determined empirically by one of skill 
in the art and may be adjusted for the purpose of improving 
the therapeutic response. For example, several divided dos 
ages may be administered daily or the dose may be propor 
tionally reduced over time. A person skilled in the art 
normally may determine the effective dosage amount and 
the appropriate regime. A less potent lipoxin analog com 
position may be selected to treat mild or highly localiZed 
in?ammation, While a larger dosage or more potent lipoxin 
analog may be selected to treat severe or Widespread in?am 
matory episodes. An “effective anti-in?ammatory amount” 
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of a lipoxin containing pharmaceutical composition for 
treating a disease or condition associated With a columnar 
epithelial in?ammation shall mean that amount that amelio 
rates the in?ammation and eliminates the syptoms of the 
disease. An “effective anti-diuretic amount” of a lipoxin 
containing pharmaceutical composition is that amount that 
restores transportation of ?uid, electrolytes, or nutrients by 
a columnar epithelium to the normal, homeostatic level. 

[0067] The term “packaged drug” is meant to include one 
or more dosages of an effective pharmaceutical composition 
of a lipoxin, a lipoxin analog, salt thereof or combination 
thereof, a container holding the dosage(s), and instructions 
for administering the dosage(s) to a subject for treatment or 
prevention of in?ammation or an in?ammatory response. 

[0068] The present invention is further illustrated by the 
folloWing example Which should in no Way be construed as 
being further limiting. The contents of all references and 
issued patents cited throughout all portions of this applica 
tion including the background are expressly incorporated by 
reference. 

Example 1 Lipoxin A4 Modulates Migration of 
Human PMNs Across Intestinal 

[0069] Epithelial Monolayers. 

[0070] Lipoxins Synthetic LXA4, LXB4, and 11-trans 
LXA4 Were obtained from Cascade Biochem Ltd. (Berk 
shire, United Kingdom). Concentrations Were determined 
from extinction coef?cients as described in Sheppard K-A., 
et al. (1992). Biochimica et Biophysica Acta 1133:223-234. 
All eicosanoid stock solutions Were stored at —70° C. in 
methanol (American Scienti?c Products). Eicosanoids Were 
diluted in modi?ed HBSS to a concentration of 1 nM prior 
to all experiments. PMN or T84 monolayers Were exposed 
to lipoxins at indicated concentrations and alloWed to incu 
bate at 37° C. for the indicated period of time. Vehicle 
controls consisted of dilutions of the solvent (ethanol) 
equivalent to the highest concentration of lipoxin used in 
any given experiment (0.01%). 

[0071] Cell culture Approximately 350 epithelial mono 
layers Were used for these studies. T84 intestinal epithelial 
cells (passages 70-95) Were groWn and maintained as con 
?uent monolayers on collagen coated permeable support. 
Monolayers Were groWn on 0.33 cm2 ring-supported poly 
carbonate ?lters (Costar Corp., Cambridge, Mass.) and 
utiliZed 6-14 days after plating as described in Example 2. 
Transepithelial resistance to passive ion ?oW Was measured 
as described in Parkos C. A., et al. (1991). J. Clin. Invest. 
88:1605-1612); and Parkos C. A., et al. (1992).J. Cell. Biol. 
117:757-764). Inverted monolayers used to study migration 
of PMN in the basolateral-to-apical direction Were con 
structed as described in Parkos C. A., et al. (1991). J. Clin. 
Invest. 88:1605-1612). 

[0072] Migration assay: The PMN transepithelial migra 
tion assay has been detailed in Nash S., etal. (1987). J. Clin. 
Invest. 80:1104-1113; Nash S., et al. (1991). J. Clin. Invest. 
87:1474-1477); Parkos C. A., et al. (1991). J. Clin. Invest. 
88:1605-1612); and Parkos C. A., et al. (1992).J. Cell. Biol. 
117: 757-764. Brie?y, human PMN Were isolated from 
normal human volunteers and suspended in modi?ed HBSS 
(Without Ca2+ and Mg2+, With 10 mM Hepes, pH 7.4, 
Sigma) at a concentration of 5><107/ ml. Prior to addition of 
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PMN, T84 monolayers Were extensively rinsed in HBSS to 
remove residual serum components. Migration assays Were 

performed by the addition of PMN (40 pl) to HBSS (160 pl) 
in the upper chambers after chemoattractant (1 nM fMLP in 
HBSS) Was added to the opposing (loWer) chambers. Unless 
otherWise indicated, PMN Were not Washed free of LXA4 
prior to addition to monolayers, and therefore, a ?ve-fold 
dilution of lipoxin Was present during the migration assay. 
For apical-to-basolateral migration experiments, PMN 
(2><10°) Were added at time 0. Migration in the basolateral 
to-apical direction, While qualitatively similar, is substan 
tially more ef?cient than in the apical-to-basolateral direc 
tion. (Parkos C. A., et al. (1991). J. Clin. Invest. 8811605 
1612). Therefore, 5-fold feWer PMN (4x105) Were added 
When migration proceeded in the basolateral-to-apical direc 
tion in order that baseline migration signals be approxi 
mately equivalent in both directions. (Parkos C. A., et al. 
(1991). J. Clin. Invest. 88: 1605-1612). Migration Was 
alloWed to proceed for 120 minutes, unless otherWise noted. 
All PMN transepithelial migration experiments Were per 
formed in a 37° C. room to ensure that epithelial monolay 
ers, solutions, plasticWare, etc., Were maintained at uniform 
37° C. temperature. 

[0073] When used, inhibitors to cyclooxygenase 
(indomethacin, Sigma), leukotriene biosynthesis (MK886, a 
kind gift from Merck Frosst), G-proteins (pertussis toxin, 
Calbiochem), or protein kinase C (H7, Sigma; staurosporine, 
Sigma) Were pre-incubated With PMN at indicated concen 
trations for 15 min at 37° C. Inhibitors Were Washed free 
from PMN by tWo Washes With HBSS. PMN Were subse 
quently exposured to LXA4 (10 nM) and PMN transepithe 
lial migration Was assessed as described above in the apical 
to-basolateral direction. 

[0074] Migration Was quantitated by assaying for the 
PMN aZurophilic granule marker myeloperoxidase (MPO) 
as described previously (Parkos C. A., et al. (1991). J. Clin. 
Invest. 88:1605-1612). FolloWing each migration assay, 
non-adherent PMN Were extensively Washed from the sur 
face of the monolayer and PMN cell equivalents (PMN CE), 
estimated from a standard curve, Were assessed as the 

number of PMN’s associated With the monolayer, the num 
ber Which had completely traversed the monolayer (ie. 
across the monolayer into the reservoir bath), as Well as the 
total number of transmigrating PMN (the sum of monolayer 
and reservoir-associated PMN). 

[0075] Data Presentation: Individual experiments Were 
performed using large numbers of uniform groups of mono 
layers and PMN from individual blood donors on individual 
days. PMN isolation Was restricted to ?ve different blood 
donors (repetitive donations) over the course of these stud 
ies. Myeloperoxidase assay data Were compared by tWo 
factor analysis of variance (AN OVA) or by comparison of 
means using Student’s t-Test. PMN migration results are 
represented as PMN CE derived from a daily standard PMN 
dilution curve. Monolayer-associated PMN are represented 
as the number of PMN CE per monolayer and reservoir 
associated PMN (ie. PMN Which had completely traversed 
the monolayer into the loWer chamber) are represented as 
the number of PMN CE/ml (total volume of 1 ml). Values 
are expressed as the mean and s.e.m. of n experimnents. 
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[0076] Results 

LXA4 Exosure to T84 Epithelial Monolayers Does 
Not Alter Subsequent fMLP-induced PMN 

Migration 
[0077] PMN can be induced to transmigrate across T84 
epithelial monolayers in response to a transepithelial gradi 
ent of the chemotactic peptide fMLP (1 nM).(Nash S., et al. 
(1987). J. Clin. Invest. 80: 1104-1113); (Parkos C. A., et al. 
(1991).]. Clin. Invest 88: 1605-1612). To determine Whether 
LXA4 exposure to T84 intestinal epithelial cells in?uenced 
subsequent PMN migration, epithelial cell monolayers Were 
incubated With LXA4 at a concentration 10 nM for 15 min 
at 37° C. (conditions Which elicit signi?cant effects When 
PMN’s are pre-exposed to LXA4, see beloW), With and 
Without removal of LXA4 from monolayers, folloWed by 
addition of untreated PMNIs under chemotactic conditions. 
In these experiments, PMN migration across T84 monolay 
ers exposed to LXA4 did not differ from vehicle control 
(14.811.4 vs 15.711.8><104 PMN CE/ml for control and 
LXA4 exposed monolayers, n=6 each, n.s.). Removal of 
LXA4 from monolayers by Washing thrice With HBSS prior 
to addition of PMN had no apparent effect on the total 
number of transmigrating PMN (14.311.1><104 PMN CE/ml, 
n=6, n.s. compared to either control or LXA4 exposed 
monolayers). 
[0078] In addition, exposure of intestinal epithelial cells to 
LXA4 did not signi?cantly in?uence the integrity of T84 
epithelial monolayers. To examine this, transepithelial resis 
tance to passive ion ?oW Was assessed prior to, and after 
addition of 10 nM LXA4 to T84 intestinal epithelial mono 
layers for 2 hrs (simulated conditions for entire migration 
assay period). During this period, transepithelial resistance 
did not signi?cantly decrease folloWing addition of LXA4 
(baseline resistance 1255156 ohm-cm2 and 10891108 ohm 
cm2 after 2 hr, n=8, n.s.). These results suggest that mono 
layer integrity, as assessed by transepithelial resistance, Was 
not affected by LXA4 treatment and that epithelial pre 
exposure to LXA4 has no subsequent effect on fMLP 
induced PMN migration. 

LXA4 Does Not Stimulate Migration 

[0079] To investigate Whether LXA4 could serve to stimu 
late PMN migration in this assay system, dilutions of LXA4 
in the range of 001-10 nM Were placed in the loWer chamber 
of migration Wells. Untreated PMN’s Were added to the 
upper chamber and assessed for chemotactic capacity 
toWard LXA4 in the apical-to-basolateral direction. LXA4 
Was no more effective than HBSS in promoting PMN 
migration; compared to FMLP (1 nM), PMN migration 
toWard LXA4 resulted in a total of 612.1, 913.6, 612.4, and 
1211.4% of fMLP-induced PMN migration for 0.01, 0.1, 
1.0, and 10 nM LXA4, respectively. In the absence of a 
chemotactic gradient (HBSS), 1012.9% of fMLP-induced 
migration occurred. These results indicate that LXA4, in the 
concentrations tested, did not stimulate PMN transepithelial 
migration. 

Pre-exposure of PMN to LXA4 Enhances 
fMLP-induced PMN Migration In the 

Apical-to-basolateral Direction 

[0080] To determine if PMN exposure to LXA4 alters 
subsequent IMLP-induced migration, PMN Were incubated 
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10 nM LXA4 for 15 minutes, then added directly to the 
apical surface of T84 epithelial monolayers, and subse 
quently assessed for their ability to traverse T84 epithelial 
monolayers using a myeloperoxidase assay. (Parkos C. A., et 
al. (1991).]. Clin. Invest. 88: 1605-1612). PMN (5><107/ml) 
Were pre-incubated With 10 nM LXA4 for 15 min. at 37° C. 
and layered on the apical surface of Washed T84 epithelial 
monolayers at a density of 2><10°lmonolayer. PMN Were 
driven to transmigrate basolaterally under the in?uence of a 
1 nM gradient of fMLP. 

[0081] Results Were obtained by harvesting the PMN 
speci?c enZyme myeloperoxidase (MP0) from Washed 
monolayers, loWer reservoirs and total MPO activity after 
120 min, relative to a knoWn standard number of PM. Since 
tight junctions are the rate limiting barrier to passive para 
cellular permeation, transmigration is de?ned as movement 
of PMN across the tight junction. Since monolayer-associ 
ated PMN Were largely beloW the tight junction (see results), 
total transmigration in the apical-to-basolateral direction 
equals the sum of PMN in the opposite reservoir plus 
monolayer PMN. Data are pooled from 9 individual mono 
layers in each condition and results are expressed as the 
mean and SEM. 

[0082] PMN pre-exposure to LXA4 resulted in signi? 
cantly increased PMN transepithelial migration in the api 
cal-to-basolateral direction. Increased PMN migration Was 
evident in both monolayer-associated PMN numbers 
(2.981057 vs. 6.9311.77><104 PMN CE/monolayer for 
vehicle control and LXA4 exposed PMN, respectively, 
p<0.001), as Well as the number of PMN Which completely 
traversed the4 epithelial monolayer (6.6110.50 vs. 
11.0212.91><10 PMN CE/ml for vehicle control and LXA4 
exposed, respectively, p<0.01), resulting in a nearly 2-fold 
increase in the total number of transmigrating PMN 
(9.5811.05><104 PMN CE/ml for vehicle control and 
17.9512.15><10 PMN CE/ml for LXA4 pre-exposed PMN, 
p<0.01). As reported previously, (Parkos C. A., et al. (1991). 
J. Clin. Invest. 88: 1605-1612), examination of 1 pm T84 
epithelial monolayer sections have revealed that PMN are 
only rarely associated With the apical epithelial surface and 
the majority of monolayer associated PMN are found sub 
junctionally, indicative of migration. Therefore, monolayer 
associated PMN in this apical-to-basolateral assay are con 
sidered transmigrated across the tight junction, the rate 
limiting barrier in PMN transepithelial migration. (Parkos C. 
A., et al. (1991). J. Clin. Invest. 88:1605-1612). 

[0083] To further characteriZe this transmigratory event, 
PMN Were pre-exposed to LXA4 (10 nM) for various 
periods of time and subsequently assessed for their ability to 
transmigrate across T84 epithelial monolayers in the apical 
to-basolateral direction. PMN (5><107/ml) Were pre-incu 
bated With 10 nM LXA4 for various periods of time in the 
range of 0-60 min at 37° C. or pre-incubated With various 
indicated concentrations of LXA4 for 15 min. at 37° C. and 
layered on the apical surface of Washed T84 epithelial 
monolayers at a density of 2><10°/monolayer. PMN Were 
driven to transmigrate baolaterally under the in?uence of a 
1 nM gradient of fMLP. Results Were again obtained by 
harvesting the PMN speci?c enZyme myeloperoxidase 
(MP0) from Washed monolayers, loWer reservoirs and total 
MPO activity after 120 min, relative to a knoWn standard 
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number of PMN. Data are pooled from 7-10 individual 
monolayers in each condition and results are expressed as 
the mean and SEM. 

[0084] Pre-exposure of PMN to LXA4 resulted in 
increased total PMN migration after a LXA4 pre-exposure 
period of 5-30 min. (compared to vehicle controls, for 
PMN’s pre-exposed to 10 nM LXA4, migration increased by 
50, 68 and 51% at 5, 15 and 30 min. exposure times, 
respectively, all p<0.025). Migration had returned to vehicle 
control values by 45 and 60 minutes of PMN pre-exposure 
to LXA4. Pre-exposure of PMN to LXA4 Was found to be a 
necessary prerequisite for LXA4 action on stimulating PMN 
migration. Indeed, exposure of PMN’s to 10 nM LXA4 
immediately prior to their addition to epithelial monolayers 
(ie. 0 min. pre-exposure) resulted in no effect on subsequent 
fP-induced PMN migration ( 16.3414.07 vs. 16.6113.56>< 
104 total PMN CE/ml for vehicle control and LXA4 pre 
exposure for 0 min., respectively, n.s.). The LXA4 pre 
exposure time-dependent enhancement of subsequent 
neutrophil migration Was largely due to reservoir-associated 
PMN (11.0613.05 vs 180213.35, 199613.18, 19.6413.54>< 
104 PMN CE/ml for vehicle control and PMN LXA4 pre 
exposure times of 5, 15 and 30 minutes, respectively, 
tWo-factor AN OVA p<0.01). HoWever, a signi?cant increase 
in the number of monolayer-associated PMN occurred at 15 
minutes of LXA4 pre-exposure (4.1711.17 for vehicle con 
trol vs 7.5510.71><104 PMN CE/monolayer for PMN’s 
exposed to 10 nM LXA4, p<0.01). 
[0085] The effect of LXA4 pre-exposure to PMN and 
subsequent PMN transepithelial migration in the apical-to 
basolateral direction Was found to be concentration depen 
dent. Pre-exposure of PMN to LXA4 concentrations in the 
range of 1.0 pM-10 nM for 15 minutes at 37° C. elicited 
increased PMN migration at doses of 0.1, 1.0 and 10 nM 
fmal concentrations. Similar to the time-course data pre 
sented above, LXA4-elicited stimulation of PMN migration 
Was manifest as an increase in the number of PMN in loWer 
reservoirs (11.0613.05 vs 203814.83, 19.961483, 
15.431465, 14111301, and 13.7114.14><104 PMN CE/ml 
for vehicle control and PMN LXA4 pre-exposure doses of 
10, 1, 0.1, 0.01, and 0.001 nM, respectively, for 15 min., 37° 
C., tWo-factor ANOVA, p<0.025). 
[0086] To determine Whether the stimulatory action of 
LXA4 Was present throughout the incubation period, PMN’s 
Were pre-exposed to LXA4 (10 nM, 15 min), layered on the 
apical surface of T84 monolayers and driven to transmigrate 
basolaterally. Monolayers Were harvested at various time 
points during migration and assayed for PMN by myelop 
eroxidase content. PMN (5 ><107/ ml) Were pre-incubated With 
10 nM LXA4 for 15 min. at 37° C. and layered on the apical 
surface of Washed T84 epithelial monolayers at a density of 
2><106/monolayer. PMN Were driven to transmigrate baso 
laterally under the in?uence of a 1 pM gradient of fMLP. 

[0087] Results Were obtained by assaying the PMN spe 
ci?c enZyme myeloperoxidase (MPO), relative to a knoWn 
standard number of PMN. Total MPO activity (including 
reservoir- and monolayer-associated MPO activity) Was 
tested. Data Were pooled from 6 individual monolayers in 
each condition and results Were expressed as the mean and 
SEM. 

[0088] The stimulatory effect of LXA4 on PMN migration 
in the apical-to-basolateral direction Was present by 45 min 
after addition of PMN (0.0610.04 vs 1.5110.12><104 PMN 
CE/ml for vehicle control and PMN exposed to LXA4, 
respectively, p<0.05), and Was maintained throughout the 
135 min experimental period (tWo-factor AN OVA, p<0.01). 
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[0089] To assess Whether pre-exposure of PMN to LXA4 
Was reversible, PMN Were incubated With 10 nM LXA4 for 
15 minutes, Washed tWice in Ca2+- and Mg2+-free HBSS, 
and assessed for their ability to migrate across monolayers 
of T84 epithelial cells in the apical-to-basolateral direction. 
Here, PMN exposed to LXA4 did not differ from control in 
their ability to migrate across T84 epithelial monolayers 
(14.110.4 vs 14.510.3><104 PMN CE/ml for control and 
LXA4 exposure folloWed by Washout, respectively, n=6 each, 
n.s.). In the presence of LXA4, a total of 18.611.0><104 PMN 
CE/ml migrated (n=6, p<0.025 compared to control and 
Washout control), suggesting that LXA4-induced enhance 
ment of PMN migration in the apical-to-basolateral direction 
requires the presence of LXA4. 

[0090] A fmal determination Was Whether PMN-condi 
tioned LXA4 and epithelial-conditioned LXA4 maintained 
its ability to enhance PMN migration in the apical-to 
basolateral direction. Samples of LXA4 (10 nM) Were incu 
bated With either PMN or T84 epithelial cells for 15 or 45 
minutes. Supernatants Were harvested and subsequently 
exposed to PMN for 15 min and added to the apical surface 
of T84 monolayers under transmigratory conditions (1 pM 
fMLP transepithelial gradient) for 2 hrs at 37° C. Compared 
to PMN pre-exposed to HBSS (11.312.2><104 total PMN 
CE/ml), PMN pre-exposed to PMN-conditioned LXA4 (15 
min) resulted in a total PMN migration 18.012.1><104 PMN 
CE/ml (n=3, p<0.05 compared to control). PMN pre-ex 
posed to epithelial-conditioned LXA4 (15 min) resulted in a 
total PMN migration 16.813.3><104 PMN CE/ml (n=3, 
p<0.05 compared to control). Supernatants from PMN 
conditioned LXA4 (45 min) Were not effective in enhancing 
PMN migration in the apical-to-basolateral direction 
(12.3613.1><10 total PMN CE/ml compared to HBSS con 
trol of 14.313.2><104 total PMN CE/ml, n=3, p=n.s.). These 
results suggest that enhancement of PMN migration in the 
apical-to-basolateral direction involves a step Which is sub 
sequent to PMN pre-incubation With LXA4. 

PMN Pre-exposure to LXA4 Decreases 
fMLP-induced PMN Migration In the 

Basolateral-to-aqpical Direction 

[0091] Quantitative as Well as qualitative differences can 
exist in PMN transepithelial migration depending on the 
direction of migration. To investigate the effect of LXA4 on 
the polarity of migration, inverted monolayers (Which per 
mit basolateral-to-apically directed migration) Were pre 
pared. 

[0092] PMN (1><107/ml) Were pre-incubated With 10 nM 
LXA4 for 15 min. at 37° C. and layered on the basolateral 
surface of Washed T84 epithelial monolayers (i.e. inverted 
monolayers) at a density of 4><105/monolayer. PMN Were 
driven to transmigrate apically under the in?uence of a 1 pM 
gradient of fMLP. 

[0093] Results Were obtained by harvesting the PMN 
speci?c enZyme myeloperoxidase (MP0) from loWer reser 
voirs and Washed monolayers after 120 min, relative to a 
knoWn standard number of PMN. Since tight junctions are 
the rate limiting barrier to passive paracellular permeation, 
transmigration is de?ned as movement of PMN across the 
tight junction. Since monolayer-associated PMN Were 
largely beloW the tight junction, total transmigration in the 
basolateral-to-apical direction equates With PMN in the 
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opposite reservoir only. Data Were pooled from 9 individual 
monolayers in each condition and results Were expressed as 
the mean and SEM. 

[0094] Pre-exposure of PMN to LXA4 (10 nM) for 15 
minutes markedly decreased PMN migration in the basolat 
eral-to-apical direction. Unlike the results found in the 
apical-to-basolateral direction, migration of PMN’s in this 
physiologically relevant direction Was signi?cantly 
decreased com ared to vehicle controls (280213.08 vs 
18.7711.48><10 PMN/ml for control and PMN pre-exposed 
to 10 nM LXA4 for 15 min, respectively, p<001). Migration 
in the basolateral-to-apical direction resulted in no signi? 
cant difference in the number of monolayer-associated 
PMN’s folloWing pre-exposure to LXA4 (20110.20 vs 
20010.31 for control and PMN exposed to LXA4, respec 
tively, p=n.s.). This polariZed action of LXA4 Was con?rmed 
by performing parallel apical-to-basolateral and basolateral 
to-apical migration experiments using T84 cells from the 
same plating and same passage and using PMN from the 
same donors on three separate occasions. 

[0095] A time course of LXA4 pre-exposure to PMN Was 
next performed for basolateral-to-apical directed migration. 
PMN (1><107/ ml) Were pre-incubated With various indicated 
concentrations of LXA4 for 15 min. at 37° C. and layered on 
the basolateral surface of Washed T84 epithelial monolayers 
at a density of 4><105/monolayer. PMN Were driven to 
transmigrate basolaterally under the in?uence of a 1 pM 
gradient of fMLP. 

[0096] Results Were obtained by harvesting the PMN 
speci?c enZyme myeloperoxidase (MP0) from loWer reser 
voirs and Washed monolayers after 120 min, relative to a 
knoWn standard number of PMN. Data Were pooled from 
9-12 individual monolayers in each condition and results are 
expressed as the mean and SEM. 

[0097] Similar to the apical-to-basolateral direction, 
decreased transepithelial migration Was present at 15 min 
utes of PMN pre-exposure to 10 nM LXA4 (110711.83 for 
control vs. 6.2911.21><104 PMN/ml, p<001). No differences 
in the number of monolayer-associated PMN Were present at 
any period of LXA4 exposure. Dose-response experiments 
(all 15 min. pre-exposure) revealed that pre-exposure of 
PMN to 10 and IrM LXA4 resulted in a signi?cantly reduced 
number of transmigrating PMN in the basolateral-to-apical 
direction (110711.83><104 PMN/ml for control samples vs 
6291121 and 6.9911.33><104 PMN/ml folloWing pre-expo 
sure to 10 and 1 nM LXA4, respectively, both p<0025). 
Again, this diminished transmigratory response in the baso 
lateral-to-apical direction Was associated With reservoir 
associated PMN only, With no apparent effect on the number 
of monolayer-associated PMN. 

[0098] It Was also determined Whether PMN-conditioned 
LXA4 or epithelial-conditioned LXA4 Were effective in 
decreasing PMN migration in the basolateral-to-apical 
direction. Similar to the results in the apical-to-basolateral 
direction (see above), PMN pre-exposed to either PMN 
conditioned liXA4 (80711.63 vs. buffer control 
13.1811.91><10 PMN/ml, n=4, p<0025 ) or epithelial-con 
ditioned LXA44 (90111.76 compared to buffer control of 
14.231206><10 PMN/ml, n=4, p<004) maintained activity 
Which decreased PMN transepithelial migration in the baso 
lateral-to-apical direction. 
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Pre-exposure of PMN to Structurally Related 
Lipoxins 

[0099] To investigate the speci?city of LXA4 causing 
decreased migration in the physiological direction, the 
effects of PMN exposure to LXB4 and 11-trans-LXA4 Were 
also examined. PMN (1><107/ml) Were pre-incubated With 10 
nM LXA4, LXB4 or 11-trans-LXA4 for 15 min. at 37° C. and 
layered on the basolateral surface of Washed T84 epithelial 
monolayers (i.e. inverted monolayers) at a density of 4><105/ 
monolayer. PMN Were driven to transmigrate apically under 
the in?uence of a 1 pM gradient of fMLP. Results Were 
obtained by harvesting the PMN speci?c enZyme myelop 
eroxidase (MPO) after 120 min, relative to a knoWn standard 
number of PMN. Total MPO activity (including reservoir 
and monolayer-associated MPO activity) Was expressed as 
the percent PMN migration inhibition. Data Were pooled 
from 7 individual monolayers in each condition and results 
Were expressed as the mean and SEM. Pre-exposure of 
PMN’s to 10 nM LXB4, 11-trans-LXA4 produced a 714% 
(p=n.s. compared to vehicle control) and 1616% (p<005) 
inhibition of PMN migration, respectively, While LXA4 
inhibited migration by 2814% (p<001). These observations 
suggest structural speci?city for LXA4. 

Effect of Inhibitors on LXA4-Elicited Enhancement 
of PMN Transepithelial Migration In the 

Apical-to-basolateral Direction 

[0100] To determine Whether LXA4-induced modulation 
of PMN migration could be pharmocologically altered, a 
series of experiments Were done in Which PMN Were 
exposed to speci?c inhibitors, Washed free of inhibitor and 
subsequently assayed for the LXA4 effect on PMN transepi 
thelial migration in the apical-to-basolateral direction. 

[0101] Pre-exposure of PMN to indomethacin (50 pM, 15 
min, 37° C.), a cyclooxygenase inhibitor, (Smolen J. E., and 
G. Weissman (1980). Biochem. Pharmacol. 29: 533-538), 
did not effect baseline PMN migration in the presence of a 
transepithelial gradient of fMLP (109113% vehicle control, 
n=6, p=n.s. compared to untreated control). Likewise, pre 
exposure of PMN to indomethacin folloWed by exposure to 
LXA4 (10 nM) did not alter the LXA4-elicted increase in 
fMLP-driven PMN migration in the apical-to-basolateral 
direction (61111% increase vs 5417% increase over control 
for LXA4 treated PMN With and Without indomethacin, 
respectively, p=n.s.). Likewise, PMN pre-treatment With the 
compound MK886 (10 ng/ml), a speci?c inhibitor of leu 
kotriene generation, (Gillard J ., et al. (1989). Can. J. 
Physiol. Pharmacol. 67: 456-464), did not alter baseline 
fMLP-driven PMN migration and did not effect the LXA4 
elicited increase in PMN transepithelial migration. 

[0102] Staurosporine, a potent inhibitor of protein kinase 
C (PKC), (Sako T., et al. (1988). Cancer Res. 48: 4646 
4650), Was assessed for its ability to inhibit the LXA4 effect. 
Interestingly, staurosporine alone (10 nM ?nal concentra 
tion) Was found to inhibit PMN transepithelial migration 
(9315% inhibiton vs.vehicle control, n=3, p<0001). These 
data Were also con?rmed using the PKC inhibitor H7 
(Nakadate, T., et al. (1989). Mol. Pharmacol. 36: 917-924.) 
(100 pM ?nal concentration, 9114% inhibition compared to 
vehicle control, n=3, p<0001). LikeWise, the LXA4-elicited 
(10 nM) increment in migration Was sensitve to staurospo 
rine (8917% inhibition compared to vehicle control, n=3, 
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p<0.001). Pre-exposure of PMN to pertussis toxin, Nigam, 
S., et al. (1990). J. CellPhysiol 143:512-523), (2 pig/ml) also 
inhibited baseline fMLP driven migration (91:8% inhibition 
compared to vehicle control, n=6, p<0.001). The LXA4 
elicited (10 nM) increase in PMN migration (46:3% 
increase compared to control, p<0.01) Was also sensitive to 
PMN pre-exposure to pertussis toxin (87:4% inhibition of 
control, n=6, p<0.001). 

[0103] Next assessed Was the possibility of differential 
sensitivity to staurosporine for baseline and LXA4-stimu 
lated increases in fMLP-driven PMN migration. Staurospo 
rine inhibited baseline PMN transepithelial migration in a 
dose-dependent manner (94:4%, 96:9%, 67:11%, 54:8%, 
35:11% and 11:6% inhibition compared to vehicle for 
concentrations of 100, 10, 1, 0.1, 0.01 and 0.001 nM 
staurosporine, respectively, p<0.01 by AN OVA). From this 
dose response, a concentration Was selected Which Was 
approximately half-maximal in inhibiting PMN migration 
(0.1 nM, see above). PMN Were then pre-exposed to stau 
rosporine (0.1 nM, 15 min, 37° C.), Washed free of inhibitor, 
and subsequently assessed for the LXA4 effect on PMN 
transepithelial migration. Here, the LXA4-elicited increase 
in transepithelial migration of PMN Was observed to be 
sensitive to PKC inhibition, since the relative inhibition by 
staurosporine Was equivalent With and Without LXA4 
(54:6% and 49:7% decrease in total PMN migration for 
staurosporine treated PMN in the presence and absence of 
LXA4, respectively, p=n.s.; both decreased compared stau 
rosporine untreated controls, n=6, p<0.025). 

[0104] These results indicate that LXA4-elicited increases 
in PMN migration in the apical-to-basolateral direction are 
not sensitive to inhibition of the cyclooxygenase pathWay or 
the speci?c inhibition leukotriene generation, but is sensitive 
to inhibitors of PKC. 

[0105] Discussion 

[0106] During in?ammatory processes, PMN are recruited 
from the blood by signals derived at in?ammatory sites. At 
sites of acute in?ammation, PMN function may be regulated 
by a variety of in?ammatory signals, including both protein 
and lipid-derived signals. PMN function at organ-speci?c 
sites, including the intestine, are thought to contribute to 
epithelial dysfunction during disease. Here it is reported for 
the ?rst time that the arachidonic acid-derived eicosanoid, 
LXA4, modulates PMN migration across a model human 
intestinal epithelium. In addition, it is here reported that 
LXA4 exerts an effect on migration in a polariZed fashion. 

[0107] LXA4 enhances PMN transepithelial migration in 
the apical-to-basolateral direction. For technical reasons, 
previous studies of PMN transepithelial migration have 
focused on “non-physiologically” oriented monolayers, in 
Which leukocyte migration is in the apical-to-basolateral 
direction, (Nash S., et al. (1987). J. Clin. Invest. 80: 1104 
1113), (Migliorisi G. E., et al. (1988). J. Leukocyte Biol. 44: 
485-492), (Parkos C. A., et al. (1991). J. Clin. Invest. 88: 
1605-1612), (Evans C. W., et al. (1983) Br: J. Exp. Pathol. 
64:644-654). PMN pre-exposed to LXA4 and driven to 
transmigrate across epithelial monolayers oriented non 
physiologically resulted in enhanced PMN migration. 

[0108] The action of LXA4 Was found to be speci?c for 
PMN, and not epithelial cells, since enhanced PMN migra 
tion in this direction Was dose- and time-dependent, and no 
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measureable effects on PMN transepithelial migration Were 
observed When epithelial monolayers Were pre-exposed to 
LXA4 under conditions Which promoted enhanced PMN 
migration. These results are consistent With previous studies 
Which report that LXA4, in similar concentrations used here, 
Was capable of activating PMN in vitro. In this model 
system, LXA4 enhanced PMN migration in a manner inde 
pendent to that of fMLP, since in all conditions PMN 
migration Was driven toWard a gradient of fMLP, suggesting 
that the proportion of PMN migration exceeding that of 
fMLP controls is dependent on a LXA4-mediated event. 
Moreover, these results suggest that the action of LXA4 may 
be synergistic With fMLP, since LXA4, by itself, does not 
promote PMN migration in the absence of fMLP. 

[0109] In addition, it Was discovered that pre-exposure of 
PMN to LXA4 modulates migration of PMN in a polariZed 
manner. That is, opposite effects Were observed depending 
on the direction of PMN migration. The observed effect of 
LXA4 inhibition of PMN migration in the physiologically 
oriented (basolateral-to-apical) direction Was dependent on 
concentration—as Well as the duration of pre-exposure. 
These effects Were found to be selective for LXA4, since no 
effect Was observed With the positional isomer LXB4. 

[0110] As described for leukocyte movement across 
endothelia, (Butcher E. C. (1991) Cell 67: 1033-1036), PMN 
migration across epithelial monolayers is likely a multi-step 
process requiring engagement and disengagement of several 
receptor-ligand complexes betWeen PMN and epithelial cell. 
The speci?c events involved in PMN transepithelial migra 
tion are poorly understood at the present time, but in part 
requires the PMN B2 integrin CD11b/CD18 and is indepen 
dent of ICAM-1. (Parkos C. A., et al. (1991). J. Clin. Invest. 
88:1605-1612). In addition, PMN transepithelial migration 
can be regulated by exposure of T84 epithelial monolayers 
to the lymphokine interferon-gamma (IFN-y). In light of the 
polariZed nature of this epithelium, (Madara, J. L., and K. 
Dharnsathaphom (1985). J. Cell Biol. 101:2124-2133), 
(Madara J. L., et al. (1987). Gastroenterology 92:1133 
1145), (Dharmsathaphom K., and J. L. Madara (1990). 
Meth. Enzymol. 192: 354-389), it Would not be surprising 
that the sequence by Which PMN encounters epithelial 
ligands directly regulates PMN migration. 
[0111] Moreover, PMN migration across endothelia 
requires a sequential series of activation and deactivation 
steps on the PMN surface, of Which lipid-derived activating 
factors may play an important role (revieWed in Butcher E. 
C. (1991) Cell 67:1033-1036). Whether LXA4 could act as 
a lipid-derived factor for expression of a crucial ligand in the 
regulation of PMN migration across epithelia is not knoWn. 
Evidence to support this hypothesis are provided by a recent 
study characteriZing lipoxin binding sites on human PMN. 
(Palmblad J ., et al. (1987) Biochem. Biophys. Res. Commun. 
145: 168-175). With a reported Kd of 0.5 nM and approxi 
mately 1800 binding sites/cell, the range of LXA4 concen 
trations used in the present study (0.01-10 nM) should 
provide maximal activation of subsequent signal transduc 
tion steps, most of Which remain to be elucidated, but 
appears to involve a G-protein associated activation step 
(Fiore S., et al. (1992) J. Biol Chem. 267: 16168-16176), and 
possibly a signalling step through PKC as determined by 
inhibition using staurosporine. 

[0112] Recent in vivo studies have shoWn that LXA4 is an 
important lipid-derived mediator at several distinct anatomic 
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sites, including the lung, (Christie P. E., et al. (1992) Am. 
Rev. Respir: Dis. 145: 1281-1284), kidney, (Katoh T., et al. 
(1992) Am. J. Physiol 263: F436-F442), blood vessel (BreZ 
inski D. A., et al. (1992) Circulation. 86:56-63), and hamster 
cheek pouch (Hedqvist P., J. et al. (1989). Acta. Physiol. 
Scand. 137:571-572). The data reported here suggest that 
LXA4-elicited alterations exert effects.at the level of PMN 
and subsequently modulate PMN-epithelial interactions. 
Previous studies have shoWn that production of lipoxyge 
nase products of arachidonic acid correlate With intestinal 
in?ammation. Speci?cally, an enhanced conversion of 
arachidonate to 5-, 12- and 15-hydroxy-eicosatetraenoic 
acid (HETE) has been shoWn in ulcerative colitis homoge 
nates (Broughton-Smith, N. K., et al. (1983) Gut 24:1176 
1182), as Well as increased biosynthesis of LTB4 in Crohnls 
disease (Sharon, P. and W. F. Stenson (1984) Gastroenter 
ology 86:453-460). The present results demonstrate that 
lipoxins, and especially by their action on PMN, play a role 
in intestinal disease. 

Example 2 Measurement of Electrical Parameters 
of Cultured Epithelial Monolayers: Use in 
Assessing Neutrophil-Epithelial Interactions 

Materials and Methods 

[0113] General information regarding T84 cells: T84 cells 
Were negative for mycoplasma as tested commercially using 
a nucleic acid probe (Organon TeKnika Corp., Rockville, 
Md.). T84 cells Were ?rst obtained from Dharmsathaphorn 
in 1984 (Dharmsathaphorn, K. Am. J. Physiol. 246 (Gas 
trointest. Liver Physiol. 9):G204-G208; 1984). T84 cells 
Were originally isolated from a lung metastasis of a patient 
With colonic carcinoma and Were established as a transplant 

able line in BALB/c nude mice (Dharmsathaphorn, K.Am J. 
PhysioL 246 (Gastrointest. Liver Physiol. 9):G204-G208; 
1984). HoWever, T84 cells are noW available from the ATCC 
(American Type Culture Collection, Rockville Md., cat 
#CCL 248). ATCC derived T84 cells passages 60-100 have 
been compared With the original distributed parent line 
(passages 1640) by assaying electrogenic Cl- secretory 
responses to cAMP (8-bromo-cAMP, theophylline, or for 
skolin) and Ca+2 (ionomycin, A23187, carbachol) agonists, 
cell migration patterns, neutrophil transmigration, and 
cytoskeletal responses to bacterial (C. di?icile toxin A) and 
fungal (cytochalasin D) derived toxins. The cells from these 
tWo sources are highly comparable. Some differences 
betWeen T84 cells from these tWo sources do exist in 

conditions for loading cells With reagents Which cross the 
plasma membrane passively (such as loading phalloidin into 
living cells (Shapiro, M. et al; J. Clin. Invest. 87:1905-1909; 
1991)). HoWever, even Within cells from ATCC, optimal 
loading conditions can vary substantially over 20-25 pas 
sages and thus loading conditions With cells from any source 
must be empirically de?ned in each laboratory. 

[0114] GroWth and Maintenance of T84 cells: As previ 
ously detailed (Dharmsathaphorn, K.; Madara, J. L. Meth. 
Enzymol. 192:354-389; 1990), T84 cells are groWn as mono 
layers in a 1:1 mixture of Dulbecco-Vogt modi?ed Eagle’s 
(DME) medium and Ham’s F-12 medium supplemented 
With 15 mM Na+-HEPES buffer, pH 7.5, 1.2 g/l NaHCO3, 
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40 mg/liter penicillin, 8 mg/liter ampicillin, 90 mg/liter 
streptomycin, and 5% neWborn calf serum. GroWth require 
ments are not strict as cells Will groW in a variety of media 

(Dharmsathaphom and Madara, personal observations, 
(Dharmsathaphorn, K.; Madara, J. L. Meth. Enwmol. 
192:354-389; 1990). HoWever, some care must be taken in 
selecting media, since media selected strictly for the ability 
to increase groWth rate can result in the loss of the polariZed 

phenotype (Madara, personal observations). Cells are split 
near con?uency by incubating in 0.1% trypsin and 0.9 mM 
EDTA in Ca+2 and Mg+2 free phosphate buffered saline for 
15-20 min. T84 cells groW best When split 1:2 and plating at 
loWer densities may greatly retard groWth. After splitting, 
cells are generally near con?uency once again in 5-8 days; 
thus they are relatively sloW groWing cells. T84 cells aggre 
gate in suspension and attempts to produce uniform dis 
persal of cells Will result in substantial loss of viability and 
resulting loW effective plating density. 

[0115] Preparation of monolayers: Normal or inverted 
monolayers can be constructed for a physiological microas 
say using the commercially available insert system (Costar 
inserts, 0.33 cm2, 5pm polycarbonate ?lters). The larger pore 
siZe is crucial for alloWing neutrophils to penetrate the ?lter. 
Collagen 1 must coat the ?lters to alloW attachment of T84 
cells. Original descriptions of the collagen coat involved 
procedures in Which the collagen Was chemically 
crosslinked Dharmsathaphom, K. et al; Meth. Enzymol. 
192:354-389; 1990. Dharmsathaphorn, K. et al; Am. J. 
Physiol. 246 (Gastrointest. Liver Physiol. 9): G204-G208; 
1984. -HoWever, neutrophil movement across crosslinked 
collagen gels has been found to be extremely limited. 

[0116] To circumvent this problem, Cereijido and Sabati 
ni’s method (Cereijido, M.; Sabatini, D. D. 1978 J. CellBiol. 
77:853-876;) of preparing viscous collagen from rat tail 
tendons is folloWed and this solution is mixed 1:3 With 60% 
ethanol at 4° C. Very little collagen is required; indeed 
collagen ethanol ratios of 1:100 can be readily used. Fifty 
microliters of this mixture is then placed on each ?lter, 
taking care of an even distribution and plates are alloWed to 

dry in a hood (3 hr-overnight). AfeW drops of media are then 
added to the Wells for 1-3 hr, and cells (106/cm2) are then 
added in a total volume of 167 pl. Eight-hundred microliters 
of media are added to the outer Wells and a feW drops of 
additional fresh media to the inner Well. 

[0117] After reaching the initial steady state resistance, the 
monolayers should be used Within 6-14 days for tWo rea 
sons: ?rst, physiological responses such as C1-secretion Will 
diminish With time and second, Without underlying 
crosslinked collagen, cell processes can eventually move 
through the 5pM pores and ultimately result in a near double 
monolayer (monolayer on each side of the ?lter). Monolay 
ers need only have one feeding, but this should take place at 
least 24 hrs prior to experimental use. 

[0118] Inverted monolayers can also be groWn using this 
technique. For this 0.8 mm thick lexan rings having the same 
dimension of the base of Costar inserts are machined, 
deburred, cleaned by boiling With a trace of detergent and 
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subsequently exhaustively Washed, and attached to the 
underside of the insert using General Electric RTV Silicone 
glue (this underside ring is necessary for a peripheral 
electrical seal). After drying overnight, the inserts are ster 
iliZed by submersion in 70% ethanol (4-hr overnight), 
inverted onto a sterile petri dish in a hood, and alloWed to 

dry. Collagen and cells are added to the ?lter (underside noW 
facing up) exactly as With unmodi?ed inserts and cells are 
alloWed to attach for 4 hours before righting the inserts into 
the 24 Well holding plates. Subsequent treatment of the 
monolayers is identical to that described above. 

[0119] Isolation of neutrophils: Neutrophils are isolated 
from Whole blood using a gelatin-sedimentation technique. 
Brie?y, Whole blood, anticoagulated With citrate/dextrose, is 
centrifuged at 300>< g for 20 minutes (20° C.). The plasma 
and buffy coat are carefully removed using a curved, sili 
coniZed glass pipette Which is attached to a vacuum trap. 
Care must be taken not to aspirate the interface betWeen the 
buffy coat and RBC since this is Where PMN reside. To 
eliminate contaminating RBC, a 2% solution of gelatin (100 
bloom, Fisher) made up in either saline or HBSS (35-40° C.) 
is added to the RBCIPMN mixture at a ratio of 35 ml of 

gelatin per 15-20 ml of cells. 

[0120] The gelatin/cell mixture is then incubated at 37° C. 
for 30 minutes to settle-out contaminating RBC. The pink 
supernatant is then centrifuged at 400>< g for 10 minutes (20° 
C.) to yield a red pellet of PMN and some RBC’s. Residual 
RBC’s are then lysed by gentle resuspension of the pellet 
With isotonic ammonium chloride (t=4° C.), folloWed imme 
diately by centrifugation at 300>< g, 10 minutes, 4° C. After 
Washing tWice in HBSS (HBSS Without Ca1+2 or Mg+2), the 
cells can be counted and resuspended at 5><107 PMN/ml and 
are ready for use. The above method usually yields 1—2><108 
PMN from 100 ml of Whole human blood at a purity of 
approximately 90%. 

[0121] Physiological assays: All solutions and materials 
are maintained at 37° C. A convenient Way to do this is to 
perform the experiments in a 37° C. room. T84 cells do Well 
in this environment in bicarbonate free buffers for at least 
four hours. Hanks Balanced Salt Solution (HBSS, Sigma, 
Without bicarbonate or phenol red) to Which 10 mM HEPES 
buffer is added, pH 7.4 is used for these assays. Inserts With 
attached monolayers are lifted from Wells, drained of media 
by inverting, and gently rinsed by dipping in a 200 ml 
container of HBSS. Inserts are then placed in neW Wells With 
800 pl fMLP in the loWer compartment and subsequently 
100 pl HBSS is added to the inner Well (an additional 100 
pl containing neutrophils in HBSS is added to the inner Well 
to initiate the experiment). The above treatment has little 
effect on resistance but Washing or other trauma does 
consistently result in a transient transepithelial current (4-15 
uA/cm2) Which returns to baseline (0-3 pA/cmz) Within 4 
minutes. 

[0122] To measure currents, transepithelial potentials, and 
resistance, the folloWing system Was utiliZed: a commercial 
voltage clamp (IoWa Dual Voltage Clamps, Bioengineering, 
University of IoWa), interfaced With an equilibrated pair of 
calomel electrodes submerged in saturated KCl and With a 
pair of Ag-AgCl electrodes submerged in HBSS. Agar 
bridges are then made: HBSS containing 6% agar is heated 
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in a Water bath until the agar is in solution and the solution 
is perfectly clear. Using a syringe for suction, this hot 
solution is then pulled through 1 mm bore polyethylene 
tubing (12 cm lengths), the agar is alloWed to gel, and the 
ends are trimmed to a 45 tapper With a raZor blade. Agar 
bridges are then used to interface the electrodes With the 
solutions on either side of the monolayers (one calomel and 
one Ag-AgCl electrode in each Well). 

[0123] The agar bridge pair to the inner Well is properly 
positioned When the surface tension of the ?uid above the 
monolayer is broken. The pair of bridges in the outer Well is 
positioned by inserting the agar bridges to the bottom of the 
Well (through one of the openings on the side of the insert) 
and then WithdraWing it 1 mm. In practice, a hand-held 
polycarbonate strip, Which ?xes all distances and positions, 
had been made. Such a bridge-holding device makes use of 
the fact that all distances are ?xed (from top of Well to 
monolayer, from side of Well to insert center, etc.). In high 
resistance monolayers, such as T84, positional effects are 
minimal. This is likely due to the relatively high resistance 
of the monolayer Which promotes relatively uniform current 
densities at the monolayer surface. The taper in the tips of 
the agar bridges is also advantageous in preventing entrap 
ment of air bubbles When gently positioning the inner 
bridges and in preventing abutment of the outer bridges With 
the plate bottom Which leads to spuriously high resistance 
readings. 
[0124] For measurements, bridges are positioned as 
described, and the spontaneous transepithelial electrical 
potential and the instantaneous potential generated by pass 
ing 25 pA of current are measured. Similar measurements 
are taken after scraping the ?lter With a pipette and these 
later measurements are used to correct for system resistance. 
Using these values and Ohm’s LaW, tissue resistance and 
transepithelial current are then calculated. System resistance 
is less than 5% of the total resistance value. In a single 
monolayer in Which the bridges Were simply held by hand 
and repositioned 20 times (making sure that both electrode 
pairs Were varying in position) resistance and spontaneous 
transepithelial electrical potential varied by less than 10%. 
In setting up inverted monolayers for study one must be 
cautious that small air bubbles are not trapped under the 
monolayer by the added ring. This problem can be circum 
vented by loWering the Washed insert into the HBSS of the 
outer Well sloWly and at an angle. 

[0125] In practice the above approach alloWs one to seri 
ally record plates of monolayers and accurate readings from 
36 monolayers can be obtained in less than 10 minutes. 

[0126] Myeloperoxidase assay of neutrophil transepithe 
lial migration: PMN contents of monolayers and loWer 
chambers can be quantitated by assaying the PMN-speci?c 
aZurophil granule marker, myeloperoxidase (MPO). Mono 
layers are cooled to 4° C. and Washed With HBSS using a 
pipette to remove non-adherent PMN. Washed monolayers 
are then placed in neW 24-Well tissue plates and overlaid 
With 1.0 ml 0.5% Triton X-100 in HBSS in order to 
solubiliZe PMN-associated MPO. After 10 minutes of vig 
orous shaking, monolayers can then be discarded and super 
natant saved for assay. To the original loWer chambers, MPO 
can be solubiliZed by simply adding 50 pl of 10% Triton 
X-100 and mixing. 

[0127] To assay for solubiliZed MPO, the pH of solubi 
liZed chambers and monolayers must be adjusted to 4.2 
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using 100 pl of 1.0 M citrate pH 4.2. Aliquots of each pH 
adjusted sample can then be transferred to a 96-Well micro 
titer plate for substrate addition. After adding 100 ul of a 
solution of 2 mM 2,2‘-aZino-di-(3-ethyl) dithiaZoline sul 
fonic acid (ABTS), 0.06% H2O2 in 100 mM citrate buffer pH 
4.2 to each Well, color development can be quantitated on a 
microtiter plate reader at 405 nm. The reaction can be 
terminated by the addition of sodium dodecyl sulfate to a 
?nal concentration of 0.5%. For standards, serial dilutions of 
the same PMN used in the experiment can be made in 1.0 ml 
of HBSS. MP0 is solubiliZed identically as for the loWer 
chambers. When performed in this manner, the assay is 
linear in the range of 0.3—50><104 cells/ml. 

[0128] Results 

[0129] Steady state resistance Was reached Within 7 days 
of plating and values greater than 1,000 ohm cm2 Were 
achieved. Both the time course and value of resistance are 
comparable to that achieved on matrices of cross-linked 

collagen (Omann, G. M. et al.; Physiol. Rev. 67:285-322; 
1991). Passage-related variation in time to reach physiologic 
con?uence (4-7 days) and in resistance value in the steady 
state (500-1900 ohm cm2) does occur. Resistance is mea 
sured by the simple bridge method described. The time 
course and steady state resistance value achieved is compa 
rable to that previously published for monolayers on thick 
cross-linked collagen I matrices measured by formal Ussing 
chamber means (Madara, J. L; Dharmsathaphorn, K. J. Cell 
Biol. 101:2124-2133; 1987). The collagen matrix does not 
inhibit epithelial transmigration by neutrophils and thus is 
suitable for such assays. The approach to measurement of 
resistance alloWs one to obtain sequential values from 
numerous monolayers over a short duration of time. 

[0130] Neutrophil migration across T84 monolayers Was 
accompanied by a signi?cant decrease in transepithelial 
resistance When migration Was in the apical to basolateral 
direction. The siZe of the resistance decrease Was paralleled 
by the density of applied neutrophils. Neutrophil densities in 
cell number/cm2 are indicated. Transmigration (apical to 
basolateral) Was stimulated by a 10-7 M transepithelial 
gradient of fMLP. The decrease in resistance due to pen 
etration of intracellular tight junctions by neutrophils Was 
large at the highest neutrophil density and is saturated Within 
60 minutes. Furthermore, as indicated by the myeloperoXi 
dase assay, the log of resistance correlates Well With the 
number of neutrophils migrating into the membrane (cells 
having crossed the tight junction but remaining above the 
?lter) and With the total number of transmigrated cells. The 
log7of the ?nal resistance value (5><106 neutrophils/cm2 in 
10 M fMLP gradient for 110 min) correlates With the 
number of neutrophils transmigrated. Variations in electrical 
responses are due to variations in ef?cacy of transmigration. 

[0131] The decrease in resistance Was only modest in the 
absence of a gradient and under these conditions the number 
of transmigrating neutrophils Was small. Antibody to the 
common beta chain of neutrophil [32 integrins (CD18) blocks 
transmigration and the fall in resistance While a control 
antibody (J5) recogniZing CD10 has no inhibitory effect. 
The fall in resistance seen in controls (no fMLP, no PMN) 
and in the presence of anti-CD18 antibody represents, in 
large part, the 200-300 ohm fall in resistance occurs When 
monolayers are transferred from media to HBSS. 
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[0132] FMLP Was effective in stimulating transmigration 
of neutrophils at both 10-6 and 10-7 M as measured by either 
resistance or myeloperoXidase assay. 

TABLE 1 

NEUTROPHILS MIGRAT E ACROSS INVERTED, 
SPARSELY COLLAGEN 

COATED INSERTS AND SUBSEQUENTLY 
ACROSS T84 MONOLAYERS 

(i.e. BASOLATERAL TO APICAL) 

Neutrophil Cell Equivalents x 104* 

In Opposite 
In Monolayers Reservoir Total 

No FMLP’“ 0.23 0.18 0.41 
No PMN 0 0 0 
FMLP + PMN 5.47 85.30" 90.77" 
FMLP + PMN + OLCD18 1.22 5.76 7.00 

*Values represent means of three determinations; 

#FMLP + PMN are signi?cantly different (P < .0001) from all other 
groups. 

[0133] Additionally, the blocking antibody to CD18 inhib 
ited neutrophil transmigration nearly completely as assessed 
by each assay, While substantial transmigration proceeded in 
the presence of control antibody (anti-CD10). Transmigra 
tion Which is inhibitable by antibody to CD18 also occurred 
in the basolateral to apical direction (Table 1). Neutrophils 
applied to the basolateral surface of monolayers have effects 
on resistance independent of transmigration and thus the 
myeloperoXidase assay is most useful in this direction as a 
quantitative measure of transmigration. 

[0134] As previously reported in Nash, S. et al; J. Clin. 
Invest. 87:1474-1477; 1991, a neutrophil derived secreta 
gogue (NDS) activity, detected as a modest short circuit 
current, occurs as a consequence of neutrophil-T84 cell 
interactions. Such currents are readily detected in the 

microassay described, are important since they represent 
active electrogenic transepithelial transport events, and are 
not readily detected using “chop-stick” type detection sys 
tems. 

[0135] Discussion 

[0136] Detailed here are useful approaches in utiliZing 
T84 cells for studies of epithelial monolayer function in 
general and epithelial-neutrophil interactions in particular. 
Electrical data obtained from Ussing chambers designed for 
cultured monolayers (Dharrnsathaphom, K.; Madara, J. L., 
Meth. Enzymol. 192:354-389; 1990. Nash, S. et al; J. Clin. 
Invest. 87:1474-1477; 1991. Dharmsathaphom, K. et al;Am. 
J. Physiol. 246 (Gastrointest. Liver Physiol. 9):G204-G208; 
1984) are highly accurate. HoWever, in using such systems 
one is limited by the number of such chambers available, 
each of Which is occupied by one monolayer for the length 
of the experiment. Additionally, such systems have tradi 
tionally been designed to accommodate monolayers With 
large surface areas (such as 2 cm2) since larger surface areas 
provide for more accurate transepithelial ?uX measurements. 
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However, ?ux measurements are often only required to 
address speci?c issues and the bulk of many experiments 
can often be completed With simple electrical assays of 
resistance and short circuit current. 

[0137] Electrical data With reproducibility rivaling that of 
more formalized but tedious systems can be obtained, in 
high resistance epithelial monolayers such as T84, by simply 
interfacing electrical measuring systems usually utiliZed in 
more formal Ussing chamber systems, With a commercially 
available insert system. It Would not be surprising if the 
electrical data derived from this system Were of less quality 
in loW resistance monolayers, since imposed current densi 
ties at the monolayer surface Would likely be less uniform 
and therefore positional effects could be more problematic. 
Moreover, it is not likely that the insert system Will be 
suitable for non-electrical assays of permeability such as 
?ux. Major limitations in this regard are the lack of stirring 
and the overly small compartment (apical) from Which to 
obtain samples. 

[0138] Also described is a simple procedure for manufac 
turing inverted monolayers so that neutrophils or other cells 
can settle by gravity on the basolateral side of the mono 
layer. In this system, attention to composition of the matrix 
on Which one plates cells determine Whether cells and 
macromolecules added to the basolateral surface are able to 
gain access to the basolateral membrane of the epithelial 
cell. Lastly, a simple enZymatic assay Which alloWs quan 
titation of numbers of neutrophils Which have migrated 
either into or across epithelial monolayers is described. 

[0139] The data presented, Which shoW examples of the 
application of these approaches to types of studies previ 
ously assessed in formaliZed Ussing chamber experiments, 
indicate that such methods are useful for detecting the 
physiologic effects of neutrophil-epithelial interactions on 
epithelial barrier function and activated transepithelial elec 
trogenic transport. The approach outlined can be used to 
shoW that intestinal epithelial barrier function is diminished 
and Cl“ secretion is activated by such neutrophil-epithelial 
interactions. Both of these functional disorders of intestinal 
epithelia are knoWn to occur in vivo in humans affected by 
intestinal diseases characteriZed by neutrophil in?ltration of 
the epithelium. Thus, such in vitro cell culture models of the 
interactions betWeen these tWo cell types provide an oppor 
tunity for mechanistic studies of the symptomatology occur 
ring in these important human diseases, 

Example 3 Synthesis of Lipoxin Analog 
Compounds 

[0140] 

HO OH 0 
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-continued 
2 

HO OH 0 

OR' 

Me OH 

3 

HO OH 0 

OR' 

OH 

4 

HO OH 0 

OR' 

OH 

5 
HO OH 0 

OR' 

0 : 
OH 

6 

HO OH 0 

OR' 

0 : 
OH 

7 

HO OH 0 

I OR’ 

8 

HO OH 0 

‘ OR’ 

Me OMe 

Preparation of the Methyl Ester Precursor of 
Compound 1 

[0141] To a solution of 3-methyl-3-trimethylsiloxy-1 
bromo-l-octene (130 mg. 0.44 mmol) in benZene (1.5 mL) 
Was added n-propylamine (0.05 mL, 0.61 mmol) and 



US 2002/0045579 A1 

Pd(PPh3)4 (20 mg. 0.02 mmol) and the solution Was pro 
tected from light. It Was then degassed by the freeZe-thaW 
method and stirred at rt for 45 min. (7E, 9E, 5S, 6R) Methyl 
5,6-di(tert-butyldimethylsiloxy)-dodeca-7,9-diene 
1I-ynoate (183 mg. 0.44 mmol) (compound 12) and copper 
iodide (14 mg. 0.07 mmol) Were added and the solution Was 
one more time degassed by the freeZe-thaW method. The 
mixture Was stirred for 3 h at rt and quenched With saturated 
aqueous solution of NH4Cl and extracted With ether. It Was 
then Washed With brine and dried over MgSO4 and the 
solvent Was evaporated. Flash column chromatography 
(silica, 3% ether hexanes) afforded pure compound as a 
colorless liquid (171 mg. 57% yield). 

[0142] To a solution of the compound (171 mg. 0.25 
mmol) in THF (0.5 mL) Was added n-BuN4F(0.9 mL. 0.90 
mmol) and the mixture Was stirred at rt. The reaction Was 
completed in 2 h at Which time it Was poured into Water and 
extracted With ether. The ether extracts Were Washed With 

brine, dried over NaZSO4 and the solvent Was evaporated. 
Flash column chromatography (silica 4% MeOH/CH2Cl2) 
afforded the methyl ester (24 mg.) together With some of the 
corresponding lactone. HPLC retention time: 9:39 min 
(microsorb reverse phase, 4.6mm><25 cm, C-18 column, 
MeOH/H2O 70:30 How rate 1 ml/ min, WV detector at 300 
nm). WV in MeOH: ymaX283, 294, 311 nm. 1HNMR (500 
MHZ CDCl3) 66.53 (dd. 15.2 10.9 HZ, 1 H), 6.32 (dd, 
J=15.1, 11.0 HZ, 1 H), 6.17 (d, J=15.9 HZ, 1 H) 5.83 (dd. 
J=17.5,2.1 HZ, 1 H), 5.80 (dd. J=15.2, 6.7 HZ, 1 H), 5.72 (dd. 
J=17.0, 2.1 HZ, 1 H), 4.14 (m, 1 H), 3.68-3.64 (m, 4H), 
2.35-2.31 (m, 2 H), 1.51-1.48 (m, 1 H), 1.43-1.42 (m, 2 H), 
1.30-1.23 (m, 15 H) 0.85 (t, 3 13 C NMR (126 MHZ, 
CDCl3) 6150.01, 140.18, 132.95, 132.26, 112.43, 107.50, 
75.23, 73.76, 42.49, 33.67, 32.17, 31.36, 27.96, 23.56, 
22.58, 21.03, 14.03. 

Preparation of the MethyI Ester Precursor of 
Compound 2 

[0143] A solution of the methyl ester precursor of com 
pound 1 (3 mg. in CH2Cl2 (1 ml) Was mixed With Lindlar’s 
catalyst (1 mg.) and placed under a hydrogen atmosphere. 
The mixture Was stirred at rt in the dark folloWed by HPLC 
until about 80% conversion (1 h). Filtration over celite 
evaporation of the solvent and separation by HPLC gave a 
pure methyl ester. HPLC retention time: 10:02 min 
(microsorb reverse phase. 10 mm><25cm C-18 column, 
MeOH/H2O 70:30 How rate 4 ml/min. UV detector at 300 
nm). UV in MeOH: nmax 287, 301, 315 nm. 

Preparation of the Methyl Ester Precursor of 
Compound 3 

[0144] This compound Was prepared similarly to the 
preparation of the methyl ester precursor of compound 1 
(from 3-cyclohexyl-3-trimethylsiloxy-1-bromo-1-octene). 
Desilylation of this compound Was also performed in a 
similar manner to afford the methyl ester. HPLC retention 
time 8:02 min (microsorb reverse phase, 4.6 mm><25 cm. 
C-18 column, MeOH/H2O 70:30, How rate 1 mmin, UV 
detector at 300 nm). UV in MeOH: )tmax 282, 293, 311 nm. 
1H NMR (360 MHZ, CDCl3) 66.56 (dd, 15.4, 10.9 HZ, 1 H), 
6.33 (dd, J=15.2, 10.9 HZ, 1 H), 6.13 (dd, J=15.8, 6.5 HZ, 1 
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H), 5.81 (dd, J=15.2, 6.4 HZ, 1 H), 5.80 (d, J=15.6 HZ, 1 H), 
5.73 (dd, J=15.4, 2.1 HZ, 1 H), 4.15 (br, 1 H), 3.93-3.90 (m, 
1 H), 3.67 (br, 1 H), 3.65 (s, 3 H), 2.34 (t, 2 H), 1.82-1.65 
(m, 10 H), 1.46-1.38 (m, 3 H), 1.26-1.01 (m, 5 H). 

Preparation of the Methyl Ester Precursor of 
Compound 4 

[0145] Selective hydrogenation of the methyl ester pre 
cursor of compound 3, folloWed by HPLC puri?cation gave 
the methyl ester precursor of compound 4. HPLC retention 
time: 9.72 min (microsorb reverse phase, 10 mm><25 cm 
C-18 column, MeOH/H2O 70:30 How rate 4 ml./min. UV 
detector at 300 nm), UV in MeOH: )tmax 288, 301, 315 nm. 
1H NMR (250 MHZ, C6D6) 6 6.66-6.89 (m, 2 H), 5.95-6.24 
(m, 4 H), 5.55-5.66 (m, 2 H), 3.82 (m, 1 H), 3.73 (m, 1 H), 
3.41 (m, 1 H), 3.31 (s, 3H, OCH3), 2.08 (t, 2 H, CHZCOO), 
1.00-1.81 (m, 18 

[0146] The methylesters can be converted to correspond 
ing alcohols using standard techniques. 

Synthesis of 15(R)-15-methyl-LXA4 and 
15(:)methyl-LXA4 

[0147] Approximately 1 gm acetylenic ketone a is pre 
pared using Friedel-Crafts acylation of bis(trimethylsilyl) 
acetylene With hexanoyl chloride and is reduced using 
(—)-pinayl-9-BBN to give the (S) alcohol in CH3N2 as in 
Webber, S. E. et al. (1988) Adv. Exp. Med. Biol. 229:61; 
Nicolaou, K. C. et al. (1991) AngeW. Chem. Int. Ed. Engl. 
30:1100; and Vorbruggen, H. et al.: In: Chemistry, Biochem 
istry, and Pharmacological Activity of Prostanoids (Roberts, 
S. M., Scheimnann, F. eds.). Oxford: Pergamon Press, to 
generate the methyl at C-15. 

[0148] Alternatively, the keto group can be treated With 
CH3MgBr (60:>70° C.) as in Vorbriiggen, H. et al.: In: 
Chemistry, Biochemistry, and Pharmacological Activity of 
Prostanoids (Roberts, S. M., Scheinmann, F. eds.). Oxford: 
Pergamnon Press to yield the 15(:)methyl of b (2-5 g) in dry 
CH2Cl2 (~20 ml) at 0° C. With sequential additions of 
2,6-lutidine (5.2 ml) and tert-butyldimethylsilyl tri?ate (6.9 
ml). This reaction is mixed for 1 h and then diluted With 100 
ml ether for aqueous extraction and drying With MgSO4. 
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[0149] The product c is then coupled With d 

HO CH3 

d 

RO OR 0 

¢ \ \ 0M6 

M6351 

[0150] that is generated as in Nicolaou, K. C. et al. (I199 
1) AngeW Chem. Int. Ed. Engl. 30:1100; Nicolaou, K. C. et 
al. (1989) J. Org. Chem. 5415527 and Webber, S. E. et al. 
(1988) Adv. Exp. Med. Biol. 229:61. Structure d from 
fragment A in Scheme I is suspended in 4.0 equiv. of 
AgNO3, then 7.0 equiv. of KCN, containing EtOH:THF:H20 
(1:1:1), 0-25° C. for 2 h to generate the C-methyl ester 
protected 15-methyl-LXA4 analog that is concentrated and 
saponi?ed in THF With LiOH (2 drops, 0.1 M) at 4° C. 12-24 
h to give the corresponding free acid. 

Synthesis of 16-dimethyl-LXA4 

[0151] 

[0152] This compound is generated using the similar strat 
egy by coupling d above With e vide supra, or f to generate 
the 15-phenyl-LXA4 analog, or g to generate the 17-m 
chlorophenoXy-LXA4 analogs. 

Cl 

18 
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-continued 

BTWO Zn 

[0153] The appropriate C fragments in Scheme I (i.e. e, f, 
g, h, ) are each prepared as revieWed in Radjichel, B. and 
Vorbruiggen, H. (1985) Adv. Prostaglandin ThromboXane 
Leukotriene Res. 141263 for the knoWn corresponding pros 

taglandin analogues. In h, R=H; Cl, methoXy or halogen. 

Synthesis of 13,14-Acetylenic-LXA4 and 
Halogen-containing Analogs 

[0154] 

OH 

I 
I 

1 

Rd Re 

OH 

AB I 

I, 

[0155] Using the A2B2 generated fragment from Scheme 
II, the corresponding C2 fragments are prepared for cou 
pling. Structures j and k are generated as in Nicolaou, K. C. 
et al. (1989) J. Org. Chem. 5415527 and methylated as in 
Radutchel, B. and Vorbrdggen, H. (1985) Adv. Prostaglandin 
ThromboXane Leukotriene Res. 14:263 are coupled to 7 to 

yield these LX analogues. The materials may be subject to 
RP-HPLC for puri?cation vide supra. 
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Synthesis of 14,15-acetylenic-LXA4 

[0156] 

[0157] The designated combined AZB2 fragment can be 
prepared from couplings of fragments A1 and B1, illustrated 
in Route II to carry the structure of 7 or 4 vide supra for 
coupling to fragment C2. The precursor for the C2 fragment 
1 can be prepared as in Raduichel, B. and Vorbruggen, H. 
(1985) Adv. Prostaglandin ThromboXane Leukotriene Res. 
14:263 for a prostaglandin analog. 

MeZAl — 

OSitBuMeZ 

OMe 

6SitBuMe2 o 

[0158] Precursor m as prepared previously (Nicolaou, K. 
C. (1989) J. Org. Chem. 54:5527) is added at 1.2 equiv. to 
0.05 equiv. of Pd(PPh3)4, 0.16 equiv. of Cul, n-PrNH2, in 
benZene With MeZAl-carrying 1, 2-3 h RT to yield n. 

OMe 

[0159] The alcohol protecting groups TBDMS=R are 
removed With 10 equiv. of HF-pyr, THF, 0-25° C. (4 h) 
folloWed by eXposure to 3.0 equivalents of Et3N, MeOH, 
25° C. 15 min to open acid-induced o-lactones that usually 
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form betWeen C-1-carboXy and C-5 alcohol in the lipoXins 
(Serhan, C. N. (1990) Meth. EnZymol.187:167 and Nico 
laou, K. C. (1989) J. Org. Chem. 54:5527). After mild 
treatment With Lindlar cat. 5% by Weight, the eXtracted 
material may be subjected to LiOH saponi?cation in THF to 
generate the free acid of the target molecule that can be 
subject toffurther puri?cation by RP-HPLC gradient mobile 
phase as in (Serhan, C. N. et al. (1990) Meth. EnZymol. 
1871167). 

Synthesis of 15(:)methyl-cyclo-LXA4 

[0160] 

OMe 

[0161] Compound 0 as the SiMe3 derivative can be placed 
(~1 gm) in a round bottom 100 ml ?ask under an atmosphere 
enriched With argon in degassed benZene (20 ml). To this 
add 3.0 equivalents of a vinyl bromide fragment vide infra. 
This coupling reaction is carried out in catalytic amounts of 
Pd (PPh3)4 and Cul and can be monitored by injected 
aliquots of this suspension into RP-HPLC monitored by UV 
abundance With a rapid scanning diode. The progression line 
course 1-3 h at 23° C. after Which the material is eXtracted 
With ethyl acetate: H2O 4:1 v/v) and concentrated by roto 
evaporation. The methyl ester can be saponi?ed in LiOH/ 
THF to give quantitative yields of the free carboXylic acid. 
Other derivatives can be prepared as above using fragment 
A With different fragment B moieties that have been substi 
tuted to give for eXample a dimethyl or other derivative. This 
can be obtained by taking the readily available ketone p and 
treating it With CH3MgBr (60° C.) to generate q that can also 
be coupled to fragment A as above using conventional 
techniques such as Pd(O)-Cu(I) coupling. Increased chain 
length from C-15 can also be obtained. 

0 

(31% 
HO CH3 

XXA (CH2)n/\ 
Synthesis of 5-Methyl-LXB4and 

4,4-Dimethyl-LXB4 
[0162] The 5-methyl -LXB4 hinders or retards 5-oXo 
LXB4 formation. Using the general scheme outlined above, 
the A fragment can be constructed to carry the 5-methyl in 
a vinyl bromide r precursor that is coupled to a joined B+C 
fragment by Pd(0)-Cu(I) coupling. 










