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and viral 1nfectlons Leukocyte recruitment to the

endothelium is started when inducible adhesion

10 molecule receptors on the surface of endothelial
cells interact with counterreceptors on immune
cells. Vascular endothelial cells determine which
type of leukocytes {monocytes, lymphocytes, or
neutrophils)} are recruited, by selectively

15 expressing specific adhesion molecules, such as
vascular cell adhesion molecule-1 (VCAM-1),
intracellular adhesion molecule-1 (ICAM-1), and
E-selectin. In the earliest stage of the
atherosclerotic lesion, there is a localized

20 endothelial expression of VCAM-1 and selective
recruitment of mononuclear leukocytes that express
the integrin counterreceptor VLA-4. Because of the
selective expression of VLA-4 on monocytes and
lymphocytes, but not neutrophils, VCAM-1 is

25 important in mediating the selective adhesion of
mononuclear leukocytes. Subsequent conversion of
leucocytes to foamy macrophages results in the
synthesis of a wide variety of inflammatory
cytokines, growth factors, and chemcattractants

30 that help propagate the leukocyte and platelet
recruitment, smooth muscle cell proliferation,
endothelial cell activation, and extracellular
matrix synthesis characteristic of maturing
atherosclerotic plaque.
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10 Scheme 1 ,
Regulatory schemes for cytokine activation of
vascular cell adhesion molecule-1 (VCAM-1) gene
expression, through redox sensitive regulatory
factors such as NF-kf, in vascular endothelial
15 cells (IkB is an inhibitory subunit; NF-kB is
nuclear factor-kB; NH, refers to the amino terminus

gg)the protein and RNA Pol II is RNA polymerase

Molecular analysis of the regulatory elements on
20 the human VCAM-1 gene that control its expression
| suggests an important role for nuclear factor-kB
(NF-kB), a trapscriptionai regulatory factor, or an
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10 transcription factor activated in several cell

types by a large and diverse group of ihflammatory
agents such as TNFa, IL-1B, bacterial endotoxin,
and RNA viruses. It plays a key role in mediating
inflammatory and other stress signals to the

15 nuclear regulatory apparatus. Although the precise
biochemical signals that activate NF-kB are
unknown, this transcriptional factor may integrate
into a common molecular pathway many of the risk
factors and "causative" signals of atherosclerosis,

20 such as hyperlipidemia, smoking, hypertension, and
diabetes mellitus.

Importaﬁtly, the activation of NF-kB in wvascular
endothelial cells by diverse signals can be
specifically inhibited by antioxidants such as

25 N-acetylcysteine and pyrrolidine dithiocarbamate
(see U.S.S.N. 07/969,934, now allowed). This has
led to the hypothesis that oxygen radicals play an
important role in the activation of NF-kB through
an undefined oxidation-reduction mechanism.

30 Because an NF-kB-like enhancer element also
regulates the transcription of the VCAM-1 promoter
in an oxidation-reduction-sensitive manner,
oxidative stress in the atherosclerotic lesion may
play a role in regulating VCAM-1 gene expression

35 through this oxidation-reduction-sensitive
transcriptional regulatory protein.
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hydroperoxides such as linoleyl hyq:opgroxide (13-

HPODE) are produced from free fatty acids by

lipoxygenases and are an important component of _ (
oxidized LDL. o _
15 It has been proposed that a_genera;ion,of

oxidized lipids is formed by the action of the cell
lipoxygenase sysﬁem_and that the oxidized lipids
are subsequently transferred to LDL. There is
thereafter a propagatioh reaction wiﬁhin'the LDL in
20 the medium catalyzed by transition metals and/or
sulfhydryl compounds. Previous investigations héve
demonstrated that fatty acid hqdificatioﬁ of
cultured endothelial cells can alter their
susceptibility to oxidant injury. Supplementation
25 of saturated or monounsaturated fatty acids to
cultured endothelial cells reduces their
susceptibility to oxidant injury, whereas _
supplementation with polyunsaturated fatty acids
(PUFA) enhances suscep:ibility to oxidant injury.
30 Using revefse-phase HPLC analysis of native and
saponified iipid extracts of LDL, it has been
demonstrated that 13-HPODE is the predominant
oxidized fatty acid in LDL oxidized by activated
human monocytes. Chronic exposure to oxidized LDL
35 provides an okidative-signal to vascular
endothelial cells, possibly through a specific
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expression, unlike the LDL receptor, is not
inhibited as the content of intracellular lipid
rises. Thus, monocytes continue to take up ox-LDL
and become lipid-engorged macrophage-foam cells

15 that form the fatty streak. _

Given that cardiovascular disease is currently
the leading cause of death in the United States,
and ninety percent of cardiovascular disease is
presently diagnosed as atherosclerosis, there is a

20 strong need to identify new methods and
pharmaceutical agents for its treatment. Important
to this goal is the identification and manipulation
of the specific oxidized biological compounds that
act as selective regulators of the expression of

25 mediators of the inflammatory process, and in
particular, VCAM-1. A more general goal is to
identify selective methods for suppressing the
expression of redox sensitive genes or activating
redox sensitive genes that are suppressed.

30 It is therefore an object of the present
invention to provide a treatment for
atherosclerosis and other cardiovascular and
inflammatory diseases. '

It is another object of the present invention to

35 provide a method for the selective inhibition of
VCaM-1.
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general goal is to identify selective nethods for suppressing the
10 _ Summary of the Invention

It has been discovered that polyunsaturated ‘
fatty acids ("PUFAs") and their hYdroperoxides
("ox-PUFAs"), which are important components of
oxidatively modified low density lipoprotein (LDL),

15 induce the expression of VCAM-1, but not
intracellular adhesion molecule-1 (ICAM-1) or E-
selectin in human aortic*endothelial cells, through
a mechanism that is not mediated by cytokines or
other noncytokine signals. This is a fundamental

20 discovery of an important and previously unknown
biological pathway in VCAM-1 mediated immune
responses. N _

As nonlimiting examples, linoleic acid,
linolenic acid, arachidomic acid, linoleyl

25 hydroperoxide (13-HPODE) and arachidonic.
hydroperoxide (15-HPETE) induce cell-surface gene

' expression of VCAM-1 but not ICAM-1 or E-selectin.
Saturated fatty acids (such as stearic acid) and
monounsaturated fatty acids (such as oleic acid) do

30 not induce the expression of VCAM-1, ICAM-1, or
E-selectin.

The induction of VCAM-1 by PUFAs and their fatty
acid hydroperoxides is suppressed by the
antioxidant pyrrolidine dithiocarbamate (PDTC).

35 This indicates that the induction is mediated by an

-
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has been di scoverprevéntegdofyomsintenaetifatwithcits feukdsdyyand their

hydr oper oxi des ("Q%ig’ As"), which are inportant conponents of oxidatively
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nodi fied | ow densi poprotein (LDL), 15 i nduce the expression of
VCAM 1, but not i ntr@edlsurbat aareschronitatly cexpos@ivia)higher

than normal levels of polyunsaturated fatty acids

10 or their oxidized countefparts can initiate an
immune response that is not normal and which is out
of proportion to the threat presented, leading to a
diseased state. The o&ersensitization of vascular
endothelial cells to PUFAS and ox-PUFAS can

15 accelerate the formation, for example, of
atherosclerotic plaque.

Based on these discoveries, a method for the
treatment of atherosclerosis, post-angioplasty
restenosis, coronary artery diseases, angina, and

20 other cardiovascular diseases, as well as
noncardiovascular inflammatory diseases that are
mediated by VCAM-1, is provided that  includes the
removal, decrease in the concentration of, or
prevention of the formation of oxidized

25 polyunsaturated fatty acids including but not
limited to oxidized linoleic (C;; A*?), linolenic
(Cyg A%12) , arachidonic (Cy AS%!-14) and
aicosatrienoic (Cy A*!"Y) acids. '

Nonlimiting examples of noncardiovascular

30 inflammatory diseases that are mediated by VCAM-1
include rheumatoid and osteocarthritis, asthma,
dermatitis, and multiple sclerosis.

This method represents a significant advance in
treating cardiovascular disease, in that it goes

35 beyond the current therapies designed simply to
inhibit the progression of the disease, and when
used appropriately, provides the possibility to
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| inol enic acid, arachidonic acid, linoleyl 25 hydroperOX|de (13- HPCDE)
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expressi on of

(such as stea?Pelaﬁﬁdfraﬂdgﬁﬁﬁﬁﬁﬁéﬁgu?% eﬁa?éng %EFGE $8RR% as ol eic acid)
do 30 not ipdstensheocexpygeasson of VCAM 1, I CAM 1, or E-selectin. The
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suppressed by thé afiti 8xi yFro Ine hfto 2 (PDTC). 35 Thi s
i ndi cat esSt haprouadeddfori enppseaadnat thebgxpressiow 06/ 80nddox-
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prevent ed when the oxi atlon of the nolecCulelis blocke e., the
oxi dati on doe§uBBFe§EGérf rPBQEr§eHe??xésen§hE1¥FgH%FhWGYecﬁh%t|s reduced),

or 5 when thejhetlodesndiningdsceeging an efbecvive amsurbted 4rominteracting
wthits regulug Egnce that prevents the oxldatlon of the
' 10 oxidized signal, and typically, the oxidation of a
polyunsaturated fatty acid. Representative redox-
-sensitive genes that are involved in the
presentation of an immune response include, but are ' (
not limited to, those expressing cytokines involved
15 in initiating the immune response (e.g., IL-1R)
' chemoattractants that promote the migration of
. inflammatory cells to a point of injury
(e.g., MCP-1), growth factors (e.g., IL-6 and the
thrombin receptor), and adhesion molecules (e.g.,
20 VCAM-1 and E-selectin).

Screens for disorders mediated by VCAM-1 or a
redox-sensitive gene are also provided that include
the quantification of surrogate markers of the
disease. In one embodiment, the level of oxidized

25 polyunsaturated fatty acid, or other appropriate
markers, in the tissue or blood, for éxample, of a
host is evaluated as a means of assessing the
"oxidative environment" of the host and the host’s
‘susceptibility to VCAM-1 or redox-sensitive gene

30 mediated disease.

4

In another embodiment, the level of circulating
or cell-surface VCAM-1 or other appropriate marker
and the effect on that level of administration of
an appropriate antioxidant is quantified.

35 In yet another assay, the sensitization of a
" host’s vascular endothelial cells to
polyunsaturated fatty acids or their oxidized

-
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proportion to the threat presented, |eading-to a diseased state. The
oversensitization of vascular endothelial cells to PUFAS and ox- PUFAS can
15 accel erate tbeuhverphares, isoevaxaapeéd, ofhibghesagsséerotic pl aque.

Based on these di o] nt of atherosclerosis,
post - angi opl asty ggggﬁé%gggeacg?%%ag§;§é%% % %@%ﬁ@gngﬁm%lﬁ °%thd 20
ot her card|ovascuwathdasBHEésoragmeUFAasndoﬂ@mpdrnmgsthtaresuﬁtamgatory
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renoval , decrgase in tHe concentration of, or prevenfio

of oxidized 25 9Bl 9ERELL ﬁPﬁ%‘%aantﬁrlé%%fd%%%cP%mlf@tm BRAM} inited to
oxi di zed linoleic (Ciﬂraixotléerleﬁbb&ﬂm@ntﬁ[m ii*ro&ﬁ@&@l@'%‘fcd(qe”]l) ango
' trienoic | ds | ex np e noncar di ovascul ar
?h??:ﬁngiory d|geagéil%ﬁsfeﬁ?ﬁlﬁeﬂfagéﬁe |+R%{Rﬂﬁﬁﬁﬁﬁﬂﬁuoud and
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that it goes 35 beyond current t pl es to inhibit
the progresst®n o#x?%%SHYge%B@Pn%n@fwﬁ@ﬂA or oxidized

polyunsaturated fatty acid to induce disease.
These animals can be used in clinical research to
further the understanding of these disorders.

In yet another embodiment of the invention,

15 compounds can be assessed for their ability to
treat disorders mediated by VCAM-1 on the basis of
their ability to inhibit the oxidation of a
polyunsaturated fatty acid, or the interaction of a
PUFA or ox-PUFA with a protein target.

20 This can be accomplished by challenging a host,
for example, a human or an animal such as a mouse,
to a high level of PUFA or ox-PUFA and then
determining the therapeutic efficacy of a test
compound based on its ability to decrease

25 circulating or cell surface VCAM-1 concentration.
Alternatively, an in vitro screen can be used that
is based on the ability of the test compound to
prevent the oxidation of a PUFA, or the interaction
of a PUFA or ox-PUFA with a protein target in the

30 presence of an oxidizing substance such as a metal,
for example, copper, or an enzyme such as a
peroxidase, lipoxygenase, cyclooxygenase, or
cytochrome P450.

In another embodiment, vascular endothelial

35 cells are exposed to TNF-a or other VCAM-1
inducing material for an appropriate time and then
broken by any appropriate means, for example by
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. 10 atherogenic fatty streak formation, arterial
monocyte-macrophage inflammation, endothelial VCAM-
1 expression and_eésentially normalized endothelium
dependent relaxation function in diet induced - ‘
hypercholesterolemic rabbits with serum cholesterol
15 levels over 1000 mg/dl. At the same doses, other
putative therapeutic agents, such as the
antioxidants probuceol and vitamin E, had no effect
on lesion formation in this model.
Endothelial dependent arterial relaxation is
20 restored in experimental atherosclerosis by
administration of PDTC. In the diet induced
hypercholesterolemic rabbit model, orally delivered
(25-50mg/kg/da7) PDTC restored endothelial
dependent vasoreactivity. This was determined by
25 ring-contraction studies of excised aorta from
control and test animals. In patients with
atherosclerosis, this manifests itself as
normalization of peripheral vascular reactivity in
response to hyperemia as measured by non-invasive
30 Doppler flow studies. This is a-standardized,
commonly available and easily administered test
that can be used to titrate functional drug levels
to oral doses. The PDTC functions as an anti-
ischemic therapy by rapidly normalizing the
35 pathological loss of endothelial derived arterial
vasodilation characteristic of cardiovascular
diseases and atherosclerosis. This improvement in

-



25 pol yunsaturated fatty acid, or other appropriate markers, in t he

ti ssue or blood, for exanple, of a host is evaluated as a neans

assessi ng MR5W415dat i ve environment” of the host and the thpmgmm&mo
susceptibility to VCAM1 or redox-sensitiye_gene 30 medi at ed di sease. In
anot her enbodi nent, the level of circulating or cell-surface VCAM 1 or

ot her appropri at @R MGIDE 1V 9 n&@utflé%ttehe\é%l aaf iggFolemlehat | on of

an appropriate antroxrdant I's gquantifi.ed. not her assay, the
sensitization of I} FYTPTOM A0d,14C %&W%&FdCGFF§C¥ %P?Gﬁé&?urated
fatty acids or thmd’pruv&d@@da nofP iNvadi4ES assessment of vascular

PCT/ US95/ 05880 c%%tt%r&q_rg,‘rs] 'Oi:hee\éalc‘i %&thal%%gi onpl i shed, for

exanpl e, by chal Fénging a host™ w't conparrng t he
resul ti ng cofcen@biormaldities Ill'lsmed-rlaé-r rd@mlér@rdngraﬁekﬂﬂ-mtepnot her
surrogate narkerﬂﬂar%dynyﬁgaﬂéﬂ&éuwrn In another enbodi nent, in vivo
nodel s of at heroscl erosis _oOr qQther he I nfl ammat o ry drseases that are
medi at ed by VCAM 1 3@#Iﬂ9%ﬂqyﬁaﬁééeﬁw rhﬁ?ﬁéPFﬁg £ CRBEECAS/ nal an 10

excessive amount veiaMRuFedie ®tafistad prdloniisaauneived tabhnscadpdibe i nduce
di sease. These aninmals can he used i.n clrnr%al res%grch to further t he
]E'ﬁﬁ:é:&; cﬁ°§'6ﬂr?éﬁ' §ons:.st1ng of th

under st andi ng of
10 subunits of the NF-kB/Rel family cross-coupled to

the c-fos and the c-jun subunits of the AP-1
family. By both structural and functional studies,
it has been established that these AP-1 factors
play an important role in the regulation of the

15 VCAM-1 promoter that likely are central to
therapeutic regulation of VCAM-1 gene expression.
This is the first demonstration of a functional
role of this cross-coupled transcription complex in
the regulation of an endogenous gene.

20 Brief Description of the Figures

Figure 1 is a graph of the cell-surface
expression (0.D. 450 nm) of VCAM-1 as a function of
hours in human aortic endothelial cells on exposure
to the cytokine TNF-a (closed circle); linoleic

28 acid (closed triangle); and linocleyl hydroperoxide
(13-HPODE, closed square); and in the absence of
exposure to these substances (control, open
square) .

Figure 2 is a graph of the cell-surface

30 expression (0.D. 450 nm) of VCAM-1 in human aortic
endothelial cells on exposure to linoleic acid
(closed triangle) and linoleyl hydroperoxide (13-
HPODE, closed square) as a function of the
concentration of fatty acid (uM).



In yet another enbodi nment of the invention, 15 conpounds can be assessed

for thej blicty to treat disorders nediated by VCAM 1 b I s of
their a%ﬁ]ﬁpy#o i nhibit the oxidation of a polyunsaturated fatty acid, or
the interaction of a PUFA or ox-PUFA wybh a protein target. 20 Thi s

can be acconplished by challenging a host, for exanple, a human or an
ani nal such as a Fizhse I ds ahibgr Ichaalt efraP-Afothex cBUEA and t hen

determ ni ng t%xtﬂ:é%%‘?&g::le%ﬂcc{d CREYD .of45?eh§§t o@m&ﬁfﬁagn its

ability to decreas circulating or cell-'surface Ncentration
Al t er nati vel y,angh Bysedaqtdns diredwmaan agrtise @ndesheldalasedlsnonhe ability

of the test couRpUHit-d &t HytdiE e TiRliaOn stlead1RUERI O SlaG Nteraction
of a PUFA or ox-PUFA with a protein . target, in the 30 presence of an
oxi di zi ng Ssub&Stbe &L é"n‘éf'al ,’?W’%%ﬁﬁlg,': @Sper, or an enzyne such
as a peroxi dasradhitdonigersasid. cycl ooxygenase, or cytochrome P450. In
TN [orr] or - of hOTLIRERR T4 o ek, el ke, BE, phel BBLIEAOCCT 1D g
t hen broken byswrfacemxpressionelhd. 460 amngife VGAM-1 W0 d8MAMI15
_PCT/ US95/ 05880, 5k e St 13h10Tcd1138 2hi eapsulla® toy 19nehled 2Nnd
10 acid, 13-HPODE, arachidonic acid, and arachidonic
acid hydroperoxide (15-HPETE), with (solid black)
" or without (hatched lines) the antioxidant |
pyrrolidine dithiocarbamate. o (
Figure 5 is an illustration of an autoradiogram
15 indicating the acute induction of VCAM-1 mRNA by
linoleic acid and 13-HPODE. HAEC were exposed or
not to linoleic acid (7.5 uM), 13-HPODE (7.5 uM) or
TNF-a¢ (100 U/ml). Total RNA was isolated and 20 ug
‘ was size-fractionated by denaturing 1.0%
20 agarose-formaldehyde gel electrophoresis,
transferred to nitrocellulose, and hybridized to
either ¥p-labeled human A) VCAM-1 specific or B)
B-actin specific cDNA. After washing, the filters
were exposed to X-ray film at -70°C with one
25 intensifying screen for 24 hours. Identification
of lanes: 1) control; 2) linoleic acid (acute,
8-hour exposure); 3) linoleic acid (48ehou£
‘exposure); 4) 13-HPODE (acute, 8-hour eprsure);
and 5) TNF-a (100 U/ml, 4-hour exposure).
30 'Figure 6 is an illustration of an autoradiocgram
that indicates that induction of VCAM-1 mRNA by
polyunsaturated fatty acids is independent of
cellular protein synthesis. HAEC were exposed to
either linoleic (7.5 uM) or arachidonic (7.5 uM)
35 acid in the presence or absence of cycloheximide
(10 ug/ml) for a 4-hour period, and then treated as
described in Figure 5. '

-



menbrane conpartnents are isol ated. Radi ol abel ed PUFA is added to defined
amount s of dhgssRApartments. The ability of the liquid to copipidesihsdsb A to
ox-PUFA in the presence or absence of a test conpound is assayed. I|ntact
cells can be used in place of the broken -ad4 system Pyrrolidine

di t hi ocarbamate (PDTC), orally delivered at 25-50ny/kg/day, dramatically
inhibited 10 at herBigwre Taisyantibkstomation opf antarteradiogram

monocyt e- macr oph '3{ é%ﬁﬁ%l rhhégu&&ﬁsiéf@ LA dangXdd essi on and

essentially normalize |un1de endent relaxation function in diet

i nduced hyperchol%Wﬁ%@?%ﬁ??%?W%e?%n?%oYm& FTramOtey evel s
OveL 1000hrf9/ dl . bﬁtatfédéﬁr@embsme QUBeXB pmxeélf/actdsner anmamw@gsnt s,

such as the antioxidan t on |esion
formation in This® ?rg:'?ité %%t%%”r%r@ e%e‘ﬁ%ne#&m eri aé)lf %%at ion is 20
restored in exper¢mfllta¢nmhm0§l0m$¢bsmea@wlmmrnlamlsof HEBT. In the

di et induced hyp I & | |39 0f&l
(25- 50ny/ kg/ day) e‘%’%ﬁ% '?]Zéslt?%ff)éed ec?ld‘?) e|éllé. epBe% e%té%asoééeact | VI ty Thi s

was det er m ned bypP®% VCAMGAT c 7% rRSCHT Plagmdd by the §8dcidm a from

control and test SinhsEhse Iébpééé@@i@awéxh SN DGES CiOFRS, stdh@ar@ni fests
Itself as nornallzatlon of per | her al %gggular reactivity jn.re seto
hyper eni a aslfreastPeRPHFUEIn- i °‘E‘f)p’5?%?v?%v§7%{ sﬁﬁ)ﬁ? hisis a

standardi zed, conw@reé Ypratréatbed carlChmaswityhamri g SPRT@danédsafter 30
minutes exposed to linoleic acid (7.5 uM) or TNF-o
(100 U/ml) directly added to the plates. After 18
hours, cell extracts were prepared by rapid

15 freeze-thaw in 0.25 M Tris, pH 8.0. The protein of
each cell extract was assayed for chloramphenicol
acetyl transferase (CAT) activity, as previously
described [Ausubel, 1989] (Ac, acetylated; N,
nonacetylated chloramphenicol)-.

20 —Figure 8 is an illustration of an acrylamide gel
slab that indicates that polyunsaturated fatty
acids activate NF-kB-like DNA binding activities
that are blocked by the antioxidant PDTC.

Confluent HAEC in media containing 4% FBS (as

25 described in Figure 1) were pretreated or not with
PDTC (50 uM) for thirty minutes and then exposed
for three hours to linoleic acid (7.5 uM, oleic
acid (7.5 uM), or TNFa (100 U/ml), respectively.
Five micrograms of nuclear extract was incubated

30 with a double-stranded ¥P-labeled wtVCAM, size
fractionated on 4% native acrylamide gels, and
exposed to autoradiography film at -70°C for 18
hours. Two bands A and C, representing NF-kB like
binding activity are designated. A weak band B was

35 observed in control (untreated) cells.

Figures 9A and 9B are bar chart graphs of the
relative thiabarbituric acid reactive substances

-



that can be used to titrate functional drug levels to oral doses. The PDTC

funCtiQQﬁ9§§mﬁ9 anti- ischemc therapy by rapidly norwamcy ﬂﬁﬂﬁo35
cal Tos n

pat hol ogl s of endothelial derived arterial vasodilatio
characteristic of cardiovascul ar di segges and at herosclerosis. This
| mprovenent in WD 95/ 30415

PCT/ US95/ 0588(0 ;i1 53y astu &f Dttt ddroe iscithkind IISSUEETEA A MPr ovenent in
synpt om and iéﬁgeniarlﬁnited xercisqﬂ%qﬁﬁﬁionégPd_provides a non-invasive
assessnment of Stk ‘fﬁo?%c? S Her 11 ni ¢&l® i ndi cati ons of 5

abnor mal i t i esthivkachi turiclactid | zeattiasidinelaseay oTHARS)ude i mpot ence. The
nol ecul ar re r : | 4 L] stryanscri ption is a
novel transc%ll‘%)%tgir:le '2'?{’%3’5% Jéé\xrpcr;%)%%%ﬁl/n o% tﬁe 6'331 gﬁ‘d ap50 100 -
subuni t s Df t¢ﬁ;$@f¥$§F%We4%§;¥%PQJQﬁ¥$¥Rﬂﬂﬁ to the c-fos and the c-jun

subuni ts of the_pﬁfgdréamws & imvsttdt i ol ah&dqaﬁai@@lauﬁtudi es, it
ST i85 e, B
t herapeutic reighert i 32Pclabéled Thumare CAM-as Specifild <ONA the first
Comnss oL enn@ AT el oL OLE (AL SRS el PO
10 B), or ICAM-l1 specific cDNA (Panel C).  Following
pre-treatment for 30 minutes with 50 uM of sodium
pyrrolidine dithiocarbamate (PDTC), HUVE (human
umbilical vein) cells were exposed to IL-1b (10 ‘
U/ml) in the continuous presence of 50 uM PDTC.
15 Parallel controls were performed identically except
in the absence of PDTC. At the indicated times,
total RNA was isoclated and 20 ug of material size-
fractionated by denaturing 1.0% agarose-
formaldehyde gel electrophoregis, transferred to
20 nitrocellulose, hybridized as described above, and
visualized by autoradiography. Lane 1-0 hour;
Lanes 2,4,6,8 - OL-1 alone for 2, 4, 8 and 24
hours, respectively; Lanes 3,5,7,9 - IL-1 with PDTC
for 2,4,8 and 24 hours, respectively.

25 Figure 11 is an illustration of an autoradiogram
of mRNA, obtained as described below, hybridized to
either 32P-labeled human VCAM-1 specific (Panel A),
E-selectin (ELAM-1) specific cDNA (Panel B), or
ICAM-1 specific éDNA'(Panel C). HUVE cells were

30 pretreated with the indicated concentrations of
PDTC, and then exposed to IL-1b in the presence of
PDTC for four hours and assayed for VCAM-1 mRNA
accumulation by Northern filter hybridization
analysis.. Lane 1 - control, lane 2 - IL-1

35 (10u/ml), lane 3 - IL-1b + PDTC (0.05 uM), lane 4

| - IL-1 LB + PDTC (0.5 uM), lane § - IL-1lb + PDTC
(5.0 uM), lane 6 - IL=1lb + PDTC (50.0 uM), lane 7



20 Brief Description of the Figures Figure 1 is a graph of the
cel | - surfagg, g_ﬁsmn (O.D. 450 nm of VCAM1 as a functi Gr@dsolassss | N
human aortlc en othelial cells on exposure to the cytokine TNF-[err]
(closed circle); linoleic 25 acid (closag-triangle); and |inol eyl

hydr oper oxi de (13-HPODE, closed square); and in the absence of exposure to
t hese substances-(dnnﬂﬂnh- smuauam Figure 2 is a graph of the

cell-surface 30 exny fs C%I\é 1&5&%@
endot helial cells on posure I% | noq'e"{lycpré-%l(? o;aedd%t rran %3%( and
linol eyl hydr operafimfdVX,1 Pbtsged as dearmihes izedbita he

concentration of é‘ﬁtﬂé‘: %@ﬂl@&’lrdd\@human W@zﬁﬁfﬁ%@mflc cDNA
PCT/ US95/ 05880 -1 F|gure Is._.a bar ph of, 1.he | - surface

expression (A D elyPlor BrERwert HQDA IR HERRe o ti ¢
endot hel i al cel | B)QN X [TTAM-E tspetdiff:.@ytcﬂNme(P'EM‘el[ anr.] , BERrdellaci d,

2 15 a bar chart P RCRRE e 4 L on"?oq%"%s’%f# of ¢
VCAM 1 in hunman &DTC,c exphsede|ficat fmin hiamrsegsohihee agentisnol ei ¢ 10 aC| d,
13- HPODE, arachi dopyiG AGdS bl 2T dillyed for VCAM-1 (Panel A)
10 and ICAM-1 {(Panel B) mRNA accumulation. Lane 1 -
TNFa (100U/ml), lane 2 - TNFa + PDTC, lane 3 -
lipopolysaccharide (LPS) (100ng/ml), lane 4 - LPS +
PDTC, lane 5 - poly(I:C) (100mg/ml), lane 6 -
poly(I:C) + PDTC.
15 Figure 13 is a graph of relative cell surface
expression of VCAM-1 and ICAM-1 in the presence
{dark bars) or absence (white bars) of PDTC and in
the presence of multiple types of inducing stimuli.

(D

Confluent HUVECs were pretreated or not pretreated
20 (CTL only) for 30 minutes with 50 uyM PDTC, and then
exposed for the indicated times to the indicated
agents in the presence or absence (CTL only) of
PDTC. Cell surface expression was determined by
primary binding with VCAM-1 specific (4B9) and
25 ICAM-1 specific (84H10) mouse monoclonal antibodies
followed by secondary binding with a horse-radish
peroxidase tagged goat anti-mouse (IgG).
Quantitation was performed by determination of
calorimetric conversion at 450 nm of TMB. Figure
30 13 indicates that multiple regulatory signals
induce VCAM-1 but not ICAM-1 through a common,
dithiocarbamate-sensitive pathway in human vascular
endothelial cells.
Figure 14 is a graph of the relative VCAM-1 cell
35 surface expression (O0.D. 595 nM) in human umbilical
vein endothelial cells, activated by TNFa, versus
concentration of various antioxidants. (PDTC is



aci d hydroperoxide (15-HPETE), with (solid black) or w thout (hatched

i nes) | oxi dant pyrrolidine dithiocarbamate. Fig “ﬁs@ﬁ

i1l ust rv%?%%ﬂg an aut or adi ogram 15 i ndicating the acg?gm?%g’uc | on of
VCAM 1 nRNA by linoleic acid and 13- HRQDE. HAEC were exposed or not to
linoleic acid (7.5 [err]M, 13-HPODE (7.5 [err]M or TNF-[err] (100 Um).

Total RNA wasghgolift Rlpgdozfalfer &grubScatBandt&ripRp@l £ by denaturing
1.0% 20 . agarose-forna elec$£q££$§e5|s, transtferred_to

ehyde_gel
ni trocel | ul os8°9aR® NyBr EIP%BHI’['@‘%?FH% e aRige rRfexrred vcam 1
speci fic or Bio[ asr koddtimndieehyldithibarPamete yaSACnds Nhe filters were

hours. | dent PRPEXE BHEkpifidycaha PP L, BFcesrod fEEF. 1T (eite,
8- hour exposure) Fighrei 46l d8caagraph48fhthe vebative)VCAM-13eePDDE (acute,
G bour crposLaapERteShribalAl b S10004) iR BB Bl 20
i nducti on of ‘Veil endrkaehiaporelh8at aFhiaAted: by TAF A, i &njtRpendent of
cel lul ar prot gragensehesi 6he HoPacIEi8dCAROGRE 6P &htiekidan®! eic (7.5
[err]M pr_ar? gggomic é;‘S [ﬁgr;g@ §5 . gcid %n éh_ resepce or absence of
~cycl ohexi mi de ? [ &Fr PRARED Nopyrrolfdine dithiocarbamatd (r cat ed as
descri bedoi n BIDWCeis. sodium N,N-diethyl-N-carbodithiocate;
' SarDTC is sodium N-methyl-N-carboxymethyl-N-
carbodithiocate; IDADTC is trisodium N, N-
di (carboxymethyl) -N-carbodithioate; MGDTC is sodium ‘
N—methyl-D-glucamine-Nfcarbodithidate; MeOBGDTC is
15 sodium N-(4-methoxybenzyl)-D-glucamine-N- _
carbodithioate; DEDTC is sodium N,N-diethyl-N-
carbodithicate; Di-PDTC is sodium N,N-diisbpropyl-
N-carbodithiocate; NAC is N-acetyl cysteine.)
Figure 16 is a graph of the percentage of Molt-4
20 cells binding to HUVE cells either unstimulated or
stimulated with TNFa (100 U/ml) for six hours in
the presence or absence of PDTC.
Figure 17 is an illustration of the chemical
structures of the following active -
25 dithiocarbamates: sodium pyrrolidine-N-
carbodithiocate, sodium N-methyl-N-carboxymethyl-N-
carbodithiocate, trisodium N,N-di(carboxymethyl)-N-
carbodithioate, sodium N-methyl-D-glucamine-N-
carbodithiocate, sodium N,N-diethyl-N-carbodithiocate
30 (sodium diethyldithiocarbamate), and sodium N,N- |
diisopropyl-N-carbodithiocate.
Figure 18 is a bar chart graph of the effect of
PTDC on the formation of fluorescent adducts of BSA
and 13-HPODE, as measured in fluorescent units
35 versus micromolar concentration of PDTC. One
micromolar of 13-HPODE was incubated with 200
micrograms of BSA in the presence of PDTC for six

-




WD 95/ 30415 PCT/ US95/ 05880 - 13-
Figure 7 |§Nags |¢stration of an autoradi ogramthat indicat

linoleic acid |n3uces transcriptional activation of the VCAM1 pronDter by
a redox-sensitive NF-kB like factor. HAECyere 5 “split at the ratio to
gi ve approximately 60% confluence in 100-nmmtissue culture plates. HAEC
were transfected Qays. ei Fhedredcércs | gad i meLdfrdd/ AMCAT3 0 p8E0 L or

pSV[err] CAT pl as calc sphate coprecipitation techni que
usi ng standard 18égc$%%%ggﬁ 2{ £§§§§%6)£m24 hour recover% peri od, HAEC were

pretreated or not wE’iB@E[Ia?r:]-MPEH@meéfE@ stfeshe sP'@%md to

linoleic acid (7.onéegsithe Pbn TOE- ﬁlxﬁéPQsé&ﬁ%)a&dﬁ@@é |af i i@ dke
pl ates. After 18 hours, cell extracts_were re? |d 15
Feadih ol 4

freeze-thaw i 0.BEFN 458, f%FF%lgn ofjgaye eII extract was
assayed for chl or@@mdsent:e@tmﬁecbﬁlpmrensfmasm(émc)emwiw ofis

il or anphent col ) D3bc LhEFSRase gt Sagar fHE St Firdre i Koot de oo
sl ab that indicat@ectéasepol yunsaturated fatty acids activate NF-kB-1ike
A DI g QL V1 8501 8 B 0 0kgg e 8 AR 3o BRY G Cont | ven
‘pretreated 010notthﬁtﬂxF@ﬁE??BOO%e¥P¥hDYfE@r$¢F$@§5hn?ﬁﬁ?ﬁ%@ﬁﬁpthen exposed

for three Qggra%@akpﬂolsscméssaréa Byl ene] Micpéesé aeic.B7. 2iersdM) ., or
Lerr] ( ArsﬁgsgfgélYmLXutes) for varying concentrations of

PDTC. It is observed that after an incubation
period, PDTC inhibits the oxidation of LDL by HRP
15 in a manner that is concentration dependent.

Figure 21 is a chart of the effect of PDTC on
the cytokine-induced formation of ox-PUFA in human
aortic endothelial cells. As indicated, both TNF-«
-and IL-1B causes the oxidation of linoleic acid to

20 ox-linoleic acid. The oxidation is significantly
prevented by PDTC.

Detailed Description of the Invention

I. Definitions
As used herein, the term polyunsaturated fatty
25 acid (also referred to herein as a "PUFA") refers
to a fatty acid (typically C; to C,J) that has at
least two alkenyl bonds, and includes but is not
limited to linoleic (C,; A™?), linolenic (Cy A?),
arachidonic (C,, A*%*!"1) and eicosatrienoic
30 (Cyp A*1-1) acids.

The term oxidized polyunsaturated fatty acid
refers to an unsaturated fatty acid in which at
least one of the alkenyl bonds has been converted
to a hydroperoxide. Nonlimiting examples are:

COOH

13-[—{1’005



Five m crograns of nuclear extract was incubated 30 wth a

doubl e-stranded [err] P-1 abel ed wt VCAM si ze fractionated on 4% native
acryl an™MR9538418  and exposed to autoradi ography film at BCAP¥S0E80¢ 4 18
hours. Two bands A and C, representing NF-kB |ike binding activity are
desi gnated. A weak band Bl§ﬁ§P?§E observed in control (untreated) cells.
Fi gures ‘9A and 9B are bar graphs of the relative thiabarbituric acid
reactive substances WO 95/30415_ _ -
PCT/ US95/ 05880 -14- (O D. 9%9'% and 15-HPETE in the
presence or absence of PPTC. The thiobarbituric acid reactivity assay
(TBARS) neasures the oxi ' / r inab  cell-free,
nmedi a-free environnent. Fi 10 1 i | Fustrallon of an autoradi ogram of
nRNA, obt ai ned as described bel ow, hybr i@@Hed to either 32P-1abel ed hunan

VCAM 1 speci fic RNA ¢RRNE] iy é&%é&tﬁ&éﬁw‘&r@eé@%ﬁéﬁu@\m (Panel 10
B), or ICAM 1 specific cDNA( ﬁ% ow ng pre-treatnent for 30

m nut es with SReGEFiedy o?e%%lﬁﬁrﬁ/rﬁﬂqféﬁqﬁd At bamate (PDTC), HUVE |
(human unbi | i 6pdnaeed) &£ld me(mmchageldfldg 6#0gbeaterin the

OO PR S o 4t b Fo o SoweE e, 04 1OKF s
tinmes, 5 Cﬁ, which specifically includes methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, t-butyl,
pentyl, cyclopentyl, isopentyl, neopentyl, hexyl,
isohexyl, cyclohexyl, cyclohexylmethyl, 3- o ‘
methylpentyl, 2,2-dimethylbutyl, and 2,3- '
10 dimethylbutyl. The alkyl group can be optionally
substituted on any of the cérbons with one or more
moieties sélected from the group consisting of
hydroxyl, amino, or mono- or disubstituted amino,
wherein the substituent group is independently
15 alkyl, aryl, alkaryl or aralkyl; aryl, alkoxy,
aryloxy, nitro, cyano, sulfonic acid, sulfate,
phosphonié acid, phosphate, or phosphonaté, either
unprotected, or protected as necessary, as known to
those skilled in the art, for example, as taught

20 in Greene, et al., "Protective Groups in Organic
Synthesis," John Wiley and Sons, Second Edition,
1991. '

The term alkenyl, as referred to herein, and
' unless otherwise specified, refers to a straight,
25 branched, or cyeclic hydrocarbon of C, to C, with at
least one double bond.

The term alkynyl, as referred to herein, and
unless otherwise specified, refers to a C, to Cy
straight or branched hydrocarbon with at least one

30 triple bond.

The term aralkyl refers to an aryl group with at

least one alkyl substituent.



total RNA was isolated and 20 [err]g of material size- fractionated by

denat uri ng Y rose- fornmal dehyde gel el ectrophoresis, t to
gé?ﬁﬂ@ﬁﬂa pk&ﬁﬁﬁg&geé

20 nitro ose, hybridized as descri bed above, and visualize

aut or adi ogr aphy. Lane 1-0 hour; Lanes 2,4,$¢8 - O.-1 alone for 2, 4, 8 and
24 hours, respectively; Lanes 3,5,7,9 - IL-1 with PDIC for 2,4,8 and 24
hours, respectively. TRe term hlRargllieferantol ansalkyl ogrofipathat

aut or adi ogr am of o] ipe S CLJ ; . hybridized to either
32P- | abel ed hunanﬁggﬁﬁflEéggging fgg;e%h§§?lgﬁég¥%ctin (ELAM 1) specific
cDNA (Panel B), or | Th# tezpebalpc (abkkl¢Pakkeny}, er\NElk¥nyl) were 30

pretreated with therbpdi ¢at gd GORGENt hakbAPS, 0bxr PRTkyngldgibgp exposed to
IL-1b in the Bresenqe of PETC for four hour 3nd assayed Jor VCAM 1 nRNA
accunul ati on By NSPERBr AtsilPREF ﬁ?ﬁrP&iEg igﬁ TAGEHS; P EAReIIUPcontr ol ,

lane 2 - IL-1 35 haklBeknl repllaced3withlal hato@ERCatém05 [err] M, |lane 4 -
L1, £ POTE (0,5 B! ik 405, S pshndrBREC LiaOukekab 1 ane 6
PCT/ US95/ 05880 - 16therwiskebspepbftediocefers] . PReguie b@pbsnzh, or
ybri di zed to ei t HAPRSONE AAapoREREetabty SHbAYDEC, FheCaBrd 886upc! o
10 can be optionally substituted with one or more
moieties selected from the group consisting of
alkyl, hydroxyl, amino, alkylamino, arylamino,
alkoxy, aryloxy, nitro, cyano, sulfonic acid,
sulfate, phosphonic acid, phosphate, or
15 phosphonate, CO,H, or its pharmaceutically
acceptable salt, CO,(alkyl, aryl, alkaryl or
aralkyl), or glucamine, either unprotected, or
protected as necessary, as known to those skilled
in the art, for example, as taught in Greene, et
20 al., "Protective Groups in Organic Synthesis,®
John Wiley and Sons, Second Edition, 1991.

The term alkoxy, as used herein, and unless
otherwise specified, refers to a moiety of the
structure -O-alkyl.

25 The term acyl, as used herein, refers to a group
' of the formula C(O)R’, wherein R’ is an alkyl,
aryl, alkaryl or aralkyl group.

The term heteroaryl or heterocaromatic, as used
herein, refers to an aromatic moiety that includes

30 at least one sulfur, oxygen, or nitrogen in the
aromatic ring. Nonlimiting examples are phenazine,
phenothiazine, furyl, pyridyl, pyrimidyl, thienyl,
isothiazolyl, imidazolyl, tetrazolyl, pyrazinyl,
benzofuranyl, benzothiophenyl, quinolyl,

35 isoquinolyl, benzothienyl, isobenzofuryl,
pyrazolyl, indolyl, isoindolyl, benzimidazolyl,
purinyl, morpholinyl, carbozolyl, oxazolyl,

-



5 (Panel A), E-sel ecti n (ELAM 1) specific cDNA (Panel B), or |CAM1
speci fi Panel HUVE cells were pretreated as l‘lﬁ‘ﬁ%kwi n Figure
9 vvith@g Ier fM PDTC exposed for four hours to the agents I ndi cated
bel ow, and assayed for VCAM1 (Panel 40-10 and | CAM1 (Panel B) nRNA

accunul ation. Lane 1 - TNFa (100U M), lane 2 - TNFa + PDTC, |lane 3 -
| i popol ysacchahialaoLxPS)iQQﬂﬁinﬂmyl. | i, 4-thidiazdd¥G, | ane 5 -

poly(l:C (10 gure 13 is a
graph of rel atg%éﬁ%ée ??gzcl Ie)@br e‘g}g%zrldlip\/&ll\fr%zoldlrf)é&l\ﬁl in the
presence (darRYEh‘?%?lBYlabEléﬁ%@-Q i telBReLIngY Irfh’]trhe presence of

nul tiple typ DhokalifyDy Ranthihyl Ccmﬂamt yeated or not
pr etreate

CIL_ o or 30 mnut W|th5 err PDT and t hen
exposed fdr tﬂe ?ﬂﬁYEh@t‘ﬁ}h rfés ﬁ)“ﬁﬁ%" 1c%ﬁ’e%z J\é e presence or
absence (CTL nni@;zolomﬁzmell mt@b@mmn&mm was determ ned by
primary bi nd g@% |f 1 ecific (84H10)
nouse m)nocl ?%dl é%e:g;‘;?%}ecﬁg gﬁ% V\nﬁ?h a -
hor se-r adi sh lp@maxlm:;énea rél-melr- Nouekny. Mln@aﬂ?tl tati on was

performed by ggé@ﬁﬁgélgargﬁecaﬁng butip@nversion at 450 nm of TMB.
Fi gure 30 13 1 nd] cates hat rrultl pgg regul atory signal s i nduce VCAM 1 but

not | CAMA t WNoRysro@Hor, nwnimesca vehiealkehpurine pat hway in human
vascul ar endothghine, cey{;gs;_géguseagdpyﬁ@l@i@@h »f the relative VCAM 1

cell mercaptopyrmidine, uracil, N°- alkylpyrlmldlnes, _
N°-benzylpyrimidines, N°-halopyrimidines, = ' (
N°-vinylpyrimidine, N°-acetylenic pyrimidine, N’-acyl

15 pyrimidine, N°-hydroxyalkyl purine, and Né-thioalkyl
purine, and isoxazolyl. The heteroaromatic group
can be optiohally substituted aSadescribed above
for aryl. The heterocaromatic can be partially or

. totally hydrogenated as desired. As a nonlimiting

20 example, dihydropyridine can be used in place of
pyridine. - Functional oxygen and nitrogen groups
on the heterocyclic base can be protected as

_ necessary or desired during the reaction sequence.
Suitable protecting groups are well known to those

25 skilled in the art, and include trimethylsilyl,
dimethylhexylsilyl, t-butyldimethylsilyl, and
t-butyldiphenylsilyl, tritylmethyl, alkyl groups,
acyl groups such as acetyl and propionyl,
methylsulfonyl,'and p-toluylsulfon?l. . .

30 The term hydroxyalkyl, as used herein, refers to
a C, to Cs alkyl group in which at least one of the
hydrogens attached to any of the carbon atoms is
replaced with a hydroxy group.

The term thiol antioxidant refers to a sulfur

35 containing compound that retards oxidation.

The term pharmaceutically acceptable derivative
refers to a derivative of the active compound that

E




35 surface expression (O D. 595 nM in human unbilical vein endotheli al

cells, activated by TNFa, versus concentration of various anti oxi dants.
(PDTC is WOPSI80415 PCT/US95/05880

PCT/ US95/ 05880 - 16- sodi um N-pyrrolidine djthiocarbamate; DETC i s sodi um
N, N-di et hyl - N-carbodi thiol ate, also referréd to as sodi um

di et hyl di t hi ocar h%é@ﬁ%dﬁﬁﬁé&%:&?%d'tﬁsfé‘éﬂﬁ ed’d I i apable of

desf erroxi m ne). ure s a graph e relative
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activated by TNF- c{:@ﬁpc]:undn cbi‘letmmesamﬂ:b&stms\pe&yfiﬁbmunt of

codi um NN di et hyl - 1 RSr B hiaaeedt Bt HE ST Sadiionn D DTC 18
) I et hy car
N- et hyl - N- caf boxyedetsy | twamammnimucmatmormas neiety sthiditum N, N-

di (car boxynet hyl ) b fa | S Ot AN b
N- et hyl - D- gl ucan?#f% cgéribé%% oat e; OBATC I s 1c5an s%dl um

N- (4- met hoxybenzy29WIniSERESR nin NBSIQF IRk OThi Wikt - 2 (RhRRTaceusRamn

N, N-di et hyl - N- caéﬁmhf@ﬁt@x @lé’PTaCélé Sadhterdatteh i SO vl .

N- car bodi t hi oat e; P\ e@/ stelr}gl%1 Fi gure 16|sjﬂ_év%b h of the

percent age of Mol PR %rweu'aa?? Bi H 3 Lﬁ&é%%‘ﬁ SET HE"RNR i nul at ed

or stinul at etow tthdddaof 1610111 nig tﬂm artx, hand sinclude utesoreaqar absence

of PDTC. limited to sodium, potassium, and quaternary amine.
The term "physioclogically cleavable leaving

group" refers to a moiety that can be cleaved in

vivo from the molecule to which it is attached, and

15 includes but is not limited to an organic or

inorganic anion, a pharmaceutically acceptable
cation, acyl (including but not limited to
(alkyl)C (0}, including acetyl, propionyl, and
butyryl), alkyl, phosphate, sulfate and sulfonate.

20 The term "enantiomerically enriched composition
or compound" refers to a composition or compound
that includes at least 95%, and preferably at least
97, 98, 99, or 100% by weight of a single
enantiomer of the compound.

25 The term amino acid includes synthetic and
naturally occurring amino acids, including but not
limited to, for example, alanyl, valinyl, leucinyl,
isoleucinyl, prolinyl, phenylalaninyl,
tryptophanyl, methioninyl, glycinyl, serinyl,

30 threoninyl, cysteinyl, tyrosinyl, asparaginyl,
glutaminyl, aspartoyl, glutaoyl, lysinyl,
argininyl, and histidinyl. -

A "linking moiety" as used herein, is any
divalent group that links two chemical residues,

35 including but not limited to alkyl, alkenyl,
alkynyl, aryl, polyalkyleneoxy (for example
- [{CH,) 0-1,-), -Créalkoxy-C ,ialkyl-,



Figure 17 is an illustration of the chem cal structures of the follow ng

active ﬁ,ﬁnmgk hi ocar bamat es: sodi um pyrrolidi ne-N- car bpéilﬁﬂsﬁgiﬁ sodi um

N- net hyl-N-car oxynethyl N- carbodithioate, trisodium
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was incubat edzw,th 20G@d@ntieAcaTL ol 0BSOxiAL1ERA RAASEAER1Q5ZBRTC fOr Six
WO 95/ 30415 Polyunsaturated Fatty Acids abBCHiL@ge/ 05880 -17- days.
Fl uorescegce was neasMediatiorsdof4YCANFIVEXPressibat i on at 330-360 nm
Figure 19 is a graph of the effect of PTDC on the formation of fluorescent
adducts of BSA and ox- 5 .PUFA as a function of wavel ength (nm and
concentration of TRDE@takd iishe whethent naPUSA of ‘BRiGizedr PHFAS, the quantity

oh Lo CRe Tk S PP SRy BrokaBcaltiy erfect of FOIC
1l gene expre551on, early passaged human aortic
endothelial cells (HAEC) were cultured for eight
10 hours in media and serum and exposed to saturated
(stearic), monounsaturated (oleic), and. ‘
polyunsaturated (linoleic and arachidonic) fatty
acids; as well as with the fatty acid
hydroperoxides of linoleic (13-HPObE) or
15 arachidonic (15-HPETE) acids. HAEC were also
alternatively exposed to the cytdkine tumor
necrosis factor-a. '
HAEC were exposed to linoleic acid or 13-HPODE
for varying times up to 48 hours and then assayed
20 for cell surface VCAM-1 expression by ELISA assay.
The results were compared to HAEC exposed to the
cytokine TNF-¢ (100 U/ml) for the same time
periods. VCAM-1 expression in HAEC incubated with
either iinoleic acid or 13-HPODE is transiently
25 induced. The expression peaks at approximately 8-9
hours with significant expression at 24 hours and
then decreases by 48 hours. The kinetics of VCAM-1
induction by both linoleic acid and 13-HPODE mirror
~ that of TNF-a, and thus the mechanisms by which
30 polyunsaturated fatty acids induce VCAM-1 thus
appear to be similar to that of TNF-a.
Dose-response studies of linoleic acid and
13-HPODE on VCAM-1 gene expression at 8 hours were
also conducted. It was observed that 7.5 uM is
35 the lowest peak dose by which linoleic acid and



(HRP), as neasured by the increase in OD. (234 nn) versus tinme (mnutes)
for varyin Qﬂﬁg rations of PDTC. It is observed that aft | ation
peri od, PE#%?InligtS t he oxidation of LDL by HRP 15 in agﬁgﬁﬁg$&§ﬁgt S
concentration dependent. Figure 21 is a echart of the effect of PDTC on the
cyt oki ne-i nduced formati on of ox-PUFA in human aortic endothelial cells. As
i ndi cat ed, both TNFHPODE iadsicels- EBgrddsiesnth¥CcaM-dageae of |inoleic acid
to 20 ox-linol eiksragisdon The oxidation is significantly prevented by
PDTC. Detailed DescCription of the ILnvention |. Definitions As used herein,
the term pol yunsat ulkt ¥@sf &Pep exploged|wherssrr shorte§eE® herein as a
"PUFA") refers tdneubatipnaeifdentdppehediby cetll] wiehC{err]) that has at

I t ot I i.ncl t. Js.nat |im | i.nol ei
(Carr])® T Sor s Rl vpiBarRRdceledd ey Rl ae? i R cel Hba-20 an T erof ¢ 30
(Cerr]) acids. Ehselecthioxedpressionyasswediat edtf wasydetedmiakdrs to an
unsat ur at ed fatt¥8§%‘qhb”?ggyﬁ§§§E“EsE§h Qa%tﬁ;FEE&SahKEFé%}FOQQEVE?S been

converted to a hy er ox nfimting exa es are:
95/ 30415 -arachidonic acids induced cell-surpareyugesL05880 - 18-

expression to approximately 59% of TNF-induced gene

10 expression of VCAM-1. Strikingly, neither ICAM-1
nor E-selectin were induced by these fatty acids.
Conversely, the saturated fatty acid stearic acid
and the mohounsaturatéd fatty acid oleic acid d4id
not induce the expression of VCAM-1, ICAM-1, or

15 E-selectin. VCAM-1 gene expression was also
observed by incubation of HAEC with the oxidized
metabolites of linoleic acid (13-HPODE) and

~arachidonic acid (15-HPETE). |
To investigate whether oxidative stress in

20 endothelial cells provided by polyunsaturated fatty
acids and their oxidized metabolites induces VCAM-1
through a redox-sensitive mechanism, HAEC were
pretreated with the antioxidant pyrrolidine
dithiocarbamate (PDTC, 50 uM) for 30 minutes and

25 then the cells were independently incubated with
linoleic acid, arachidonic acid, 13-HPODE, and
1S-HPETE (all 7.5 uM) for 8 hours. It was
determined that PDTC suppressed the gene expression
of VCAM-1 induced by the polyunsaturated fatty

30 acids and their oxidized counterparts. This
indicates that the induction is mediated by a
oxidized signal molecule, and that the induction is
prevented when the oxidation of the molecule is
blocked (i.e., the oxidation does not occur),

35 reversed {(i.e., the signal molecule is reduced), or
its interaction with a target protein prevented,

" perhaps through a redox complex.
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on any of the carbons w t or nore_noletles se om t he group
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al kynyl , s referre un e s ot se ecified, refers to a
Jerr] té C[eFLPsgt Qpﬁﬁtaﬁrtgﬁa ﬂ%asﬁ§ f6Ba SK%i ﬁﬁﬁ? | east one
results indicate that pretranslational regulatory
mechanisms mediate induction of VCAM-1 gene
expression by polyunsaturated fatty acids and their ‘
oxidative metabolites. | | |
15 It was also desired to determine whether
polyunsaturated fatty acids work as a primary
signal or operate through a regulatory protein
involving the cytokine IL-4 in inducing VCAM-1 gene
expression. To investigate whether newly
20 synthesized proteins such as IL-4 are involved in
the synthesis and gene expression of VCAM-1 induced
by PUFAs such as linoleic acid, HAEC were incubated
with 13-HPODE (7.5 uM) and exposed to the protein
synthesis inhibitor, cycloheximide. There was no
25 inhibition of mRNA accumulation of VCAM-1 by
cycloheximide in HAEC incubated with 13-HPODE. The
production of IL-4 by HAEC incubated with linoleic
or arachidonic acids and their oxidative
metabolites, as determined by ELISA was also -
30 measured. There was no increase in IL-4 output by
HAEC incubated with these PUFAs or their oxidized
metabolites. .
Previous investigations have demonstrated _
through deletion and heteroclogous promoter studies
35 that cytokines and non-cytokines activate VCAM-1
gene expression in endothelial cells at least in
part transcriptionally through two NF-kB-like DNA

-



30 triple bond. The termaral kyl refers to an aryl group with at | east

one al kyl 3416 WO 95/ 30415 9ﬂ“ 0
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exanpl e, as taught rotective oups I n gani c
Synt hesis," John’ v@ﬁéyt§n62§oﬁ§ thec byRandVEANnl POOTOteRe WaBm al koxy, as

used herein, and ¥ph@8Sently transfected into HAEC. The addition of
10 linoleic acid (7.5 uM} induced VCAM-1 promoter.
The addition of linoleic acid (7.5 uM) induced
VCAM-I promoter activity that was over two fold
that of the control and approximately 60% of the
maximum signal induced by TNF-a. Similar results

15 were obtained with the minimal cytokine-inducible
promoter of the VCAM-1 gene (p85 VCAM-CAT),
containing the -77 and -63 bp NF-kB-like sites.
Neither linoleic acid nor TNF-a had any effect on
activity using a constitutively expressed pSV, CAT

20 construct. PDTC inhibited the transcriptional
activation of both VCAM-1 promoter constructs
induced by linoleic acid. The data indicate that
analogous to TNF-a, polyunsaturated fatty acids
such as linoleic acid induce the transcriptional

25 activation of VCAM-1 through an NF-kB-like
redox-sensitive mechanism.

To determine whether polyunsaturated fatty acids
and their oxidative metabolites regulate VCAM-1
promoter activity through an NF-kB-like

30 transcriptional regulatory factor, nuclear ‘extracts
from HAEC were assayed for DNA binding activity to
a double-stranded oligonucleotide containing the
VCAM-1 NF-kB-like promoter elements located at
positions -77 and -63. As shown in Figure 7, two

35 bands A and C, representing NF-kB-like activity
were induced in response to a three hour exposure
to linoleic acid (7.5 uM). Similar findings were

-



ot herwi se specified, refers to a noiety of the structure -C>é|ky|. 25

The ter | ...as used herein, refers to a group of the OR,
wher ei nwﬁ%nén al kyl, aryl, al karyl or aralkyl group. l%‘gl‘elﬁ%aerm et eroaryl
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I ncl udes 30 at |east one sul fur, oxygen, or nitrogen in the aromatic
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N[ err] -al kyl p@ctivetinper r Thegenfingangreara] similazl purine, -
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Nerr] -yl o aclh’ 8 vRhR- ghlie aiskesbionSh HoVEC by

~ inhibiting the activation of these NF KB-like DNA

binding proteins.

Example 1 = Effect of Oxidized and Unoxidized
Polyunsaturated Fatty Acids on the
15 Kinetics of the Activation of VCAM-1
- Gene Expression

Human aortic endothelial cells (HAEC) were
plated in 96 well plates and incubated with
linoleic acid (7.5 uM), 13-HPODE (7.5 uM), or TNF-a

20 (100 U/ml) at five different time points up to 48
hours. HAEC, obtained from Clonetics (Boston, MA),
were cultured in Medium 199 supplemented with 20%
fetal bovine serum (FBS), 16 U/ml heparin, 10 U/ml
epidermal growth factor, 50 ug/ml endothelial cell

25 growth supplement, 2 mM L-glutamine, 100 U/ml
penicillin, and 100 pg/ml streptomycin. One day
before the experiment, cells were placed in a
medium containing 4% FBS. Confluent HAEC were
incubated for up to 48 hours with TNF-«

30 (100 U/ml), or stearic, oleic, linoleic, linolenic,
or arachidonic acids (7.5 uM) . Similar studies
were performed with differing doses of linoleic
acid or 13-HPODE for an 8 hour period (1-60 uM)
(Figure 2). Quantitation was perfbrmed by

35 determination of colorimetric conversion at 450 nm
of TMB. Studies were performed in triplicate (n=4



thym ne, cytosine, 6-azapyrimdine, 2- nercaptopyrmdine, uracil,
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ot ards ooy ony The | oL pheC R eut kol SCSSRLGIL 6, g vt 1 Vo ol ers
sensitive. At a concentration of between 2 and 10
uM of these compounds, there is a sharp increase in
the amount of induced cell surface VCAM-1, which
then remains approximately constant up to a
15 concentration of at least 100 uM. It should be
observed that the PUFA concentration indicated in
Figure 2 is in addition to that found endogenously
in HAEC.

20 Example 2 Polyunsaturated Fatty Acids Induce
Gene Expression of VCAM-1 but not
ICAM-1 or E-selectin.
The cell surface expression of VCAM-1, ICAM-1,
and E-selectin was measured in HAEC by ELISA.

25 HAEC, obtained from Clonetics {(California), were
cultured in Medium 199 supplemented with 20% fetal
bovine serum (FBS), 16 U/ml heparin, 10 U/ml
epidermal growth factor, S0 ug/ml endothelial cell
growth supplement, 2 mM L-glutamine, 100 U/ml

30 penicillin, and 100 ug/ml streptomycin. One day
before the experiment, cells were placed in a
medium containing 4% FBS. Confluent HAEC were
incubated or not for 8 hours with TNF-a (100 U/ml},
or stearic, oleic, linoleic, linolenic, or

35 arachidonic acids (7.5 uM}. Cell-surface
expression of A) VCAM-1, B} ICAM-1, and C)
E-selectin was determined by primary binding with
VCAM-1 specific, ICAM-1 specific, and E-selectin



WD 95/ 30415 PCT/ US95/ 05880 - 21- upon
adninis&%gﬁ%@ﬂgto the recipient, is capable of providing?ghp

i ndirec parent conpound, or that exhibits activi ) The term
"pharmaceutical ly acceptable cation" 5zg-refers to _an organic or inorganic
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i ncludes at |'easfs9showandnpFégurabBy dinbdedc 82ido8ligelenic100% by
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i ncl udes synthetlc nat ur al % occurrlng am.no aC| I ncl udi ng but not
limited &8, f&hecgxPyessignapf) VCAM-iayput| didi RPF, 1P§HF8u5Pﬁyl prolinyl,

phenyl al ani nyleell-surface expression of ICAM-1 or E-selectin.
Neither stearic acid nor oleic acid induced the
expression of VCAM-1, ICAM-1, or E-selectin. TNF-a ‘
strongly induced the expression of all three cell-
15 surface molecules.

Example 3 The Antioxidant PDTC Suppresses VCAM-1
Induction by Polyunsaturated Fatty
Acids and their Oxidative Metabolites.
Confluent HAEC were pretreated_in the presence
20 or absence of PDTC (sodium pyrrolidiné
dithiocarbamate, 50 uM) for thirty minutes. The
cells were then incubated for eight hours with TNF-
a (100 U/ml), linoleic or arachidonic acid (7.5
. UM), or the fatty acid hydroperoxides 13-HPODE (7.5
25 uM) or 15-HPETE (7.5 uM). The cell surface .

' expression of VCAM-1 was measured in HAEC by ELISA,
as described in Example 1. Studies were performed
in triplicate (n = 4 for each experimental value).
*-value differs (p<0.05) from control.

30 As indicated in Figure 4, PDTC suppressés the
induction of VCAM-1 by linoleic acid, 13-HPODE,
arachidonic acid and 1S-HPETE.

Example 4 Acute Induction of VCAH-l.mRNA by
Linoleic Acid and 13-HPODE.

35 HAEC were ekposed to linoleic acid (7.5 uM) or
13-HPODE (7.5 uM). Total RNA was isolated and 20
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di val ent group that |inks two chem cal resjglues, 35 i ncl udi ng but not
limted to al kyl, al kenyl, al kynyl, aryl, polyal kyl eneoxy (for exanple -

[(CHerr])[err] O jfesite)fradt onideed By -ddittdsddyl1. 05 WO 95/30415
(G0 err) ot ertgtiearEotriateds meb idiiomreraiis 1S o
. | denti f i coransfefréli th zeit xock Lhwkdsk z anddiybmnbdizedittal Fatty
Acids as Direct 54 12p_1 Mbeh DMCAMAM | £} 19 5t abl i sh

whet her a PUFA ore%)t;(?%fzed PUFA%%&%%{a di _rectEJ.l)'(pé nonodul at or of
endot hel i al c®l| feRetExpPRRGIBIC <A \and sskgial e P¥orti c endot hel i al

cells gHAEC) Wer&a@%&faawa hyl JMifddr wdshes, | £ilbshs ek ser um and
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10 8-hour exposure); 3) linoleic (48-hour exposure);
4) 13-HPODE (acute, 8-hour exposure); and 5) TNF-«
(100 U/ml, 4-hour exposure).
As shown in Figure S5, both linoleic acid and 13-
HPODE induce the production of mRNA for VCAM-1 in
15 eight hours. After 48 hours, linoleic acid no
longer induces VCAM-1 mRNA.

Example 5 Induction of VCAM-1 mRNA by PUFAs is
Independent of Cellular Protein
Synthesis.

20 HAEC were exposed to either linoleic or
arachidonic acid (7.5 uM) in the presence or
absence of cycloheximide (10 ug/ml) for a 4-hour
period. Total RNA was isolated and 20 pg was
size-fractionated by denaturing 1.0%

25 agarose-formaldehyde gel electrophoresis,
transferred to nitrocellulose, and hybridized to A)
32P-labeled human VCAM-1 or B) R-actin specific
cDNA and then visualized by autoradiography. After
washes, filters were exposed to X-ray film at -70°C

30 with one intensifying screen for 24 hours.

As indicated in Figure 6, the induction of VCAM-
1 by linoleic and arachidonic acids are independent
of cellular protein synthesis.



necrosis factor-[err]. HAEC were exposed to linoleic acid or 13-HPODE for

varyin tlnes up to 48 hours and then assayed 20 for e VCAM 1
expr ess 181 sA assay. The results were conpared to ed to the

cyt oki ne TNF a (100 Um) for the samesig-me periods. VCAM 1 expression in
HAEC i ncubated with either linoleic acid or 13-HPODE is transiently 25

i nduced. The Ex@tipbéi &n passobéicmuikiimiuies tranwiptdiodalsi gni fi cant
expression at 24 hours and sdteivaiiore st thn/ VEAM AU prombtaxk byetal cs of
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and thus the nmechani sns by which 30 pol yunsaturated-fatty acids induce
VCAM 1 t hus appeaHAE% weresplif at gheyrafiorne giveose-response studies of

linoleic agid ghehd:2tdidE, 080 Pdd 1 Gaites et NAsind) taitss%éﬁours were al so
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as well. It watsechnique esiing standard techniques. After a :
10  24-hour recovery period, HAEC were pretreated with
50 uM PDTC and after 30 minutes exposed to linoleic
acid (7.5 uM) or TNF-a (100 U/ml) directly added to
the plates. After 18 hours, celljextracteﬂwere (
prepared by rapid freeze-thaw in 0.25 M Tris, pH
15 8.0. Protein of each cell extract was assayed for
chloramphenicol acetyl transferase (CAT) activity
(Ac, acetylated; N, nonacetylated chloramphenlcol)
Figure 7 illustrates the results of this
experiment. Linoleic acid induces transcriptional
20 activation of the VCAM-1 promoter by a
redox-sensitive NF-kB like factor. These results
are similar to those observed by the activation of
VCAM-1 promotor by cytokines such as TNF-«a. This
suggests that PUFAs act through an oxidized
25 intermediate that also mediates the cytokine
activation of VCaM-1.

Example 7 Polyunsaturated Fatty Acids Activate
NF-kB-like DNA Binding Activities that
are Blocked by the Antioxidant PDTC.

30 Confluent HAEC in media containing 4% FBS (as
described in Example 1) were pretreated with PDTC

(50 uM) for 30 minutes and then exposed for 3 hours

to linoleic acid or oleic acid (7.5 uM), or TNF-«

(100 U/ml). Five micrograms of nuclear extract was

35 incubated with a double-stranded *P-labeled wtVCAM,
size fractionated on 4% native acrylamide gels, and

exposed to autoradiography film at -70°C for 18
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the e e

nol ecul e, and tha I nduction 1s prevent n t he oxidation of the
nol ecul e is blocked (i.e., the oxidation does not occur), 35 rever sed

(i.e., the siggnalex@iAGHiee | SoxAdstIdh 19 a cBlINiFHed;! medik-iFred t ar get
protein prevented, setup, by both unoxidized and oxidized
(1L5-HPETE) arachidonic acid
Figures 9A and 9B are bar chart graphs of the
relative thiabarbituric acid reactive substances
15 (0.D. 532 nm) of arachidonic acid and 15-HPETE in
the presence or absence of PDTC. The
thiobarbituric acid reactivity assay (TBARS)
measures the oxidafion ability of a material in a
cell-free, media-free environment. As indicated in
20 the Figures, both arachidonic acid and 15-HPETE
showed significant TBARS activity that was
inhibited by PDTC.

IXII. Method for the Treatment of VCAM-1 Mediated
Disorders

25 The discovery that polyunsaturated fatty acids
and their oxidized metabolites are selective,
redox-sensitive immunomodulators provides a basis
for the therapy of disorders that are mediaﬁed by
VCAM-1 or by redox-sensitive genes.

30 A method for the treatment of atherosclerosis,
post-angioplasty restenosis, coronary artery
diseases, angina, and other cardiovascular
diseases, as well as noncardiovascular inflammatory
diseases that are mediated by VCAM-1 is provided

35 that includes the removal, decrease in the
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the administration of an antioxidant that prevent
the oxidation of a polyunsaturated fatty acid, by _
in vive modification of the metabolism of DUFAs (

into ox-PUFAs, as described in more detail below.
15 1. Administration of Antioxidants

Any compound that. reduces an ox-PUFA or which
inhibits the oxidation of PUFA, and which is
relatively nontoxic and bioavailable or which can
be modified to render it biocavailable, can be used

20 in this therapy. One of ordinary skill in the art
can easily determine whether a compound reduces an
ox-PUFA or inhibits the oxidation of PUFA using
standard techniques. |

Diéhiocarboxylate Antioxidants

25 It has been discovered that dithiocarboxylates
are useful in the treatment of atherosclerosis and
other cardiqvascular'and inflammatbry diseases.
Dithiocarboxylates, including dithiocarbamates, can
be used to block the ability of cells, including

30 endothelial cells, to express VCAM-1 or to suppress
the expression of a redox-sensitive gene or
activate a gene that is suppressed through a redox-
sensitive pathway.
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10 ICAM-1, but does not exhibit preferential toxicity

to abnormally dividing vascular smooth muscle
cells. Another dithiocarbamate, sodium N-methyl-N-
carboxymethyl -N-carbodithicate, also inhibits the
expression of VCAM-1, without significant effect on

15 ICAM-1, but does not exhibit preferential toxicity
to abnormally dividing vascular smooth muscle
cells.

It has been discovered that pyrrolidine
dithiocarbamate does not significantly block ELAM-1

20 or ICAM-1 expression, and therefore treatment with
this compound does not adversely affect aspects of
the inflammatory response mediated by ELAM-1 or
ICAM-1. Thus, a generalized immunosuppression is
avoided. This may avoid systemic complications

25 from generalized inhibition of adhesion molecules
in the many other cell types known to express them.
Other pharmaceutically acceptable salts of PDTC are
also effective agents for the treatment of
cardiovascular and inflammatory disorders.

30 Dithiocarbamates are transition metal chelators
clinically used for heavy metal intoxication.
Baselt, R.C., F.W.J. Sunderman, et al. (1977),
"Comparisons of antidotal efficacy of sodium
diethyldithiocarbamate, D-penicillamine and

35 triethylenetetramine upon acute toxicity of nickel

carbonyl in rats." Res Commun Chem Pathol
Pharmacol 18(4): 677-88; Menne, T. and K. Kaaber

-
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at positions di&widilt&ﬁ.oc&hdm |(rdilﬁl'g.lacar'b) tiwo atute mdetelA and C,
exposure t o IGakEEL Hod %%%% o ARy Cldd Ean B SRS fi8es NS Mo
95/ 30415 Gale, G.R., A.B. Smith et al. (1981PGT/U895/05880 26- -
10 "Diethyldithiocarbamate in treatment of acute
cadmium poieoning."_'Agg_g;ig;ggp_ggi 11(6): 476-
83; Jones, M.M. and M.G. Cherian (1990), "The
search for chelate antagonists for chronic cadmium (
intoxication.” Toxicology 62(1): 1-25; Jones,
15 S.G., M.A. Basinger, et al. (1982), "A comparison
' of diethyldithiocarbamate and EDTA as antidotes for
. acute cadmium intoxication." Reg Commupn Chem
Pathol Pharmacol 38(2): 271-8; Pages, A., J.S.
Casas, et al. (1985), "Dithiocarbamates in heavy
20 metal poisoning: complexes of N,N-di(1-
hydroxyethyl)dithiocarbamate with Zn(II), C4(1I),
Hg(II), CH3Hg(II), and C6HSHg(II).: J. Inorg
Biochem 25(1): 35-42} Tandon, S.K., N.S. Hashmi,
et al. (1990), "The lead-chelating effects of
25 substituted dithiocarbamates." i Envi Sci
3(3): 299-305. - '
Dithiocarbamates have also been used
adjunctively in cis-platinum chemotherapy to
prevent renal tokicity. Hacker, M.P., W.B.
30 Ershler, et al. (1982). "Effect of disulfiram
(tetraethylthiuram disulfide) and
diethyldithiocarbamate on the bladder toxicity and
antitumor activity of cyclophosphamide in mice."
Cancer Res 42(11): 4490-4. Bodenner, 1986 #733;

35 Saran, M. and Bors, W. (1990). "Radical reactionms
in vivo--an overview." Radiat. Environ. Biophys.

29 (4) :249-62.



observed on exposure to the cytokine TNF-[err] (100 Um). A weak band B
was obser vewoioszgast rol (untreated) cells. No induction of NeelBsdsioksso
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endot helial cells PF §3g; EDgl?QZSG[erkkﬁg g §T§#d zfgubgged ?ﬁgg
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Um) at five difﬁademtstr&éupednmetapoﬂmté8 dmathyl&ﬂ&ﬁ;oobthamadefrom

Cl oneti cs (Boston u with 20%
fetal bovine serun1?%ggfﬂs?§ B%#&H%8%§P?38b§8 E&é?ﬁ g%ﬁa gggmmh factor,
50 [err]g/m endoLifei 8cicdPI(525 418r8dth supplenent 2 mM L- gl ut ami ne, 100
U penicillin, andIEOQaEebékﬂ/%Ep%&&%ﬁtﬁﬁlﬁ'aitﬁBéaQBngeégre the

experinment, cells were g aced i.n a nediym cqont ai ni 4% FBS, Confl uent HAEC
wer e incubat &8 f oinBEPE EﬁVhU&F§5wF?Rl?HPt&°§® an 1BbsEVﬁP hange Egéarlc
oleic, linoleic, mheakation of specific T cell subpopulations. This

has led to clinical trials of diethyldithio-
carbamate in AIDs patient populations. Reisinger,
E., et al., (1990). ™"Inhibition of HIV progression

1s by dithiocarb." Lancet 335: 679.

Dithiocarboxylates are compounds of the
structure A-SC(S)-B, which are members of the
general class of compounds known as thiol
antioxidants, and are alternatively referred to as

20 carbodithiols or carbodithioclates. It appears that
the -SC(S)- moiety is essential for therapeutic
activity, and that A and B can be any group that
does not adversely affect the efficacy or toxicity
of the compound.

25 In an alternative embodiment, one or both of the
sulfur atoms in the dithiocarbamate is replaced
with a selenium atom. The substitution of sulfur
for selenium may decrease the toxicity of the
molecule in certain cases, and may thus be better

30 tolerated by the patient. '

A and B can be selected by one of ordinary skill
in the art to impart desired characteristics to the
compound, including size, charge, toxicity, and
degree of stability, (including stability in an

35 acidic environment such as the stomach, or basic
environment such as the intestinal tract). The
selection of A and B will also have an important

-
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10 appear to be cleaved enzymatically in vivo by
thiocesterases, and thus may exhibit a prolonged
halflife in_vivo. '
"In a preferred embodiment, A is hydrogen or a , ‘
pharmaceutically acceptable cation, including but
15 not limited to sodium, potassium, calcium,

. magnesium, aluminum, zinc, bismuth, barium, copper,
cobalt, nickel, or cadmium; a salt-forming organic
acid, typically a carboxylic acid, including but
not limited to acetic acid, oxalic acid, tartaric

20 acid, succinic acid, malic acid, ascorbic acid,
benzoic acid, tannic acid, pamoic acid, alginic
acid, polyglutamic acid, naphthalenesulfonic acid,
naphthalenedisulfonic acid, or polygalacturonic

~acid; or a cation formed from ammonia or other

25 nitrogenous base, including but not limited to a
nitrogenous heterocycle, or a moiety of the formula
NR'R'RR’, wherein R, R®, R®, and R’ are independently
hydrogen, C,¢ linear, branched, or (in the case of
C.s) cyclic alkyl, hydroxy (C,) alkyl (wherein one or

30 more hydroxyl groups are located on any of the
carbon atoms), or aryl, N,N-dibenzyl-
ethylenediamine, D-glucosamine, choline,
tetraethylammonium, or ethylenediamine.

In another embodiment, A can be a

35 physiologically cleavable leaving group that can be
cleaved in vivo from the molecule to which it is
attached, and includes but is not limited acyl



Gene Expression of VCAM1 but not |CAM1 or E-selectin. The cell surface
expressi onwWa9saeaIs 1, | CAM1, and E-sel ectin was neasured | RCEABZSASSSEL | SA.
25 HAEC, obtained from Conetics (California), were cultured in Medium
199 suppl emented with 20% fetal bovine seldm (FBS) 16 U ni hepari n, 10

uppl onent, 2 i Lt RIS oSO EHOBAPRY Do 1945 O 1] g/

st rept omyci n. O@Qﬂhm.or&mltﬁaa:emrsuieﬁunam I s were placed in a nedium
contai ning 4% FBS. Ggpfdie rgmg% ed I]_Cé,l &AL orilr]gm;pr ﬁ%@s’ Wi th
c

TNF-[err] (100 Unl), or stearic, e|c l'1.nol eic i nol_eni
ar achi doni ¢ aci d?l(lﬁa@]['erq'ﬁﬁbky 'Cé}ar g iloe W%Wof A) VCAM 1, B)

|CAM 1, and @ E-sslcslkynylss aistler ralieyy, mydwgexb,l rcl.gnﬂl)dbidjl @M 1
ISDpC$'/CIUfSI9§/ 0’5%%%4 1?§B?§Vf :Zcﬁ‘ﬁl %ffﬁ%ggéféﬁ ;[llboaf:ijr]gél'f g?*%‘@cﬁgﬁb%'y bi ndi ng
with a horseradi sthepsrinxinlaiee-0,agged . g@at 4nts,- rogiss, (-I oH,) yRhtitation
TG, TSt udi o5 et R ARV G L e SR B ental
val ue). *-val ue calfmdrkmt(md.,O@r fh)trhrmn&&ual alkyl (wherein one or
10 more hydroxyl groups are located on any of the
carbon atoms).
In another embodiment, B is NR’R?, wherein R?* and
R® are independently alkyl; - (CHOH),(CH,),OH, wherein
nis 0, 1, 2, 3, 4, 5, or 6; -(CH,),COR!,
15 - (CH,) ,CO,R*; hydroxy(C,¢) alkyl-; alkenyl (including
but not limited to vinyl, allyl, and
CH;CH=CH-CH,CH,) ; alkyl (CO,H}, alkenyl (COH),
alkynyl (CO,H), or aryl, wherein the aryl group can
be substituted as described above, notably, for
20 example, with a NO,, CH,, t-butyl, COH, halo, or p-
OH group; or R? arid R’ can together constitute a
bridge such as -(CH,),-, wherein m is 3, 4, 5, or 6,
and wherein R* is alkyl, aryl, alkaryl, or aralkyl,
including acetyl, propionyl, and butyryl.
25 In yet another embodiment, B can be a
heterocyclic or alkylheterocyclic group. The
heterocycle can be optionally partiaily or totally
hydrogenated. Nonlimiting examples are those
listed above, including phenazine, phenothiazine,
30 pyridine and dihydropyridine. '
In still another embodiment, B is the residue of
a pharmaceutically-active compound or drug. The
term drug, as used herein, refers to any substance
used internally or externally as a medicine for the
35 treatment, cure, or prevention of a disease or
disorder.



As shown in Figure 3,'Iinoleic acid, linolenic acid, and arachidonic acid
signifi bdr3bais1duced 10 the expression of VCAM 1, butpdifsdipisgdonduce the
cel | -sumce e&sgr_essi on of ICAM1 or E-selectin. Neither stearic acid nor
oleic acid induced the expression of (GAM 1, ICAM1, or E-selectin. TNF-a
strongly induced the expression of all three cell- 15 surface nol ecul es.

Exanpl e 3 The Moni Dnfi €ladid %ﬁwwﬁ&h&x@m&ﬁ dhed tidatineit

Pol yunsat ur at ed_Fat t % CldS a ifﬁa - s‘gétlv Met aboli t es...Confl uent HAEC
were pretreat € iRFTHERptefte A C’:"("gld’d’flﬁ'rﬁ pyrrolidine
di t hi ocar barrata;t:E@:{.éam]:Msm@h 2% probudolit mcd&mmlacad/ver e then _
acid (75 [erriipits CHAE #*é‘pefT*“F ﬁ*‘%?%pé%%%'% LRt 5005 ¢
[err]M or 55 Wﬁﬂ%ﬁggﬁ;}{» %lfgzie%"tﬁ f%t"é" éﬁarj‘jé%%s':a@:fi)‘f VCAM 1
was neasur ed i#alPhém bESCKEESE s ag1dag§pgm11 udi es were
performed in Bé Ilcate (h_3 éﬁﬁ each experi nental ue)., *-val ue
differs (p<0.(B33TFI37FBonIPY 0L ipine; angiptensin ﬁ?rﬁ WY PDTC

suppr esses t heehzymet (ACEDf intiihi doby suciv| as ccaptiapril3-a#idODE, arachi donic

acid and 15-HP &ﬂj’p £. %%‘acéfyt&é d&g?{%’%{ 16 M1 nRNA by Linoleic

Acid and 13-H Wer e expose €ic acid (7.5 [err]M
or 13- HPCHE (Tterbetalel. andalabepalel, renstexpidal 20

antiinflammatories such as ibuprofen, indomethacin,

fenoprofen, mefenamic acid, flufenamic acid,
sulindac, or corticosteriods. The -C(S)SA group ‘
can be directly attached to the drug, or attached |

15 through any suitable linking moiety. |

In another embodiment, the dithidcarbamate is an

amino acid derivative of the structure AO,C-R’-NRY-
C(S)SA, wherein R, is a divalent B moiety, a linking
moiety, or the internal residue of any of the

20 naturally occurring amino acids (for example, CH,CH
for alanine, CH, for glycine, CH(CH2)4NH; for lysine,
etc.), and R is hydrogen or lower alkyl.

B can also be a polymer to which one or more

dithiocarbamate groups are attached, either

25 directly, or through any suitable'linking_moiety.
The dithiocarbamate is preferably released from the
polymer under in vivo conditions over a suitable
time period to provide a therapeutic benefit. 1In a
preferred embodiment, the polymer itself is also

30 degradable in vive. The term biodegradable or.
bicerodible, as used herein, refers to a polymer
that dissolves or degrades within a period that is
acceptable in the desired application (usually in
vivo therapy), usually less than five years, and

35 preferably less than one year, on exposure to a
physiological solution of pH 6-8 having a
temperature of between 25 and 37°C. In a preferred
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[err]g sizgofekasdikonat ed by denaturing 1. 0% agarose-for nal degyh:

el ectrophoresis, transferred to nitrocellul ose, and hybridi zed to either
[err] P-1abel ed human A) VCAM 1 specific-88-B) 5 [err]-actin specific cDNA
and visualized by autoradiography. After washes, filters were exposed to
X-ray filmat -eojbedipenyit Fhenpolymersdegradesciser pPexrind wéurs.

Identification ghth@@dSy hbutoBhiOlsevakahl WekRisG Aeicdrddsdl @o e 8- hour
exposure); 3) linoleic (48-hour exposure); 4) 13- HPODE (acute, 8-hour

exposure); and BPPHEYEALdAR: (100 U m, 4-hour exposure). As shown in Figure
5, both linoleic a@g thutberldf Hdegbhdabdecpollymemsodoet kuownf. MRNA f or

VCAM1 in 1 | . : .4 OULS, s la.nol i L.d no | onger

i nduces VCARH1 w.&‘“g%%l.g’é&ﬁefn%ﬁ%t "S'i’t% e%m%k%t%%k’&'by PUFAS i s
Indﬁpenﬁentlof @@qhganomzémehnlsynpw@§ﬁ9nszoleCOpmpEelwgne exposed to
either linoleic ’ ' i g 1( RpthMes or absence
of cycl ohexi m de .f e?%?? S?hﬁf%?%? aBE? qur, periogybhgfgpgg%%%aas i sol at ed
and 20 [err]g wa§igiszed 1578 BPtddtaiEetn o) rs and

agar ose- f or mal deiyyda yielrsebgc i/anher, eargintine)s aepaedgineni t rocel | ul ose,
and hybrldh%?d %%§§&tic acid, cysteine, cystine, glutamic acid,
glutamine, hydroxylysine, serine, threonine, and
tyrosine; polyorthoesters, including poly(a-hydroxy
acids), for example, polylactic acid, polyglycolic
acid, poly(lactide-co-glycolide}, polyanhydrides,
1s albumin or collagen, a polysaccharide containing
sugar units such as lactose, and polycaprolactone.
The polymer can be a random or block copolymer.
B can also be a group that enhances the water
solubility of the dithiocarbamate, for example,

20 -lower alkyl-O-R®, wherein R} is -PO,(OH)M‘or PO,(M*),
wherein M* is a pharmaceutically acceptable cation;
-C(0) (CH,;),CO;y M*, or -SOyM*; -lower alkylcarbonyl-
lower alkyl; -carboxy lower alkyl; -lower
alkylamino-lower alkyl; N,N-di-substituted amino

25 lower alkyl-, wherein the substituents each
independently represent lower alkyl; pyridyl-lower
alkyl-; imidazolyl-lower alkyl-; imidazolyl-Y-lower
alkyl wherein Y is thio or amino; morpholinyl-lower
alkyl; pyrrolidinyl-lower alkyl; thiazolinyl-lower

30 alkyl-; piperidinyl-lower alkyl; morpholinyl-lower
hydroxyalkyl; N-pyrryl; piperazinyl-lower alkyl; N-
substituted piperazinyl-lower alkyl, wherein the
substituent is lower alkyl; triazolyl-lower alkyl;
tetrazolyl-lower alkyl; tetrazolylamino-lower

35 alkyl; or thiazolyl-lower alkyl.

In an alternative embodiment, a dimer such as B-
C(S)S-SC(S)-B can be administered.

-
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experinment. Linoleic acid induces transcriptional 20 activation of the
VCAM 1 promwoesi3bssa redox-sensitive NF-kB Ii ke factor. Thesgcrresyslosssoar €
simlar to those observed by the activation of VCAM1 pronotor by cytokines
such as TNF-a. This suggests that PUFAs-&ét through an oxidized 25

7 Bol yunsat ur at oA SREIY LAESR, PO e P8. CHOESBUASE HIENGRACL | vi i os
that are BIo;kEgg:z;ﬂﬁsgém@h@ﬂQ$$d§rB@I@i:ﬁﬂ othfrcaakﬂ?enthﬁﬁstnpgggi?50
ng;?k;ngr43% n&nutg ,3%§§t§§%y298§§%§gfoFkétﬁgﬂsgp%§EI?%%ﬁgfc acid or
oleic acid (7.5 [éPPF%ﬁ,%ﬁ"fNﬁp[éPFFteléG Ghe pffeckedncitegr afbeof

nucl ear extract weempdund ishould adtwcohpardmebbalszeasdedoler r] P-1 abel ed
AUt or adi ogr aphy FUFACOEE. FORAFFRCIRSE £8° Fatgebgpdfayy BTaTPOSCC 1O

PCT/ US95/ 05880 - prefleswed embodimedns focantir€atmeptesénting NF-kB |ike
(untroatod) cel ] SaeRibtREdlian’aifedsl PR olabiRBRIREKEEs foller”

NF- k[ err] bi ndi ngeaeound ¢hoyldcaotl bgr dramaticaldyr afifrctedsbyi ve manner.
This is anahegougchgestive heart failure or renal insufficiency.

For topical applications for the treatment of
inflammatory skin disorders, the selected compound
should be formulated to be absorbed by the skin in
a sufficient amount to render a therapeutic effect

15 to the afflicted site.

The dithiocarboxylate must be physiologically
acceptable. In general, compounds with a
therapeutic index of at least 2, and preferably at
least 5 or 10, are acceptable. The therapeutic

20 index is defined as the ECy/ICy, wherein ECy is the
concentration of compound that inhibits the
expression of VCAM-1 by 50% and ICs is the
concentration of compound that is toxic to 50% of
the target cells. Cellular toxicity can be

25 measured by direct cell counts, trypan blue
exclusion, or various metabolic activity studies
such as 3H-thymidine incorporation, as known to
those skilled in the art. The therapeutic index of
PDTC in tissue culture is over 100 as measured by

30 cell toxicity divided by ability to inhibit vVCaM-1
expression activated by TNFa, in HUVE cells.
Initial studies on the rapidly dividing cell type
HT-18 human glioma demonstrate no toxicity at
concentrations 100-fold greater than the

35 therapeutic concentration. Disulfiram, an orally
administered form of diethyldithiocarbamate, used
in the treatment of alcohol abuse, generally

-



cytokine TNF-[err] and suggests a simlar mechanismof action. TNF-a

pr obabl yyd s VCAM 1 through a nechanismthat is nedi g&gg Qg,sg@ ox- PUFA.
10 Exanpl e 8 xidation in a cell-free, nedia-free setup, ot

unoxi di zed and oxi di zed (15-EPETE) ar-s42¥ donic acid Figures 9A and 98 are
bar chart graphs of the relative thiabarbituric acid reactive substances 15
(O.D. 532 nm edicitachedwajer aclinierl 15oxiENEies when presence or absence

- of PDTC. The gahmgggéigalgpﬁfégr{@@giyw ty assay (TBARS) neasures the
oxidation abilit a materLtal” iip a, cell-free, nedia-free environnent. As

i ndicated in 20 the ?ﬁ% EF LR cEeW A FRICCRYPIURAF €8 hak A%F PPEETE showed
signi ficant TEARSe agénytoyit hat These | edibdireds bdo RBE. fei11 Met hod for

b0l yunsat b at BRERT Vhe PERbE GF The BEEEERE Snvenc ol AN AL 00t i ve,
r edox- sen5|t|llemlhaﬂnmndheaa@nmpsbnﬁ@mmb@h!ﬁsi@logmllwrapy of
di sorders tha éﬁééﬁtﬁﬁﬁé%fﬁle?iai/%'w&loéxm?os 1&£09¢- 8 6&81:1@9”95 30

A nmethod for t reat nent o roscl post - gl oplasty restenosis,
coronary art efjthiogarbamase qisthe furgiride#Bvascul ar di seases, as

vel | as noncaaﬂmeua§saien1¢e&ﬁm@ry dr@@@ﬁeﬁ téwé are nmediated by VCAM 1

IS provi dgd 35 Ra‘rl | ncl udes the renpy Pecrease in the
anticholinesterase propert:.es of cert

dithiocarbamates can lead to neurotoxic effects.
Miller, D. (1982). Neurotoxicity of the pesticidal

carbamates. Neurobehav. Toxicol. Teratol. 4(6): N
779-87. ' : '
15 The term dithiocarboxylate as used herein

specifically includes, but is not limited to,
dithiocarbamates of the formulas:
R'SC(S)NR’R* or RR’N(S)CS-SC(S)NRR’®
wherein R' is H or a pharmaceutically acceptable
20 cation, including but not limited to sodium,
potassium, or NR‘R'R'R’, wherein R*, R’, R% and R’ are
independently hydrogen, C,; linear, branched, or ‘
cyclic alkyl, hydroxy(Cs)alkyl (wherein one or more
hydroxyl groups are located on any of the carbon
25 atoms), or aryl, and =
R? and R} are independently C,,, linear, branched
- or cyclic alkyl; -(CHOH),(CH,),OH, wherein n is 0 1,
2, 3, 4, 5, or 6; -(CHy),COR!, - (CH,),COR*;
hydroxy(C,4) alkyl-, or R? and R® together constitute
30 a bridge such as - (CH)),-, wherein m is 3-6, and
 wherein R* is alkyl aryl, alkaryl, or aralkyl,
including acetyl, proplonyl and butyryl.
Specific examples of useful dithiocarbamates,
illustrated in Figure 15, include sodium
35 pyrrolidine-N'-carbbdithiéate’, sodium N-methyl-N-
carbdxymethyl-N—carbodithioate, trisodium N,N-
di (carboxymethyl) -N-carbodithioate, sodium N-
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prevention of .the formation of oxidi zeQermsos o

pol yunsaturated fatty acids, including but not limted to OXI | ze

l'inoleic, |inolenic,

5 nmethod for the treatnment of these diseases is provided that

and arachi doni c aci d43-In an alternative enbodi nent,

prevention of thaethydri-Qlacasing-Morarboddshportew shdaupr ¥, ¥-n or
pepti de that ”EduﬁhQ%.YC@N%%fEH@T%H%d@%e W%BBth'ﬁ@eﬁﬁyﬁ?ggﬁiBress'On of

VCAM-1 can be 10
adni ni stration oFa§

L hC

CO”p 'S&&%'ﬁ?ﬁiﬁ%?‘e%ﬂélﬁﬁ&my&amon of a

pol yunsat ur at ed Eakhpd&mbdpahp In vivo nndlflcatlon of the netabolism of

PUFAs into 0%- PUFAs
Adm ni strati on of An

whi ch inhibits tHdéthicgarbemasespers, e&ﬁ@eWhﬁgﬂmﬁgclSﬂ&YIavhylab&EOXIC and

OXI i&%%%'nylggggéﬁﬁ%&%% Qé&ﬁ%@ségﬁtéﬁuﬁﬁﬁA or

bi oavai | abl e or wpi e3nCae B@egggbgjgglhg kﬁggﬁrmbghgagavallable can be

used 20 in this therapy.  One of ordinary skill 1n the art can easily
determi ne whet her a conpound reduces an ox- PUFA or inhibits the oxidation

of PUFA using standard techni qees. &i&mmﬂpm&a&qg@ntlom dants 25

It has been discovered that dithiocarboxylates are useful

of atheroscl erosis and
The ability of dithiocarboxylates to inhibit the

10 expression of VCAM-1 can be measured in a variety
of ways, including by the methods set out in
detail below in Examples 9 to 15. For convenience,
Examples 9-11 and 14-15 describe the evaluation of
the biological activity of sodium pyrrolidine-N-

15 carbodithiocate (also referred to as PDTC). These
examples are not intended to limit the scope of the
invention, which specifically includes the use of
any of the above-described compounds to treat

atherosclerosis, and other types of inflammation
20 and cardiovascular disease mediated by VCAM-1. Any

of the compounds described above can be easily
substituted for PDTC and evaluated in similar

fashion.
Examples 12 and 13 provide comparative data on
25 the ability of a number of dithiocarbamates to

inhibit the gene expression of VCAM-1. The
examples below establish that the claimed
dithiocarbamates specifically block the ability of
VCAM-1 to be expressed by vascular endothelial

30 cells in response to many signals known to be

active in atherosclerosis and the inflammatory

response.

Experimental Procedures
Cell Cultures HUVE cells were isolated from

35 human umbilical veins that were cannulated,

-

i ncl udes the

I'ng through the

in the treatnent

a



other cardiovascular and inflammatory di seases. Dithiocarboxyl ates,

i ncl udivwe oglBdqis Ocar bamat es, can be used to bl ock the abipdpugedléssss! | S

i ncludi ng 30 endothelial cells, to express VCAM1 or to suppress the
expression of a redox-sensitive gene-ar-activate a gene that is suppressed
t hrough a redox- sensitive pathway. WO 95/ 30415

PCT/ US95/ 058 gierfigsed\iwi tindlankse sglutionc tepremdye plood,i dnde

di thi ocar bammfe Ak vaicke NCAY1 o8R8 o8BGS 60RBsC0NCeN! 2t on

of less than 1.0 mcronplar. This ¢conpou | so ex referentia

toxicity to prold%érat iAfFes ramaiatacly c&ilé‘-laﬁieﬁ‘gsﬁasé’&ﬂ-éls !’#ﬁ&t h muscl e
cell's. Anot hemxﬁdﬁa!d)qaf brvsst enedivfl SUpPlemehtled\with 20% fetal

N hout 3 gnTaa B, (Bicis®) ) ke, pepga e (BBY 7 VM T
preferenti al ququumadmommy &iLiddi h@)va§@ulusr/nﬂrmot h nmuscle cells.
QPSL“?Lh?LH“S . expﬁflssﬁ%%ﬁl SR P hpy e ReetTaRe aniven: 0 (1 05
| CAM 1, but r@?ﬁf&lrdt ¥R)ai 29 MY Hepesnal |y di vi ding
vascul ar SWD(BtffﬁEiSC@ mlﬂ@mﬂaﬁa@ heen ug/aaopendeitnan awar ol i dine
10 100 pg/ml streptomycin and grown at 37°C on tissue
culture plates coated 0.1% gelatin; Cells were
passaged at confluency by splitting 1:4. Cells
were used within the first 8 passages. ‘
15 Confluent HUVE cells were'washed with phosphate
buffered saline and then received fresh media. ' The
indicated concentrations of PDTC were added as
pretreatment 30 minutes before adding cytokines.
Cytokines and other inducers were directly added to
20 medium for the times and at the concentrations
indicated in each experiment. Human recombinant
IL-1b was the generous gift of Upjohn Company
(Kalamazoo, Michigan). TNFa was obtained from
Bohringer Engelheim.  Bacterial lipopolysaccharide
25 (LPS), polyinosinic acid: polycitidilic acid (Poly
I:C), and pyrrolidine dithiocarbamate (PDTC) were
obtained from Sigma Chemical (St. Louis, MO). All
other reagents were of reagent grade.
' RNA Isolation: Total cellular RNA was isolated
30 by a single extraction using an acid guanidium
thiocyanate-phenbl—chloroform mixture. Cells were
rinsed with phosphate7buffered saline and then
lysed with 2 ml of gﬁanidium isothiocyanate. The
solution was acidified with 0.2 ml of sodium
35 acetate (pH 4.0) and then extracted with 2 ml
phenol and 0.4 ml chloroform:iscamyl alcohol
(24:1). The RNA underwent two ethanol



di t hi ocarbamate does not significantly block ELAM1 20 or |ICAM1

expr essi on,wansi3em®erefore treatnment with this conpound does ROVUSISos888e| v
af fect aspects of the inflammtory response nedi ated by ELAM1 or | CAM 1.
Thus, a generalized i nmunosuppressi on i s @i ded. This may avoi d system c

conplications 25 e [ Lnhibt] dhesion lecules in the
many ot her cell t%f)%ésf%%%l§lgé eé%?%zs'rs]@ E%énjfr?%’%e?épﬂ%f r%g%xé%%)??él |y
accept abl e sal ts bioPmly®isl so effective agents for the treatnment of
cardi ovascul ar and i&m&%: 30rotal AAiNipLArdeaiss are
transition metal chelators,clinica used for heavy netal intoxication.
Baselt, R C., F. W3 “@f¢eirentrattipnagad Hging hRgIsf® of anti dot al
effi cacy of s®di uporth£ldyhydé gersr imnthie, prageridei of axwg/mnd 35

Lolelhvienet ol ek R0 BEh £ O Sl JgNBladSESEN g gRs T Rep
95/ 30415 nitrocellulese filter and covalemdlly USOH&DERP - 34-
ggjiﬁ?lf " &ﬁf‘;&? tr%rr% |§?£@L’Z?%%%I&{€Ar%§ lrr%m%{g 8?TIP% i ni cal
response to ther peeSsLinkRRt SStFARRFERA e T & Chdercury vapor” Ann
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in 5X SSC (1X=150 mM NaCl, 15 mM Na citrate), 1%

sodium dodecyl sulfate, 5X Denhardt solution, 50%

formamide, 10% dextran sulfate and 100 ug/ml of

sheared denatured salmon sperm DNA. Approximately

15 1-2X 10° cpm/ml of labeled probe {specific activitys>

108 cpm/ug DNA) were used per hybridization.
Following hybridization, filters were washed with a
final stringency of 0.2X SSC at 55°C. The
nitrocellulose was stripped using boiled water

20 prior to rehybridization with other probes.
Autoradiography was performed with an intensifying
screen at -70°C.

2probes: P labeled DNA probes were made using

the random primer oligonucleotide method. The

25 ICAM-1 probe was an Eco R1 fragment of human cDNA.
The ELAM-1 probe was a 1.85 kb Hind III fragment of
human cDNA. The VCAM-1 probe was a Hind III-Xho I
fragment of the human cDNA consisting of nucleotide
132 to 1814.

30 Enzyme Linked Immunogorbent Agsay (ELISA}: HUVE
cells were plated on 96-well tissue culture plates
48 to 72 hours before the assay. Primary
antibodies in M199 with 5% FBS were added to each
well and incubated one hour at 37°C. The cells

35 were then washed and incubated for one hour with
peroxidase conjugated goat anti-mouse IgG (Bio Rad)
diluted 1/500 in M199 with 5% FBS. The wells were

-
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Lab Sci 11(6): 476- 83; Jones, MM andéV G Cherian (1990), "The search
for chel ate antagonists for chrom c cadm umintoxication." Toxicol ogy
62(1): 1-25; tbemsyaghbed &nd bindimg Bfianguihodyt was dek¥rPed vy conpari son

of diethyl dlth‘l; %o gfelfw' 13‘50 rEdqﬁcﬁlFl];%(s a e cadm um

I nt oxi cati on. m Pat Phar ne 271-8; Pages, A,
J.S. Casas, ett%‘Fra‘{‘?&)lBS} bengi %aff%’aﬁﬁﬂ ledvith HoA3% (1,0, nefBhe poi soni ng:
conpl exes of Nbglédon hwss Osﬁ/@éﬂ?ddl)}s&t&h@(‘a?ddﬁﬁﬁrﬁ ot 135 41 Idg .end(1 1),

Ho(ll), Ho( | and C6 | OC . 35-42; Tandon,
S S Brocamt euffe L Cop dren et EAE G AN insadinr 5

subst i t ut ed di tm@c&a@hnate@D%SBl wneaif ttew i blaniSong 31r8)rov@9 305. '
Di t hi ocar bamat t Ci at i num

chenot herapy to preven?iifgn‘gfgﬂox|‘gtlsi%‘sdél?%kéer}/'?‘hﬁ(iyl Ershler, et
al . (1982). 'wepresent the neans of Eripki A%< hi ur am di sul f [ de) and

~di ethyl di thi ocar whe mmngp@ﬁi%?d(my t4fgpr activity of
cycl ophospham de Th mce Cancer Res_ 42 9 Bodenner, 1986 #733;
35 Sarah0 M TRFROmLFiNG\Yagqebey © lha%‘ill%ﬁlq%dﬁ kestle it vi vo- - an

overvi ew." Rad{wtAMEDYi was. thé ophyerous gift of Dr. John Harlan
| (University of Washington). MAb E9A1F1 recognizing
endothelial cell adhesion molecule (ELAM-1) was the _‘
generous gift of Dr. Swerlick (Emory UnzverSLty)
15 Hybridomas produclng mAb 84H10 recognizzng
intercellular adhesion molecule 1 (ICAM-1) are
routinely grown in our laboratory and antibody was
used as tissue culture supernatant.

Example 9 PDTC Blocks IL-lb Mediated Induction

20 _ of HUVEC VCAM-1l, but not ICAM-1l or

. ELAM-1, mRNA Accumulation
To determine whether the oxidative state of the
endothelial cell can alter the basal or induced
expression of cell adhesion molecule genes,

25 cultured human vascular endothelial cells were
exposed to the inducing cytokine, IL-1lb (10 U/ml)
in the presence or absence of the thiolated metal
chelating antioxidant, pyrrolidine dithiocarbamate
(PDTC, 50 uM) for up to 24 hours.. As shown in

30 Figure 10, IL-1b alone (lanes 2, 4, 6, 8) induces
the expected rapid and transient induction of VCAM-
1 (Panel A), E-selectin (ELAM-1,. Panel B) and ICAM-
1 (Panel C) mRNA accumulation, all of which peak at
four hours. However, in the presence of PDTC, IL-

35 1b induction of VCAM-1 mRNA accumulation is

' dramaticaily inhibited by over 90% (panel A, lanes
3, 5, 7, 9). _In contrast, although IL-1b mediated
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al ., (1982). "Effect of disulfiramand ifs reduced nefabolite
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T cell subpopul aiToRE, Gt 0k SRS B nilfee {5 B O WM T Thor
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" I'nhi bition 0§ H My OO i3 Sd N1 ARM- 1 il  de Qi Pat i of 20 BhoB35: 679,
Di t hi ocar boxyl ates_are co ounds of the structure A-SC(S)-B, which are

menbers of the gedkFested atRangl BnplARRR known as Thi olgm?‘éjw%ants and
are alternativel ymiEd eiigfentatfor? bf mlmdiﬁdtk@ifon)roﬁalm-li hhRtAL es.

It appears that the - é% D} €f Yo | S; £S ent i al thera utic ct|V|ty,
and that A and B 3GV aot%ff”ért)u% ’fin ’ﬁ‘(ﬁda "W%%t the
efficacy or toxicang ®f pdmel d@pourEiquivalent amounts of
10 nitrocellulose transferred RNA per lane was
confirmed by ethidium bromide staining and
visualization.
A dose-response analysis was performed to
determine whether PDTC inhibits the induction of
15 VCAM-1 gene expression by IL-1lb in a dose dependent
manner. As shown in Figure 11, PDTC inhibits IL-1b
mediated induction of VCAM-1 gene expression with a
steep dose-response curve (Figure 11, panel A) with
a calculated ECy, of approximately 10 uM, while PDTC
20 does not inhibit IL-1lb mediated induction of ELAM-1
expression with these concentrations (Fig. 11,
panel B}. The IL-1lb mediated induction of ICAM-1
mRNA accumulation is enhanced by PDTC with the
concentration higher than 0.5 uM (Fig. 2, compare
25 lane 2 and lane 4-7, panel C).
These data demonstrate that IL-lb utilizes a
dithiocarboxylate, and in particular, a.
dithiocarbamate sensitive step as part of its
signaling mechanism in the induction of VCAM-1 gene
30 expression. The data also appear to indicate that
this dithiocarbamate sensitive step does not play a
significant role in the IL-1lb mediated induction of
ELAM-1 or ICAM-1 gene expression.

Example 10 PDTC Blocks Induction of HUVEC VCAM-1
35 mRNA Accumulation by Multiple Stimuli

To determine whether other well-described
activators of VCAM-1 gene expression also utilize a



25 In an alternative enbodi ment, one or both of the sulfur atons in

the di tWwgwappgnate is replaced with a selenium atom Thecigudysiosdgat i on of
sul fur for seleniummay decrease the toxicity of the nolecule in certain

cases, and may thus be better 30 totéBated by the patient. A and B can be
sel ect ed by one of ordinary skill in the art to inpart desired
char act eri st i @9TCo SeREiL3ifBoFHEP i RBFEAI Adstinet ehasges ebHxicity, and

degree of stabbhubh;o&bnwbuélﬁgs&éablhnbyheﬁ QMagélc PEEEbEogNVi r onnent

such as the sto asi.c_envir as_ the intestinal tract).
The -sel ecti on™ Sggﬂtgﬂdlﬁ cﬁpgaﬁgsnﬁagzﬁgﬁ rnﬁo??ﬁnfec PYP¥F 95/ 30415

PCT/ US95/ 0588tediatedf finducen ﬂ&epbpeiyaadcharmﬂetKhhShhdan&aanacoklnetic;
of . the Cogpousegcehelge&%@ Apkll nbled! TRBLcRr (AbARPUSELLARG S0a5e, 11 1S

desirabl e that the cOnpound accunul lze, 1IN e arterlal
inti mal | ayer R¥8nt Bodvid :Cné vagéuﬁéi Ehgeeherea®. cBPTS. The conpounds are

preferably e'BEh&&tQ@anyfQhﬁhb&téﬂehhen1ndﬁc€ﬂ&ﬁnbﬁgﬁchﬂ-@dﬁkﬁASter'ng a
di t hi o- carboxyl at e .phar maceu t hat oes appear to be
cl eaved enzyn&% Fﬁnvﬁyohb&%F BEEFﬁrggﬁg hﬁﬁﬁstﬂgégﬁﬁﬁ 22hibit a
pr ol onged haIPhnbé A .vi Wdthough the TNFa mediated ELAM-1 gene
10 expressioh is suppressed to some extent (Fig. 12

lane 1 and 2, panel B), LPS and poly(I:C) mediated

ELAM-1 mRNA accumulation was unaffected (Fig. 12

lane 3-6, panel B). The induction of ICAM-1 mRNA ‘

accumulation was unaffected (Figure 12, Panel C).

15 This data indicates that structu:aily-distinct

inducing agents, acting through distinct pathways,

share a common'regulatory step specific for the

induction of VCAM-1 gene_expression.

Example 11 PDTC Blocks HUVE Cell Surface

20 Expression of VCAM-1 Induced by

Multiple Stimuli
To determine whether, like its mRNA, the

induction of endothelial cell surface protein
expression of VCAM-1 could also be inhibited by

25 PDTC, monoclonal antibodies were used in an ELISA
assay to quantitate the induction of cell surface
VCAM-1 and ICAM-1 in cultured HUVE cells. As shown
in Figure 13, multiple classes df activating
agents, in the absence of PDTC (-PDTC), induce the

30 rapid and transient accumulation of VCAM-1 (top
left panel) at the cell surface peaking at six
hours. In the presence of PDTC (+PDTC, top right
panel), the induction of cell surface expression of
VCAM-1 by all agents tested is dramatically

35 _ inhibited (80-90%). In contrast, the induced
expression of cell surface ICAM-1 is unaffected



In a preferred enbodi ment, A is hydrogen or a pharnaceutically acceptable
cation, inovodssgndut 15 not limted to sodium potassi umpeEbsvsiasiso
magnesi um al um num zinc, bismuth, barium copper, cobalt, nickel, or
cadmum a salt-formng organic acid, typiasd |y a carboxylic acid

including but not linmted to acetic acid, oxalic acid, tartaric 20 acid,
succi ni ¢ acid, nmundencidentienk hendit bndethatitomdieft tandirignt d, panoi ¢
acid, alginic acighndpdygl utam c acid, naphthal enesul fonic acid,
naphthalenedisulfonl acid, or pol alacturonlc acjd; or a cation forned

from anmoni a or ot hetn®%e dafa, AL Rt LidiS EHUm™RR |inmited to a
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cyclic alkyl, hydlllbl«yl(m;%rﬂa%ﬁ&wf (s i ngh eagent3) ut ddoirze faydr oxy !
groups are | ocat egh 5 4y ﬁtﬂi&ﬁ%’tétﬁﬁlt%ﬁ Hedhar¥snd\td Penzyl -

et hyl enedi am ne, D-gl ucosam ne I ne, tetraet anmoni um  or
et hyl enedi ami ne. AuERHHAMchigRne S Pressi@Rbe a 35 physiol ogical |y
cl eavabl e | eavi ng group that can be cleaved in vivo fromthe nolecule to

P Usos o5y et 14" dtlued dffecedteitalee,
g TNFa
Induction of VCAM-1
To determine whether structurally similar or
dissimilar antioxidants could also inhibit VCAM-1
gene expression, and with what potency, HUVE cells
15 were exposed to TNFa for six hours in the presence
or absence of different concentrations of four
different antioxidants. As shown in Figure 14,
both diethyldithiocarbamate (DETC) and N-acetyl
cysteine (NAC) inhibited VCAM-1 expression at
20 concentrations of 5 uM and 30 uM, respectively. 1In
contrast, PDTC (PDTC) was effective between 5 and
50 uM. The iron metal chelator, desferroximine,
had no effect at the concentrations tested.

Example 13 PDTC Inhibits TNF Induction of VCAM-

25 1/VLA-4 Mediated Adhesion

The ability of a variety of antioxidants to

inhibit TNF-a induction of VCAM-1 in HUVE cells was
evaluated by the method set out in Example 12.
Figure 15 is a graph of the relative VCAM-1 cell

30 surface expression (0.D. 595 nM) in TNF-a activated
HUVE cells versus concentrations of PTDC (sodium N-
pyrrolidine dithiocarbamate), DIDTC (sodium N,N-
diethyl-N-carbodithiocate), SarDTC (sodium N-methyl-
N-carboxymethyl-N-carbodithioate), IDADTC

'35 (trisodium N,N-di (carboxymethyl) -N-carbodithioate)},



(i ncluding acetyl, propionyl, and butyryl), alkyl, phosphate, sulfate or
sul fonate. In one enbodinent, B is al kyl, alkenyl, alkynyl

al karyl ,
aral kyl WO¥415y1 | hal oal kenyl, 5 hal oal kynyl, aryl, é%?%ﬁ“f’%ydrogen,
derr] alkoxy C[err] alkyl, Cferr] alkyg$thio- C[err] aIkyI NR[err]Rerr], -
(CHOH) [err]CH err] OH, mhereln nis 0, 1, 2, 3, 4, 5, or 6,

( IClk4[ F[) r 1 ) [ elr r M@ﬁﬁ[ qebhaumnnLudtaglabkgLaeaMhe-nl- kyl pr 281 onyl, aﬂdd :

a utyr or % r.r rein or nmor e I ox
groﬁps ayeylogéf éﬁéggs kéa gﬁ%SnQ Nl'gganother enbodlnént é i's
' NR[err]R[err]mewhewaanﬂyéﬂrp g&dcaménenNepenbeditylaakel, DEDTC
(CHOH)[err]( efe , 6;
(CH[err])[err err Rgr %FthY@ b b?EEfQ?F?% éF?TCI?err err

hydr oxy( CPer r |(pRRkpm | rééWPPFPHEPLuHrﬁgrhetilﬁbf-OPFﬂ?tean oN& nyI allyl,

and CH err] CHzgH(fHheetlTHegstkinepl kyl (CO err]H), al kenyl (CO err]H),

al kynyl (CO err]H, or aryl, wherein the aryl group can be substituted as
descri bed above, notably, for 20 exanple, with a N(Jerr], CHerr],
t-butyl, CJO eExphipliealld, ofPDEc CThhibdtp; TNF Ehdnctiandoiqvcam-can together
constitute a bridge such a3d/vViBHicMafiipted] Adheldonin mis 3, 4, 5 or 6,
and wherein Rerr] is alkyl, aryl, alkaryl, or aralkyl, |nclud|ng acetyl,
propi onyl , and bamypyﬁer25° defins ybethast RBTYCeipbdbibion 8fcan be a

heterocygb'c Qcam -1y Haglehes el ks ﬁ&QHElaEBa hﬁ&ﬁfﬁﬁﬁekﬁoﬁaﬂ be optional l'y
partially or totally hydrogenated exag&aes are those listed

n
above, i ncl udicRGSSRARRELSe tBﬁeP&PﬁF&Sr S Mgég ~4pGeidsnEOHHVEC
di hydropyri di e@lls either unstimulated or stimulated with TNFa (

(100U/ml) was examined for six hours in the
presence or absence of PDTC. Molt-4 cells have

15 been previously shown to bind to activated HUVEC
via a VCAM-1 dependent mechanism. As shown in
Figure 16, the percentage of Molt'4'binding to
HUVEC cells decreased when PDTC was present in the
medla

20 Example 14 PDTC Inhibits Monocyte Binding to the
Thoracic Aorta of Cholesterocl Fed
Rabbits
An experiment was performed to determine whether
the thiol antioxidant PDTC would be efficacious in
25 blocking the first monocyte binding component of
atherosclercsis in an experimental animal moael.
One mature New Zealand white rabbit (3.5 Kg)
received an intravenous injection of PDTC (20
mg/Kg, as a conicentration of 20 mg/ml in PBS) once
30 daily for 5 days. Injectione were given via an
indwelling cannula in the marginal ear vein, which
as kept patent by flushing with heparinized saline
solution. The PDTC solution was mixed fresh daily
or on alternate daye (stored light-protected at
35 4°C), and filtered (0.45 mm pore filter) just prior
to use. After'the first injection, when the
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the lower stage of an ISI DS-130 scanning electron
microscope equipped with a LaB emitter. Using
dual-screen imaging and a transparent grid on the
CRT screen, 64 adjacent fields at a 620x
magnification were assessed, to cover an area of
~1.3 mm?’. Within each field, the number of adherent
leukocytes (WBC) and erythrocytes (RBC) were
counted and recorded.

The data from the arch sample are as follows: 5
WBC and ~25 RBC per 1.3 mm’ field. This level of
WBC adhesion is similar to control animals fed
regular chow (about 7 per field have been seen in
arch and thoracic samples from 2 ‘negative control’
experiments). ‘Positive control’ rabbits fed 1%
cholesterocl for 4 days but not given antioxidant
show about a 5-fold increase in adhesion, to 38
WBC/1.3 mm?. A considerable amount of mostly cell-
sized debris was observed adherent to each arch
sample. It is unclear whether this material is an
artifact of preparation, or was present in vivo,
and if so, whether it is related to PDTC
administration. These studies suggest that PDTC
infusions can effectively block initial monocyte
adhesion to the aortic endothelium. -

Example 15 Inhibition of BSA 13-HPODE Adducts
with PDTC

Figure 18 is a bar chart graph of the effect of
PTDC on the formation of fluorescent adducts of BSA



20 naturally occurring amno acids (for exanple, CHerr]CH for al ani ne,
CH err] sdgyscine, CH(CH err])[err]NHerr] for Iysine,ﬁ@f ssggd Rlerr]
is.hydrgéE% orﬁfomer al kyl. B can al so be a polyner to Iﬁsone or nore

di t hi ocarbamate groups are attached, egpher 25 directly, or through any
suitable linking noiety. The dithiocarbamate is preferably rel eased from
the pol ymer uri@l 13*HEFODE,C@admeasnredvén &lavireabeatt umit:aerl od to provide

a therapeutch%?qg 1ﬁzéfgy?lgrek$ﬁkggt?gg ghng@tpa&gfepgbg itself is

also 30 degradable Tn erm |odegra bi oerodi bl e, as
used herein, mifcxopalars ofolPmEPODEawagi dosubased: washr 388s within a period

that is «'accelotnaf@.J Tgx‘&rrish%fdG%'Ar 96 2pR! pbrabesee( &ueblm EBrViYQ therapy),
usual ly | ess t % ears, and 35 gﬁeferabl s than one_year, on
I

s
exposur e i oFJYCTSSCEDCE: AR BE HrﬁdBaﬁa6?§'4§°tBWp@P&Pure of
bet ween 25 anéxﬁmﬁadumnaamreﬁanﬁso nm.WOF9T/ de4¢ails of the

L our and- So SRR BBt FIRRRERa g | SR RBSEBERCERe Sn0 A hamber of o
degr adabl e polStedmbesxgy mnommodéedlmgnlpﬁnthsgNaxampaésAaadepgptides
g;ghfgrsporygg tléﬂ’ d%?vgg:p%@%%%¢h%§929'i@@&rOttha e$piklgti ¢ and
react;on 100 nmols of LOOH (generated by the
lipoxygenase catalyzed oxidation of linoleic acid)
in incubated with 100 ug of bovine serum albumin
for 48 to 72 hours and the formation of fluorescent ' ‘.
products are followed by measuring the fluorescent
15 spectrum with excitation at 360 nm and emission
between 390 and 500 nm. ‘
As indicated, PDTC decreases the concentration
of fluorescent adducts of BSA and 13-HPODE.
Figure 19 is a graph of the effect of PTDC on
20 the formation of fluorescent adducts of BSA and ox-
PUFA as a function of wavelength (nm) and
concentration of PDTC. As the concentration of
PDTC increases, the quantity of fluorescent adducts
decrease.

25 Example 16 Effect of PDTC on the oxidation of LDL
by horseradish peroxidaag'

Figure 20 is a graph of the effect of PDTC on
the oxidation of LDL by horse;adiSh peroxidase
(HRP), as measured over time (minutes) for varying

30 concentrations of PDTC} The oxidation of LDL was
followed by measuring the oxidation of the fatty
‘acid components of LDL as determined by the
increase in optical density at 234 nm. When a
polyunsaturated fatty acid is oxidized, there is a

35 shift of double bonds resulting in the formation of
conjugated dienes which absorb at 234 nm. The

E



acids, including but not limted to polyners and copol yners of |ysine,

argi ni ne, pposmAe, 10 aspartic acid, cysteine, cystinepcgiytoabhisse aci d,
gl.utam ne, hydroxylysine, serine, threonine, and tyrosine; polyorthoesters,
i ncluding poly([err]-hydroxy acids), for-gganple, polylactic acid,
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pyrldyl-lomer al kyl - ower ‘al kyl
wherein Y is th|GD&CzynhmbltﬁbmphobwnﬁB£DGWEPfaLD% prﬁﬁfbundanyl-lomer

al kyl; thiazol i nyannaeer n3@ lsab%ﬂcentEbEQBhdHQ&EnhQWEr al kyl ;
nnrphollnyl-lomer hydr oxyal kyl ; N-pyrryl; piperazinyl-|ower aIkyI N-

substituted piperazinyl -1 ower aIkyI wherein the substituent is | ower
al kyl; triazol yl Exaspleallyyl ; EEEhhazaEybnmcweh 2hley cytokihezdhdueedno- | ower
35 alkyl; or thlazolyl-lomemochhﬂiom pfaoxaPOPAnat i ve enbodi nent, a di ner
such as B- C(S)S-SC(S)-B can be adm ni stered.

Figure 21 is a chart of the effect of PDTC on

the cytokine-induced formation of ox-PUFA in human
aortic endothelial cells. As indicated, both TNF-«

15 and IL-1B causes the oxidation of lincleic acid to
ox-linoleic acid. The oxidation is significantly
prevented by PDTC.

2. Modification of the Svnthesis and Metabolism of
PUFAs and ox-PUFAsg

20 Inhibition of the expression of VCAM-1 can be
: accomplished via a modification of the metabolism
of PUFAs into ox-PUFAs. For example, a number of
enzymes are known to oxidize unsaturated materials,
including peroxidases, lipoxygenases,

25 cyclooxygenases, and cytochrome P450. The
inhibition of these enzymes may prevent the
oxidation of PUFAs in vivo. PUFAs can also'be
oxidized by metal-dependent nonenzymatic materials.

30 Iv. Method for Modifying the Expression of a
Redox-Sensitive Gene

In an alternative embodiment, a method is
provided for suppressing the expression of a redox-
sensitive gene or activating a gene that is

-
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sel ected conpeepgitive genes that are involved in the

presentation of an immune response include, but are

not limited to, those expreséing cytokines involved

in initiating the immune response (e.g., IL-1R),

10 chemoattractants that promote the migration of
inflammatory cells to a'point of injury.

(e.g., MCP-1), growth factors (IL-6, thrombin _
receptor), and adhesion molecules (e.g., VCaM-1 and (
E-selectin). _ _

15 Given this disclosure, one of ordinary skill in
the art will be able to screen a wide variety of
antioxidénts for their ability to suppress the
expression of a redox-sensitive gene or activate a

- gene that is suppressed through a redox-sensitive

20 pathway. All of these embodiments are intended to

fall within the scope of the present invention.
Based on the results of this screening, nucleic

acid molecules containing the 5’ regulatory

sequences of the redox-sensitive genes can be used

25 to regulate or inhibit gene expression in vivo can
be identified. Vectors, including both plasmid and
eukaryotié viral vectors, may be used to express a
particular recombinént_S' flanking region-gene
construct in cells depending on the preference and

30 judgment of the skilled practitioner (see, e.g.,
Sambrook et al., Chapter 16). Furthermore, a
number of viral and nonviral vectors are being
developed that enable the introduction of nucleic
acid sequences in vivo (see, e.g., Mulligan, 1993

35 Science, 260, 926-932; United States Patent No.
4,980,286; United States Patent No. 4,868,116€;
incorporated herein by reference). Recently, a



shoul d be fornul ated to be absorbed by the skin in a sufficient anount to
render a tResoafsuisc effect 15  to the afflicted site. The perusosnssse

di t hi ocar boxyl ate nmust be physiologically acceptable. In general, conpounds
with a therapeutic index of at |least 2, aiBEpreferably at least 5 or 10,
are acceptable. The therapeutic 20 i ndex is defined as the
ECerr]/1derr], dtmkkeery BEEysten was tdavelopasht imtwhiich fnwoiegio ratidat
inhibits the exprgssd MAM 13 D Yox00% I | ration
of conpound that | s%%ﬁltﬂb 50%161? ?{%?Igir}ge]f%e tfn}fé &}Htﬁrf ar %(?% city can
be 25  measur ed W?ﬁtreé{tlrtgﬁv%’ﬁﬂﬁ]s‘{ IS gh mARRalx c| ThisByYaewari ous
met abol i ¢ acti vi thasthsbresused tasimittddyds ONIE ine®riind add s & known to

those skilledin Ehﬁ T rapeutic index of PDITC in tissue culture
is over 100 ;gs rreasur’?dfenyt’g‘g’&&ge at%%ctci‘{]’yceonv’r ,‘%;sf’%bi lity to inhibit
VCAM- 1 expr essi orerdnthekiam mndrine imantdiE (ssd,s.e gt iZhu studiles, on t he
rapi dly dividing £4d4 %dﬁéhééLé%ﬁ}“ﬂHﬁléﬂiﬁ)' é%ﬁ?gyg toxicity at
concentrations 100-fol'd greater than the ]?S%t rapegu%li ?léclgenlcrgn ifation.
‘Disulfiram an oi%8§8FeRFR)ni stered form of diethyl dithiocarbamate, used in

the treatment of al cpwlsalflshkidR)ehlehces \W2 FHSYeox-sensitive

PCT/ US95/ 05880 "Eéne can be used to inhibit the expression of the
redox-sensitive gene. For example, an antisense
RNA of all or a portion of the 5’ flanking region
of the redox-sensitive gene can be used to inhibit
expression of the gene in vivo. Expression vectors

15 (e.g., retroviral expression vectors) are already
available in the art which can be used to generate
an antisense RNA of a selected DNA sequence which
is expressed in a cell (see, e.g., U.S. Patent No.
4,868,116; U.S. Patent No. 4,980,286).

20 Accordingly, DNA containing all or a portion of the
sequence of the 5’ flanking region of the gene can
be inserted into an appropriate expression vector
so that upon passage into the cell, the
transcription of the inserted DNA yields an

25 antisense RNA that is complementary to the mRNA
transcript of the gene normally found in the cell.
This antisense RNA transcfipt of the inserted DNA
can then base-pair with the normal mRNA transcript
found in the cell and thereby prevent the mRNA from

30 being translated. It is of course necessary to
select sequences of the 5’ flanking region that are
downstream from the transcriptional start sites for
the redox-sensitive gene to ensure that the
antisense RNA contains complementary sequences

35 present on the mRNA. Antisense RNA can be
generated in vitro also, and then inserted into
cells. Oligonucleotides can be synthesized on an



elicits no major clinical toxicities when adm nistered appropriately. There

are a few dithi ocarbamates that are known to be genotoxigc, conpounds
do not WQ9R¥IS it hin the scope of the present inventi (fﬁ"m{l%?’ﬁ%g? s limted

to the adm ni stration of physiol ogi caldg. acceptable materials. An exanple
of a genotoxic dithiocarbamate is the fungicide zinc

di net hyl dlthlaﬁabhaﬂaaesyntﬁuéibsf (éhg. 1Modentd Tow | dutesiifiadbe properties
of certain d|th|0ﬁarbanate? @ ead %g neur%kwéé%gfffects ller, D
(198) . Neur SYREREPE5ER; SF METLLFE RoEE R obhav. Toxi col .
Teratol . 4(6)or7EBIgModel 380B) Thelneadditicmocantisense e as used herein
specifically j I amates of the
formul as: R[er?i%%?S?ﬂIoFg%%?énggé hQq’é(-}}gerér:?R‘f N'?&S)%C% SC( S)NR[err] Rl err]
wherei n RPerrgEfectipe énphﬁﬁﬁﬁéﬁb¥9c%?¥? %Eﬁﬁﬁﬁ @ation, including

~but not |initedrid 8 wahtﬂehafeseane gr mﬁééﬂﬂ&eétf]ﬂ e.r riﬁaarr] wher ein
:?[err], E[err R[er R[erl 2€ Cfgéj%g{@ e?tl_'(]:[err]

i near ranc 0 one or
mgeRPydrfxylamtoumsaergrm%mmm_s&meﬁ wbmn:%uwi ogs) or ?ryl |
an err] an a e . . or cyclic
Ty L B TCPTERTER y

- (CH[er‘n‘-P)[eBB}OIP@Br}RP@HFrOO eu—q-%93]w;icqer5§3?[%39] daoser

hydr OXY(C[e”H@lEK&morQV Beeent ﬁBFk%&éréhéﬁgeéﬁ@é ﬁg;?f&kéd‘te 30 a

bri dge such asnﬁlbl ggﬁ ogeexpréé51o§rg£nan;é§e Ey’aégksense
oligonucleotides is possible if the antisense "
oligonucleotides contain modified nucleotides (see,

15 e.g.,.offensperger'et. al., 1993 EMBO J. 12, 1257-
1262 (in vivo inhibition of duck hepatitis B viral
replication and gene expfeésion'bY”antisense
phosphorothioate oligodeoxyndcleotides): Rosenberg

et al., PCT WO 93/01286 (synthesis of sulfurthioate

20 oligonucleotides); Agrawal et al., 1988 Proc. Natl,
Acad. Sci. USA 85, 7079-7083 (synthesis of |
antisense oligonucleoside phosphdramidates and
phosphorothiocates to inhibit replication of human
immunodeficiency virus-1); Sarin et al., 1989 Proc.

25 Natl. Acad, Sci. USA 85, 7448-7794 (synthesis of
antisense methylphosphonate oligonucleotides); Shaw
et al., 1991 Nucleic Acids Res 19, 747-750

(synthesis of 3’ exonuclease-resistant
oligonucleotides containing 3’ terminal

- 30 phosphoroamidate modifications); incorporated
herein by reference).

The sequences of the 5’ flanking region of the
redox-sensitive gene can also be used in triple
helix (triplex) gene therapy. Oligoﬁucledtides

35 complementary to gené prdmoter sequences on one of
the strands of the DNA have been shown to bind
promoter and regulatory sequences to form local

-



wherein R err] is alkyl, aryl, alkaryl, or aral kyl, including acetyl,

propi onyl, @B(; )Ewl ¥ryl. Specific exanples of useful dithi Ocaf@ﬁg%ﬁﬁgo
i |l ustrated I gure 15, include sodium 35 pyrrolidi ne- N-"car bodi t hi oat e,
sodi um N- et hyI N- carboxymet hyl - N- car bodig-hi oate, trisodium N, N-

di (car boxynet hyl ) - N-car bodi t hi oate, sodium N WO 95/ 30415

PCI/ US95/ 05880 - 451 Eé %ciégéta?@mr!?eﬂé‘@é hagidiipric sodium N N
di et hyl - N- car bodi t hi oat spdi u d| et hyl di t hi o- car bamat%#go and sodi um

N, N- di i sopr opy! - NTEFEAREHD L% ene et v it D MatRERtat es and
in particular, diaki ommwazs-tm corsan ataldly. avieedialhgelor can be
prepared using k%ﬂ#g 9 I ) gi t b|

di t hi ocar boxyl ates to 1nni h343150%ﬂe€pré£%|ﬁ éoef/ %Mrh%ﬁ n"tléea’rreasured

in a variety df Mwé%t%wlo&OQW}d&%lal bel ow in

Exanples 9 to 15.1duy e, 45EEES Youhlg atd 2 151#180;*  the
eval uati on of thw of SOdI umsléyrroll in

car bodi t hi oate ( W 're not intended
to limt the scopmldntire etvehn, OIBSWMWMWE use of

any of the above-gdescid Path &L PN o 1., Nucl. Aci

10 20, 1777-1784; 1992 Grigoriev et al., J., Biol.
Chem. 267, 3389-3395,

Recently, both theoretical calculations and
empirical findings have been reported which provide
guidance for the design of oligonucleotides for use

15 in oligonucleotide-directed triple helix formation
to inhibit gene expression. For example,
oligonucleotides should generally be greater than
14 nucleotides in length to ensure target sequence
specificity (see, e.g., Maher et al., (1989);

20 Grigoriev et al., (1992)). Also, many cells avidly
take up oligonucleotides that are less than S0
nucleotides in length (see e.g., Orson et al.,
(1991); Holt et al., 1988 Mol. Cell. Biol. 8, 963-
973; Wickstrom et al., 1988 Proc. Natl. Acad. Sci.

25 USA 85, 1028-1032). To reduce susceptibility to
intracellular degradation, for example by 3’
exonucleases, a free amine can be introduced to a
3/ terminal hydroxyl group of oligonucleotides
without loss of séquence binding specificity (Orson

30 et al., 1991). Furthermore, more stable triplexes
are formed if any cytosines that may be present in
the oligonucleotide are methylated, and also if an
intercalating agent, such as an acridine
derivative, is covalently attached to a 5’ terminal

35 phosphate (e.g., via a pentamethylene bridge);
again without loss of sequence specificity (Maher
et al., (1989); Grigoriev et al., {1992). '

»



atherosclerosis, and other types of inflamuation 20 and cardi ovascul ar

di seas

gd by VCAM 1.  Any of the conpounds descr igqss

can be

easily substltuted for PDTC and evaluated in simlar fashion. Exanples 12

and 13 provi de conparative data on 25sgthe ability of a number of

di t hi ocarbamates to inhibit the gene expression of VCAM 1. The exanples -
bel ow establish maahodmetmlptcdubeﬂdtﬂaxntﬁﬁsﬁzeﬂbkﬂgam'ficalIy bl ock the

bility of W theljal 30 iIs in
Fospone %ké@l?%m]ﬁy aCtIVE Ien at %d and the

response to many signals

er osclerosis and the

i nfl anmat or y PesReAS eccagrngeeiion sandand apomatigidigestiqovE cel s

wer e isol at edfdIDowed by udleoritie | Prdgnwit)siddladt 8K e(ggnul at ed,
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were culture

(Hyd one),

[err]g/m end%!$k#ma}P¥¥§ID¥ﬁcﬁMnt
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WO

PCT/ US95/ 05880 - 44-
per fused i t H® tEnkSFPIRIH L At onfPPREGTY, S o, (4R PYRRIIbated with 1%
col | agenase fsynﬁl‘ietumuheﬂshmdsB?i{mr re}:&m;ﬂfe,erby arhuadyaaioemﬂy]agenase cells
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I ncor por at ed,aﬁEdfﬁEMm 1984 53, 323-356
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15
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25
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35

(phosphotrlester and phosphlte -triester methods);
Narang et al., in Mg;h_gg_zgzxmgl‘ 65, 610-620
(1980) (phosphotrlester method) . Accordingly, DNA
sequences of the 5’ flanking region of the redox-
sengitive gene described herein can be used to
design and construct oligonucleotides inclﬁding a
DNA sequence consisting essentially of at least 15
consecutive nucleotides, with or without base
modifications or intercalating agent derivatives,
for use in formihg triplé helices specifically
within the 5’ flanking region of a redox-sensitive
gene in order to'iﬁhibit expression of the gene.

In some cases it may be advantageous to insert
enhancers or multiple copies of the regulatory
sequences into an exp:eséion system to facilitate
screening of_methbds and reagents for manipulation
of expression.

V. Models and Screens

Screens fof disorders mediated by VCAM-1 or a
redox-sensitive gene are also provided that include
the quantification of surrogate markers of the
disease. In one embodiment, the level of oxidized
polyunsaturated fatty acid, or other appropriate
markers, in the tissue or blood, for example, of a
host is evaluated as a means of assessing the
"oxidative environment" of the host and the host’s

enmeiges @ﬁ%boﬂmﬁa./@ﬂ?es ear c h



Buffer, 2 nmM L- gI utamn, 100 [err]g/m penicillin and 10 100 [err]g/m
streptorryc oy own at 37[err]C on tissue culture plates _coated 0.1%

gel atin. %s Were passaged at confluency by splitting 1: 4P SPU0RBY ¢
used within the first 8 passages. |ncubati wi th Cytokines and O her
Reagents 15 Confl uent HUVE cel | s were washed with phosphate buffered saline

and then recei vedyfd Ty cat ]%f e 4D1C vere
added as pretreatnmept O m nute é\%efore ad(%dng cy (r)%%r%tes %%fekl hes and
ot her inducers we¥ ’cﬁ"r%ﬁ’:tcpys%&ﬁ%d to 20 nediumfor the tines and at the
concentrations indi Cir eshothendmssdiNienEN s he WY P EiRaatlind b was

the generous glft of ohn alana o M chi gan). TNFa was

obt ai ned from Bohti ncgeelﬂ %&%%Mg il a? FRALS MRFker  (Lps),
pol yi nosi ni ¢ Saci cdanpdiheieiiidti mdihag Revel dﬂ adm.dnmnrmduod: ReE

di t hi ocar bamat e rpl;&‘)p | et iﬁm %%ﬂ?ﬁ‘ g.(St. Louis, M.
Al'l ot her reagen'gég \/vereflﬁleliée)tgE aAnt gr’g tlim 0 atlon ‘Total cellular RNA
was isolated 30 byt ¥§thARCHAT A3 (i FenFiddizatdemiadi ém

t hi ocyanat e- phenalogtY Hre{sun 4¥ Xdnddthdiald1s g idghsed with phosphate

S0l Ut1 on was aci FGHARTIFR o Hatsy R5hdROr theido CRIEIESA 4 0) and ¢ hen
extracted wilth 2 cduntearpdrtsnd 9. efralluadddr ofthrig lmﬁm,é al cohol (24:1).
The RNA underwent, dyo, o0 for example, by challenging a host

with a PUFA or ox-PUFA and comparing the resulting

concentration of cell-surface or circulating VCaM-1

or other surrogate marker to a population norm.

15 In another embodiment, in vivo models of
atherosclerosis or other heart or inflammatory
diseases that are mediated by VCAM-1 can be
provided by administering to a host animal an
excessive amount of PUFA or oxidized

20 polyunsaturated fatty acid to induce disease.

These animals can be used in clinical research to
further the understanding of these disorders.

In yet another embodiment of the invention,
compounds can be assessed for their ability to

25 treat disorders mediated by VCAM-1 on the basis of
their ability to inhibit the oxidation of a
polyunsaturated fatty acid, or the interaction of a
PUFA or ox-PUFA with a protein target.

This can be accomplished by challenging a host,

30 for example, a human or an animal such as a mouse,
to a high level of PUFA or ox-PUFA and then
determining the therapeutic efficacy of a test
compound based on its ability to decrease
circulating or cell surface VCAM-1 concentration.

35 Alternatively, an in vitro screen can be used that
is based on the ability of the test compound to
prevent the oxidation of a PUFA, or the interaction

-
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pr eci pi g’,sm prior to being used for Northern blot an '?smﬁm[thern
Bl ot Aﬁg §S|s?sTbtal cellular RNA (20 pg) was size frac?#%ﬁg ed using 1%

- agarose 5 formal dehyde gels in the yg@sence of 1 ug/m ethidium brom de.
The RNA was transferred to a nitrocellulose filter and coval ently |inked by
ul traviol et i ofadi RUFANonsorgPUFSst wiathi akerotéinrossyemkin it r at agene, La

Jolla, CA. 1 i diezagi [oJ=18 [eLr 18 hours in
5X SSC (1X=15 rﬁﬁF%gé gkl@*nﬁ?@%ﬁ?a?’é’{’%%ﬁ%%ﬁ&n%%d%gﬁ‘flrgslm fate, 5X
Denhar dt soluﬁpﬁn?xﬁmpéﬁorﬁﬁﬁpﬁ§; QDBAKBEIWRE SRR @S aMd 100 ug/ m  of
sheared denat geedxsahse) IRpoRYGRRasEPPEPELoBkPhendde, dr2X 10[err] cpnin

of | abel ed probe ecif ctivity> 108 cpmiug DNA) were used per
hybri di zaPi on?’YFBf("?‘gW“ﬁgb§§§ri di zation, filters were washed with a final
stringency of 0.2X &hécherSéhboditenthevastubarel éndoskeldal stripped using

boi | ed wat er _PLL.Qr LS 1% 0L L diegat L oD W )t pg obes.
Autoradiograpégl%gsgggrfégﬁé§g§ﬁ%ﬁ gﬁﬁi%t§ﬁ2¢%€?%99§%¥e£n.at -70[err] C
[err] Probes: -fisdnEinganaregialAfprodpsappreprhate ucimg and themom pri ner

ol i gonucl eO“E?oﬁEth?- ahPCagBropt FAML In@aRle ¥BF éRamsPe Ry fragnent of
human cDNA. The ELAM.1 probe was a 1.85 kb H nd 111 fragnent of
10 sonication or freeze-thaw. The cytosolic and
membrane compartments are isolated. Radiolabeled
PUFA is added to defined amounts of the.
compartments. The ability of the liquid to convert ‘
PUFA to ox-PUFA in the presence or absence of a
15 test compound is_assayed. Intact cells can be used

in place of the broken cell system.
III. Pharmaceutical Compositions

Humans, equine, canine, bovine and other

animals, and in particular, mammals, suffering from

20 cardiovascular disorders, and other inflammatory
conditions mediated by VCAM-1 or a reddx sensitive
gene can'be.tréated_by administering to the patient
an effective amount of a compound that causes the
removal, decrease in the concentration of, or

25 prevention of the formation of an oxidized
polyunsaturated fatty acids, including but not
limited to oxidized linoleic (C, A™?), linolenic
(C,g A1), arachidonic (Cy AS®!M1#) and
eicosatrienoic (Cp A*!Y) acids; other oxidation

30 signal; or other active compound, or a
pharmaceutically acceptable derivative or salt
thereof in a pharmaceutically acceptable carrier or
diluent. The active materials can be administered
by any appropriate route, for example, orally,



human cDNA. The VCAM 1 probe was a Hnd Il11-Xho | fragnment of the human
cDNA consisting of nucleotide 132 to 1814. 30 Enzynme Linked

| munosor beWP A8 (ELISA): HUVE cells were plated on 96- et TUR4SOSER2
culture plates 48 to 72 hours before the agsay. Primary antibodies in M99
with 5% FBS were added to each well and |n§gbated one hour at 37[err]C. The

cells 35 were tE?QeW@&QSﬁ}gg %BQEHEH§§Q§&?utgggr?ﬁgimﬁii per oxi dase

conj ugat ed goat anhti-nouse O1n 99 with 5% FBS.
The wells were  SWbcYtazegusly, or topically.

PCT/ US95/ 05880 - 46- hlenseashesedand bh&dtangfahEBﬁlabEdﬁlelg}F,‘t ected by the
addition of 100 [err

W Lh 0. 003% H or r PEFEPFRC1n8 SR EA: OF o ONRE PR FERSBY LReoRRP Pby of 35

[err]] of 8N 5 somplexesathdt rErativsther desdézddobhighogicsi reader (Bio
rad) at D 450 nm.gthghcl BRkiAd QBo&QW§d§ﬁﬁh@§@d0Eb&p&hﬁﬁssﬁﬁand step

anti body. Data represent I cate. _Al di es: Monocl onal
ant i body (MAb) 4B§xh@bltr@éﬂgﬁﬁilﬁ§d9§§6ﬁﬂaF°6éF9188HE§ioﬁfﬁBFEEUIe 1

(VCAM 1) was the geRehiouys gkl texain Pes éQhEuHﬁf bamtéUaruer(aotana
Washi ngton). MAb E9ALELl recC é Eﬁ g elial cell nol ecul e
(ELAM 1) was the @EREEISR §i o s\‘xér*- AROFERBLSG 6ﬁ?‘§5r32?

10 example, hydrochloric acid, hydrobromic acid,
sulfuric acid, phosphoric acid, nitric acid, and
the like), and salts formed with organic acias such
as acetic acid, oxalic acid, tartaric acid,
succinic acid, malic acid, ascorbic acid, benzoic

15 acid, tannic acid, pamoic acid, alginic acid,
polyglutamic acid, naphthalenesulfonic acid,
naphthalenedisulfonic acid, and polygalacturonic
acid; (b) base addition salts formed with
polyvalent metal catiomns such as zinc, calcium,

20 bismuth, barium, magnesium, aluminum, copper,
cobalt, nickel, cadmium, sodium, potassium, and the
like, or with an organic cation formed from N,N-
dibenzylethylene-diamine, D-glucosamine, ammonium,
tetraethylammonium, or ethylenediamine; or (c}

25 combinations of (a) and (b); e.g., a zinc tannate
salt or the like.

The active compound or a mixture of the
compounds are administered in any appropriate
manner, including but not limited to orally and

30 intravenously. General range of dosage for any of
the above-mentioned conditions will be from 0.5 to
500 mg/kg body weight with a dose schedule ranging
from once every'other day to several times a day.
Preferred daily dosages are between approximately 1

35 and 3000 mg/patient/day, more preferably between
approximately 5 and 500 mg/patient/day, and even



15 Hybri domas produci ng mAb 84H10 recogni zing intercellul ar adhesion
nolecule 1 (ICAM 1) are routinely grown in our |aboratory and antibody was
used as™q Scul ture supernatant. Exanple 9 PDTC Bl BEVESI(OS$8 \i(di at ed
I nduction 20 ' of HUVEC VCAM I, but not |ICAM 1 or ELAM 1, nRNA
Accunul ation To determ ne whether the Oxidative state of the endotheli al

cel | can al tea.o&eepgegakaaiyi, nﬂﬂlﬁﬁgegﬁggﬁﬁgk?ﬁ?eélffié #ifegson nol ecul e

genes, 25 cul tureqd human vascul ar ells were exposed to the

i nduci ng cyt oREABAELEREYABYe U/ ) in the presence or absence of the

g Bi ?l at ]elc\i/’ rr]f:t al "chel aggmgeamhgeiisidaﬁt,nyﬁlglbd_i iﬂzﬁnﬂhiﬂﬁ@ﬁédo lb@aal__ IbteI ( PDTC,
err or to ours,. shq in e AL- al one

(lanes 2, 4, %FHE?YFnBSEESP?ﬁ8m3x888?§€tfﬁﬁf§n3naft RsFERtVE nducti on of

VCAM 1 (Panetompoutidsefeabpnt( BLAMEQ, 1PAneM, Bpreaferaictwt abodanel C) nmRNA

accunul ation, 42 f Ncial Kiat ur , { ' presence of
POTC, IL- 35 * ppull “EhiB REDDE) aLRUEvEAL! for ERURKEL, bP LHE DY oSS y

i nhi bited by &REFayevPusaABiestirane 3 sglution)or fermulatie®, although
| L-1'b nmedi at edf théOalbiv@4ihgredient, optionally in saline, or

PCT/ US95/ 05880 _-47- induction of ELAM1.1s sli.ghtly jinhibited at 2 and 24
hours (conpar 8% 2fUesus,fediug aﬁdagwlﬁéﬁéﬁrgs,as 4 ﬁofus of ‘the

10 active ingredient. _

The compounds can also be administered directly
to the vascular wall using perfusion balloon -
catheters following or in lieu of coronary or other ‘
arterial angioplasty. As an example; 2-5 mL of a

15 physiologically acceptable solution that contains
approximately 1 to ‘500 uM of the compound or
mixture of compounds is administered at 1-5
atmospheres pressure. Thereafter, over the course
of the next six months during the period of maximum

20 risk of restenosis, the active compounds are
administered through other appropriate routes and
dose schedules.

Relatively short term treatments with the active
compounds are used to cause the "shrinkage" of
25  coronary artery disease lesions that cannot be
treated either by angioplasty or surgery. A
nonlimiting example of short term treatment is two
to six months of a dosage ranging from 0.5 to 500
mg/kg body weight given at periods ranging from
30 once every other day to three times daily.
Longer term treatments can be employed to
. prevent the development of advanced lesions in
high-risk patients. A long term treatment can
extend for years with'doéages ranging from 0.5 to
35 500 mg/kg body weight administered at intervals
' ranging from once every other day to three times
daily.



PDTC does not inhibit the induction at 4 and 8 hours (lane 5 and 7, panel
IL-1b 5%“8 5 induction of 1CAM1 nRNA accunul ation i cted
(panel B, %é g 5 7, 9). Indeed, a ml|d augnentation owﬁgﬁlﬁ;@
i nduction of I CAM1 nRNA accunul ation (-3@%- is observed (conpare | anes 4
and 5, panel B). Equivalent anounts of 10 nitrocel lul ose transferred RNA
Ser | ane was conf: r ek bgcrﬁwa dicmpdunds darstadisd e adthiviist@redhtiron. A
ose-response an Si_s gl inhibits the
i nduction of 15 atm rp%g{‘rree%%%&%t?qg‘ @c{]%n\wqﬁgggggypendent
manner. As shown dardsiagy @HBD-OPIiBR;YI el tﬂ@alfLS Ite megusee®n nducti on of

VCAM 1 gene expr e S.Lélﬁ'hé’ﬁé 1 SRS SricASFUTHEE iGd Wad Figure 11, panel
Q) V\nthaCﬁlsgula]}{lqu;l err ?é‘]:f%a romttrﬁa?'[elxlomrr] ile PDTC 20
oes not inhivbit MR Qﬁl‘aé{\{l Th with these
rcﬂ%&g\ent rati Ions_ (B]Q;nlhh#mrﬁlgrﬁ)ﬁlcam: lde-dremiz.ed i nduction of | CAM 1
accunul ation is,enhanced b ] t gher than
0.5 [err]M (Fig. 2, WILQ%S%“’%&&# (#Ian(e\aqgl‘rﬂislﬂ'g':’aetr'lﬁ%C’I)qi These data
denonstrate that ddnjtinaj:tmdn adthn afihey oeddoatilonse, ua;nii im q@wt icular, a.

di t hi ocar bamat e sml n the
I nducti on of VCA genﬁ?é%ﬁl&%sﬁldirsdl% aI so Fpear to indicate

that this diXthi oddiisiiewerdng Fgants icivas rﬂﬁ"km“tﬂl gnificant role
in the IL-1b nedipte&st ifidiEdid Platelet aggregation inhibitors

such as aspirin; antithrombotic agents such as

coumadin; calcium channel blockers such as
varapamil, diltiazem, and nifedipine; angiotensin

15 converting enzyme (ACE) inhibitors such as
captopril and enalopril, and B-blockers such as
propanalol, terbutalol, and labetalol. The
compounds can also be administered in combination
with nonsteroidal antiinflammatories such as

20 ibuprofen, indomethacin, fenoprofen, mefenamic
acid, flufenamic acid, sulindac. The compound can
also be administered with corticosteriods.

The concentration of active compound in the drug
composition will depend on absorption,

25 distribution, inactivation, and excretion rates of
the drug as well as other factors known to those of
skill in the art. It is to be noted that dosage
values will also vary with the severity of the
condition to be alleviated. It is to be further

30 understood that for any particular subject,
specific dosage regimens should be adjusted over
time according to the individual need and the
professional judgment of the person administering
or supervising the administration of the

35 compositions, and that the concentration ranges set
forth herein are exemplary only and are not
intended to limit the scope or practice of the

-



ELAM 1 or | CAM 1 gene expression. Exanple 10 PDTC Bl ocks I nduction of

HUVEC VGhbh MRNA Accunul ati on by Milt Rosodidsgsy | TO
det erm ne V\%et Eser ot her wel |l -described activators of VCA Et gene expression
also utilize a WD 95/ 30415 -64-

PCT/ US95/ 05880 -48- PDTC sensitive step, three distinct classes of
activators werelaitmeédcomposheion| asthe action cingmatlismn maydds ng agent

(TNFa), a non- gﬁﬁggigﬁe ﬁﬁe&é€d%§rmg}|w@iy§@£§hﬁ{ﬁ?ﬂ§a{(LPS)) and a 5

recently descri nove cer _(doubl e stranded RNA 0) In al

t hree cases, F!!J?'E‘,bﬁ?aﬁﬁt?@éu?rl%ﬁﬁt"e%l he,ad Wfd&kﬁq%ﬁﬁ fat/CAM 1 nRNA
accunulation | MatiMiEgs lﬁfégvaigu6fh@um§ (Flgure 12, Panel A). Al though the
TNFa medi af ed EL gene . . expressjon is re d,t o sonme extent
(Fig. 12 Mre 1 odhY cgtggcg?lg}?n%ﬁgg%e%e?ﬁ%% 'FF?S%%‘?&PELAMl TRNA
accunul ation wasennadikneed OFi gn eQilbhe]ecar:&epanél'ha) maYI'h:Ei nducti on of
| CAM1 nRNA ac | ST o I3 . 15 Thi s

Q#ﬁyégé?ruct r]é#f]y dlgéél&llég&l n?refé”é}f

dat a i ndi cates I nct _i ndu0| agent s, actl ng t hrough

di stinct pat hwe§Bletfar eFar cBRADPUFRRTE 2Hroral %lfﬁi?ﬁlﬁﬂecfor t he

i nduction of V%Mﬁlﬂ@ﬂ&t%ﬁreéﬁéoﬂctﬁiéf%lﬁédnd A%EI CL@' ocks HUVE Cel |
Sur f ace 20 : ressi on pf VCA

1ncorporated wgth excipients anc} &snéjéj in tbﬁ/e form
of tablets, troches, or ,capsules. _P_harmaceutz.cally

compatible binding agents, and/or adjuvant

materials can be included as part of the ‘
composition.
15 The tablets, pzlls, capsules, troches and the

like can contain any of the follow1ng ingredients,
or compounds of a 51m11a: nature:.a binder such as
microcrystalline cellulose, gum tragacanth or
gelatin; an_exéipient such as. starch or lactose, a
20 disintegrating agent such as alginic acid, |
Primogel, or corn starch; a lubricant such as
magnesium stearate or Sterotes; a glidant such as
colloidal silicon dioxide; a sweetening agent such
as sucrose or saccharin; or a flavorlng agent such
25 as peppermint, methyl salicylate, or orange
flavoring. When the dosage unit form is a_capéule,
it can contain, in addition to material of the
above type, a liquid carrier such as a fatty oil.
In addition, dosage unit forms can contain various
30 other materials which modify the physical form of
the dosage unit, for example, coatings of sugar,
shellac, or other enteric agents.
'The active compound or pharmaceutically
acceptable salt or derivative thereof can be
35 administered as a component of an elixir,
suspension, syrup, wafer, chewing gum or the like.
A syrup may contain, in addition to the active

-



Multiple Stinmuli To determ ne whether, like its nmRNA, the induction of

endothelial ;éhmﬁgrface protein expression of VCAM1 could ﬁé@ﬁ
i nhi bited by DTC, nonocl onal anti bodies were used in an § assay

to quantitate the induction of cell surfacggVCAM1 and ICAM1 in cultured
HUVE cells. As shown in Figure 13, nultiple classes-of activating agents,

in the absence of <Rt uthDTG)xcrb&éuﬁg tahewaetenaa i dgand whansient
accunul ati on of VCA &fo | ef t ganel g H@e sur.f ace ggaklng at six
hours. In the pre§?ﬁ5@l w)goali= o) {ondd Heﬁié SSABF}ng?hg nduction of
cell surface exprd&davorsof VCAM 1 by all agents tested is dramatically 35

I nhi bited (80-909 | f
i bi ted (80-90% . bl COALLASLorkBGANdUCBlagkAEEREL0A10] col | surface

PCT/ US95/ 05888 - 43ccgpiabledderivatrivendrri 6adtenshesprieranaadsei it

panel s). These dazamd@iBtered ﬁlthabthb&-kaci:ti&enﬁ@eeﬁamsutﬁb'toao cell
surface VCAM 1 exgefsslon ar sel e dlthhocarbanates

ti b
and that multiple a§§?§15f P&éﬁ?ﬁé gﬁ%?'u??lwié méFﬁ?Fﬁ s
di t hi ocar bamat e sehattsupp&embanlshetdesiﬂadeaVE&bhl gach aspression.

Exanpl e 12 CDnp%%%&b&%t@%gecEh¥§@ﬁ§§agg, antiinflammatories, or
10 antiviral compounds.

Solutions or suspensions used for parenteral,
intradermal, subcutaneous, or topical application
can include the following components: a sterile
diluent such as water for injection, saline

15 solution, fixed oils, polyethylene glycols,
glycerine, propylene glycol or other synthetic
solvents; antibacterial agents such as benzyl
alcohol or methyl parabens; antioxidants such as
ascorbic acid or sodium bisulfite; chelating agents

20 such as ethylenediaminetetraacetic acid; buffers
such as acetates, citrates or phosphates and agents
for the adjustment of tonicity such as sodium
chloride or dextrose. The parental preparation can
be enclosed in ampoules, disposable syringes or

25 multiple dose vials made of glass or plastic.

Suitable vehicles or carriers for topical
application are known, and include lotions,
suspensions, ointments, creams, gels, tinctures,
sprays, powders, pastes, slow-release transdermal

30 patches, aerosols for asthma, and suppositories for
application to rectal, vaginal, nasal or oral
mucosa.

Thickening agents, emollients, and stabilizers
can be used to prepare topical compositions.

35 Examples of thickening agents include petrolatum,
beeswax, xanthan gum, or polyethylene glycol,
humectants such as sorbitol, emollients such as

-



10 Ant i oxi dants in Blocking TNFa | nduction of VCAM1 To
determ G %}Eir structurally simlar or dissimlar ant] )Ug&}ég coul d
al so i nhl Bi M 1 gene expression, and w th what potenkg? Wells 15
were exposed to TNFa for six hours in i presence or absence of different

concentrations of four different antioxidants. As shown in Figure 14, both
di et hyl di t hi ocatiheral eo{ DETIAnselih Nt eitd dersiwitirddyAQr i nhi bited VCAM 1

expressi on at cenf r at i.0n r]1M and, 30, [err]. respectively.
In contrast, F’%%ta%%%%c I\R/va@s@?%%c%-v%io‘gm ?%rﬁj“{a"(f‘ﬁ%:ﬁr A%€ The iron
met al chel at orcommereiabky mvrilakke no effect at the concentrations tested.

Exanpl e 13 ~ PDTGuiphi-Rl tor TA¥c i FLEKA] O Mfordrfid o sweeteners . 1/ VLA-4
Medi at ed hesi on The gg%é:t% of a variety of antjoxidants to 1nhibit :
TNF-[err] ?ndutd®dheo? M9 SRAARKRE Y |kaske R/ AWESAL by the nethod set
- out in Exanpl epié€paFagions ldpphied ofaphladal hef fadtaticy anibad1l cel | 30

concentrat |oneS B CRAER | SBIREM Qred, 51 TR R RS s o DiOTC
(sodium N, N- dpartiytudachy binli tihe czaas  oSpriEi@aibnam desigred -
S sl SRR lon EILAR sifdigpl
PCT/ US95/ d8880 The active compounds can be prepared with
carriers that protect the compound against rapid
release, such as a controlled release formulation,
including implants and microencapsulated delivery ‘-
systems. Biodegradable, biocompatible polymers can
15 be used, such as ethylene vinyl acetate,
polyanhydrides, pelyglycolic acid}.collagen,
polybrthoesters, and polylactic acid. Many methods
for the preparation of such formulations are
_patented or generally known to those skilled in the
20 art. .

If administered intravenously, preferred.
carriers are physiological_séline or phosphate
buffered saline (PBS). |

_ The active compound can also be administered
25 through a transdermal patch. Methods for preparing
transdermal patches are known to those skilled in
the art. For example, see Brown, L., and Langer,
R., Transdermal Delivery of Drugs,.Annual Review of
Medicine, 39:221-229 (1988), incorporated herein by
30 _reference, , o

In another embodiment, the active compounds are
prepared with carriers that will protect the
compound agaihst_rapid elimination from the body,
such as a controlled release formulation, including

35 implants and microencapsulated delivery systems.
Biodegradable, biocompatible polymers can be used,
such as ethylene vinyl acetate, polyanhydrides,

- .



-50- MEDTC (sodi um N-net hyl - D- gl ucam ne-N- carbodi thi oate), MeOBGDTC

(sodiun1N-Qagfgﬁhgpxybenzyl)-D-gIucanine-N—carbodithioate),Pgﬁﬂggy&aﬂgium
|- N car bo

N, N- di et hy dithioate), D -PDTC 5 (sodi um

N, N-di i sopropyl - N-carbodi thi oate), and NACgzs (N-acetyl cysteine). Exanple
13 PDTC I nhi bits TNF Induction of VCAM 1/VLA-4 Medi ated Adhesion In
order to define wpelpglyeblGc akiil,t icodlafeh) poVizdkthoesgeratli andi s

associated with f ' l. C ue h i ndi Mol 1.=4 s to
FIVEG ool l's el t nePoiriaeti ot agiad CHEehodk 8oh BELBALRL MR BT stk o
exam ned for six Kogmylagione piddePecappazpstnte ShopeTekilbed- incells

have 15 been previgashytshowhe! fake?dalia 2ahl ¥358dpEU¥EEathaga VCAM 1
dependent nechani sm As sgﬁgn i_n Figuyre 16, the Eercen&aﬁe of Molt-4
déreds i

bi ndi ng to HUWEC EeFmEr§ EFOMh & 2PDFEIRAL AR LERARY] NO¥VRe nedia. 20
Exanpl e 14  PDTCphalkmacestlieateyt &nBi.ndi ng to the Thoracic Aorta of

the thiol ant oxi dant--PETenedlBBRE AR BRY, B8R 58", 0cki ng the Ti ret
nonocyt e bi ndi ng* phapaaceutdcaiiyeagsepbrblescanriersxpeThesat mayabenal
T onofmhrcoPhesil gedting (a5 Hebnbds kg Ebeipde (11 avenous
10 skilled in the art, for example, as described in
U.S. Patent No. 4,522,811 (which is incorporated
herein by reference in its entirety). For example,
liposome formulations may be prepared by dissolving
appropriate lipid(s) (such as stearoyl phosphatidyl
15 ethanolamine, stearoyl phosphatidyl choline,
arachadoyl phosphatidyl choline, and cholesterol)
in an inorganic solvent that is then evaporated,
leaving behind a thin film of dried lipid on the
surface of the container. An aqueous solution of
20 the active compound,or'its monophosphate,
diphosphate, and/or triphosphate derivatives are
then introduced into the container. The container
is then swirled by hand to free lipid material from
the sides of the container and to disperse lipid
25 aggregates, thereby forming the liposomal
suspension.
Modifications and variations of the present
invention will be obvious to those skilled in the
art from the foregoing detailed description of the
30 invention. Such modifications and variations are
intended to come within the scope of the appended



30 daily for 5 days. Injections .given via an |ndmeII|ng cannula in the

mar gi nal_ ear vein, 1 as kept' ﬂt nt by flushing with heparinized saline
sol uti o® %ﬁg‘lﬁDT ! $UISU%i on was mi xef fresh daily or on m@#” days

1§y, and filtered (0 45 nn1pore

filter) just prlor Gse. After the frrst ﬁ
95/ 30415 l“'“H@" H B -51- cannula

was pl aced, the éﬁug was admi nistered with thekrab Lt #n the conscious
state without apparent disconfort or other ill effect. On the second day of
i njections, the uabbw:mamhogife& @hpweesﬂhginhageipresé%bnhaEesterol by

wei ght, which ont i renai h riment.

the fifth day‘Mﬁﬁ%&a% %ﬁf ﬂéy g%#%e% Rq gﬁ Q?%gﬁgér% gggﬁg%was ex0|sed
and fixed. Aftdr aa@mmameetpa@p@rwms pendadmigesashenaged on 10 the

| oner stage of lonPS¥l 30 53¢ ggegargg reggope equipped with a
LaB emtter. fglng S%I scregéﬂ?gg |nu a tfgkgparent grid on the CRT

screen, 64 adjacént A &eFhos QrG%PPFEQﬁFPEcﬁpﬁoﬁ’WPES&%9§eQ to cover

an area of. 15 redqok-seidi®ive ge‘Abt gink adminiseerdmgeanof adherent

L?gﬁffﬁgleng and eréFhrogy ﬁss e AL %a@t%ge%g%tgecorded The data -

minlmzzes the oxidation of a polyunsaturated fatty

acid.
" 3. A method for activating a gene that is .
suppressed by the oxidation of a polyunsaturated ‘

fatty acid, comprising administering an effective
amount of a substance that prevents or minimizes
the oxidation of a polyunsaturated fatty acid.

4. A method for suppressing the expression of
VCAM-l comprising administering an effective amount
of a substance that prevents the_interaction
between a polyunsaturated fatty acid and a protein
that mediates the expression of VCAM-1.

5. The methoa of claims 1-4, wherein the
polyunsaturated acid is selected from the group
consisting of oxidized linoleic (Cy A™?), linolenic
(C;g A%*12), arachidonic (Cy A*%'-1¥) and
eicosatrienoic (Cy A*'M) acid.

6. The method of claim 2 or 3, wherein the
'redox-sen51t1ve gene is selected from the group
consisting of those exp;esszng cytokines involved
in initiating the immune response (e.g., IL-18) ,
chemoattractants that promote the migration of
inflammatory cells to a point of injury (e.g., MCP-
1), growth factors (é.g., IL-6 and the thrombin
receptor), and adhesion molecules (e.g., VCAM-1 and
E-selectih).

i
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bigHT HASHEREN ille

WBC and -25 RBC per 1.3 mnferr] field. . S
Seen 1 ar oo AL SRRV AR WY o7 %o im0 ! TRl

"Positive control' rabbifts fed*® 1% chol estggat—F6r—4 days but not gi ven

ant i oxi dant 25 show about a 5-fold increase in adhesion, to 38 WBC/ 1.3
mierr]. A considerabl e Trusthafd mfStdlyima 11-45i wherddhr ithewas observed
adherent to each gih Sauply | S 3 eay. EQ%? [ er.ial is an
artifact of preparation, (N#%Mggﬁﬁé;£§¥gﬁ %ﬁ§$@%, a&B%%d”?% %8% whet her it
is related to PDROFMRGAcalloh achepsabdeuddds -suggest that PDTC

[ m(‘j.utsiholn.s canEif f ef:tai,velpy nilétQﬁJG e ![ﬁart ItHe ) a_lgggggigggetggn%gg agrtic

endot hel i um a e nhj,bition o - uct §

with PDTC Fi gur e%qrgefsog}e@é%ﬂtd &rya&ﬁ%i L dB-AFL 1 COMPEESENGN t he

formati on of fl uauastdftyiaddtdies lefveBSAf oxiAi%ed3pblyunsaturated

PCT/ US95/ 05880 %ttsng&%% I—ﬂgg?%e gﬁ_ asyre io'&df.l uorescent units versus
[ . €

m cronol ar concentration o m-cronolar of 13- HPODE was i ncubat ed
with 200 micrograns %f BSmethodhd&opr shenpredicrbvg Par agsressmentaps.

Fl uorescence was p@RRadlisdth Al i4e0 A% MEdtalRae¥diskabe0lnal,1330- 360 nm  For
details of the comprising quantifying the level of oxidized
polyunsaturated fatty acid in the tissue or blood.
11. A method for the prediction or assessment

WBC adhesion is

of disorders mediated by VCAM-1 jip vivo, comprising
quantifying a surrogate marker for the level of
oxidized polyunsaturated fatty acid in the tissue
or blood.

12. A method for the prediction or assessment
of redox-sensitive gene mediated disease in vivo,
comprising quantifying a surrogate marker for the
level of oxidized polyunsaturated fatty acid in the
tissue or blood.

13. The method of claim 11, wherein the
surrogate marker is circulating or cell-surface
vCaM-1.

14. A method for the evaluation of the
sensitization of a host’'s vascular endothelial
cells to polyunsaturated fatty acids or their
oxidized counterparts, comprising challenging a
host with a PUFA or ox-PUFA and comparing the
resulting concentration of cell-surface or
circulating VCAM-1 or other surrogate marker to a
population norm.

15. A method to screen compounds for their
ability to treat disorders mediated by VCAM-1
comprising evaluating the ability of the compound
to inhibit the oxidation of a polyunsaturated fatty

acid. . -
This Sheet Has Been Rerilaced
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assay, see Freebis, J., Par g@gﬁ@@VHA§BEait nberg, D Proceedings of the
Nat i onal Acadeny of Scienc rl5688=00592 i1992 3ﬂ@é$§§ :
reacti oOP58%4fol s of LOOH rated by the I|poxygena @é%

oxi dation of linoleic acid) in i ncubateg_with 100 [err]g of bovine serum

al bumin for 48 to 72 hours and the formati on of fluorescent products are

foll owed by nmeasyigl ng af HetfnbuorceseeeeeﬁScomﬁaﬁﬁaglJEbw thegy¥cCitation at 360
nm and em ssi on hetween 3 3& I, nd |8a% PDTC decreases the
concentrat i on 368 FQbF@b&éﬁFt EGFQeGP BSQFQHG YHBEME- 1k qure 19 is a

gr aph gf the ebmpetisihgPEMElaatifig theeabdlimyi of ohef bumpeﬁﬁ&nt adduct s of |
BSA and ox- PUEA. u [ engt d_co tration of
ChaBhibitt 6! acataueiehong! ) bl ancoron6eR

PDTC. As the ration o I NCreases, € Qguan f fluorescent
adduct s decr eadgh a5proeeimpltarget. Eff ect of PDTC on the oxidation of LDL

by horseradi sh pqeoX|gpg@tﬁbapggrzghbstgeggﬁgﬁtogftQe effect of PDTC on the
oxi dation of LDL hy horsiradlsh peroxid nmeasured over tinme

(minutes) for CRXAIOVFSFY arb@ﬁé@ﬂPPaPFo &sPEﬂ@Pri?ﬁESOX|datlon of LDL
was fol | owed -hdmindsterigigt Af @fiféetive aﬁ.ot;he b8t &y aci d conponents of LDL

ol yunsat ur ot CEHPIARRRATREE, of BB, Eatmung, B-EE @) 587" O (1 of doubl e
bonds resulting MMethanfGrmaﬂecmedffxom;ugatguoupeaeasmbtmhgabforb at 234
nm The hydrogen, a pharmaceutically acceptable cation, and
a physiologically cleavable leavihg_group; _
and B is selected from the group consisting of ‘
alkyl, alkenyl, alkynyl, alkaryl, aralkyl,
haloaikyl, haloalkenyl, haloalkynyl, aryl, alkaryl,
hydrogen, C,4 alkoxy-C,,, alkyl, C,s alkylthio-C,,,
alkyl, NR’R}, - (CHOH),CH,OH, wherein n is 0, 1, 2, 3, .
4, 5, or 6, -(CH,)),COR!, including alkylacetyl,
alkylpropionyl, and alkylbutyryl, and hydroxy(C,.
¢t alkyl-. ' _
18. The method of claim 17, wherein A is
hydrogen or a pharmaceutically acceptable cation
selected from the group consisting of sodium,
potassium, calcium, magnesium, aluminum, zinc,
bismuth, barium, copper, cobalt, nickel, or
cadmium.
19. The method of claim 17, wherein A is a
salt-forming organic acid.
20. The method of claim 19, wherein A is
selected from the group consisting of choline,
acetic acid, oxalic acid, tartaric acid, succinic
acid, malic acid, ascorbic acid, benzoic acid,
tannic acid, pamoic acid, alginic acid,
polyglutamic acid, haphthaleneéulfonic acid,
naphthalenedisulfonic acid, and polygalacturonic
acid.
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WO 95/ 30415 —PEFAHE95/ 05880 - 53-

I nt er cept agatlii ONIScRHEE HAZBGERNase s _suggest ed
to be a ne(a%gu?ge}&g wau g!ﬂ LDL. REBBAGEDhe Iq}gl)ﬁf “%8
)

resistant is the LDL t Caldsy. 1095 ferty of human LDL is
I ncubated with 5 [err]MH[err]qerr] and t'He increase in absorptlon of 234

nmis followed. It i% obsggé/qgggﬁ@a Sé t&laff iﬁc%ﬁéf@ﬂx peripd, PDTC
HR

inhibits the oxidation o DL. b P in a manner 'S concentratlon
dependent. 10 E&@RR GFme%f R FPHR Fn WheR RiEegenguiced
formation of ox-Ri#igelFigure 21 is a chart of the effect of PDTC on the

cyt oki ne-induced forgmti thé)fm(fogli_tg#éff |&411 ao“%‘%ﬁﬁf’g othel ial cells. As
C o]

i ndi cated, both TNF-a 15 auses t 8 1% noleic acid
to ox-linoleic adttrogRnaus &eﬂﬂmmlﬁgmﬁ |a:amiqﬁ:yprczﬂ/mhecfdlymﬂlirc 2.

Modi fication of tNERTR!heiereatfl bt RDOIRSS 0
| nhi bition of thekﬁédx?R;SSI on of_ VCAM 1 cz?n ggﬁgcggéﬁ ?h%ﬁ%rg&{&}z
t

nodi fi cation of e&bolc?lsn?yFY-bUFh%d¥m ©re) P@kﬁ@ agyd .exanpl e, a
nunber of enzyrreqq,qq.aillﬁé}wy r@gléhe?.@l%q{éjr 3 -efl yrsdmidles, 1 ncl udi ng

per oxi dases, lipo@g& aEshey ammon1 n}/cl xeyt%e aesheeséi:.a?nr;.% cyt ochrone P450. The

23. The method of claim 17, wherein A is a
physioclogically cleavable leaving group.

24. The method of claim 17, wherein A is an
acyl group.

25. The method of claim 17, wherein B is NR’R?,
wherein R? and R® are selected from the group
consisting of alkyl; - (CHOH),(CH,),0H, wherein n is
6,1, 2, 3, 4, 5, or 6; -(CH,)),COR!, -(CH,),CO,R*;
hydroxy (C,4)alkyl-;- alkenyl; alkyl (COH),
alkenyl (COH), alkynyl(CO,H), or aryl, or R?! and R’
can together constitute a bridge of the formula
-{(CH;) ,-, wherein m is 3, 4, 5, or 6, and wherein R*
is selected from the group consisting of aryl,
alkaryl, or aralkyl, including acetyl, propionyl,
and butyryl.

26. The method of claim 17, wherein B is a
heterocyclic or alkylheterocyclic group.

27. The method of claim 26, wherein the
heterocycle is partially or totally hydrogenated.

28. The method of claim 17, wherein B is the
residue of a pharmaceutically-active compound or
drug which is directly linked to A-SC(S)- or linked
through a divalent linking moiety.

29. The method of claim 17, wherein B is
selected from the group consisting of probucol,

nicotinic acid, aspirin, coumadin, varapamil,
diltiazem, nifedipine, captopril, enalopril,
propanalol, terbutalol, labetalol, ibuprofen,

Sheet Has Been Replaced
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fﬁg of PUFAs in vivo.

I nhibition of these enzymesmay—ptrievent i
PUFAs can also b netaITawﬁé__ 5§§ﬁ} matic materials. 30

| V. Iﬂ“ﬂg* ﬂwﬁn! Ao Al o b= W - BCTHPOB%cne 1 n an
alternatlve enbo |ded for suppressing the expression

of a redox- sensitive gene or actlvatlng a gene that is - WD 95/30415

PCT/ US95/ 05889ndé(ﬂetﬁﬂ@l?heSESHO%P&PEHh Ref Sl Sedeid] ve pathway, that
i ncl udes adn1n|s%er|n ye. anount . of a supstance, that prevents the

oxi dation of FhBIBRAR SeﬁcéﬁgnﬁP 18d3C R 7 | SPTEIRPETEAG 0N of a 5
pol yunsat urated 8attyThei dleth8&pogsebaihi 12, rwhbu5156tuet|ve genes that are

ol ved 0 g, BESSEDRALOD 9L 20 AATHOL EEDRSR LG4 Bl are nol

limted to, oSe " expressrng cytokines nvo % he i nmune
response (e.gstructurer AP)G-RPIONRc@6FHSAL rmmrs thé:ts Br orrothet he

mgration of iﬁf:hi'ﬁggt%h&&é'éfthaaxgi’hzgta@id'ﬂ&”ﬁm(f%S , MCP-1), growth

factors (IL-6 I n receptorL adhesi on nol ec (e.g VCAM 1 and
E-sel ectin). hgdrogencpyehovarsa kgékosure one of ordinary Skl|| in the

art will be abl e3i0 SthechethwHISEVELlabhY1?] whér@h s for their ability
L0 suppress tgelymer to which one or more dithiocarbamate groups
are attached, either directly, or through any
suitable linking moiety. _
32. The method of claim 17, wherein the polymer

is biodegradable. ' ' ‘

—

%ﬁ%

33. The method of claim 32, wherein the polymer
is selected from the group consisting of peptides,
proteins, nucleoproteins, lipoproteins,
glycoproteins, synthetic and natural polypeptides
and polyamino acids, polyorthbesters, poly(a-
hydroxy acids), polyanhydrides, polysaccharides,
and polycaprolactone.

34. The method of claim 1, wherein B-C(S)sS- is
pyrrolidine-N-carbodithioate.

35. The method of claim 17 wherein the
cardiovascular disease is atherosclerosis.

36. The method of claim 17, wherein the
cardiovascular disease is post-angioplasty
restenosis.

37._ The method of claim 17, wherein the
cardiovascular disease is coronary artery disease.

38. The method of claim 17, wherein the
cardiovascular disease is anglna.

39. The method of clalm 17, wherein the
cardiovascular disease is a small vessel disease.

40. The method of claim 17, wherein the
dithiocarbamate is administered in a dosage of
between 0.5 and 500 mg/kg body wéight.
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expression of a redox- sehsitive'gene or

Tm gﬁggdat %‘egg!;(ms“%ntsl “Im*"ﬁ “!!mm he i nvent i on. PEISEASH58Y he

results of this screem ng >cul es containing the &
regul atory sequences of the redox- sen5|t|ve ‘genes can be used 25 to
regul ate or inhibit gene EXPrESSAO b é’ié’:?no.?ﬁ thé;dé‘ﬂl ‘{) £d. Vectors,

i ncl udi ng both plasnld and %%¥aryot|c viral vectars, e used to express
a particul ar recdfFHERFATPARTLMIG AR HIRFRR 1&6@&# igmh cells
dependi ng on the MH@dxerlﬁzetl&m’bﬁ.O judgnent of the skilled practitioner

(see, e.g., Sanbrook 6), . Furt e unber of vira
and nonviral vectors %‘r ea%%? %fw%g?;gl%% %lﬁlfﬁt en ee"%’ﬁb 5498 r oducti on of
nucl ei ¢ aci d sequiitheod¢arhamatg s:@ achnng'u,smed giam, cd:ﬂﬂi&xa&fn.on Sditdnce,

I S suppressed
fiments are

260, 926-932; Unig 5%ﬁ3 ek Pat ent No.
4,868, 116; mcorpo&q’l here{%E erenceg g%cent 95/ 30415
PCT/ US95/ 05880 ssmsfeﬁww y%t %remg)ewﬁntm cpiaﬁﬁzlt@c acid is
encapsul ated in cajd actidrpomimm cmrsaerh&e;nfanas‘dﬁf& éz%r?a/er&)usly into
a mammal . This syste as _.been u t.o introduce DNA into the ceIIs of 5
multiple tissues BLSIHR (€ Qﬁqﬂglfﬁiﬁqkﬁ Tyg @0 angiotensin converting

enzyme (ACE) inhibitor, a R-blocker, a nonsteroidal
antiinflammatory, and a corticosteroid.

43. A method for the suppression of VCaM-1
expression in human cells comprising administering
an effective amount of the dithiocarbamate
described in claim 17.

44. A method for the treatment of an
inflammatory skin disease that is mediated by
VCAM-1 comprising administering an effective amount
of the dithiocarbamate described in claim 17.

45. A method for the treatment of a human
endothelial disorder that is mediated by VCAM-1
comprising administering an effective amount of the
dithiocarbamate described in claim 17.

46. The method of claim 45, wherein the
disorder is selected from the group consisting of
asthma, psoriasis, eczematous dermatitis, Kaposi’s
sarcoma, multiple sclerosis, and proliferative
disorders of smooth muscle cells.

47. A method for the treatment of an
inflammatory condition that is mediated by a
mononuclear leucocyte comprising administering an
effective amount of the dithiocarbamate described
in claim 17.

48. The dithiocarbamate disclosed in any of
claims 17-34.
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endot hel i um and bone marrow (see, e.f{ : al ., 1993 Science 261,
209-211; _incorporated herein by ref i ng sequences of

t he reddWQQQHQﬁfive 10 gene can be

redox-sensitive gene. For exanple, an_gpITSense all or a portion of
the 5 flanking region of the redox-senSitive gene<¢af/ be used to inhibit

. expression of thasgena iphatmieuEXBaeSShRABo¥SEL SRS 1659 5 retroviral
expressi on ve .are alreadzgavailableB?ngg gﬁa?%éﬁﬁféﬁngainbe used to

rs
generate an antisemsd “RRACYPLatCeFERREICRRALS¥ATUAEE MhBeasesoExpressed in
a cell (see, @ gompousd Biseibskd. id, 8A9, d£6c1hids Patept No. 4, 980, 286).
20 Accor di ngl yggDNAxC Wl 0 grtion of the sequence of the 5
f1 anki ng region gg'thé ggﬁghggggggb%%sé?@ggsfﬁisnaﬁ°ﬁ55+5ngaﬁ% expr essi on
vector so thatifipshiyes3mguntnte tneated| disbrder amediaped opy of the '
i nserted DNA ycaMds af 25co hge Begh LS.,C ' nt to the nRNA
transcript of .the gene norng Igh?oﬁﬁgcin*t%efée%ﬁy #ﬁ?éfgﬁT?gt%ée RNA
transcri pt of "Che inserted DNA can then base-pair with the normal nmRNA
transcript found in the cell and thereby prevent the nmRNA from 30 bei ng
translated. It is of course necessary to select sequences of the 5
fl anki ng regi ' ) eam fromthe transcriptional start sites
for the redox-sensitive gene to ens i se RNA contai ns

conpl enent ary |1M"ﬁ"‘ﬂ1|llﬁﬂll|l|“[ esent mgsgggg{dgguﬁ.ggﬂla@mti sense RNA can be
R '




generated in vitro also, and then inserted into cells. O igonucleotides can
be synt heswoes/30415an WD 95/ 30415 ' PCT/US95/05880
PCT/ US95/ 05880 -56- automat ed synt hes§ 7Ze@ (e. 9., Moddel 8700 automated
synt hesi zer of MIIligen-Biosearch, Burlington, MA or ABlI Mdel 380B).
addi tion, antisense deoxyoligonucl eoti des have been shown to be 5
effective in inhibiting gene transcription and viral replication (see e.g.,
Zamecni k et al., 1978 Proc. Natl. Acad. Sci. USA 75, 280-284; Zamecnik et
al ., 1986 Proc. Natl. Acad. Sci., 83, 4143-4146; Wckstromet al., 1988
Proc. Natl. Acad. Sci. USA 10 85, 1028-1032; Crooke, 1993 FASEB J. 7,
533-539. Furthernore, recent work has shown that inproved inhibition of
expression of a gene by antisense oligonucleotides is possible if the

anti sense ol i gonucl eotides contain nodified nucleotides (see, 15 e.g.,

O fensperger et. al., 1993 EMBO J. 12, 1257- 1262 (in vivo inhibition of
duck hepatitis B viral replication and gene expression by anti sense
phosphor ot hi oat e. ol i godeoxynucl eoti des); Rosenberg et al., PCT WO 93/01286
(synthesis of sulfurthioate 20 ol i gonucl eoti des); Agrawal et al., 1988
Proc. Natl. Acad. Sci. USA 85, 7079-7083 (synthesis of antisense

ol i gonucl eosi de phosphoram dates and phosphorot hioates to inhibit
replication of hunqn '
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I mmunodefi ci rus-1); Sarin et al., 1989 Proc. 25 Natl. Acad. Sci. USA
85, 7448-779§a§§Vﬁ¥H%5|s of anti sense net hyl phosphonat e ollgog hﬁﬂ£ des);
Shaw et al., 1991 Nucleic Acids Res 19, 747-750 (synthesis of gf ds8so
exonucl ease-resi stant ol i gonucl eoti des containing 3' termnal 30
phosphor oam dat e nodifications); incorﬁb/ el herein by reference). The
sequences of the 5 flanking region of the redox-sensitive gene can al so be
used in triple helix (triplex) gene therapy. digonucl eotides 35

conpl ementary to gene pronoter sequences on one of the strands of the DNA
have been shown to bind pronoter and regul atory sequences to form | ocal

WO 95/ 30415 PCT/ US95/ 05880 -57-
triple nucleic acid heilces whi ch bl ock transcription of the gene (see,
e.g., 1989 Maher et al., Science 245, 725-730; Orson et al., 1991 Nucl.
Acids Res. 19, 3435-3441; Postal et al., 1991 Proc. 5  Natl. Acad. Sci.
USA 88, 8227-8231,; Cboney et al., 1988 Science 241, 456-459; Young et al.,

S Effactof Linolsic Atid and 14 APODE Dose Résponse

Res. 10 20, 1777- 1784 et al Bi ol . £hem
3389- 3305. ffﬁAM 1°Gene Expression

—O— Control
Linoleic |
—#— 13-HPODE

Q-_"Q\o_/o
0.00 Ty —t———r—r—T1TrT
1 10 100

1M Fatty Acid
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Recently, both theoretical calculations and enpirical findings have been
reported wwebs/ades/i de gui dance for the design of oligonucl eatesssessse use
15 in oligonucleotide-directed triple helix formation to inhibit gene
expression. For exanple, oligonucleotigﬁ? éh uld generally be greater than
14 nucleotides in length to ensure tar , eauence specificity (see, e.g.,
Maher et al., (1989); 20 Gigoriev et al., (1992)). Also, nmany cells
avidly take up oligonucleotides that are |l ess than 50.nucleotides in |ength
(see e.g., Orson et al., (1991) Fblt et al., 1988 Mol. Cell. Biol. 8, 963-

973; Wckstromet alesTT988 Acad. - SCi . 2 OSx 85, 1028-1032).
To reduce susceptibility to IDtJ celluhﬁ dg¥ dation, for jexanple by 3
exonucl eases, a fregg@ ne canf bg intr ud& a 3' term gal hydroxyl

group of oligonucleotifdes w
(OGrson 30 et al., 19p1).
i f any cytosines tha#4hay be
and also if an intercajating
covalently attached §pf a 5
pent anmet hyl ene bridge)} agai
et al., (1989); Gigorjev et
PCT/ US95/ 05880 2

q | oss of sequence binding|specificity
hernore, nore stable triplgxes are forned
ient I n the oli gonucl eoti d¢ are nethyl at ed,
t, such as as=acri*di ne derfi vative, is

nal 35 phodphat™T™( o la a

fhout | 0Ss ( Ghliae € gificity (Mher
(1992). q /
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-58- Methods to produce or synthesize oligo- nucleotides are well known in
the art. S¥oesiedilods can range from standard enzynmati c di ges/Usos/osesh| owed
by nucl eotide fragnent isolation (see 5 e.g., Sanbrook et al., Chapters
5, 6) to purely synthetic nethods, for 2épqgg£,.by t he cyanoet hyl
phosphorani dite nethod using a MIIigen kman System 1Pl us DNA
synthesi zer (see also, Ikuta et al., in Ann. Rev. Biochem 1984 53, 323-356
10 (phosphotri ester and phosphite-triester nmethods); Narang et al., in
Met hods Enzynol ., 65, 610-620 (1980) (phosphotriester method).

Accordi ngly, DNA sequences of the 5 flanking region of the redox-
sensitive gene described herein can be used to 15 desi gn and construct

ol i gonucl eot i des =i <=V U o N WEP=V=TET TV oS e ially of at
| east 15 consecut]i ve nucl eotides, with or mnthout bagy \S i fications or
intercal ating aggqnt derivatives, for use in formsng \\\» hel i ces
specifically 20 [ within the 5 flanking region of .\§“““ Lgg gene
in order to inhilit expressigq may be
advant ageous to ijnsert ¢ahaad regul atory
sequences into ar] expression eeni ng of net hods
and reagents for Jmani pul ati on of expression. V. Mdels andp Screens Screens
for disorders nmediated by VCAM1 or a redox-sensiti Ve« Qe are al so
provi ded t hat ind ude . \
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30 the quantification of surrogate markers of the disease. In one

enbodi nent wo pss3ddes/el of oxidi zed pol yunsaturated fatty aci BCTEHSIFISHEY
appropriate markers, in the tissue or blood, for exanple, of a host is
eval uated as a neans of assessing the 35/ 2cb<| dative environnent” of the
host and the host's WO 95/ 30415

PCT/ US95/ 05880 -59- susceptibility to VCAM1 or redox-sensitive gene

nmedi at ed di sease. In anot her enbodi nent, the |level of circulating or
cell-surface VCAM 1 or other appropriate marker 5 and the effect on that
| evel of adm nistration of an appropriate antioxidant is quantified. In yet
anot her assay, the sensitization of a host's vascul ar endothelial cells to
pol yunsaturated fatty acids or their oxidized 10 counterparts is

eval uated. This can be acconplished, for exanple, by challenging a host

wi th a PUFA or ox-PUFA and conparing the resulting concentration of
cell-surface or circulating VCAM1 or other surrogate marker to a

popul ati on norm 15 I n anot her enbodi nent, in vivo nodel s of

at heroscl erosis or other heart or inflammatory di seases that are nedi ated
by VCAM 1 can be provided by adm nistering to a host animal an excessive
anount of PUFA or oxidized




20 pol yunsaturated fatty acid to induce di sease. These ani_nal n_pe
used in cl iMPE¥PYI2search to further the understandi ng of tﬁgg?sag'%f‘gers.

In yet anot her enbodi nent of the invention,
treat disorders ne
their ability to inhibit the oxidation o

their ability to 25

conpounds can be assessed for

ﬁiptzz by VCAM 1 on the basis of
a po

yunsaturated fatty acid, or

the interaction of a PUFA or ox-PUFA with a protein target. This can be

acconpl i shed by chall engi ng a host,
such as a nmouse, to a high | evel

for exanple, a hunman or an ani nal
of PUFA or ox-PUFA and then determ ning

the therapeutic efficacy of a test conpound based on its ability to

decrease circul ating or, cel

surface VCAM 1 concentration. 35

Alternatively, an in vitro screen can be used that is based on the ability
of the test conpound to prevent the oxidation of a PUFA, or the interaction

WD 95/ 30415

PCT/ US95/ 05880 -60- of a

PUFA or ox-PUFA with a protein target in the presence of an oxidizing

subst ance such as a netal,
per oxi dase, |i poxygenase,

anot her enbodi ment,

other WK 4+ CHX
A.A.

L.A.
L.A. + CHX

CHX
CON

A.A. + CHX
A.A.

L.A.
L.A. + CHX

CHX
CON

for exanpl e,
cycl ooxygenase,

copper, or an enzyne such as a

5 cytochrone P450. In

cells are expose -

AA. + CHX
A.A.

L.A.
L.A. + CHX

CHX
CON

AA. +CHX
AA.

L.A.
L.A. +CHX
CHX

CON

Figure 6



I nducing material for an appropriate time and then broken by any

appropri at svoes30d15 f or exanpl e by 10 soni cation or freezePCTAS9SIOSERE
cytosolic and menbrane conpartnents are isol ated. Radiol abel ed PUFA i's
added to defined amobunts of the conparg ent § The ability of the liquid to
convert PUFA to ox-PUFA in the presence or absence of a 15 test conpound
I s assayed. Intact cells can be used in place of the broken cell system
I11. Pharmaceutical Conposition Humans, equi ne, canine, bovine and ot her
animals, and in particular, manmmals, suffering from20 cardi ovascul ar

di sorders, and other inflammatory conditions nediated by VCAM 1 or a redox
sensitive gene can be treated by adninistering to the patient an effective
anount of a conpound that causes the renoval, decrease in the concentration
of, or 25 prevention of the formation of an oxidi zed pol yunsat urat ed
fatty acids, including but not limted to oxidized linoleic (CJerr]),
linolenic (CJerr]), arachidonic (CJerr]) and eicosatrienoic (Cferr]) acids;
ot her oxidation 30 signal; or other active conpound, or a
pharmaceutically acceptable derivative or salt thereof in a
pharmaceutical ly acceptable carrier or diluent. The active materials can be
adm ni stered by any appropriate route, for exanple, orally,
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WD 95/ 30415 - PCT/ US95/ 05880 -61-
par ent er al Mgosvs/aonsavenousl y, intradermally, subcutaneousl|y, PEF/USHHISERE] | v.
As used herein, the term pharmaceutically acceptable salts or conpl exes
refers to salts or 5 conpl exes that m@¢alnlt he desired biol ogi cal
activity of the above-identified conmpounds and exhi bit mninmal undesired
toxi col ogical effects. Nonlimting exanples of such salts are (a) acid
addition salts formed with inorganic acids (for 10 exanpl e, hydrochloric
acid, hydrobromi c acid, sulfuric acid, phosphoric acid, nitric acid, and
the like), and salts forned wth organic acids such as acetic acid, oxalic
acid, tartaric acid, succinic acid, malic acid, ascorbic acid, benzoic 15
acid, tannic acid, panoic acid, alginic acid, polyglutamc acid,

napht hal enesul foni ¢ aci d, napht hal enedi sul foni ¢ aci d,, and pol ygal act uronic
acid; (b) base addition salts formed with polyvalent metal cations such as
zinc, calcium 20 bi smut h, barlu ] copper, cobalt,

ni ckel , cadm um ._sodium p I h an organic catio
f or med fron1N,Nb;bL+enzylet Ien-' ’ b Amoni um
t et raet hyl anmoni um or et hyrenedi S bi nat i ons of (@ an

(b); e.g., a zig|c, tgnnate salt o4 onpound or a
m xture of the Eﬁhp unds are admig
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manner, including but not limted to orally and 30 I ntravenously.

CGeneral rany®%R048sage for any of the above-nentioned condi gc@BSosikdsh D€
fromO0.5 to 500 ng/ kg body weight with a dose schedul e rangi ng from once
every other day to several tinmes a day. Preferred daily dosages are between
approximately 1 35 and 3000 ny/ pati @y/@ag, nore preferably between
approximately 5 and 500 ng/ pati ent/day, and even WO 95/ 30415

PCT/ US95/ 05880 -62- nore preferably, between approximately 25 and 500

ng/ pati ent/day. The active ingredient should be adm nistered to achi eve
peak plasma concentrations of the active 5 conpound of about 0.1 to 100
[err]M preferably about 1-10[err]M This nmay be achi eved, for exanple, by
the intravenous injection of a solution or formulation of the active
ingredient, optionally in saline, or an aqueous nedi um or adm nistered as a
bolus of the 10 active ingredient. The conpounds can al so be adm ni stered
directly to the vascular wall using perfusion balloon catheters follow ng
or in lieu of coronary or other arterial angioplasty. As an exanple, 2-5 nL
of a 15 physi ol ogi cal |y acceptabl e solution that contains approximately 1

to 500 [err]Mof the conpound or m xture of conpounds is adm ni stered at
1-5 :

J1ad+3L3dH-ST

J1ad+uopRpEIy

ILIJH-ST

nopnpesy

0.80 -
0.40 7
ocw h

w -

3

(qu €S '@ O) A1anoy SYVHL 2AneRy

#s-velue differs (p<0.05) from respeclive fally acid not trested with PDTC

s.value differs (p<0.08) from Control



at nospheres pressure. Thereafter, over the course of the next six nonths
during the Jé@PHI4T naxi mum 20 risk of restenosis, the acticHiseeeagsnds

are adm ni stered through other appropriate routes and dose schedul es.
Rel atively short termtreatnents with the active conpounds are used to

cause the "shrinkage" of 25 cor onar ry disease | esions that cannot
Yy 2 8

be treated either by angioplasty o
termtreatnent is two to six nonths of a dosage ranging fromO0.5 to 500

ng/ kg body wei ght given at periods ranging from 30 once every other day

to three tines daily. Longer termtreatnents can be enployed to prevent the

devel opnent of advanced lesions in high-risk patients. A long term

treatment can extend for years with dosages ranging fromO0.5 to 35 500
ng/ kg body wei ght adm nistered at intervals ranging fromonce every ot her

day to three tines daily. WO 95/ 30415

PCT/ US95/ 05880 -63- The active conpounds can al so be admnistered in the
period i medi ately prior to and foll owi ng coronary angi oplasty as a neans

to reduce or elimnate the abnormal proliferative and 5 inflanmatory
respowse THatr currently 1eads 10 ‘
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clinically significant re-stenosis. The active conmpounds can be

adm ni st er aglo bsy30a0$)) uncti on with ot her nedications used in tHoIUSosessaent oOf
cardi ovascul ar di sease, including 10 lipid | owering agents such as
probucol and nicotinic acid; platelet aggregation inhibitors such as
aspirin; antithronbotic agents such as counmadi n; cal ci um channel bl ockers
such as varapam |, diltiazem and ni1eliibi21(ﬂ angi otensin 15 converting
enzyme (ACE) inhibitors such as captopril and enalopril, and [err]-blockers
such as propanalol, terbutalol, and | abetal ol. The conmpounds can al so be
adm ni stered in conbination with nonsteroidal antiinflanmmatories such as 20

i bupr of en, indonet haci n, f?gﬂgr? n 3 ﬁ ang C [achLd,] T RUT €N R aci d,
sul i ndac. The conpound can 0 %E%?ﬂln qtere wth cortyc sje i ods. The
concentration of active conmpoun al JQJ ddug ¢ o§itlon M | | d¢pend on
absorption, 25 distribution, iMacti@piid® X Bt bt ated of the
drug as well as other factors known tojthose of skill in the arf. It is to
be noted that dosage values w || 283 ary with the severity of |t he
condition to be EP%@H%ﬂ . It is to bp fugiher g0 @pderstoodjthat for
any particular subject, specific dosagg regtmens shoul d be adjugt ACAMT1
time according to the individual need hnd the professional judggent of the
person admini stering or supervisinggghe administration of the 3
conpositions, and that the concentralin ranges set ]
1 23 4 567829
TIME (HOURS)} O] 2 q 8 24
PDTC | =|= ¢|= +]|- +|- ¢+
, IL=18] =|+ «|+ +|+ +{+ +
Figure 10b 28S -
e "!tﬂﬂ!!"“lli‘
) - E-SELECTIN
18S -
1 23 45 67 89
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forth herein are exenplary only and are not intended to limt the scope or
practi ce ofwobs3041s WO 95/ 30415 PCT/US95/05880

PCT/ US95/ 05880 -64- clained conmposition. The active ingredient may be

adm ni stered at once, or may be di vitie%i/rﬁ@a nunber of snaller doses to
be adm nistered at varying intervals of tinme. 5 Oral conpositions wll
generally include an inert diluent or an edible carrier. They may be

encl osed in gelatin capsules or conpressed into tablets. For the purpose
of oral therapeutic adm nistration, the active conmpound can be 10

I ncorporated wth excipi gnt n ed 1n_the fo f tablets, troches, or
capsul es. Pharnmaceuti cal ?&&W | e i r%i%ﬁgé:gg]n s 90 HaPor adj uvant

mat erials can be included as pm-nﬁf the €ompos+tien. +15+ The tablets,
pills, capsules, troches and the Ik 1 _ |
i ngredi ents, or conmpounds of a Pgg snder such as
m crocrystalline cellulose, gumtra §
as-starch or e, 20 di sint
Pri nogel , or Eg ngzzt&rl ; a lubrica
Sterotes; a glidant such as coll qi dal
such 18S

123 45677

PoTc (LM) o0 0 0.0005 5 50 100
IL=18 = + + + + + +
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as sucrose or saccharin; -or a flavoring agent such 25 as pepperm nt,

met hyl sal weydspogys or orange flavoring. Wen the dosage uni PCTOSISISE80a
capsule, it can contain, in addition to material of the above type, a
liquid carrier such as a fatty oil. In addition, dosage unit fornms can
contain various 30 other materials W@y 2o@ify the physical formof the
dosage unit, for exanple, coatings of sugar, shellac, or other enteric
agents. The active conpound or pharmaceutically acceptable salt or
derivative thereof can be 35 administered as a conponent of an elixir,
suspensi on, syrup, wafer, chewing gumor the like. A syrup may contain, in
addition to the active WO 95/ 30415 :

PCT/ US95/ 05880 - 65- conpounds, sucrose as a sweetening agent and certain
preservatives, dyes and colorings and flavors. The active conpound or
pharmaceutically 5 acceptable derivatives or salts thereof can al so be
adm ni stered with other active materials that do not inpair the desired
action, or with materials that supplenent the desired action, such as
antibiotics, antifungals, antiinflammtories, or 10 antiviral conmpounds.
Sot utions or suspensions used for parenteral,
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I ntradermal , subcutaneous, or topical application can include the follow ng

conmponent S:w@ o&idais | € dil uent such as water for injection, PCTVGSSABS0

solution, fixed oils, polyethylene glycols, glycerine, propylene glycol or

ot her synthetic solvents; antibacterial agents such as benzyl al cohol or
met hyl parabens; antioxidants such a zszorbic acid or sodiumbisulfite;
chel ati ng agents 20 such as et hyl efe

as acetates, citrates or phosphates and agents for the adjustnent of

tonicity such as sodiumchloride or dextrose. The parental preparation can

be encl osed in anpoul es, disposable syringes or 25 mul ti pl e dose vials
made of glass or plastic. Suitable vehicles or carriers for topical

d?d}tetraacetic acid; buffers such

application are known, and include |otions, suspensions, ointnents, creans,

gels, tinctures, sprays, powders, pastes, slowrelease transdermal 30

pat ches, aerosols for asthma, and suppositories for application to rectal,

vagi nal, nasal or oral nucosa. Thickening agents, enollients, and
stabilizers can be used to prepare topical conpositions. 35 Exanpl es of

t hi ckeni ng agents include petrolatum beeswax, xanthan gum or polyethyl ene

gl ycol, hunmectants such as sorbitol, enollients such as WO 95/ 30415
PCT/ US95/ 05880
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-66- mneral oil, lanolin and its derivatives, or squal ene. A nunber of
sol uti ons awodessefisents are comercially avail abl e. Natural moraesssosssei al
flavorings or sweeteners 5 can be added to enhance the taste of topical
preparations applied for |ocal effect tg guzeﬁal surfaces. Ilnert dyes or
colors can be added, particularly in th preparations designed for
application to oral nucosal surfaces. The active conpounds can be
prepared with carriers that protect the conpound agai nst rapid rel ease,
such as a controlled release fornul ation, including inplants and

m croencapsul ated delivery systens. Bi odegradabl e, bioconpatible polyners
can 15 be useg¢y such as ethylene vinyl acetate, polyanhydrldes

pol ygl ycol i ¢ @i@,ore![l agen,  por yOT TITOESTETS, —amt—potytactc—ae-t—May
met hods for tl® prepgrdati on of such fornulatlons are patented or generally
known to thos gb the 20 art. If adm nistered intravenously,
preferred carmse si ol ogi cal saline or phosphate buffered saline -
(PBS). The acﬁfve COfpo can al so be adm nistered 25 t hr oug

t r ansder nal c@.0544t Hods for preparing transdermal patches afe Jkhown to
those skilled i1n thelqrt}}] For example, see Brown, L., and Langgr | R,
Transder nal [iﬁi@gyy- f IOrugs, Annual Review of Medicine, 39:22§-7
(1988), incorﬁ?rated erfdi n by
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30 reference. In another enbodi ment, the active conpounds are prepared
with carriwoosséuas will protect the conpound agai nst rapid P(Q"Y‘Fﬁ’?(ﬁ?‘g%n from
t he body, such as a controlled release formulation, including 35 i npl ant s
and m croencapsul ated delivery systens, Ei dﬁqéadable, bi oconpati bl e

pol ymers can be used, such as ethylene1v n?l a¢et at e, pol yanhydri des, . WO
95/ 30415 PCT/ US95/ 05880 - 67-

pol ygl ycolic acid, collagen, polyorthoesters, and polylactic acid. Mthods
for preparation of such formulations will be apparent to those skilled in
the art. The materials can also be obtained 5 comercially fromAl za

Cor poration and Nova Pharmaceutical s, Fiigure ilJjosomal suspensi ons may al so

be pharmaceutically accg'ept able carriers. These may be pr‘exﬁg-ﬁgﬁgzﬁﬂ

to nethods known to th a skilled in the art, for exa
described in U S. Patent . 4,522,811 (which is incorporated herjein by
reference inits entir For exanple, |iposone fornmulations b
prepared by dissol vi opriate lipid(s) (such as stearoyl ph Q&O@H
15 et hanol am ne, earoyf phosphatidyl choline, arachadoyl phosphati dyl
choline, and cholest&rol) fin an inorganic solvent that SODIOM A¥METRYECNY-
| CARBOXYMETHYL -~
CARBODITHIOATE
SODIUM PYRROLIDINE-N -CARBODITHIOATE (OR SODIUM
SARCOSINEDITHIOCARBA-
MATE}
V)
NaOOCCH,-N-CS,Na Mo — N (CHCH),CH.CH
| CS;Na
CH,COONa

SODIUM A -METHYL-D-
TRISODIUM N,V -di{CARBOXYMETHYL)-A~ GLUCAMINE A=

CARBODITHIOATE * CARBODITHIOATE
(OR IMINODIACETIC ACID DITHIOCARBAMATE, |
TRISODIUM) |
CHsCH,N- CS,Na
(CHOHLCHACH
{CH CH,CH,4
"Na* SODIUM A, N- DIETHYL-A-

CARBODITHIOATE (OR

' UM DIETHYLDITHIO-
SODIUM A=(4~-METHOXYBENZYL)-D- (szggBuAMETE) orTHio

GLUCAMINE -¥- CARBODITHIOATE

(CH,),CH-N-CS,Na
CH(CH;),

SODIUM W N - DIISOPROPYL
-A- CARBODITHIOATE

{OR SODIUM
DHSOPROPYLDITHIOCAR -
BAMATE)



| eavi ng beh|€,s a th| n filmof dried lipid on the surface of the container.
An agueous RS of 20 the acti ezc%p{z nd or its nonoplEcasysessso
di phosphate, and/or triphosphate derFvat s are then introduced into the
container. ™ container is then swirled by hand to free lipid materi al
fromthe sidgs of thq container and to disperse [ipid e es,

- - - -

t hereby forrng the Ifi posomal suspension. Modifications :::1;::v,:.'.°..¢-. ons of

the present ¥nventiof will be obvious to those skilled i ;.:.,o;-:o::.-'.‘.;.: romthe
f oregofhg deamail ed ddscription of the 30 invention. SHXEOSRNT atd@mONS

LR KK

and vatd ati os are irftended to come within the scope of RRNEENENIEC = 68

ooo..;.oo‘

Cl ai el wlUse of g substance that prevents or m ni m zZEIRNHNE i dat i on

OO OO

of a f® yunsdturated|fatty acid to suppress the expressi BRMXCRKHNE 1. 2.
Use ofeh sub®tance t Hat prevents or mninizes the oxidatToOMm o a
pol yun%turag fatty acid for suppressing the expres J i ——
r edox-eensi t eEgene 3. Use of a substance that prREXRHRICXRXNIhI i zes

t he oxmdatio a pqlyunsaturated fatty acid for actiBCIKMMIQOONERE that is
suppre®@sed by éhe oxifjdati on of a pol yunsaturated fatt JCxxdSCRO0E | Isa of a
subst e thﬁt"’prevents the interaction between a pol \REEXAOEXMNOND At t Y

acid agf a pwodaei n tHat nediates the expression of V ARXNIENEINN €SS Ng
t he exgeessvumaof VCAM 1. 5. Use of a substance ac(OObOODIGODOEI M 2 or
3, wheWwein tﬁe‘.‘gene ifs selected fromthe group consisting o ose
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factors, and adhesi on nol ecul es. 6. Use of a substance according to
claim2 or Wo9she48in the gene is, selected fromthe group copet/gsdsnessel
MCP-1, IL-6 and thronbin receptor1 &/ 2 0use of a substance accor di ng to
clainms 1-6 wherein the polyunsaturated fatty acid is selected fromthe

group consisting of oxidized Iinoleic, linolenic, arachidonic and
ei cosat gl enoi c acid. —liSo 0l 2 Dot ance according to clainms 1-7,
wher ei n# he substancé is a compound of tlhe fofffful a ASC(S)B yhek®n A is

hydr ogeeor a pharmageutically acceptable cgif on; and B ija

NR[err]&gferr], wherekn R err] and R[] ery ¥ i ndependently *

-(CHOH)=&rr] (CH err] }[err] OH, wherei ;//9 1, 2, 3, 4, 5} or 6;

-(CHerm@)[err]COer§]A -(CHerr])ferr] @ err] R err] whereiln err] is

al kyl , yl, alkaryl§ or aral kyl, C[err])al kyl -; R[rrgnd Rl err]

can i ndependently bejerr] alk " frr] and R err] canjLo her

err])[err]- wherein m%3-6. 9.

e

constit®e a bridge ¢f the for ‘0
i 1-7, wherein the subqta is

Use of subst ance ag¢cordi ng
pyrrol i #ne dithi ocagbarnatg ghar maceutically acceptlable salt. 10.
ent of di sorders nedi t;@y VCAM 1

A methog@for the pregictiop 3

f Ifevel of oxidized pol yurjsa ated fatty

invitro assay. 11. od fQr the

predi ction or assessfenj p{si tive gene nedi ated di se* inedl vo
conpri sehg quantifyi g oii e¢zed pol yunsaturateq fatty adsd in
the tissie or blood ¢4l ng an i i assay. 12. A net hod {f or thev
predi ctwsn or assessfE K medi ated by VCAM1 in via
conpri s®hg quantifyi pg} a surrodatey kaf ker for the | K&l of i WMy ed =
pol yuns@urated fatty hcid i sue or bl oo&usﬁ-ﬁg@n iIn w@ro &ay,

aci d in,ghe tissue o

13. Ashet hod for the hssessnent r o[_'sersitlve ggme
nmedi at e@} di sease in yi juant i fyi ng surﬂate mar ker fggr the
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acid in the tissue or blood using an in vitro assay. 14. A nethod for the

eval uati on wé 9sE1sensiti zati on of a hjsb" Z g cul ar endot helcoraisesiasske t O
pol yunsaturated fatty acids or their oXi dZze ounterparts, conprising

chal lenspg a host with a polyunsaturated fatty acid or oxidized

pol yuns rated fatty acid and conparing the resulting corntration of
cell-su ce or circulating VCAM 1 or other _surraogate garke a’

popul at nor m usi pg an iIXro\assay. 15. The nethgd of cl%s 10-12,
wher ei n e surrogafe nar ' ' uléti ng or cellyadrfacg. M 1. 16.
The nethQd of clain 10-12,\\ tRe surrogate markgqr is}yselected from

t he gro%tonsisting of |L-Y CA\1, and IL-6. 174 The¢ nethod of claim
10-12, rein the purrogatf S &a.cytokine that}ini t he i mmune

14

response.418.  The} net hod}o [ Q- 12\ Wherein the}surgo mar ker is
a cheno ractant tpat profoteg A oxat ispg of inflafmat ¢ry lls to a
point o njury. 19 Th heﬁlrrogate
mar ker a gromh gactor | aim 1Q@-12] wherein the
surroga mar ker i sfjan adhesi on no . . e netthod jof claim 10-12,

wher ei n¢gglge surrogaje nmar

screen c ounds fol thei
conpri si

2A A nmethod to
cat di sonNde\s ngd
evaluati pg theg ability of the ®Qnpound No\i

di dte yVQQM;
of a pol nsaturated fatt 2 Icgn‘gng)s(l‘aﬁlon
their abjhity to tre¢at di dprders nediated by V pri gi ng eval ygting
the abi| ™y of the gonpound to inhibit the interws g pol yunsa#ur at ed
fatty alld or oxdi z4d pol yung ' dt ei n tar%t.
V\095130g5 S99 058380 b

= ~ E:
M \ 'ug'
5 :
& - )
5 3L [ ¥
= Qaan
= 2 3s 3 <«
8 [~ N
=N
E Cecoc~
- N A W
Ha 1 T { 1 [ ! —
a N = ® 8 ¥ QS
9 i S e & &
(3 _
by
m.



-71- 21. The nmethod of claim 17, wherein Ais a cation fornmed from amopni a

or ot her niwoadspa9s base. 22. The ngetho claim 21, whergpuddsiossso
OhZh

ni t rogenous heterocycle, or a noiet rmul a

H
£

ar al kyl
17, whe
of cl ai
28. Th

e

1
i
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(57) Abstract

1, and are therefore useful in the treatment of cardiovascular disease,
diseases that are mediated by VCAM-1.

(54) Title: jl‘f!FA’l‘MENT FOR ATHEROSCLEROSIS AND OTHER CARDIOVASCULAR AND INFLAMMATORY DISEASES

Dithiocarboxylates, including dithiocarbamates, block the induced expression of the endothelial cell surface adhesion molecule VCAM-

including atherosclerosis, as well as noncardiovascular inflammatory




and pol yam no acids, polyorthoesters, poly([err]- hydroxy acids),

pol yanhydri des, polysaccharides, and pol ycaprol actone. 34. The nethod of
claim1, wherein B-C(S)S- is pyrrolidine-Ncarbo ithioate. 35. The nethod
of claim 17 wherein the cardiovascul ar disease is atherosclerosis. 36. The
met hod of. cl aim 17, wherein the cardi ovascul ar di sease i s post-angiopl asty
restenosis. 37. The nethod of claim 17, wherein the cardiovascul ar di sease
is coronary artery disease. 38. e nmethod of claim 17, wherein the

cardi ovascul ar disease is angina. 39. The nethod of claim 17, wherein the
cardi ovascul ar disease is a small vessel disease. 40. The nethod of claim
17, wherein the dithiocarbamate is admnistered in a dosage of between 0.5
and 500 ng/ kg body - wei ght . WO 95/ 30415

PCT/ US95/ 05880 -73- 41. Thé nethod of claim 17, wherein the

di t hi ocarbamate is adm ni stered by perfusion baIIoon catheter. 42. The

met hod of claim 17, wherei'n the dithiocarbamate is adninistered in

conbi nat i w th a pharmaceutical agent selected . fromthe group
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consisting of a lipid |owering agent, a platel et aggregation inhibitor, an
antithronbotic agent, a cal ci um channel bI ocker an angml.ens;n—eonvertl ng
enzyme (ACE) inhibitor, a [err]-bl ocker,

lg,i.qlgg:mf l ammat ory,
and a corticosteroid. 43. A nethod for the s p é‘%ﬂ%w? 3

expression in hunman cells conpris ng adm ni st bn% ah eN e
t he *di t hi ocar bamat e descri bed in cl aiggl7. 44.

of an |nflarmat t hat |s nedi at ed by VCAMl corrprl sing
adm ni stering a !“Wmﬂummmt of the dithiocarbamate described in claim
17. 45. A nethod Tor treatent of a aygRn endothelial disorder that is
nmedi ated by VCAM 1 conprising adm nistering an effective anmount of the

di t hi ocarbama the tRRlatiGH $EA%bolyRhsablrRbdTA acid
wherein the d:i‘fé%r oas%ltg&ge et feb%{tgzr’omt e greoup consi gb[ol ng of asthnmma,
psoriasis, eczenptous der Kaposi's sarcona mul tiple sclerosis, and
prol i f er 4P SURPTEEP reﬁ%rﬁs‘o n?wr%&’}ih nuscl e cells. A method for the

treat ment_ of rmato condltl on. t.hat e | gar

| eucocyt ez-con’g'Pngp pé"r"f"’h &?@%@%% &%iﬁ" Bidtyaoid

di t hi ocar bamat e des&rl bed ) 17 48 The di t hi ocarbamate di sclosed in
any of c| £9F sHpPTessingt eacpressxonofarcdox

nmount of

3. Use of a substance that prevents or minimizes the oxidation of a polyunsaturated fatty acid
for activating a gene that is suppressed by the oxidation of a polyunsaturated fatty acid.
4, Use of a substance that prevents the interaction between a polyunsaturated fatty acid and 2
protein that mediates the expression of VCAM-1 for suppressing the expression of VCAM-1.
5. Use of a substance according to claim 2 or 3, wherein the geve is selécted from the group
consisting of those expressing cytokines involved in initiating the immune respouse,
chemoattractants that promote the migration of inflammatory cellstoa point of injury, growth
factors, and adhesion molecules.
6. Use of a substance according to claim 2 or 3, wherein the gene is selected from the group
consisting of MCP-1, IL-6 and thrombin receptor. |
7. Use of a substance aocordmg to claims 1-6 wherein the polyunsaturafrd fatty #icid is
selected from the group consisting of oxidized linoleic, linolenic, srachidonic and #icosatrienoic
acid. .
8. Use of a substance according to claims 1-7, wherein the substance is.2 compound of the
formula
ASC(S)B

wherein A is hydrogen or a pharmaceutically acceptable cation; and



WD 95/ 30415 : : PCT/ US95/ 05880 - 74- 49.
A pharmaceutical conposition conprising an effective amount_to treat

cardi ovacul ar_di sease of a conpound di scl osed j=B=ary—o]

v

phar maceut i cal conpositiomtonpr sing an effec | REPLAGRMR'

di sorder nedi a[m'fm'!mﬂm,b"cﬁ'[a conmpound di sc og;g +1rbwq@q7c|a ms 17-

B is NR’R’, wherein R? and R® are independently -(CHOH) (CH,),OH, wherein n
is0, 1,2, 3,4, 5, or 6, CH,) ,CO,A, (CH,),CO,R* wherein R* is alkyl, aryl, alkaryl, or aralkyl;
hydroxy(C,.¢)alkyl-; R? and R? can independently be C,,, alkyl, or R? and R? can together
constitute a bridge of the formula (CH,) - wherein m is 3-6.

9. Use of a substance according to claims 1-7, wherein the substance is pyrrolidine

dithiocarbamate, or its pharmaceutically acceptable salt.

10. A mecthod for the prediction or assessment of disorders mediated by VCAM-1 in vivo,

comprising quantifying the level of oxidized polyunsaturated fatty acid in the tissue or blood using
an jn vitro assay.

11. A method for the prediction or assessment of redox-sensitive gene mediated disease in

vivo, comprising quantifying the level of oxidized polyunsaturated fatty acid in the tissue or blood
using an in vitro assay.

12. A method for the prediction or assessment of disorders mediated by VCAM-1 in vivo,

comprising quantifying a surrogate marker for the level of oxidized polyunsaturated fatty acid in
the tissue or blood using an jin vitro assay.

13. A method for the prediction or assessment of redox-seasitive gene mediated disease in

vivo, comprising quantifying a surrogate marker for the level of oxidized polyunsamiateﬁ faxty
acid in the tissue or blood using an in vitro assay.

14. A method for the evaluation of the sensitization of a host's vascular endothetial cells to
polyunsaturated fatt)' acids or their oxidized counterparts, .comprising challenging & host with a

polyunsaturated fatty acid or oxidized polyunsaturated fatty acid and comparing the resulting
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concentration of cell-surface or circulating VCAM-1 or other surrogate marker to a population
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norm using an jn Vitro assay.

15.  The method of claims 10-12, wherein the surrogate marker is circulating or cell-surface .

VCAM-1.

16.  The method of claim 10-12, wherein the surrogate marker is selected from the group

consisting of IL-18, MCP-1, and IL-6.
17. The method of claim 10-12, wherein the surrogate marker is a cytokine that initiates the
immune response.

18.  The method of claim 10-12, wherein the surrogate marker is a chemoattractant that

promotes the migration of inflammatory cells to a point of injury.

19.  The method of claim 10-12, wherein the surrogate marker is a growth factor.

20.  The mehtod of claim 10-12, wherein the surrogate marker is an adhesion molecule.
21.  Themethod of claim 10-12, wherein the surrogate marker is a thrombin receptor.
22.

A method to screen compounds for their ability to treat disorders mediated by VCAM-1
comprising evaluating the ability of the compound to inhibit the oxidation of a polyunsaturated

fatty acid. _

23. Amethodto menoompounds fortheltabﬂxtyto treat disorders mediated by VCAM-1
comprising evaluating the abihty of the compound to inhibit the interaction of a polyunsaturated

fatty acid or oxidized polyunsaturated fatty acid with a protein target.



