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TREATMENT OF DELAYED CUTANEOUS HYPERSENSI TIVITY CONDI TI ONS
WTH S-FARNESYLTHI OSALI CYLIC ACID AND ANALOGS THEREOF

BACKGROUND OF THE | NVENTI ON

[ 0001] Classic delayed-type hypersensitivity and allergic
contact dermatitis are common clinical problenms. Anmong the
many contact sensitizing antigens to which humans are exposed
include drugs, dyes, plant oleo resins, preservatives, and
netals. Five comon contact sensitizing agents encountered in
clinical practice are Rhus species of plants (poison ivy, oak,
or sunac) , paraphenyl enedi am ne, ni ckel conpounds, r ubber
conpounds, and the dichromates. They <can lead to delayed
hypersensitivity responses, which may represent significant
medi cal probl ens.

[ 0002] Del ayed (or del ayed-type) cutaneous hypersensitivity
is a T-cell dependent i mmune phenonmenon manifested by an
inflammatory reaction of the skin, at the site of antigen

deposition, that typically reaches its peak intensity 24 to 48

hours after challenge by the antigen. It is quite comon in
humans, having a nedian prevalence of 21% See, Thyssen,
et al., Contact Dermatitis 57:287-99 (2007); Carlsen, et al.
Contact Dermatitis 58:1-8 (2008). This phenonenon is often
the result of exposure to contact sensitizing antigens (also
known as contact sensitivity or contact dermatitis) . Contact
dermatitis i ncl udes irritant dermatitis, phot ot oxi ¢
dermatitis, allergic dermatitis or allergic cont act
dermatitis, photoal | ergi c dermatitis, cont act urticari a,

system c contact-type dermatitis and the Iike.

[ 0003] The si mpl est t r eat ment of allergic cont act
dermatitis is avoidance of exposure to an identified allergen
but avoiding known allergens may prove difficult. For exanple,
conmmon sensitizers such as benzocaine are enployed in a
variety of topical nedications such as sunburn preparations
and antiseptic creanms. Unwitting exposure to a known allergen
such as poison ivy can occur through contact with the snoke of
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burning | eaves. In addition, the patient nay exacerbate an
allergic contact dermatitis by exposure to cross-reacting
chem cal conmpounds that are simlar to the allergen by which
the patient was originally sensitized.

[ 0004] Synpt omatic t r eat nent usual l'y i nvol ves t he
application of topical corticosteroids. Prol onged topical use

of corticosteroids can produce undesirable side effects such

as at r ophy of t he ski n, systenic absor ption of t he
corticosteroids, and reduced imune defense resulting in a
secondary bacteri al infection, particularly of fungi such as

Candida. Further, such treatnment requires frequent suspension
of the treatnent, and such treatnment cannot be used during the
exudative acute phase of the dermatitis. Oral  or parenteral
corticosteroids nmay be needed tenporarily in severe cases, but
| ong term therapy Wi th exogenous corticosteroids are
associated wth undesired effects such as Cushing's syndroneg,
adr enal i nsufficiency, oSt eopor osi s, secondary di abet es,

hypertension, and cataract formation.

BRI EF SUWMMARY OF THE | NVENTI ON

[ 0005] According to a first aspect, the present invention
is directed to the conpound S-farnesylthiosalicylic acid (FTS)

or a structural anal og thereof, coll ectively defined in
accordance with formula (1) herein for wuse in treating a
manmmal i an subj ect afflicted Wi th a del ayed cut aneous

hypersensitivity condition.

[ 0006] Anot her aspect of the present invention is directed
to a nethod of treating a nmanmalian subject afflicted with a
del ayed cut aneous hypersensitivity condi ti on, conpri si ng

admi ni stering to the subject a pharnmaceuti cal conposi tion

conprising an effective anmpbunt of S-farnesylthiosalicylic aci d
(FTS) or a structural analog thereof, <collectively defined in
accordance with formula (1) herein, and a pharnaceutically

acceptable carrier. The indications treatable in accordance
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W th t he pr esent i nvention are non- cancer ous and non-
aut oi mmune in nature.

[ 0007] Applicants have surprisingly and unexpectedly found
that FTS inhibits the activation phase of delayed cutaneous
hypersensitivity in vivo, and that this effect is associated
wth inhibition of Rapl nore than with the inhibition of Ras
(which FTS is known to inhibit) . Accordingly, a related aspect
of the present invention is directed to a nethod of inhibiting
Rapl in vivo, conprising admnistering to a manmalian subject
afflicted with a delayed cutaneous hypersensitivity condi tion
a pharmaceuti cal conposition comprising an effective anmount of
S-farnesylthiosalicylic acid (FTS) or a structural anal og
t her eof , collectively defined in accordance wth fornula (1)
herein, and a pharmaceutically acceptable carrier.

[ 0008]

[ 0009] In a further aspect, the invention relates to a
conposition conprising S-farnesylthiosalicylic acid (FTS) or a
structural analog thereof, <collectively defined in accordance
with forrmula (1) herein as an active agent for treating a
del ayed cutaneous hypersensitivity condition.

[ 0010] Anot her aspect of the invention relates to the use
of S-farnesylthiosalicylic acid (FTS) or a structural anal og
t her eof , collectively defined in accordance wth forrmula (1)
herein for the preparation of a nmedicanent for treating a
del ayed cutaneous hypersensitivity condition.

[0011] In yet another aspect, the invention is directed to
the use of S-farnesylthiosalicylic acid (FTS) or a structural
anal og thereof, as collectively defined above for treating a
marmal i an subj ect afflicted W th a del ayed cut aneous

hypersensitivity condition.

[0012] In sone enbodinents of all aspects of the invention,
FTS-anide (FTS-A) is used for treatnent, for preparation of a
phar maceuti cal conposi tion or is the active agent in a

conposition for treating a delayed cutaneous hypersensitivity

condi tion.
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BRI EF DESCRI PTI ON OF THE DRAW NGS

[ 0013] Figs. 1A-C show that FTS analogs inhibit Rapl in
Jurkat T cells.

[ 0014] Fig. 2 shows that FTS anal ogs i nhi bit T cell
adhesi on.

[ 0015] Figs. 3A-C show that FTS-A inhibition of Rapl is
dose- dependent .

[ 0016] Figs. 4A-B show that FTS-A inhibits Rapl activation
at the plasma nenbrane.

[0017] Figs. 5A-B show t hat FTS-A i nhibits cont act
sensitivity reaction in animl nodel.

[ 0018] Figs. 6A-B show that Rapl inhibition by FTS-A is not

associated with Ras inhibition.

DETAI LED DESCRI PTI ON

[ 0019] In sone enbodinment of the present invention, the
del ayed cutaneous hypersensitivity condition treated by the
nmet hods and pharnmaceuti cal conpositions of the invention, is
cont act dermatitis, which as known in the art, i ncl udes
conditions such as irritant dermatitis, phototoxic dermatitis,

allergic dermatitis or allergic cont act dermatitis,

photoal l ergi c dermatitis, cont act urticaria, system c
contact-type dermatitis and the like. Commobn signs or synptons
of contact dermatitis, any one or nore of which the nethods of
the present invention may alleviate, i nclude redness, pain,

itching and swelling. Sonetinmes blistering and weeping of the
skin also develop. The clinical synmptons of contact dermatitis
can include acute eczema acconpanied by erythems, edeng,

papul a, vesicle, erosion, and itching. Repeated exposure to an
irritant can lead to the developnment of eczema acconpanying

lichenif ication and infiltration.

[ 0020] Al lergic cont act dermatitis can appear after
initial or prolonged exposure to an irritant. A wi de range of
agents can cause allergic <contact dermatitis including for

4
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exanpl e, Rhus species of plants (poison ivy, oak, and sumac) ,
met al s (e.qg., ni ckel , chrom um cobal t), fragrances,
chem cal s, cosnetics, textiles, pesti ci des, pl astics (e.g.,
|atex), and pollen (see, for exanple, R. J. G. Rycroftet al.
"Textbook of Contact Dermatitis") . Therapeutic agents such as
drugs may also cause allergic contact dernmatitis, particularly
(but not exclusively) when administered transdermally . It is
well known that many drugs, e.g., topical ointnents, including
sone currently narketed in the United States (e.g., clonidine)
sensitize the skin when used.

[0021] Irritant dermatitis can occur when too nuch of a

substance is used on the skin or when the skin is sensitive to

a certain substance. Susceptibility can include a genetic
conponent. Skin-irritating agents are substances (e.g., soap)
t hat cause an inmediate and generally | ocal i zed adver se
response. The response is typically in the form of redness

and/or inflammmation and generally does not extend beyond the
i mediate area of contact. Synptons that are comonly seen

i ncl ude redness, scal i ng, and the skin looking irritated and

sore.
[ 0022] In another enbodinment of the present invention, the
del ayed cut aneous hypersensitivity condi tion is at opi c
(endogenous) dermatitis, soneti nmes referred to as eczenan.
This condition is caused by exposure to various antigens,
since an individual has an atopic di sposition whi ch is
hypersensitivity against a certain substance. The clinical
synpt ons i ncl ude mar ked i tching, skin hypertrophy,
infiltration, lichenif ication and the Iike.

[ 0023] The subjects for treatnent wth the nethods and
phar maceuti cal conposi tions of the present i nvention are
mamal s, i ncluding humans and experi nent al or disease-nodel
mammal s, and ot her non- human mammal s i ncl udi ng donestic
animal s .
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[ 0024] FTS and its structural anal ogs useful in the
nmet hods, wuses and pharnmaceuti cal conpositions of the present
invention may be collectively represented by the follow ng

formul a:

wherein

X represents S;

wherein R! represents farnesyl or geranyl-geranyl;

R2 is COOR7, CONR’R8, or COOCHROOR1%, wherein R’ and R8 are
each independently hydrogen, al kyl , or al kenyl, i ncl udi ng
i near and branched al kyl or al kenyl , whi ch in sone
enbodi nents includes Cl-C4 al kyl or alkenyl;

wherein ROrepresents H or alkyl; and

wherein R0 represents al kyl , i ncl udi ng i near and
branched al kyl and which in sonme enbodinents represents Cl-C4
al kyl; and

wherein R}, R4 R° and RS are each independently hydrogen,
al kyl, alkenyl, alkoxy (including linear and branched alkyl,
al kenyl or alkoxy and which in sone enbodinments represents
Cl-c4 al kyl, al kenyl or al koxy) , hal o, trifluoromnethyl,
trifluoronmethoxy, or alkylnercapto .

In embodi ments wherein any of R7, R®, R? and R! represents

alkyl, it is methyl or ethyl.

[ 0025] Thus, asi de from FTS (e.g., t he i sonmer
S-trans, trans-f arnesylthiosalicylic aci d, wher ei n R i's
f ar nesyl , R is COOR7”, and R is hydrogen) , in sone

enbodi nents, the FTS analog is halogenated, e.g., 5-chloro-FTS
(wherein R! is farnesyl, R2 is COOR’, R* is chloro, and R’ is
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hydrogen) , and 5-fluoro-FTS (wherein R' is farnesyl, RZ is
COOR7, R* is fluoro, and R’ is hydrogen)

[0026] In other enbodinents, the FTS analog is FTS-nethyl
ester (wherein R! represents farnesyl, R2 represents COORY,

and R’ represents nethyl) .

[0027] In yet other enbodiments, the FTS analog is an
al koxyal kyl S-prenylthiosalicylate or an FTS-al koxyal kyl ester
(wherein R2 represents COOCHR?OR!?). Representative exanples
i ncl ude nethoxynet hyl S-farnesyl thiosalicylate (wherein R' is

farnesyl, RO is H, and R is nethyl) ; nmet hoxynet hyl
S-geranyl geranyl thi osalicyl ate (wherein R' is geranyl geranyl,
RO is H, and R is nmethyl) ; met hoxynet hyl 5-fl uoro-
S-farnesyl thiosalicylate (wherein R! is farnesyl, R5 is fluoro,
RO is H, and R10 is met hyl) ; and et hoxynet hyl
S-f arnesyl t hi osal i cyate (wherein R' is farnesyl, R® is nethyl
and R is ethyl) . In each of the enbodinents described above,
unl ess otherwise specifically indicated, each of R3, R4, RS

and RS represents hydrogen.

[0028] In some enbodinents, the FTS analog is FTS anmide
(wherein R! represents farnesyl, R2 represents CONR'R®, and R
and R® both represent hydrogen) ; FTS-nethyl amide (wherein R!

represents  farnesyl, R2 represents CONR’R8, R’ represents
hydr ogen and R8 represents methyl) ; or  FTS-dinmethyl am de
(wherein R! represents farnesyl, R2 represents CONR'R®, and R’

and R8 each represents nethyl) .

[0029] The term "alkyl" refers to a saturated aliphatic
hydrocarbon having between 1 and 12 carbon atonms, in sone
enmbodi nent s bet ween 1 and 6 carbon atons, which my be

arranged as a straight chain or branched chain, or as a cyclic

group. These are, for exanpl e, nmet hyl , et hyl , propyl,
i sobutyl, and butyl.

[0030] The alkyl group may be unsubstituted or substituted
with one or nore of a variety of groups selected from hal ogen,
hydr oxyl , al kyl oxy, al kyl t hi o, aryl thio, al koxy,
al kyl car bonyl car bonyl , al koxycar bonyl , ester, am do,

7
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al kyl am do, dial kyl am do, aryl, benzyl, aryloxy, nitro, am no,

al kyl or dial kyl am no, car boxyl , t hi o, and others, each
optionally being isotopically |abeled. Wen substituted by a
termnal group, the alkyl is an alkylene having between 1 and

12 carbon atons. When the alkyl or alkylene group contains
one or nore double bonds it s referred herein as an
"al kenyl ". ’

[ 0031] The term "al koxy" as used herein refers to the -0-

(al kyl') group, where the point of attachment is through the
oxygen-atom and the alkyl group is as defined hereinbefore.

[ 0032] The term "halogen" or "halo" as used herein refers
to -c, -Br, -F, or -1 groups.
[ 0033] The term "ester" as used herein refers to a -C=(0)-

0-, where the points of attachnent are through both the C atom
and O atom One or both oxygen atoms of the ester group can
be replaced with a sulfur atom thereby formng a "thloester",
i.e., a-C(0)-S, -C(S)-0- or -C(S)-S group.

[ 0034] The term "about" refers herein to 10% nore or |ess

of the value which it refers to.

Conposi tions and Met hods

[ 0035] The term "treatnent" as used herein refers to the
adm nistering of a therapeutic anmount of the conposition of
the present invention which is effective to aneliorate
undesired synptons associated with a disease, to prevent the
mani festation of such synptons before they occur, to slow down
the progression of the disease, slow down the deterioration of
synptons, to enhance the onset of rem ssion period, slow down
the irreversible damage <caused in the progressive chronic
stage of the disease, to delay the onset of said progressive
stage, to lessen the severity or cure the disease, to inprove
survi val rate or nore rapid recovery, or to prevent the
di sease form occurring or a conbination of two or nore of the

above .
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[ 0036] The term "effective anpbunt” as used herein, refers
to a sufficient anmount of an active ingredient as represented
by formula (1) that will anmeliorate at |east one synptom or
underlying biochem cal mani festation of a delayed cutaneous
hypersensitivity condition, such as inhibition of Rapl, for
exanpl e, dimnish extent or severity or delay or retard
progression, or achieve conplete healing and regression of the
condi tion. Appropriate "effective" anmounts for any subject
can be determned using techniques, such as a dose escalation
st udy. Specific dose levels for any particular subject wll
depend on several factors such as the potency of the active

ingredient represented by formula (1), the age, weight, and

gener al health of the subject, and the severity of the
di sorder. The average daily dose of the active ingredient of
formul a (1) general ly ranges from about 200 mg to
about 2000 ny, in some enbodi ment s from about 400 to

about 1600 ng, and sone other enbodinents from about 600 to
about 1200 ng, and in yet other enbodinments, from about 800 nyg
to about 1200 ng.

[ 0037] The terns "adm ni ster," "adm ni stering",
"adm nistration, " and the like, as used herein, refer to the
methods that may be used to enable delivery of the active
i ngredi ent to the desired site of bi ol ogi cal action.
Medically acceptable admnistration techniques suitable for
use in the present invention are known in the art. See, e.g.,
Goodman and G | man, The Pharnmacol ogical Basis of Therapeutics,
current ed. ; Per ganon; and Rem ngton' s, Phar maceut i cal
Sciences (current edition), Mack Publishing Co., Easton, Pa.
In some enbodi ments, the active ingredient s admnistered
orally. In other enbodinents, the active ingredient is

adm ni stered parenterally (which for purposes of the present

i nvention, i ncl udes i ntravenous, subcut aneous,
i ntraperitoneal, i ntramuscul ar, i ntravascul ar and infusion) .
In yet ot her enbodi nent s, t he active i ngredi ent is
adm nistered transdermally (e.g., topically). As used herein,

9
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t opi cal adm ni stration refers to non-ent er al and
non- par ent er al nodes of administration, and thus includes
direct or indirect application to the skin, as well as
i nhal ati onal (e.g., via aerosol) and ocular (e.g., eye drops

or eardrops) admnistration.

[ 0038] The term "pharmaceuti cal conposition, " as used
herein, refers to a conbination or mxture of the active
i ngredi ent and a pharmaceutically acceptable carrier, and
optionally a pharmaceutically acceptable excipient, which as
known in the art include substances or ingredients that are
non-toxic, physiologically inert and do not adversely interact

with the active ingredient of formula (1) (and any ot her
addi ti onal active agent (s) t hat may be present in the
conposition). Carriers facilitate formul ati on and/ or
adm nistration of the active agents.

[ 0039] The term “"pharmaceutically acceptable caxiier"”
(whi ch i's i nt erchangeabl y referred to t hr oughout t he
specification as "carriers") refers to any vehicle, adjuvant,

exci pi ent, di | uent, whi ch is known in t he field of

pharmacol ogy for admnistration to a human subject and is

approved for such adm nistration. The choice of carrier wll
be determned by the particular active agent, for exanple, its
di ssol ution in t hat specific carrier (hydrophilic or

hydrophobic) , as well as by other criteria such as the node of
adm ni stration

[ 0040] Oral conpositions suitable for use in the present
invention may be prepared by bringing the active ingredient (s)
into association wth (e.g., mxing wth) the carrier, t he
selection of which is based on the node of admnistration.
Carriers are generally solid or [liquid. In some cases,
conmpositions may contain solid and liquid carriers.
Conpositions suitable for oral admnistration that contain the
active are, according to sone enbodinents of the invention,
in solid dosage fornms such as tablets (e.g., i ncl udi ng

filmcoated, sugar-coated, controlled or sustained release) ,

10
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capsules, e.g., hard gelatin capsules (including controlled or
sustained release) and soft gelatin capsules, powders and
granul es. The conpositions, however, may be contained in
other carriers that enable administration to a patient in
other oral forms, e.g., a liquid or gel. Regardl ess of the

form the conposition is divided into individual or conbi ned

doses cont ai ni ng pr edet er m ned quantities of the active

i ngr edi ent

[ 0041] Oral dosage forns may be prepared by mxing the
active ingredient, typically in the form of an active
phar maceuti cal i ngr edi ent with one or nore appropriate

carriers (optionally with one or nore other pharmaceutically

acceptable excipients) , and then fornulating the conposition
into the desired dosage form e.g., conpressing the conposition
into a tablet or filling the conposition into a capsule (e.g.,
a hard of soft gelatin capsule) or a pouch. Typical carriers
and excipients include bulking agents or diluents, binders,
buffers or pH adjusting agents, di sintegrants (i ncl udi ng

crosslinked and super disintegrants such as croscarnellose) |,

glidants, and/ or | ubri cants, i ncl udi ng | act ose, st arch,
manni t ol , m crocrystalline cel | ul ose, et hyl cel | ul ose, sodi um
car boxymet hyl cel | ul ose, hydr oxypr opyl net hyl cel | ul ose, di basi c
cal cium phosphate, acaci a, gel atin, stearic acid, magnesi um
stearate, corn oil, vegetable oils, and polyethylene glycols.

Coating agents such as sugar, shellac, and synthetic polyners
may be enployed, as well as colorants and preservatives. See,
Rem ngton' s Pharmaceuti cal Sci ences , The Science and Practice
of Pharmacy, 20th Edition, (2000) .

[ 0042] Liquid form conpositions i ncl ude, for exanple,
sol uti ons, suspensi ons, emul si ons, syrups, elixirs and
pressurized conpositions. The active agent (s), for exanple,

can be dissolved or suspended in a pharnaceutically acceptable
liquid carrier such as water, an organic solvent (and m xtures
t her eof ), and/or pharnmaceutically acceptable oils or fats.

Exanples of liquid carriers for oral admnistration include

11



WO 2012/004799 PCT/IL2011/000540

wat er (particularly containing additives as above, e.g.,
cellul ose derivatives, according to some enbodinents of the
i nventi on, in suspension in sodium carboxynethyl cel | ul ose

solution) , alcohols (including nonohydric alcohols (including
nmonohydric alcohols and polyhydric alcohols, e.g., glycerin

and non-toxic glycols) and their derivatives, and oils (e.g.,

fractionated coconut oi | and arachis oil) . The liquid
composi tion can contain ot her sui table phar maceuti cal

exci pi ents such as sol ubi li zers, emul sifiers, buf f ers,
preservatives, sweet ener s, flavoring agents, suspendi ng

agents, thickening agents, colorants, viscosity regulators,
stabilizers and osnoregul ators.

[ 0043] Carriers suitable for preparation of conpositions
for parenteral adm ni stration include Sterile \ater for
Injection, Bacteriostatic Wter for Injection, Sodium Chloride
Injection (0.45% 0.9%, Dextrose Injection (2.5% 5% 10%,

Lactated Ringer's Injection, and the Iike. Di spersions can
also be prepared in glycerol, Iliquid polyethylene glycols and
m xtures thereof, and in oils. Conmpositions may also contain
tonicity agents (e.g., sodium chloride and manni tol) ,

antioxidants (e.g., sodium bisulfite, sodium netabisulf ite and
ascorbic acid) and preservatives (e.g., benzyl alcohol, nethyl

par aben, propyl paraben and conbinations of nethyl and propyl

par abens)

[ 0044] Transdermal (e.g., topical) conpositions may take a
variety of forms such as gels, creans, |lotions, aerosols and
emul si ons. Representative carriers thus include |ubricants,
wetting agents, enul si fyi ng and suspendi ng agents,
preservatives, anti-irritants, emul si on stabilizers, film
formers, gel formers, odor maski ng agents, resins,
hydr ocol | oi ds, sol vent s, sol ubi li zers, neutralizing agents,
per meati on accel erators, pi gnent s, guat ernary anmoni um

compounds, refatting and superfatting agents, ointnent, cream
or oil base nmaterials, silicone derivatives, stabilizers,

sterilizing agents, propellants, drying agents, opacifiers,
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t hi ckeners, waxes, enol | i ents, and white oils In addition,
the topical pr epar ati ons of the present invention can be
applied and then covered wth a bandage, or patch, or sone
other occlusive  barrier, or may be provided as part of a
pre-made, ready-to-use topical device, such as a bandage, pad,
pat ch (e.g., transdermal patch of the matrix or reservoir
type) or the like. Thus, the conposition containing the

active ingredient of formula (1) my be applied to a gauze,

pad, swab, <cotton ball, batting, bandage, patch or occlusive
barrier, or in a well or reservoir or as part of a unitary
adhesi ve or nonadhesive m Xt ur e, or sandw ched bet ween a

peel able or renovable layer and a backing layer, which often
forne the reservoir, which is occlusive.

[ 0045] Carriers for aerosol formul ation, in which the
active may be present in finely divided or nmicronized form

include lactose and propellants such as hydrocarbons ( HCF)

(propane and n-butane) , et her - based propel | ants such as
dimethyl ether and nethyl ethyl ether, and hydrof |uoroal kanes

(HFCG) such as HFA 134a and HFA 227. Excipients may also be

present, e.g., for such purposes as to inprove drug delivery,
shelf |ife and patient accept ance. Exanpl es of excipients
include wetting agents (e.g., surfactants), di spersing agents,

coloring agents, taste masking agents, buffers, ant i oxi dant s

and chem cal stabilizers.

[ 0046] The compound FTS or an analogue thereof of formula
() my be wused as an active i ngredi ent al one or in
conj unction W th ot her anti-inflammatory agent s such as
gl ucocorticosteroids (e.qg., hydrocorti sone, pr edni sone,
pr edni sol one, dexanet hasone, bet anmet hasone) and non steroidal
anti-inflammatory drugs (e.qg., i bupr of en, napr oxen,

ket oprofen, dicl ofenac, pi r oxi cam cel ecoxi b, and etoricoxib)

[ 0047] The phar maceut i cal conposi tion cont ai ni ng t he
active ingredient of formula (1), and optionally anot her
anti-inflammatory agent, my be packaged and sold in the form

of a Kkit. For exanple, the conmposition mght be in the form

13
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of one or nore oral dosage forms such as tablets or capsules.
The kit may also contain witten instructions for carrying out
the inventive nethods as described herein.

[ 0048] In general, treatnment reginens may be designed and
optimzed by those skilled in the art. For exanple, the active
may be admnistered unti | denonstrabl e synpt ons of the
inflammatory condition have substantially dimnished or the

condition is substantially alleviated or heal ed.
Exanpl es

[ 0049] The present invention wll now be described in

terms of the following non-limting working exanples.
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| nt r oducti on

[ 0050] Lynphocytes are the major cellular conponent of the
adaptive i mune response. Nor mal function of |ynphocytes

depends on several snmall guanosine nucleotide-binding proteins

(small G proteins) . This super- famly of proteins consists of
over 50 nenbers that cycle between an inactive GDP-bound state
and an active GIP-bound state. These proteins are involved in
a variety of signal transduction pat hways t hat regul ate
| ynphocyte growth, trafficking, mgration, and apoptosis (1).

Anmong the npbst studied are Ras, Rheb, Rho, Rac, and Rapl (1) .

[ 0051] Raplh is highly expressed in T I|lynphocytes and is
related to Ras since the effector domain sequences of the two
small G proteins are identical. Interestingly, Rapl was first
identified as an antagonist for Ras. Active Rapl can bind but
not activate Raf-1, which is a downstream effector of Ras. Ras
activates Raf-1 that carries its activation signal downstream
in the signaling pathway, such that Rapl my sequester Raf-1
from the Ras/ ERK (extracel |l ul ar si gnal -regul at ed ki nase)

pathway (2). This aspect of Rapl signaling has been proposed
to nmediate some of the anti-prolif erative actions of Rapl and
underlines the role of Rapl in anergy, a state in which
| ynphocytes fail to respond to a specific antigen. T cell

receptor (TCR) activation of Rapl is inhibited by CD28 and is
enhanced by CTLAA. This finding is a leading exanple of the
Rapl -Ras complexity (2), since other TCR downstream effectors,

including Ras, are enhanced by CD28 and inhibited by CTLA4 .
The mechanism by which CD28 regulates Rapl activity is through
Rapl - GTPase- acti vati ng protein (GAP) induction.

[ 0052] Another pathway through which Rapl can antagonize
Ras function in T cells is the suppression of Ras-dependent
reactive oxygen speci es. Finally, p38 activation by
i nterleukin (ro) -1, characteri zed as Ras dependent, is

antagoni zed by Rapl. Although the concept of Ras antagonism by
Rapl remai ns with sonewhat controversi al, this functional

antagoni sm operates in |ynphocytes (3) .
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[ 0053] Gowh control, protein trafficking and polarity
are some of the processes in which Rapl has been inplicated.
It is believed to be critical wWth respect to |ynphocyte
adhesion and mgration. The best-characterized and nost
prominent function of Rapl is to pronote |ynphocyte function

associ ated antigen (LFA) -1-nediated adhesion. LFA-1 activation

by Rapl is a critical step for | ynphocyt es hom ng to
peri pher al | ynph nodes and m grating into i nfl aned
tissues (3) . I nhibition of Rapl abr ogat es LFA-| - medi at ed
adhesi on to anti gen presenti ng cells ( APQ) and IL-2
production (2. In sone patients with | eukocyte adhesi on
defi ci ency (LAD) I, a defect in Rapl GIP | oading is
responsible for the profound defect in |ynphocyte adhesiveness
(4, 5), highlighting the critical role of Rapl in host
def ense .

[ 0054] Surprisingly, Applicants have f ound t hat FTS
inhibits t he activation phase of del ayed cut aneous
hypersensitivity in vivo, and that this effect was associated

with inhibition of Rapl nore than with the inhibition of Ras.
The results of experinments described below also denonstrated
that FTS-amide was nore potent than FTS in terns of inhibition

of Rapl and contact sensitivity.

Mat eri al s and net hods

Ceneral reagents

[ 0055] The conmpound 5-carboxyfluorescein and Opti-MEM were
pur chased from I nvitrogen Cor por ati on/ Mol ecul ar Pr obes
(Carl sbad, CA) . Bryostatin-1 was provided by Signa-Adrich
(St. Louis, MJ). FTS was synthesized as previously described

(8) and was stored in chloroform which was evaporated under a

stream of nitrogen i mredi ately bef ore use.
FTS- met hoxymet hyl est er (FTS- MOM and FTS- Am de (FTS-A)  were
provided by Concordia Pharmaceuticals I nc., (Fort Lauderdal e,

FL) .
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Anti bodi es and DNA constructs

[0056] Mouse anti-human CD3 (Ancell, Bayport, M) was used
for T cell activation. Anti-Rapl antibody was purchased from
BD Bi osci ences (San Jose, CA) . Monocl onal anti-Ras anti body

(Rasl O was purchased from Cal bi ochem (San D ego, CA) .
GFP- Rapl Wr, pc DNA- Rapl W, pcDNA- Rapl N17 , GFP- Ral GDSRBD,

shRNA- RFP/ H - PLDI shRNA- Scr anbl e, shRNA- N- Ras, and
ShRNA- K- Ras constructs were described and validated previously

(4, 6).

Cell culture, transfection, and stinulation

[0057] Jurkat T cells were obtained from the Anerican Type
Culture Collection (ATCO) (Manassas, VA) . The cells were
mai nt ai ned in RPM 1640 supplemented with 10% FCS, 2 mM

1- gl ut am ne, and 1% penicillin/streptonycin (Bi ol ogi cal
I ndustri es, Kibutz Beit Haenek, Israel) . Panc-1 cells (ATCQO
wer e gr own in Dul becco' s nodi fied Eagle medi um ( DVEM)
cont ai ni ng 10% FCS, 2 mv 1- gl ut am ne, and 1%
penicillin/streptomnycin. The cells were incubated at 37°C in a

hum dified atnosphere of 95% air and 5% CO,. Transfection of
Jurkat cells was perforned with DVMRIE-C (lnvitrogen, Carlsbad,

CcA) , and cells were exanined 24 to 48 hours later. Jurkat T
cells were serum starved at 37°C for 2 to 6 hours, followed by

stinmulation with 5 pug/m of nouse anti-human CD3.

GST-pul | down assay
[0058] Detection of activated Ras and Rapl was perfornmed

as described previously (4, 9).

SDS- PAGE and .immmnobl otting
[0059] Sanples were separated by SDS-PAGE using 10%

pol yacrylam de gels and transferred to nitrocellulose filters.
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Blots were bl ocked for 1 hour in TBST (10 mM Tris-HC

(pH 8.0), 150 nM NaC, and 0.05% Tween 20) containing 3% serum
bovine albumin, followed by overnight incubation at 4°C wth
the primary antibodies. Blots were washed and incubated for 1
hour at room tenperature with HRP- conj ugat ed secondary
anti bodi es. | nmunor eactive bands were visualized using the

LAS- 3000 imaging system (Fujifilm Corp., Tokyo).

Adhesi on assay

[ 0060] Jurkat T-cell adhesion to ICAMI|-coated plates was
perfornmed as described previously (4 . Reconbinant |CAM1 was
produced as described previously (4 . Cells were labeled wth
5-car boxyfluorescein. 1.5 x 10° cells were plated for 20 mnutes
before renoval of non-adherent cells by serial washes. The
percentage of adherent cells was quantified wth a plate
r eader (Synergy HIT, Bi oTek Instrunents, Inc., W nooski, VT)

reading em ssions at 525 nm

M cr oscopy
[ 0061] Live cells were plated in 35-mm dishes containing a

no. 0O glass coverslip over a 15-mm cutout (Mat Tek, Ashl and,

MA) . Cells wer e mai nt ai ned at 37°C using a PDM - 2
m cr oi ncubat or (Harvard Apparatus, Holliston, M) . Individual
cells were imaged before and after addition of stimuli. |nmages
were acquired with a Zeiss 510 inverted | aser  scanni ng
confocal microscope (Carl Zeiss M croinmging, Inc., Thornwood,

NY) and processed w th Adobe Photoshop CS.

M ce

[ 0062] The Institutional Ethics Conmittee of Tel Aviv
University approved the study. BALB/c female mce at 8 to 10
weeks of age were used. Oal administration of FTS-A required
doses of 50 and 100 ng/ kg (10) . The conpound

2,4-dinitro-1-f luorobenzene (DNFB) and olive oil were obtained
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from Sigma-Aldrich (st. Louis, M) . Mce were sensitized on
the shaved abdonen with 50 Hi of 0.5% DNFB in a vehicle of 4:1

acetone :olive oil. Mce were ear challenged with 20 Hi of 0.2%
DNFB in a vehicle of 4:1 acetone :olive oil after 5 days. A
constant area of the ears was neasured imediately before

challenge and 24 hours later wth an engineer's mcroneter
(Ozaki Mg. Co., Itabashi, Tokyo). Ear swelling was expressed
as the difference in ear thickness before and after the

chal l enge (11) .

Resul ts

FTS anal ogs inhibit Rapl in Jurkat T cells

[0063] The experinents were designed to determne whether
FTS and its analogs are able to inhibit GIP |oading of Rapl.
Qui escent Jur kat T cells were treated overnight with FTS,

FTS-A, and FTS-MOM each at a concentration of 50 uM. Cells

were collected and the quantity of GIP.Rapl was determned by
pul | -down assay. Conpared wth untreated cells (control) , the
anount of GIP.Rapl decreased in all condi tions (Fig. 1A .
However, both FTS-A and FTS-MOM were superior to FTS in their
ability to inhibit Rapl activation (Fig. 1A . Since Rapl is

activated in T cells as a result of crosslinking the antigen

receptor, the effect of FTS, and its anal ogs, on Rapl
activation in stinulated T cells, was studi ed. Cells were
treated with FTS and its analogs overnight, and subsequently

stimulated with anti CD3 antibodies for 10 mnutes. As shown
in Fig. 1B all analogs were able to inhibit Rapl activation
in stinulated T cells. FTS lowered the amount of GTP. Rapl
by 32% while FTS-A and FTS-MOM lowered it by 60% and 53%
respectively (Fig. 1C . Thus, FTS and its analogs are able to
inhibit Rapl activation in T cells stimulated through the
antigen receptor. However, it appears that FTS-A and FTS MOM
were nore potent Rapl inhibitor conpared to FTS.
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FTS anal ogs inhibit T cell adhesion

[ 0064] Since Rapl is critical for T cell adhesion, t he
ability of FTS and its analogs, to inhibit adhesion of T cells
to ICAM1 coated plates was studied. T cells were treated

overnight wth FTS or its analogs. Cells were plated on |ICAM1
coated wells for 20 mnutes followed by serial washings. A
plate reader was used to evaluate the percentage of cells that

remai ned in the wells. Wiile 40% of stimulated T cells
attached to the ICAM1 coated wells, this nunber dropped by
half in wells that were treated with the analogs (Fig. 2). No
statistically significant difference could be found anong the
three agents. Thus, FTS, and its anal ogs, inhibit both Rapl

GIP | oading and Rapl-dependent T cell adhesion.

FTS-A inhibition of Rapl is dose dependent

[ 0065] Qut of the three agents (FTS, FTS-A and FTS-MM ,
FTS-A showed the greatest amount of Rapl inhibition. Thus,
this analog was used for further experinents. First, T-cells

were treated wth various concentrations of FTS-A for 72
hours. As shown in Fig. 3A wth higher doses, the nunber of
viable cells decreased, as assessed by tryptan blue exclusion.
Notably, wth higher doses of FTS-A the anmount of GIP.Rapl
further di m ni shed i ndi cati ng a dose-response rel ationship
(Fig. 3B) . Mdreover, a simlar dose-response relationship was
found between FTS-A and the ability of the drug to inhibit
adhesion to ICAM1 coated plates (Fig. 30O .

FTS-A inhibits Rapl activation at the plasm nenbrane

[ 0066] It has been reported that only the pool of Rapl at
t he pl asma menbr ane becones GIP bound on | ynphocyt e
activation (9). The following experiments were designed to

study whether Rapl inhibition by FTS-A is indeed restricted to
that compartnent. Jurkat T cells, expressing GFP tagged Rapl,

were  subjected to wvarious agents (Fig. 4A) , whereas t he
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| ocalization of Rapl was recorded by confocal mcroscopy. As
previ ously reported, knocking down phospholi pase DI (PLD)
resulted in inhibition of Rapl and its association wth the

pl asma nenbrane (Fig. 4A) . FTS-A treatnent for up to 72 hours

did not change t he | ocal i zation of over expressed Rapl
(Fig. 4A) .

[ 0067] Rapl , li ke K-Ras, is associated wth the plasm
menbrane through farnesylation that functions in conjunction
with an adjacent polybasic sequence. Bryostatin-1, a protein
kinase C (PKC) agonist, induced a rapid translocation of K-Ras

from the plasma nenbrane to intracellular menbr anes (12) .
Nonet hel ess, the results showed that a conmbined treatnent wth
Bryostatin-1 and FTS-A did not change the [localization of
Rap- 1 (Fig. 4A) . Thus, FTS-A does not change the bulk
| ocalization of Rap-1.

[ 0068] The effects of ©Frs are rather specific to the
active ctp -bound forns of Ras proteins (7). To investigate the
possible effect of rFrs-A on localization of the active Rapl,

the probe for activated Rapl, GFP-RBDK arcps (13) , was utilized.

Consistent wth earlier reports (14), the results showed that
when the cells were stinmulated through the antigen receptor,

the probe translocated to the plasna nenbrane, suggesting that
Rapl is activated at that conpartnent (Fig. 4B) . In cells that
were pretreated by FTS-A the activation of Rapl at the plasm
menbr ane was bl ocked (Fig. 4B) al t hough Rapl 1 renmuined
associated wth the plasma nenbrane (Fig. 4A) . Thus, the pool

of Rapl that is inhibited by FTSA is found at the plasm

menbr ane .

FTS-A inhibits contact sensitivity reaction in aninmal nodel

[ 0069] Next , t he ability of FTS- A to i nhibit

Rap- | - dependent T cell adhesion in vivo was investigated by
using contact sensitivity (15) as a nodel system Aninmals were
treated orally with tw different concentrations of FTS-A (50

ng/ kg and 100 ng/kg) . As shown in Fig. 5A only the higher
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concentration of FTS-A was able to inhibit ear swelling. Wen
t r eat ment was introduced only during the <challenge phase
(days 5-6) , ear swelling was also attenuated. Treatnent during
the sensitization phase (days 0-2) did not prevent ear
swelling (Fig. 5B), suggesting that FTS-A primarily bl ocked
| ynphocyt e recruitnment to the site of foreign anti gen

encount er

Rapl inhibition by FTS-A is not associated wth Ras inhibition
[0070] Since FTS is known to inhibit Ras, experinents were
designed to determ ne whether the nechanism of Rapl inhibition
by FTS analogs 1is indirect and nediated by Ras inhibition.

Applicants conpared the inhibitory profile of FTS and its
anal ogs on both Ras GIP |oading and Rapl GIP loading in Panc-1
cells (Fig. 6B) . As previously reported, FTS-MOM is a weak Ras
inhibitor, while FTS was conparable to FTS-A [CGoldberg L,
Hakl ai R, Bauer V, Heiss A, Koog Y. New Derivatives of
Farnesyl thi osalicylic acid (Salirasib) for cancer treatnent:

Far nesyl t hi osal i cyl am de inhibits tunmor growmh in nude mce
nodels. J Med Chem 2009; 52:197-205]. In contrast, the present

results showed that FTS-MOM was by far the stronger Rapl
inhibitor, while the inhibitory effect of FTS on Rapl was
relatively nodest (Fig. 6A) . Thus, the extent of Ras and Rapl
inhibition by FTS and its analogs is not identical.

[0071] Furthernmore, when both N-Ras and K-Ras were knocked
down in Jurkat T cells via shRNA, the inhibitory effect of
FTS-A on Rapl was not interrupted, suggesting again that Rapl
inhibition is not Ras dependent (Fig 6B) .

Concl usi on

[0072] Appli cants have denonstrat ed, surprisingly, t hat

Rapl activation is inhibited by FTS and its analogs.

Applicants have also found that FTS-A exhibits nmuch greater

inhibitory activity toward Rapl than FTS (Fig. 6A and 6B) ,

suggesting that the effect of FTS-A on contact sensitivity
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(Fig. 5A) is through the inhibition of Rapl. Applicants have
further shown that Rapl-nediated adhesion of [|ynphocytes was

bl ocked by FTS-A in a dose-dependent rmanner.

[0073] Since there is considerable cross-tal k bet ween
small G proteins, the question is raised as to whether the
inhibitory effect of FTS-A on Rapl is indeed direct or
alternatively nediated through |I|inkage to Ras. The present

results present evidence that does not support such a Ras-Rapl
i nkage. The effect of FTS-A on Rapl activation was unchanged
when Ras was knocked down, suggesting that Ras was not
required for both Rapl activation and for FTS-A-nediated
inhibition of Rapl activation (Fig. 6B) .

[0074] Simlar results were obtained in experinments wth
dom nant negative Ras (data not shown) . FTS-MOM was a strong
Rapl inhibitor (Fig. 6A while it had only a mnor inhibitory
effect on Ras (Fig. 6B) (16) . These results denbnstrate a
distinct profile of inhibition for these tw small G binding
proteins: relatively high selectivity of FTS towards Ras and
of FTS-MOM toward Rapl.

[ 0075] Although FTS-A inhibited both Ras and Rapl and
FTS-MOM was nore selective towards Rapl, applicants chose to
use FTS-A for the contact sensitivity nodel system Applicants
did so because FTS-A showed the highest anti-Rapl activity.
Interestingly, even though Rapl is attached to the cell
menbrane by a geranyl geranyl noiety, the FTS geranyl geranyl
anal ogue (GGIS) did not prove to be a stronger Rapl inhibitor
(data not shown) .Rapl is the key player in the devel opnment of
del ayed cutaneous hypersensitivity syndrone (2) ] and it is
likely t hat FTS-A affects nostly Rapl under t hese
ci rcumnst ances. The results showed that the devel opnent of
contact sensitivity reaction to DNFB in animal nodels was
strongly inhibited by FTS-A Contact sensitivity to DNFB has
been extensively studied in mce. It requires both effective
i mmune sensitization followng cutaneous exposure to chenical

haptens and antigen-specific elicitation (11, 17) . The present
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results showed that treatnent wth FTS-A during the second
exposure to the antigen was sufficient to block ear swelling.
Ther ef or e, FTS and its analogs such as FTS-A collectively
represented herein by formula (1), block the recruitnment of
the primed T-cells to the inflamed area, which denonstrates
that they can be wused to treat patients wth cutaneous
inflammatory diseases where T-cell adhesion and recruitnent

play a major role.
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[0077] Al patent publications and non-patent publications
are indicative of the level of skill of those skilled in the
art to which this invention pertains. Al these publications

are herein incorporated by reference to the sanme extent as if
each individual publication were specifically and individually

indicated as being incorporated by reference.

[ 0078] Al though the invention herein has been described
with reference to particular enbodi nent s, it is to Dbe
understood that these enbodinents are nerely illustrative of
the principles and applications of the present invention. It

is therefore to be understood that nunerous nodifications may
be nmade to the illustrative enbodi nent s and that other
arrangenents may be devised w thout departing from the spirit
and scope of the present invention as defined by the appended

clains.
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CLAI M5
1. S-farnesylthiosalicylic acid (FTS) or a structural

anal og t her eof coll ectively defi ned in accordance Wi th

formula (1) :

R X—R!
R R?
R3
wherein X represents S; R' represents farnesyl, or

geranyl -geranyl; R2 is COOR’, CONR’R®, or COOCHR®OR!°, wherein R7
and R8® are each independently hydrogen, al kyl, or al kenyl;
wherein R? represents H or alkyl; and wherein R represents
alkyl; and wherein R3, R4 R> and R® are each independently
hydr ogen, al kyl , al kenyl , al koxy, hal o, trif | uoronethyl,
trif |l uoromethoxy, or al kyl mer capt o, for use in a nmethod of

treating a delayed cutaneous hypersensitivity condition.

2. The conpound according to claim 1 or a structural
anal og thereof wherein the delayed cutaneous hypersensitivity

condition is contact dermatitis.

3. The conpound accordi ng to claim 1 or 2 or a
structural anal og thereof, wherein the delayed cutaneous
hypersensitivity condi tion is sel ected from the group
consisting of allergic contact dermatitis, atopic dermatitis

or irritant dermatitis.

4. The compound according to any one of clainms 1 to 3
or structural analog thereof wherein the structural analog is
at | east one of FTS- am de, FTS- net hyl am de and
FTS- di net hyl am de
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5. The conpound according to any one of clains 1 to 4 or
a structural analog thereof, for wuse by oral, parenteral or

transder nal adm ni stration.

6. The compound according to any one of clains 1 to 5 or
a structural anal og thereof for wuse in conbination W th

anot her active agent.

7. A phar maceuti cal composi tion conpri si ng
S-farnesylthiosalicylic acid (FTS) or a structural anal og
thereof, as defined in Caim 1 as an active agent for use in

treating a delayed cutaneous hypersensitivity condition.

8. The pharmaceuti cal conmposition according to claim 7
wherein the delayed cutaneous hypersensitivity condition s

contact dermatitis.

9. The pharmaceuti cal composition according to claim 7
or 8 wherein the delayed cutaneous hypersensitivity condition
is selected from the group consisting of allergic contact

dermatitis, atopic dermatitis or irritant dermatitis.

10. The pharmaceuti cal composition according to any one
of claime 7 to 9 wherein the structural analog is at |east one
of FTS-am de, FTS-nethylamde and FTS-dinethyl am de

11. The pharmaceuti cal conmposition according to any one
of claime 7 to 10 adapted to administered orally, parenterally

or transdermally

12. The pharmaceuti cal composition according to any one
of claims 7 to 11 further conprising another active ingredient

for treating the delayed cutaneous hypersensitivity condition.

13. Use of S-farnesylthiosalicylic acid (FTS) or a
structural anal og t her eof , as collectively defi ned in

accordance with formula (1) :
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RS X—R!
R* R2
R3
wher ei n X represents S; R' represents farnesyl , or

geranyl -geranyl; R2 is COOR7, CONR’R8, or COOCHR®OR!, wherein R7
and R8 are each independently hydr ogen, al kyl, or al kenyl;
wherein RQ represents H or alkyl; and wherein R!Y represents
alkyl; and wherein R3, R4 R°> and RS are each independently
hydr ogen, al kyl , al kenyl , al koxy, hal o, trif luoromethyl,

trif luoromethoxy, or alkylnercapto,

for the preparation of a pharnmaceutical composition for
treating a mamalian subj ect afflicted W th a del ayed

cut aneous hypersensitivity condition.

14. The wuse according to claim 13, wherein the delayed

cut aneous hypersensitivity condition is contact dermatitis.

15. The wuse according to claim 14 wherein the delayed
cut aneous hypersensitivity condi tion is selected from the
group consisting of allergic cont act dermatitis, at opi c

dermatitis or irritant dermatitis.

16. The use according to any one of clains 13 to 15
wherein the structural analog is at Ileast one of FTS-amde,
FTS-nmet hyl am de and FTS-di net hyl am de

17 The use according to any one of clains 13 to 16
wher ei n t he phar maceut i cal composi tion is adapt ed to

adm ni stered orally, parenterally or transdermally

18. Use of S-farnesylthiosalicylic acid (FTS) or a

structural analog thereof, as collectively defined in Cdaim 1
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for treating a mammalian subject afflicted wth a delayed

cut aneous hypersensitivity condition.

19. A nethod of treating a manmalian subject afflicted
Wi th a del ayed cut aneous hypersensitivity condi tion,
conpri sing adm ni stering to the subject a pharnmaceuti cal
composi tion conpri sing an effective anount of
S-f arnesylthiosalicylic acid (FTS) or a structural anal og

thereof, collectively defined in accordance wth fornmula (1) :

R® Xx—R!
R R2
R3

wherein X represents S; Rt represents farnesyl, or
ger anyl - ger anyl ; R2 i s COOR7, CONR’R8, or COOCHR’OR!, wherein R7
and R8 are each independently hydrogen, al kyl, or al kenyl ;
wherein R9 represents H or alkyl; and wherein R represents
alkyl; and wherein R3, R4 R° and R® are each independently
hydr ogen, al kyl , al kenyl , al koxy, hal o, trif | uoronethyl,
trif | uoronethoxy, or al kyl nercapt o, and a pharnmaceutically

acceptable carrier.

20. The nethod accordi ng to claim 19, wherein the

manmal i an  subject s a human.

21. The nmethod according to claim 19 or 20, wherein the
del ayed cut aneous hypersensitivity condi tion is cont act

dermatitis

22. The nmethod according to any one of clains 19 to 21,

wherein the delayed cutaneous hypersensitivity condition is
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selected from the group consisting of allergic contact
dermatitis, atopic dermatitis or irritant dermatitis.

23. The nmethod according to any one of clains claim 19
to 22, wherein the structural analog is FTS-am de wherein R
represents farnesyl, R2 represents CONR’R8, and R’ and R8 both
represent hydrogen.

24. The nmethod according to any one of clains claim 19
to 23, wherein the FTS analog is FTS-methylamde wherein R
represents farnesyl, R2 represents CONR'R®, R’ represents
hydrogen and R® represents methyl.

25. The nmethod according to any one of clains claim 19
to 24, wherein the FTS analog is FTS-dinethylanide wherein R
represents farnesyl, R2 represents CONR’R8, and R’ and R® each
represents methyl.

26. The nmethod according to any one of clains claim 19
to 25, wherein FTS or its structural analog is admnistered
orally, parenterally or transdermally.

27. The nmethod according to any one of clains claim 19
to 26 wherein FTS or its structural analog is admnistered in
conmbination wth another active agent for treating delayed
cut aneous hypersensitivity condition.

28. A kit conprising the conmpound according to any one
of clains 1 to 6 and optionally conprising instructions for
adm ni stration of the conpound.

29. A kit conprising the pharmaceuti cal conposi tion
according to any one of Cdainms 7 to 12 and optionally
conpri si ng i nstructions for adm ni stration of t he

phar maceutical conposition.
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