USE OF THYRO D HORMONE CONVERSI ON | NHI Bl TORS FI ELD OF THE | NVENTI ON [ 001]
The present application clains benefit under 35 U S. C. 119(e) of

provi si onab 2a@ui2eg3at i on U. S. S. N. 60/ 606, 481, fil ed Sept eglars2ds02@@¢. [ 002]
The present invention is directed to the use of thyroid hornmone conversion
inhibitors to treat hyperproliferative skin disorders, preferably their use
in topical adm xtures. BACKGROUND OF THE | NVENTI ON [ 003] A nunber of

di seases are associated with hyperproliferation of cells, including
psoriasis, the ichthyoses, cancer and cutaneous viral infections. For

exanpl e, psoriasis i ic | r i ized by
hyperproliferation aﬁﬁﬁ#ﬁ%@ﬁ&Eﬁnbﬁ%bg$§§@%é¥P@h&§€ﬁﬁ%f@@ﬁﬁﬁ@§#%§. [ 004]
Psoriasis is one of the nbst conmon dernatol ogi ¢ di seases, affecting up to
1 to 2 percertlEbP @REHBINYENTHNul ation. It is characterized by

eryt hemat ous, sharply denarcated papul es and rounded pl aques, covered by
silvery m caceous scale. The skin | esions of psoriasis are variably
pruritic. Traunati[@@l ar edBheqfrésent appliebtom dla@sisdesefifundend HS.G. §119(e) of
Additionally, other external factors nmay exacerbate psoriasis including

i nfections, rbdEsidnalapslicaBsi URLS.NN60/606,981,!flledSeprembatia 20backers, and
anti-malarials. [005] The nbst common variety of psoriasis is called plagque

type. Patients w tfjpp aquggfe%@;}@sggg@gﬁgggﬁ? Wrédied'RMBe BLAR! RyroR] 06T OW NG

pl agues, whi chrenai n "basi ong peri time. The nost

common areas cfo?nrleréion inhibitors to treat hyperproliferative skin disorders, preferably their use in

topical admixtures.

BACKGROUND OF THE INVENTION

[003] A number of diseases are associated with hyperproliferation of
cells, including psoriasis, the ichthyoses, cancer and cutaneous viral infections. For
example, psoriasis is a chronic inflammatory disease characterized by

hyperproliferation and impaired differentiation of keratinocytes.

[004] Psoriasis is one of the most common dermatologic diseases,
affecting up to 1 to 2 percent of the world's population. It is characterized by
erythematous, sharply demarcated papules and rounded plaques, covered by silvery
micaceous scale. The skin lesions of psoriasis are variably pruritic. Traumatized
areas often develop lesions of psoriasis. Additionally, other external factors may
exacerbate psoriasis including infections, stress, and medications, e.g. lithium, beta

blockers, and anti-malarials.

[005] The most common variety .of psoriasis is called plaque type.

Patients with plaque-type psoriasis will have stable, slowly growing plaques, which



pl aque psoriasis to occur are the el bows, knees, gluteal cleft, and the
scal p. Involvenent tends to be symmetrical. Inverse psoriasis affects the
i ntertri gvoaues/mesgsons i ncluding the axilla, groin, submamusessoemion, and
navel, and it also tends to affect the scalp, palns, and soles. The

i ndi vi dual |esions are sharply demarcated plaques but may be noi st due to
their location. Plaque-type psoriasis generally develops slowy and runs an
i ndol ent course. It rarely spontaneously remts. [006] Eruptive psoriasis
(guttate psoriasis) is nost common in children and young adults. It

devel ops acutely in individuals previousi3- without psoriasis or in those
with chronic plaque psoriasis. Patients have many snall erythematqus,

scal i ng paputassain basieplynmichanged dor loppperiads optirmegt dy MResheemingR 8kas & wi t h
bet a- henol ytic streptococci. Patients with psoriasis nmay al so devel op

pust ul ar | esprgse psOn@sie toraycub ard the albbwe,dkrices, gheeg alefis amhitie salps or may be
generalized and associated with fever, nual aise, diarrhea, and arthral gi as.

[007] The exigffdivishdnt RAHFRI BSsynBhetRSA! TRk F@bﬁaﬁ@@f@&mﬂe AtertdiEndimy Or
hi st opat hol ogi ¢ conponents of "the di sease. Psoriasis is caused by unknown

o ote ot T AbEnd IR0 SHGE ABIIAD Rori, ahd hEVCR a8y L O N

rel ease t hat reigéa er’at1 on at 'nocyt es that overproduce

Bcl -x (instead gf normal Bgl- 2). and erefare . resi st apoptosis. l,I's that
moct at o ¢ he. BHHPCHE FEB, BT EsPleps P ik S IS g Y Pearepiey
epiderms or at the dernual -epidernmal interphase. Al though a few CD4+
T-cell's may blaqpesdesmayibe meist diedp theig lacatione Phaguertyrepsofiasipgenceallys are cD8+
| ynphocytes that secrete cytokines such as interleukin-2 and

i nt er f er ongadewelophsbselyant olisrasindolesteoprsel itfrercht spontantoustyr @iitsocyt es and
endot helial cells of

[006] Eruptive psoriasis (guttate psoriasis) is most common in children
and young adults. It develops acutely in individuals previously without psoriasis or in
those with chronic plaque psoriasis. Patients have many small erythematous, scaling
papules, frequently after upper respiratory tract infection with beta-hemolytic
streptococci. Patients with psoriasis may also develop pustular lesions. These may be
localized to the palms and soles or may be generalized and associated with fever,

malaise, diarrhea, and arthralgias.

[007] The existing treatments for psoriasis are targeted at the major
histopathologic components of the disease. Psoriasis is caused by unknown factors
that stimulate T-lymphocyte activation, proliferation, and cytokine release that leads
to hyperproliferation of keratinocytes that overproduce Bcl-x (instead of normal Bel-
2) and therefore resist apoptosis. Cells that mediate the skin manifestations of
psoriasis reside primarily in the epidermis or at the dermal-epidermal interphase.
Although a few CD4" T-cells may be present in lesional skin, the majority of the cells

are CD8" lymphocytes that secrete cytokines such as interleukin-2 and interferon-



the mcrovessels in affected skin. The keratinocytes in psoriatic |esions
neither differentiate normally into conpact and protective stratum corneum
nor are tweeoswrbs$3s subj ect to apoptosis |ike normal keratriusoaptoe®i9 This is
because the psoriatic keratinocytes, due to the effect of |FN ganmms,
contain Bcl-x. Bcl-x protects agai nst Fas-nedi ated apoptotic proteins.
Normal cells that contain Bcl-2 are susceptible to Fas-nedi ated apopt osi s.
[008] A variety of different approaches have been taken to target the nmjor
hi st opat hol ogi ¢ conponents of the disease. For exanple, broad

I mrunosuppr essi on or T-1ynphocyte speci fi%- i mmunosuppr essi on is achieved by
treatnent with UVB, cycl osporine, nethotrexate, topical 0| d and ot her
i Munosuppr es&Ne. FrBeel Gytakdaes driye RE9l ﬁ@@??’éoﬂéﬁ‘ﬁﬁﬂf’?&weﬂﬁ?@%‘? eligl ¢edls of 5
targeted by cal cipotriene and salicyclic acid. Retinoids target both

i Mmunosuppr egdsimicrevaskelsan affectod sitie. The kentihoayitdsfie peoriatiati¢stons ngd0g] Topi cal
treatnents have been used as an adjunct to other therapies in patients with
noderate to gEReSRIaRSIMARY fito bempardand cBivivktrdtuhi oBiicaeh, hor aredigssat e
psoriasis, such typical treatnents by thensel ves nay be sufficient. The

typi cal topigalsdh ﬁEﬁB' gépt?élghﬁgﬁoﬁl%h(efa ﬁoc@&%?afrlrﬁ"st is BRcduds B b!né‘tﬁ:' ght).

Al though this i1s t requent use pi cal therapy, coal tar has a

bad od d h be, £f f f0
peor s s bekdEesi Siglhie ff%??ff@if g Hpx t;%x‘fc e%ct{g%am%u

However, as di scussed above, it has onl¥ limted util u itse h
i ndi vi dual s WREmerigtrapRios Pmtedﬁ%rNg sellthatontqin Be PWPB‘FPK It ﬂer type
of topical therapy includes steroids, but long term

Fas-mediated apoptosis.

[008] A variety of different approaches have been taken to target the
major histopathologic components of the disease. For example, broad
immunosuppression or T-lymphocyte specific immunosuppression is achieved by
treatment with UVB, cyclosporine, methotrexate, topical steroids, and other
immunosuppressive modalities. Keratinocyte terminal differentiation is targeted by
calcipotriene and salicyclic acid. Retinoids target both immunosuppression and

keratinocyte terminal differentiation.

[009] Topical treatments have been used as an adjunct to other therapies
in patients with moderate to severe psoriasis. In individuals with limited to moderate
psoriasis, such typical treatments by themselves may be sufficient. The typical topical
therapies include coal tar preparation (1-5% by weight). Although this is the most
frequently used topical therapy, coal tar has a bad odor and stains clothing. Coal tar is
thought to be effective for psoriasis because it is toxic to T cells, but is not toxic to
skin cells. However, as discussed above, it has only limited utility by itself in

individuals with moderate or higher states of psoriasis.



use of fluorinated corticostetoids (which are nore effective than
hydrocorti sone) can lead to striae, telangiectasis and ecchyt hnosi s.

Topi cal awOhlweda28836r eam (1% or hi gh dose/short durati orcansbeooalosoy19 n 1%
salicylic acid in petroleum my be effective, or the topical synthetic
retinoid tazarotene, may al so provide short-termrelief. However, these
ingredients are often irritating and can cause other undersired side
effects. [0011] Another type of topical therapy is the use of retinoids,
for exanple, in U S Pat. Nos. 3,934,028; 3,966,967; 4,021,573 and

4,216, 224. However, retinoids can al so prbvide undersired side effects,
particularly in wonen of childbearing age. O her topical, agents such as
cal ci potriene, a {A%8ki n Bnathsr byae! fapicahherrrydndidesstespidotyut me tey al so
provide tenporary relief, while keratolytics such as salicylic acid can
hel p i n r enousenef fluveinhied chrtsostbealsf(whinhtane mpsoefiestive thah dyydwsortiSens) chor
exanple, U S. Pat. No. 4,483,845 "System c Treatnent of Psoriasis Using
Certain Sali gshad esiae, th10Q4SdtadnBid @Eh§11ROsief Tdpieil eathrdlinescapy (1% ddgs

t hi our eyl enes and t hi abendazole, for exanple in U S. Patent No. 5,310, 742

2, b, PO I R o O RS i

antithyroid drugs, inc exanp ropy I our aci

met hi mazol e , has.effects..on thyroid hornone .biosynthesi.s xhihits
rinomodut attrpbisripetagte SRS et rEhe i TRURRRgr M R Ay
has been used to treat patients with psoriasis based on its

i munonodul athssgingredisntssare pien Exiatipeand gar panse ethepypsderired silegifertsm and 1 gG
descreased activity of imunogl obulin-secreting cells in plaque form ng

assays, augnentation of NK cell activity, increased percentage of total and
[0011] Another type of topical therapy is the use of retinoids, for

example, in U.S. Pat. Nos. 3,934,028; 3,966,967; 4,021,573 and 4,216,224. However,
retinoids can also provide undersired side effects, particularly in women of child-
bearing age. Other topical agents such as calcipotriene, a vitamin D analogue (vitamin
D3 or calcipotriol) may also provide temporary relief, while keratolytics such as
salicylic acid can help in removing the thick scales from the psoriatic plaques. See,
for example, U.S. Pat. No. 4,483,845 "Systemic Treatment of Psoriasis Using Certain

Salicylates."”

[0012] Another type of topical therapy includes thioureylenes and
thiabendazole, for example in U.S. Patent No. 5,310,742 and U.S. published Patent
Application No. 2004/0116387. This class of antithyroid drugs, including for
example propylthiouracil (PTU) and methimazole (MMI), has effects on thyroid
hormone biosynthesis, exhibits immunomodulatory effects, and functions in
scavenging free radicals. PTU has been used to treat patients with psoriasis based on
its immunomodulatory effects, for example, decreased production of IgM and IgG,

descreased activity of immunoglobulin-secreting cells in plaque forming assays,



suppressor/cytotoxic cells and reduced activated | ynphocytes. Recently, it
has been suggested that the utility of PTU in topical treatnents of

psori asi swoaeyodnesssse to antiproliferative effects, by apoEaisasisssoinvol vi ng
retinoic X receptor heterodiner formation with other receptors of the
steroid receptor superfamly, including the retinoic acid receptor and
vitamn D receptor. (Elias, Med. Hypotheses 62:431-7 (2004)). However,

t hese agents are associated with significant side effects, including
agranul ocytosis, and the devel opnent of a mld, sonetinmes purpuric, popular
rash. The use of additional thyroid hormohe receptor agonists, as well as
antagonists, to treat psoriasis, has al so been described. For exanple, U S
Pat ent Appl i eesmenatimofNK celbactivifysimerogaesd naseentage obtoteleddpt or agoni st s,
while U S. Patent Applications 20040097589, 20040039028, and 20030166724
descri be t hesuppeessbr/cyeatopit otlleaydnediced aotivatebhlynmpheoyteke rRecenity, idhas dpeen
psoriasis. [0013] Despite their limted effectiveness and the side effects

associ at ed Wdpetta@itat BetutilityPel U it picapiresmehs Jf Beorimeisnedythe dife thr eat ment
for noderate psoriasis, while they are used as adjunctive therapy in

patients wth & ?;ﬁférg%g‘e?c%fo%gafgfchgﬁﬁnmﬁ%gﬁngqfetiﬂéﬁ Sefeeitotifers GiRY 1 TS

. bfife
tomctreatrre%ﬁg enp oration psoriasis I's testinony to the

resi stant nature _.of this disease. t onl.y is noderate.to. sever soriasis
relatively r i%rfnffl%tw “?’00%665?083‘%@ ?ﬁgf’ ﬁ’éﬁ‘{lé recgper B‘@’@g%glélyollmﬁ]tdlsnggthgoni ¢ and
recurrent nature, system c therapy or radiation is often requir S The
devast at i ng eitngrceacyt recepter andsaiaaan PareesRiotad Fhay Mg m@o@%eéﬁ?:‘é “t he side
effects that psoriasissufferers are willing to endure to attain a rem ssion
to a di sease (2094)). tHmyevien deseipdnts are assosmtatewitly sighidicent. side effects, including

agranulocytosis, and the development of a mild, sometimes purpuric, popular rash.
The use of additional thyroid hormone receptor agonists, as well as antagonists, to
treat psoriasis has also been described. For example, U.S. Patent Application
20040116387 describes the use of receptor agonists, while U.S. Patent Applications
20040097589, 20040039028, and 20030166724 describe the use of receptor agonists

to treat disorders including psoriasis.

[0013] Despite their limited effectiveness and the side effects associated
with their use, topical therapies are the mainstay of treatment for moderate psoriasis,
while they are used as adjunctive therapy in patients with more severe disease. The
number of different and sometimes toxic treatments employed for amelioration of
psoriasis is testimony to the resistant nature of this disease. Not only is moderate to
severe psoriasis relatively resistant to topical treatments, but because of its chronic
and recurrent nature, systemic therapy or radiation is often required. The devastating

nature of this disease is emphasized by the extent of the side effects that psoriasis



[ 0014] Accordingly, there remains a need for inproved treatnments for
psoriasis. SUMMARY OF THE | NVENTI ON [ 00 15] We have surprisingly discovered
t hat t hyrwoaodwmsssae conversion inhibitors, such as dei edirnss@sionividit ors,
inhibit epidermal proliferation. Accordingly, the present invention

provi des conpositions and nethods for topically inhibiting the conversion
of thyroid pro-hornone, T, to thyroid hornone, T3, including for the
treatment of hyperproliferative skin disorders. [0016] In one enbodi nent,
the invention provides a topical conposition containing as its active
ingredient a thyroid hornone conversion ithibitor for the treatment of
hyperproliferative skin disorders. In one enbodinment the inhibitor is a
dei odi nase i sififsetsare wiling tspuluie to@sthinyg remigsidn o arflisease thaighexlrow will
conpositions and nethods for a pharnmaceutical conposition conprising a

t hyr oi d hor nmesear ssomeessiagen, | nhi bitor. Preferably, the thyroid hornone
conversion inhibitor is a deiodinase inhibitor such as an iodinated
contrast agent, e.g., iopanoic acid (1OP) and/or its analogs. [0017] The

i nvention provi degp@4phar MReeMid gty théro fRshS 4 BFdCoNPproVaDrémbmBifd t or of
t he conversion of 'thyroid pro-hornone, T4, to thyroid hornone, T3, and a

phar maceut i cggér}/asgccept able carrier or diluent. One preferred thyroid
hor moneconversion inhibitor is iopanoic acid. Preferably, the carrier or
diluent is for topical adm nistration, including |iposone creans. [001 8]

The pharnaceg&h&ﬁbUQQqﬁp%hngﬂﬁﬂefﬂﬁ@e i nvention are useful for

[0015] We have surprisingly discovered that thyroid hormone conversion
inhibitors, such as deiodinase inhibitors, inhibit epidermal proliferation. Accordingly,
the present invention provides compositions and methods for topically inhibiting the
conversion of thyroid pro-hormone, T4, to thyroid hormone, T3, including for the
treatment of hyperproliferative skin disorders.

[0016] In one embodiment, the invention provides avtopical composition
containing as its active ingredient a thyroid hormone conversion inhibitor for the
treatment of hyperproliferative skin disorders. In one embodiment the inhibitor is a
deiodinase inhibitor. More specifically, the invention provides compositions and
methods for a pharmaceutical composition comprising a thyroid hormone conversion
inhibitor. Preferably, the thyroid hormone conversion inhibitor is a deiodinase
inhibitor such as an iodinated contrast agent, e.g., iopanoic acid (IOP) and/or its

analogs.

[0017] The invention provides a pharmaceutical composition comprising
an inhibitor of the conversion of thyroid pro-hormone, T4, to thyroid hormone, T3, and

a pharmaceutically acceptable carrier or diluent. One preferred thyroid hormone



topical treatnment of a hyperproliferative skin disorder. One preferred
hyperproliferative skin disorder is psoriasis. O her hyperproliferative
ski n di sowdens/i28s35ude acne vul gari s, acne rosacea, actiPor@sSk@sasms? s,

sol ar keratoses, squanous carcinoma in situ, the ichthyoses,
hyper ker at oses, disorders of keratinization such as Darners disease,

pal mopl anter keratodernas, pityriasis rubra pilaris, epidermal naevoid
syndronmes, erythrokeratodernma variabilis, epidernolytic hyperkeratoses,
non- bul | ous i chthyosiform erythroderm, cutaneous |upus erythematosus and
| i chen pl anus. psoriasis, acne vulgaris, of- cancer. [0019] Preferably, the
topi cal adm nistration of the conpositions of the present invention allows
| ocal | ower i nepvstsierhimhibitpeis iepancinacid. dPriefrsiindbe carrighersdilvent is feyippicelant | y
alter the systemic levels of thyroid hornone in the subject. BRIEF
DESCRI PTI ON @ffmihiifraBeAMh&IGEnE 0pa&imdtgame 1 is a schematic of the
experinental design for analyzing the effects of iopanoic acid adm ni stered
topically to mce in vivo. [0021] Figure 2 is a graph which shows that

epi dermal prolife[gigpn Wase ?hﬁﬁiaﬁ:&nﬁi&ﬁl dompsbistiionk shed ihvenGoneR ukehil €2,
treated with a control vehicle first followed by treatnment with | OP.[0022]
Figure 3 is I ] iger I @ ot t.LON was

signi ficant| ?/0 %aﬁlﬁg?ﬁgﬁgg@ aﬁl%\é%ﬁ%ﬂ%}a%%g g?lﬁtc{lé%g%égd@vl\fnetp EéMCLJI"D@f irst foll owed
by treatnment _wth

t he epi der napy]ngrgﬁﬁeggtgée;sgin %g‘?ﬁtlfigrlolg Py Ogﬁgébtgﬁggﬁﬁfg@%vg GBR B! Shove

include acne vulgaris, acne rosacea, actinic keratosis, solar keratoses, squamous

carcinoma in situ, the ichthyoses, hyperkeratoses, disorders of keratinization such as
Darriers disease, palmoplénter keratodermas, pityriasis rubra pilaris, epidermal
naevoid syndromes, erythrokeratoderma variabilis, epidermolytic hyperkeratoses,
non-bullous ichthyosiform erythroderma, cutaneous lupus erythematosus and lichen

planus.psoriasis, acne vulgaris, or cancer.

[0019] Preferably, the topical administration of the compositions of the
present invention allows local lowering of the level of thyroid hormone but does not

significantly alter the systemic levels of thyroid hormone in the subject.
BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Figure 1 is a schematic of the experimental design for analyzing
the effects of iopanoic acid administered topically to micé in vivo.

[0021] Figure 2 is a graph which shows that epidermal proliferation was
significantly diminished in Group 1 mice, treated with a control vehicle first followed

by treatment with IOP.



[0024] Figure 5 is a graph which shows that relative to control cultures,
proliferation of human epi dermal keratinocytes was inhibited 6 19% (pO OQ)
after i nowbavecmsssser ni ght wi th i opanoic acid. [0025] Fipgurus2@si0309a9 gr aph
whi ch shows that proliferation of human epidernmal keratinocytes was

i nhi bited 146% (p<0.01) after incubation overnight with ipodate sodium
[0026] Figure 7 is a graph which shows that proliferation of keratinocytes
was inhibited 623% (pO O ) after overnight incubation with propranolol.
[0027] Figure 8 is graph which shows that relative to control cultures,
proliferation of human prostate cells wasS i nhi bi t ed 264%(p0 od) after

i ncubation overnight with iopanoic acid. ch 028] Figure 9 is . graph which
shows that prolifE022]1 on Higuwidige prapk raich shewp thahgridemml pral @@raQ%W@S
(p<0.001) after incubation overnight with ipodate sodium [0029] Figure 10
is a graph wkigaificaftbwdintihishedihdlirofip LanicartreafedpritislGR Brst &llosveddry traatmditt ed
848% (p<0.001) after overnight incubation with propranolol.[0030] Figure 11

is a graph wyjigh ohavsvdnrat. relative to control cultures, proliferation of
opossum ki dney cells was inhibited 88=1=10% ( p<0. 001) after overni ght

orol i Teration of pL@%E”" Plises 2 ool S0 1R DI 5 o e
overnight | n(c:gr%?tl gl&f’ treated mice.

[0024] Figure 5 is a graph which shows that relative to control cultures,
proliferation of human epidermal keratinocytes was inhibited 61+9% (p<0.001) after
incubation overnight with iopanoic acid. ~

[0025] Figure 6 is a graph which shows that proliferation of human |
epidermal keratinocytes was inhibited 14+6% (p<0.01) after incubation overnight
with ipodate sodium.

[0026] Figure 7 is a graph which shows that proliferation of
keratinocytes was inhibited 62+3% (p<0.001) after overnight incubation with
propranolol.

[0027] Figure 8 is graph which shows that relative to control cultures,
proliferation of human prostate cells was inhibited 26:+4% (p<0.001) after incubation
overnight with iopanoic acid.

[0028] Figure 9 is a graph which shows that proliferation of human
prostate cells was inhibited 30+5% (p<0.001) after incubation overnight with ipodate
sodium.

[0029] Figure 10 is a graph which shows that proliferation of prostate

cells was inhibited 84+8% (p<0.001) after overnight incub.ation with propranolol.



propranolol. [0032] Figure 13 is a graph which shows the results of the
human epi dernmal kerati nocytes incubated with two different concentrations
of 1 opanowo 20@id88350033] Figure 14 is a graph whi ch showmsTiuseoos@soshe s of

t he human epi dermal keratinocytes incubated with two different
concentrations of ipodate sodium [0034] Figure 15 is a graph which shows
the results of the human epi dernmal keratinocytes incubated with two

di fferent concentrations of propanolol. [0035] Figure 16 is a graph which
shows the results of the human prostate cells incubated with two different
concentrations of iopanoic acid. [0036] FPgure 17 is a graph which shows
the results of the human prostate cells incubated with two different
concentrations of [PpHat e Bgde dis § @O@K whitlyshows tidatirdativefoaphtroltuithreshows
the results of the human prostate cells incubated with two different
concent r at i ofgoldtrapion pﬁgpds@lhm ki3 &E11d wadinbibited 891096 ¢p<0.€0 1 taiftenowdmighiman
prostate cells incubated overnight with ioversol was inhibited 22% (+/- 7%

p < 0.001). @gcmhﬁgpwgg%;ﬂrgﬁg\l OF THE | NVENTI ON[ 0039] W% have

surprisingly discovered'that thyroid hornmone conversion inhibitors, such as

dei odi nase i nhi bi t[gé%gi idng;iibir}3 15Rd ?%ﬁ@'w Cglo%]%igk% tstip?ﬁifeléﬁgggg{nggf(é& the

present invention e onpos| or topic
inhibiting the conversion of thyroid pro-hornone, T4 .to thyroid hornone,
T3, incl udi ngidnsy ceheves @aﬁwﬂ?%? A’r{?ﬁégﬂﬂoﬁq’ BYerpihbingRbavolmaBt der .

propranolol.
[0032] Figure 13 is a graph which shows the results of the human
epidermal keratinocytes incubated with two different concentrations of iopanoic acid.
[0033] Figure 14 is a graph which shows the results of the human
epidermal keratinocytes incubated with two different concentrations of ipodate
sodium.

[0034] Figure 15 is a graph which shows the results of the human
epidermal keratinocytes incubated with two different concentrations of propanolol.

[0035] Figure 16 is a graph which shows the results of the human prostate
cells incubated with two different concentrations of iopanoic acid.

[0036] Figure 17 is a graph which shows the results of the human prostate
cells incubated with two different concentrations of ipodate sodium.

[0037] Figure 18 is a graph which shows the results of the human prostate
cells incubated with two different concentrations of propanolol.

[0038] In Figure 19, proliferation of human prostate cells incubated

overnight with ioversol was inhibited 22% (+/- 7%, p < 0.001).

DETAILED DESCRIPTION OF THE INVENTION



[ 0040] The extensive role of thyroid hornones in regulating netabolismin
humans is well recogni zed. Thyroid hornones affect the netabolism of

vi rtual | ywewesep2sesssl of the body. At normal |evels, thegeThiseemsns®irai ntain
body wei ght, the netabolic rate, body tenperature, and nood, and influence
serum | ow density |lipoprotein (LDL) levels. In hypothyroidismthere is

wei ght gain, high levels of LDL cholesterol, and depression. In

hypert hyroi dism these hornones | ead to weight |oss, hypernetabolism

| owering of serum LDL | evels, cardiac arrhythm as, heart failure, nuscle
weakness, bone | oss in postnenopausal wert®n, and anxiety. [0041 ] The
predom nant circulating thyroid hornone is the pro-hornone, T . Active
thyroi d hornone i §003@her atWelhime sutyeisoghy dissaveredghattthynowsi kibrmooe horvesien T4,
into thyroid hornone, T3. Many individual tissues express their own thyroid
dei odi nases afibieepench anddicdindse Trhibieny ahsibiRpiderthileréléfeiaviont Aycadthgly,

hor none, T3. W have previously discovered that epidernmal growth depends on

thyroid hor ma{éffpré&ﬂt ek -&g@%lﬁggs @di'ﬁ@dgit?ohf %%‘2 g{aﬂ%s fot tSﬁl@all\;v{pigjlﬁfBﬁi the

stinmul ate | ocal™ epiderma er at’ on. have no scovered t hat

T P bi t S CPGRLP P LD BN Bre e SR AR BB o dent

i nvention provides conpositions and nethods for the use ofthyroid hornone
conversi on i HstEenbpshyperreplifsratiye soinidisesdsds- e g., iopanoic acid (10P). One
enbodi ment provides topical admnistration of a thyroid hornone conversion
i nhi bitor for the[20449t nedthesktehsiperge of thiymidhomeonsk imregilgbingimetabolise| udi ng
psoriasis. [0043] Thyroid hornone conversion inhibitors of the invention
preferably i nchudensagertiseaigaped!t Thyroft atontdiftict deithet{Bdishn @dritually

gl ucocorticoids that inhibit the
every cell of the body. At normal levels, these hormones maintain body weight, the
metabolic rate, body temperature, and mood, and influence serum low density
- lipoprotein (LDL) levels. In hypothyroidism there is weight gain, high levels of LDL
‘ cholesterol, and depression. In hyperthyroidism, these hormones lead to weight 1st,
hypermetabolism, lowering of serum LDL levels, cardiac arrhythmias, heart failure,
muscle weakness, bone loss in postmenopausal women, and anxiety.
[0041] The predominant circulating thyroid hormone is the pro-hormone,
T4. Active thyroid hormone is generated by the conversion of thyroid pro-hormone,
Ty, into thyroid hormone, Ts. Many individual tissues express their own thyroid
deiodinases and depend on local T4 conversion to the active thyroid hormone, T3. We
have previously discovered that epidermal growth depends on thyroid hormone and
that topical administration of T3 can markedly stimulate local epidermal proliferation.
[0042] We have now discovered that inhibiting the conversion of thyroid

pro-hormone, T4, into thyroid hormone, T3, inhibits proliferation of epidermal cells.

Accordingly, the present invention provides compositions and methods for the use of



conversion of thyroid pro-hornmone, T4, into thyroid hornone, T3. The
ability of a conpound to inhibit the conversion of thyroid pro-hornone to
t hyroi d hwormoewn2esss readily be determined in vitro usi ng@CIispaanssassays.
Certain conpounds have different effects on inhibition at different
concentrations. [0044] Thyroid hornone conversion inhibitors are well known
in the art. Exanples of thyroid hornone conversion inhibitors include but
are not limted to iodine containing contrast agents such as iopanoic acid
and i podate, am odarone, glucocorticoids such as hydrocorti sone and
dexanet hasone, propyl thiouracil, and prédpanolol, and their analogs. It is
preferred that the inhibitor is not PTU or a glucocorticpid.,[004? In one
preferred enthyaigbamonerenyeryiosiiehibigorroneh aofRiedassy & hnioprna 26d (B )agent
used as a iodinated contrast nmedium |odinated contrast nedia of the

i nventi on ar Ons enbbdimest pefiaics éapitad adminishdiinavéal thyoeidhasmorgemysrsion
contrast agents or chol egraphic nedia. |ododi nated contrast agents include

but are not |ijnihifoeorithe WodtRlenS&H L SroliTeRAl Ok Misoedees iidl@dihg pRiasis.
wat er - sol ubl e, nephrotropi c high osnolar contrast nedia; water-soluble,

hrotropic | - .8 5 i t
nephr ot ropic | ow g@ggtgr eqr;gg@;i@ﬁanﬂsﬁ o Bavedlih PATHINRL @fthéﬁ}véﬁdll&lﬁ%frﬂﬁ?

nmedia. In one pre nment the agent 1s a watersol ubl e,

e ude but | ebdkatert mreEhee SRl Gr i Pp SRR R TR T
Py R ool 0 B2 Ry Gy 20
nephrotrbpic, hi gh osnol ar X-ray contrast medi a i ncl ude but are not Iinited
to Diatrizoi compouhd tishibit dieccoavdrsion of thyroid pro-hormone to thyroid hormone can

readily be determined in vitro using standard assays. Certain compounds have

different effects on inhibition at differen;c concentrations.

[0044] Thyroid hormone conversion inhibitors are well known in the art.
Examples of thyroid hormone conversion inhibitors include but are not limited to
iodine containing contrast agents such as iopanoic acid and ipodate, amiodarone,
glucocorticoids such as hydrocortisone and dexamethasone, propyl thiouracil, and
propanolol, and their analogs. It is preferred that the inhibitor is not PTU or a
glucocorticoid.

[0045] In one preferred embodiment, the thyroid hormone conversion
inhibitor is an agent used as a iodinated contrast medium. lodinated contrast media of
the invention are sometimes referred to as iodinated contrast agents or contrast agents
or cholegraphic media. Iododinated contrast agents include but are not limited to
water-soluble, hepatotrophic contrast media; water-soluble, nephrotropic high

osmolar contrast media; water-soluble, nephrotropic low osmolar contrast media; and

non-water soluble contrast media. In one preferred embodiment the agent is a water-



| odam de; lotalamc acid; loxitalamc acid; loglicic acid; Acetrizoic acid,
|l ocarm c acid; Methiodal; and D odone. Water-soluble, nephrotropic, |ow
osnol ar Xvoayowmsgssast nmedi a i ncl ude but are not |imtescrashsnsmas de;
| ohexol ; loxaglic acid; |opam dol; lopromde; lotrolan; loversol; Iopentol;
| odi xanol ; lomeprol; lobitridol; and |oxilan. Non-watersol uble X-ray
contrast nedia include but are not limted to ethyl esters of iodised fatty
aci ds; lopydol; Propyliodone; and |ofendylate. [0046] Particularly
preferred contrast agents are iopanoic acid (also commonly known as its
tradenanes i ncl udi ng Tel epaque, G stobil- 120l egraf, Fel onbrine, and
Jopanonsyre) and i podate (al so known as orgrafm. Sodiumipodate is
adm ni st er ed sblibked bepatotenphic Xaay cagtastigeditmatWatessolgblghapaitaleghic fidia7] | n
one preferred enbodi nent, the thyroid hornone conversion inhibitor is
am odar one. [ifél4&d butareoms lipieddas Tedbxemixostidiaofroxit Beid] Ingtyehmidwidione
conversion inhibitor is propanolol. H gh doses of propranolol, greater than
160 ng/ day, ia0hhhi IS : 0 1 ii aRIdhes
ul tra-short aqul 1%86%%{1120 e%?%%%iaﬁigd’ago e%?fgéﬁfgf Ioggtﬁng‘zgﬁg’g%oqlﬁmt he rgr%f hods of
the inventio Qx her beta . hg. agent s .tha i n the nethods of
the i nventi onnryir%alnal(?ea%b%?ngrbgﬁ’hlﬂlo 9?30%15 e %t%r"gé)&lgoﬁg’?ﬁp %%ﬁrgp lzghlalgr e8Pl ne.
[ 0049] Any ampunt of the agent that wll_.inhibit conversi of T4 to T3
when appl i ed A& QAR e g &t s nph@ﬂﬁ?é@eﬁ@ﬂ?%%&@ﬁﬁ%mf acidgop of
the agent is used, in certain enbodinents at |ess 1% of the agent is used,
one can use dpddneideilotdannit acide Iaxgelamic peidologlieic eptdp dicetniaeis acigs Idcemeic 10%
However, various concentrations

acid; Methiodal; and Diodone. Water-soluble, nephrotropic, low osmolar X-ray

contrast media include but are not limited to Metrizamide; Iohexol; Ioxaglic acid;

Iopamidol; Iopromide; Iotrolan; ioversol; Iopentol; Iodixanol; Iomeprol; Iobitridol;

and loxilan. Non-watersoluble X-ray contrast media include but are not limited to
‘ ethyl esters of iodised fatty acids; lopydol; Propyliodone; and Iofendylate.

[0046] Particularly preferred contrast agents are iopanoic acid (also
commonly known as its tradenames including Telepaque, Cistobil, Colegraf,
Felombrine, and Jopanonsyre) and ipodate (also known as orgrafin). Sqdium ipodate
is administered-to aduits as a contrast agent at 0.5 — 3 grams/day.

[0047] In one preferred embodiment, the thyroid hormone conversion
inhibitor is amiodarone.

[0048] In one preferred embodiment, the thyroid hormone conversion
inhibitor is propanolol. High doses of propranolol, greater than 160 mg/day, inhibit
the conversion of T4 to T3. Esmolol is another ultra-short acting beta blocking agent

that can be used in the methods of the invention. Other beta blocking agents that can



can be used such as 5-30% 10-25% 10-20% and all ranges from1l to 40%
Hyperproliferative disorders [0050] The conpositions of the present

i nvent i orwanreoqueesssl for the treatnment of any di sorder eCTiUseoospB@ey M S
characterized by hyperproliferation. Preferably, the conpositions and

met hods of the invention inhibit proliferation and enhance differentiation
of skin cells. [005 1] The nethods and conpositions of the invention are
useful for treatnent of a variety of hyperproliferative diseases. In
particular, the nethods and conpositions of the invention are especially
useful for the treatnment of psoriasis. 1113411 be appreciated however t hat
cells of patients suffering fromskin hyperproliferative diseases (as
descri bed i n beasedisrthgaeghidds péthsviventiongndludedug arernpt insted de guanstlidinguch as
prostate cancer cells may share many properties with each other. [0052] In
gener al , the amdtréseglsin@and conpositions of the invention may be used to treat
or alleviate the synptons of a patient suffering fromany di sease in which

there is an inbal gngsibet waB &t of BlealsbRNhARNANdhAIDRBAYrabh 81T4 kP13
exanpl e, any condition in wiich there is a failure in the normal controls

whi ch regul a I i atjve Of . i il ye. fate ofné y be
treated. Such thgl?gielgaés@%\;&mgw @%ﬂy%i %S§F|‘1${h%rﬁ6oﬁ%@€‘hg&§% [toolr 'fl |0 é)rs]o Séﬁete%gpﬁ
proliferatin i.ch normally (i,e., dependjng on.the devel opnental stage or
P osuc type) tBbas Rt rmodea b lesh  qias xRl isgReduneran Bra 4 st S
differentiate when the corresponding normal cell or tissue type is in a

di ff erenti at &4 tha 2geat, in pther gabadimentsrat dsasbl] e Rlowey ¢re variqus seBCeafations
conpositions are suitable for treating, etc, a hyperproliferative disease,

i n particul arcanabbypel mpebhs 5-80%, i10€5%, 10-20% and all ranges from 1 to 40%.

Hyperproliferative disorders

[0050] The compositions of the present invention are useful for thé
treatment of any disorder of the epidermis characterized by hyperproliferation.
Preferably, the compositions and methods of the invention inhibit proliferation and
enhance differentiation of skin cells.

[0051] The methods and compositions of the invention are useful for
treatment of a variety of hyperproliferative diseases. In particular, the methods and
compositions ot the invention are especially useful for the treatment of psoriasis. It
will be appreciated however that cells of patients suffering from skin
hyperproliferative diseases (as described in further detail below) as well as certain
cancer cells such as prostate cancer cells may share many properties with each other.

[0052] In general, the methods and compositions of the invention may be
used to treat or alleviate the symptoms of a patient suffering from any disease in
which there is an imbalance between proliferation and differentiation. For example,

any condition in which there is a failure in the normal controls which regulate the



di sease which affects the skin. Neoplasns and cancer are also suitably
treated, and ot her diseases and conditions are disclosed bel ow. [0053]

"Ant i prolwbenatissss i s used herein to denote effects onpchmassesm3imel udi ng,
but not limted to decreasing inflanmation, to retarding or normalizing
epidermal proliferation and keratinization to produce beneficial effects on
hyperproliferative disorders of the skin. [0054] The nethods of the
invention result in a reduction of proliferation, preferably proliferation
in vivo, of the hyperproliferative cells. Mire preferably, proliferation of
a popul ation of cells is reduced to 90% 180% 70% 60% 50% 40% 30% 20%
or less compared to a simlar population of untreated cells. Mst
preferably, iffrentatiaeiosnrdliferpériftepfithe o) mpy be treatpd Segh asdiseasa willi vi di ng
conpletely. [0055] As used here, the term"proliferation” is intended to
mean t he di vitgpicallyofivelet heell estidsue typeiprolifemning wifichendrinaBy é.e.,Rlepéndieg et i ve
cells are actively dividing, and undergo such cell cycle processes as DNA
replication, g d&Richmened lstagé ¥i §ds00tyPbFdocYabt StsholRI ¥ BfoldéBtekHiOMRicRY whi ch
proliferation my bé assayed, for exanple, by radiolabelling with

radi oacti ve %ﬁ‘fét%%ff&%nﬁe&éR)ﬂ%?&féactoﬁ%@owng&hﬁgfé&ﬁ'ﬂr% v Qpgeoxyuridine
g cells, by Wi

etc to detect replicatin sual® ‘exam nation for" mtotic cells
or by det er mGNAE! Ay Gae ButK E R OREE: Dpe BPITRe CORR R B
cultured cells under different conditions. A preferred nmethod of assaying
reducti on of spitehle fasrieeating efcs abyperarliferatiendisesse.qp paticular ahunerprojfargfivec
i ndex" as used here neans the percentage of cells in a given popul ation
whi ch ar e undisegss wigichiaffodts theashl A¥eopddsins and cancer are also suitably treated, and

other diseases and conditions are disclosed below.

[0053] "Antiproliferative" is used herein to denote effects on the skin
including, but not limited to decreasing inflammation, to retarding or normalizing
epidermal proliferation and keratinization to produce beneficial effects on
hyperproliferative disorders of the skin.

[0054] The methods of the invention result in a reduction of proliferation,
preferably proliferation in vivo, of the hyperproliferative cells. More preferably,
proiiferation of a popuiation of cells is reduced to 90%, 80% 70%, 60%, 50%, 40%,

30%, 20%, or less compared to a similar population of untreated cells. Most
preferably, proliferation is reduced to 0%, i.e., the cells cease dividing completely.
l [0055] As used here, the term "proliferation” is intended to mean the
division of cells resulting in growth of a tissue. Proliferative cells are actively
dividing, and undergo such cell cycle processes as DNA replication, mitosis, cell

division etc. Various methods are known by which proliferation may be assayed, for

example, by radiolabelling with radioactive nucleotide triphosphates, tritiated



di vision. OQther assays are possible, for exanple, neasurenent of cell cycle
period. [0056] As used here, the term"hyperproliferation"” neans increased
proliferavoanoconsgsared to expected proliferation for a eertuseoosm309ad ven its
stage of devel opnent and function. [0057] In a highly preferred enbodi nent
of the invention, the nethods result in cell differentiation occurring
within sone or all of the population of treated cells. Preferably, 10% or
nore of a hyperproliferative cell popul ation undergoes differentiation
after treatnent according to the invention conpared with a popul ation oi
untreated cells. Mire preferably, this pdfeentage is 20% 30% 40% 50%
60% 70% 80% or nore. Most preferably, 90% 95% or 100% of the cel
popul ati on utgeridmesbrdiroflerxymtidameietnto de®ot@plicabingfoels hyivasuiabexaniedtions t o
the process by which unspecialized cells of tissues beconme specialized for
particul ar f gnaghitetiscellDefcf eP@litératidnafapils@assaydd Bypexpessivs DEaRetkrs suchaki ous
ways, for exanple norphol ogically, or by assaying expression of protein
mar ker s Specm.'c?@ 698y aé%@mﬁhﬁqg%ﬁ@imﬂeaéeqﬁ £ bhmb¥R®yafrekOMRihdlof Qupdd - For
exanple, KI and KiO’keratin are markers for conmitnent to term nal
di fferentiatighof k- | _keratinocytes [ I 0N 4.S.1ncreased when
cellular diff épse%dl g@?@#@%%ﬁﬁ%c?nsl n %%gel e%ﬁe’%ﬂ%fﬁpasgaﬁ%n%e u?iheorn acf{ n, other
keratin subtypes may be used as markers for different differentiation
stages, for BICAHgREoD Ry TReasterept %’fk BHefiqdndex. er%ﬁc Ipde¥” R Pepdihervapatsr s,
for exanple EG--receptor and .beta.-l integrin, may also be used as narkers
for cell ul ar thiifetesntage ioacéllsnin a[ghosgiopeiapien piadh dre paddrgeing kiitesidiandiodesls of
the present invention are

division. Other assays are possible, for example, measurement of cell cycle period.

[0056] As used here, the term “hyperproliferation" means increased
proliferation compared to expected proliferation for a cell type, given its stage of
development and function.

[0057] In a highly preferred embodiment of the invention, the methods
result in cell differentiation occurring within some or all of the population of treated
cells. Preferably, 10% or more of a hyperproliferative cell population undergoes
differentiation after treatment according to the invention compared with a population
of untreaied cells. More preferably, this percentage is 20%, 30%, 40%, 50%, 60%,
70%, 80% or more. Most preferably, 90%, 95% or 100% of the cell population
undergoes differentiation.

[0058] "Differentiation" refers to the process by which unspecialized cells
of tissues become specialized for particular functions. Differentiation of a cell may be
assessed in various ways, for example morphologically, or by assaying expression of
protein markers specific for the differentiated cell type as known in the art. For

example, K1 and K10 keratin are markers for commitment to terminal differentiation



sonetinmes referred to as skin proliferation di seases, disorders, or
conditions, or as skin proliferative di seases, disorders, or condition, or
as hyper pwol2ndeenssssve di seases, disorders, or conditi on®CT[U30@58}030919
Hyperproliferative skin disorders which may be treated by using the nethods
and conpositions of the present invention include psoriasis and its varied
clinical fornms, acne vulgaris, acne rosacea, actinic keratosis (solar

ker at osessquanous carcinoma in situ), the ichthyoses, hyperkeratoses,

di sorders of keratinization such as Darriers di sease, pal nopl anter

ker at oder mas, pityriasis rubra pilaris,'éérdernal naevoi d syndrones,

erythrokeratoderma variabilis, epidernolytic hyperkeratgses, pnon-bullous
i cht hyosi f or af enigermabkipiRocytast Wmesmemﬁsméﬁeﬁeﬁé%%ﬁglﬁf ﬂﬁf"gFFé‘ﬁa%‘PIhnus,
Reiter's syndrome, and hyperproliferative variants of the disorders of
kerati ni zat i oocur. OfGdlditiono Kd andtK 14 lsdnating othsr lseratio swletypes maydwrysed ahe

nmet hods and conposition of the present invention are al so useful for the

treat ment of nayiad forldifa@bntdiiFeREEAI0ANhoe Q) Tal dxlafiplQ K &i1d] Kd6 whd Kiact i vati on
of the androgen receptor, including but not limted to prostate carcinong,

beni gn prost i, %Xﬂ%fhltiﬁg#wﬁ'%{ﬁg,l RPECIRnle BeCrecQitbY Al Beta @D ehtdPrinS Hfa-?'%mo The

nmet hods and conposition prese I nvention are also useful for the
treat ment. of . wound heal i ng by .decelerati t he speed of wound healing to
enhance qual PP YSEFaSEHE ?8%?3%Pﬁgégfﬁﬁggﬁﬁg?ng to the invention, a patient
exhi biting any of the synptons associated with a in hyperpraliferative
di sease, for exanp?®?]a g?@’@ﬁ@é"l%mpi"%ﬁl‘éﬁd% é?oitgﬁpl?égrﬁﬂ%‘%f%ﬂnﬁeth a

thyroi d hornone conversion inhibitor, such as |COP. .
sometimes referred to as skin proliferation diseases, disorders, or conditions, or as

skin proliferative diseases, disorders, or condition, or as hyperproliferative diseases,
disorders, or conditions.

[0060] Hyperproliferative skin disorders which may be treated by using
the methods and compositions of the present invention include psoriasis and its varied
clinical forms, acne vulgaris, acne rosacea, actinic keratosis (solar keratoses--
squamous carcinoma in situ), the ichthyoses, hyperkeratoses, disorders of
keratinization such as Darriers disease, palmoplanter keratodermas, pityriasis rubra
pilaris, epidermal naevoid syndromes, erythrokeraioderma variabilis, epidermolytic
hyperkeratoses, non-bullous ichthyosiform erythroderma, cutaneous lupus
erythematosus, lichen planus, Reiter’s syndrome, and hyperproliferative variants of
the disorders of keratinization.

[0061] While not wishing to be bound by theory, the methods and
composition of the present invention are aiso useful for the treatment of a variety of
diseases and condition associated with activation of the androgen receptor, including

but not limited to prostate carcinoma, benign prostate hyperplasia, alopecia, acne, oily



Such treatnment | eads to reduced proliferation of the diseased cells. The
inhibitor may be applied to a patient on its own, on in the formof a

phar macewoabde/2essposi ti on as described in nore detail Iperas2005sooad f ect of
treatment of a host with a skin proliferation di sease nay be eval uated by
objective criteria such as an inprovenent of desquamati on and erythens,
reduction of the size of lesions as well as subjective criteria such as
cessation of itching. [0063] In one particularly preferred enbodi nent, the
conpositions and nethods of the present invention are suitable for the
treatnent or alleviation of synptons of pkbriasis. Psoriasis manifests
itself as inflamed swollen skin | esions covered with silvery white scale.
Char act er i st isk#n, ehd pigsntisas i Theimehodsendieomipokition bf tie@resefinsentioarare also

psori asis), severe sloughing of the skin (erythroderm c psoriasis),
drop-Ilike dotwefulfirtind Reqppent csy@nddealigBoddteichitingnBesgeed bDwsuld hastihge
psoriasis). [0064] The causes of psoriasis are currently unknown, although

it has been agtaRlicsheslitperfe gt oi mune skin disorder with a genetic
conponent. One in three people report a famly history of psoriasis, but

there is no patte(rg[laoég] i”%%ﬁﬁ@gﬁdth?g%‘@%ﬁé’%%e%%i%”%{lygogﬁﬁqso:on whi ch

children with no apparent 1S Irsease W

psoriasis. Wiether a person actually deve) ops. psoriasi.s may depend on
"trigger f actOFPIOMASHCHFLRY eﬂ@g&.ﬁ 011%%@@#&?@8%{&5@%@1)1&%eﬁe%smaéat,

injury to the skin (the Koebner phenonenon), vaccinations, certain
medi cat i ons, listrd dbave.sambe tieated withadhywidheamone spnersenindibiien wah aoH2P. Once
sonmething triggers a person's genetic tendency to develop psoriasis, it is
t hought that Suchtiteatment leads toradeed psdlfaation gitie slisehedexite I3 \nehibkoérmae! |
repr oducti on.
be applied to a patient on its own, on in the form of a pharmaceutical composition as
described in more detail below. The effect of treatment of a host with a skin
proliferation disease may be evaluated by objective criteria such as an improvement
of desquamation and erythema, reduction of the size of lesions as well as subjective
criteria such as cessation of itching.
[0063] In one particularly preferred embodiment, the compositions and
methods of the present invention are suitable for the treatment or alleviation of
symptoms of psoriasis. Psoriasis manifests itself as inflamed swollen skin lesions
covered with silvery white scale. Characteristics of psoriasis include pus-like blisters
(pustular psoriasis), severe sloughing of the skin (erythrodermic psoriasis), drop-like
dots (guttate psoriasis) and smooth inflamed lesions (inverse psoriasis).
[0064] The causes of psoriasis are currently unknown, although it has
been established as an autoimmune skin disorder with a genetic component. One in

three people report a family history of psoriasis, but there is no pattern of inheritance.

However, there are many cases in which children with no apparent family history of



[ 0065] Psoriasis is a genetically determ ned di sease of the skin
characterized by two biological hallmrks. First, there is a profound

epi der malwbypevssssi f erati on rel ated to accel erat ed andpPcmaseseBE19
differentiation. Second, there is a marked inflammati on of both epiderms
and derms wth an increased recruitnent of T |ynphocytes, and in sone
cases, formation of neutrophil m croabcesses. Many pathol ogic features of
psoriasis can be attributed to alterations in the growh and maturation of
epi dermal keratinocytes, with increased proliferation of epidermal cells,
occurring within 0.2 nmof the skin's surlBace. Traditional investigations
into the pathogenesis of psoriasis have focused on the increased
proliferati othediscany pali gevebipepsofiasih eWathgea person fetuaibr deablopk psoriasisanayi ne
for a cell to nove fromthe basal |ayer through the granular layer is 4 to
5 weeks. | n @spgnidain 'Grig@s fansgs" Whiehtindiidd ys@gde pdstidns axchnt sirep theodtenf ol d
because of a shortened cell cycle time, an increase in the absol ute nunber

of cells capafl® ®indieh (hekathng phanﬂne%n;, NEEGRARAS REANA B ehs, a8l S
that are actuallI'y dividing. The hyperproliterative phenonenon is al so

expressed, a liﬁtpa Qultap in?eé:?lglt?ss (Eractr}lali sﬁ«‘-%ré?é[rﬁ%gét%ksdg%ee ?dl?éélﬁﬁ%é (It;l'?g %Q J ically

uni nvol ved skin ot psor I'c patie conmon soriasis,

psoriasis vulgaris, is characterjzed by we|ll:demarcated.erythenat ous
pl aques coveﬁ’gﬁ"%?g?‘}ﬁ“&ﬁ?n PExe V‘gleﬁﬂ’ 1Ak, {iY 18&33&“?3&? PRYIHYURS t he

i sonor phi ¢ response (Koebner phenonenon), in which new psoriatic |esions
ari se at sit eustern taggeanibegscaspiae slein cplodrpducisnons are often localized to
t he extensor surfaces of the extremties, and the nails and scalp are al so
commonl y invol ved[00i¢h | @sericinivagehcically detetmitded disedsabétheskin asis, a form
of the disease that often erupts follow ng
characterized by two biological hallmarks. First, there is a profound epidermal
hyperproliferation related to accelerated and incomplete differentiation. Second, there
is a marked inflammation of both epidermis and dermis with an increased recruitment
of T lymphocytes, and in some cases, formation of neutrophil microabcesses. Many
pathologic features of psoriasis can be attributed to alterations in the growth and
maturation of epidermal keratinocytes, with increased proliferation of epidermal cells,
occurring within 0.2 mm of the skin’ surface. Traditional investigations into the
pathogenesis of psoriasis have focused on the increased proliferation and hyperplasia
of the epidermis. In normal skin, the time for a cell to move from the basal layer
through the granular layer is 4 to 5 weeks. In psoriatic lesions, the time is decreased
sevenfold to tenfold because of a shortened cell cycle time, an increase in the absolute
number of cells capable of proliferating, and an increased proportion of cells that are

actually dividing. The hyperproliferative phenomenon is also expressed, althoﬁgh to

a substantially smaller degree, in the clinically uninvolved skin of psoriatic patients.



streptococcal pharyngitis, and pustular psoriasis, which is characterized
by nunerous sterile pustules, often 2 to 5 nmin dianeter, on the palns and
sol es or woweathstssed over the body. [0068] Objective netrhods2esiosdiviar e

enpl oyed for establishing the effect of treatnent of psoriasis patients

i nclude the resolution of plaques by visual nonitoring and with

phot ogr aphy. The visual scoring is done using PASI (Psoriasis Area and
Severity Index) score (see Fredericksson, A J, Peterssonn B C Dermatol ogi es
i 57:238-244 (1978)). [0069] The methods and conpositions of the present
invention are also suitable for the treatl¥ent of acne. Acne affects large
patient populations and is a comon inflammatory skin di sorder which

usual 'y | ocalizes [#f&lhe fAaeemmpafenmef rsoyiasis.hsodssiensgariss isahpipcigrisetbpear s
and in the interval of nonths or years between onset and resol ution,

t herapy, alt hgugil-doharcatedbiyemat@an piajues Eé@aetal byt thickugipreegscatehe Adi sease i n
the majority of patients .[0070] A small nunber of acne patients with

severe di seaggaalemitld fiddifg RrthdRomBERRREpdiRe (Rb&HE MEnbhRhabewtwhickf forts
i ncludi ng the use of high doses of oral tetracycline, dapsone, prednisone,

and, in moneE??§§B§ﬂ?f%§?ﬁymﬂgggd&gggg?%ﬁggétaQ&ggs afford only a nodest

degree of co . e sl ‘ . ese agents severely restrict
i | et ory.  SupBUREH T ve 0T B8 SHBORAAY 8 1h RUCHRE ST Pequent 1y the
back and chest. In addition to their appearance, the |esions are tender and
of t en pur ul eskirgmidies.crdithenailsand spalp preadiccconppely diivalyrgl. Yughdess cemmon
frequently inevitable. Therapies for
forms include guttate psoriasis, a form of the disease that often erupts following
streptococcal pharyngitis, and pustular psoriasis, which is characterized by numerous
sterile pustules, often 2 to 5 mm in diameter, on the palms and soles or distributed
over the body.
[0068] Objective methods which are employed for establishing the effect
of treatment of psoriasis patients include the resolution of plaques by visual
monitoring and with photography. The visual scoring is done using PASI (Psoriasis
Area and Severity Index) score (see Fredericksson, A J, Peterssonn B C
Dermatologies 157:238-244 (1978)).
[0069] The methods and compositions of the present invention are also
suitable for the treatment of acne. Acne affects large patient populations and is a
common inflammatory skin disorder which usually localizes on the face. Fortunately,
the disease usually disappears and in the interval of months or years between onset

and resolution, therapy, although not curative, can satisfactorily suppress the disease

in the majority of patients.



acne involve |ocal and system c adm nistration of retinoids. Topical
application of alltrans- retinoic acid (tretinoin) has been tried wth sone
success, wanviwubssl y agai nst conedones or bl ackheads, Ipatr/usbeos/osmndi tion
frequently returns when the treatnment is withdrawn. [0071] In another
preferred enbodi nent, the methods and conpositions of the invention may be
used for inhibiting the proliferation and optionally reversing the
transforned phenotype of hyperproliferative cancer. In particular, the

nmet hods and conpositions described are useful for treating any tunor,
carcinoma, |lesion, etc, which is charact-éfi-zed by hyperproliferation of the
skin. The nethods and conpositions are al so useful to treat pre-nalignant
conditions i.e. t@P0¢ventA sthall nupbagfess patients vath sexbrerdidcagprsinwlittiand t o
prevent the spread of tunors. Specific exanples of tunors include

mel anocyti c naesspsnsitd iMfeadivthenbpasid dfaignadlading théaise of high dexardlogs i ncl ude
reducti on of the nunber and/or prevention of progression of pre-cancerous

actinic kera d i t 0 i squanous
taReFuARIRRURN pleniseha 4885 EEALIRIn Ofn £tk AbskS @@ééf

cell carcinonas, i on of splastic naevi. nposi tions [0072]
cui tabl y- aamieseEpishSRk gl S Bp PR SR RGO kAN BebG s oy
g T LI i EveR ST
t herapeutic ingredients. The carrier(s) nust be "acceptable” in the sense
of bei ng conpeffanuhatony, skpruasivetiedules pppeeding an thedhce, had frequantls theobackndd not
del eterious to the recipient thereof.

chest. In addition to their appearance, the lesions are tender and often purulently

exudative and hemorrhagic. Disfiguring scars are frequently inevitable. Therapies for

acne involve local and systemic administration of retinoids. Topical application of all-

trans-retinoic acid (tretinoin) has been tried with some success, particularly against

comedones or blackheads, but this condition frequently returns when the treatment is

Withdrav;fn.

[0071] In another preferred embodiment, the methods and compositions

of the invention may be used for inhibiting the proliferation and optionally reversing

the transformed phenotype of hyperproliferative cancer. In particular, the methods

and compositions described are useful for treating any tumor, carcinoma, lesion, etc,

which is characterized by hyperproliferation of the skin. The methods and

compositions are also useful to treat pre-malignant conditions i.e. to prevent their

progression to actual malignancy, and to prevent the spread of tumors. Specific

examples of tumors include melanocytic naevus and mrelodysplastic syndrome. Yet

other examples include reduction of the number and/or prevention of progression of



[0073] As used herein a thyroid hornone conversion inhibitor of the
invention is an agent that inhibits the conversion of thyroid pro-hornone,
T4, into wbyn@idssser rone, T . Preferably the thyroid horoors2esns®isi on
inhibitor is a dei odinase. Even nore preferably, the thyroid hornone
conversion inhibitor is iopanoic acid (10OP) or propranolol. [0074] In one
particularly preferred enbodi nent of the invention, a locally adm nistrable
t opi cal pharnaceutical conposition is provided for the treatnment of a skin
hyperproliferative disorder. The locally adm nistrable topical conposition
includes a topical carrier. The conpositi®dhs of the present invention
include those suitable for topical and system c adm nistration including
oral, rectal prewencevigiantinic kaepbeses anghbnvieaiord leergpsqsatreatmentaf catdhlishedt r at i on,
all of which may be used as routes of administration using the materials of
the present isguemnbissell cArghicehias ambiresclutien of &dpiasticshaeai.i on is topical. The
topi cal conposition nay be in the formof a pharmaceutical but it does not

have to be. Foympy@igdse, it can be a cosmetic. [0075] The fornul ations nay
conveniently be presented in unit dosage form e.g., |iposones, tablets and

the. art of phar mady e, b ayknp Ao RabRL AR AR IR ARl oo Cnces
or opar ati ve HBRROBRDRABE BB LD PRS0 HGhn oA PLA5RL Bt on wi L h ¢ he
nol ecul e to be adm ni stered ingredients such as the carrier which
constitutes dhanBiceHbead compesiielt ompgpiagitaihyroid horgumme canversipe inhdhiinssi t i ons
e together with one or more acceptable carriers thereof and optionally other therapeutic
ingredients. The carrier(s) must be "acceptable" in the sense of being compatible with
the other ingredients of the formulation and not deleterious to the recipient thereof.
[0073] As used herein a thyroid hormone conversion inhibitor of the
invention is an agent that inhibits the conversion of thyroid pro-hormone, Ty, into
thyroid hormone, T3. Preferably the thyroid hormone conversion inhibitor is a
deiodinase. Even more preferably, the thyroid hormone conversion inhibitor is
iopanoic acid (IOP) or propranolol.
[0074] In one particularly preferred embodiment of the invention, a
locally administrable topical pharmaceutical composition is provided for the treatment
of a skin hyperproliferative disorder. The locally administrable topical composition
includes a topical carrier. The compositions of the present invention include those
suitable for topical and systemic administration including oral, rectal, intravaginal,

nasal, ophthalmic or parenteral administration, all of which may be used as routes of

administration using the materials of the present invention. A preferred route of



prepared by uniformly and intimately bringing into association the active
ingredients with |iposones, liquid carriers, or finely divided solid
carriers wo 2oa@tgszand then if necessary shaping the pro@artus2¢080300)9
Preferably, the conpositions of the invention are encapsulated wilhin

| i posones. Liposones suitable for use in the invention can be fornmed from
standard vesicle-formng |ipids, which generally include neutral or
negatively charged phospholipids and a sterol such as chol esterol. The
selection of lipids is generally guided by consideration of factors such as
the desired |iposone size and half-life o22the |iposonmes in the bl ood
stream A variety of nethods are known for preparing |iposones, for exanple
as descri bed ddmifistsktioneis telical ( Th8 Gpicalnompdretion Baypphisthe Biroeofp 9: 467; and
U S. Pat. Nos. 4,235,871, 4,501,728, 4,837,028, 5,019, 369, and 5, 260, 065,

the entire dl;&ﬁhﬁmuﬁc‘awﬁt i0hb& mAbEVRIRL Fok Beafifle it Mtbdycdsaledic ence. [ 0078]
The |iposones encapsul ating the thyroid hornone conversion inhibitor can

al so conprise a li nolﬁfeuﬁlo cell,
such asng skin can[gg?ﬂcell ﬁnﬁl %vﬁ %il@tﬁté}L?é; gﬁ?iﬁp@g\r@?a%e in
anti gons or GBIP &t ﬁi‘sgﬁf?a”%@fi Sé‘st%ﬂ’tslf‘éagéesg%al%sg‘%gﬁn e Be BB can
al so be nodified sp to avojd cl earance by the nononucl ear nmacrophage

syst em (" MVB'3nyangihe crdnsehighe artiogph aéw@)ém%@ e oxpmpls, ReMRedon s ed
|'i posomes have opsoni zation-inhibition noieties on the surface or

i ncor por at ed FharmacenticliSgisserreMack fublishing Companya Philadelphid, \P Ap¢lgttesd. ed
enbodi ment, a |iposonme of the invention can conprise both
opsonizationﬁQ@Bybition

[0076] Such preparative methods include the step of bringing into
association with the molecule to be administered ingredients such as the carrier which
constitutes one or more accessory ingredients. In general, the compositions are
prepared by uniformly and intimately bringing into association the active ingredients
with liposomes, liquid carriers, of finely divided solid carriers or both, and then if
necessary shaping the product.

[0077] Preferably, the compositions of the invention are enpapsulated
wiihin liposomes. Liposomes suitabie for use in the invention can be formed from
standard vesicle-forming lipids, which generally include neutral or negatively charged
phospholipids and a sterol such as cholesterol. The selection of lipids is generally
guided by consideration of factors such as the desired liposome size and half-life of
the liposomes in the blood stream. A variety of methods are known for pfeparing
liposomes, for example as described in Szoka et al. (1980), Ann. Rev. Biophys.
Bioeng. 9:467; and U.S. Pat. Nos. 4,235,871, 4,501,728, 4,837,028, 5,019,369, and

5,260,065, the entire disclosures of which are herein incorporated by reference.



noieties and a ligand. Opsonization-inhibiting noieties for use in
preparing the |iposones of the invention are typically |large hydrophilic
pol yner s wbabocanesssound to the |iposone nenbrane. As usedThmse@isn309an

opsoni zation inhibiting noiety is "bound” to a |iposonme nenbrane when it is
chem cally or physically attached to the nenbrane, e.g., by the
intercalation of a |ipid-soluble anchor into the nenbrane itself, or by
binding directly to active groups of menbrane |ipids. These

opsoni zati oni nhibiting hydrophilic polynmers forma protective surface |ayer
whi ch significantly decreases the uptakezﬁ-the | i posomes by the MVB and
RES; e.g., as described in U.S Pat. No. 920, 016, the entire disclosure
of which is herei dO9For p&lﬁtlwsme&waﬁ@m@g thetbgmid bpreemie anyesion
inhibiting noieties suitable for nodifying |iposones are preferably

wat er - sol ubl enlpbitgmenslsei dompaisaa hipard mvlecalg ehattdreets Herlipusomgbto fargetcehout
500 to about 40,000 daltons, and nore preferably from about 2,000 to

about 20, 000 dakK WskiSesbePelIY MRFafidd WhilcH Ben PRl r¥@ipkark 9fwa1ghmﬁ@hcl{ Ear or

pol ypropyl ene gl ycol (PPG derivatives; e.g., nethoxy PEG or PPG, and PEG

or PPG stearg Fﬁ‘s sﬁéﬂﬂ&sﬁﬁ&ﬁ&:}]&% Xrgili%r gle§ g&t@bﬁﬁ@%}{?ﬂ% glﬂggles o?rce?l%lu a0k vi nyI

pyrrolidone; Tirear, branc rimeric poly m nes; po yacryl iC

acids; polyal co ol yvi nyl al cohol and pol yxylitol to which
carboxyl i ¢ ormaég‘? ’odrﬁp{)egg%edgre chemically linked, as well as gangli osi des,

such as gangI|05|de GM su Copol yners of PEG_ net hoxy PEG, or net hoxy
PPG, or derivativd80tHer ecSlfhe lipegoragssgnalfotbspnedifipdhsagfdotaveid cleasance by
opsoni zation inhibiting polymer can be a bl ock copol ynmer of PEG and eit her
a pol yanmi no dks vongoicieaneb@mphae, systeiny(@AMMDB drind estiquidepdothylia spsdenne, or
pol ynucl eoti de. The opsoni zation inhibiting polyners can al so be natural
("RES"). Such modified liposomes have opsonization-inhibition moieties on the
surface or incorporated into the liposome structure. In a particularly preferred
embodiment, a liposome of the invention can comprise both opsonization-inhibition
moieties and a ligand. Opsonization-inhibiting moieties for use in preparing the
liposomes of the invention are typically large hydrophilic polymers that are bound to
the liposome membrane. As used herein, an opsonization inhibiting moiety is "bound"
to a liposome membrane when it is chemically or physically attached to the
membraine, €.g., by the intercalation of a lipid-soluble anchor into the membrane-
itself, or by binding directly to active groups of membrane lipids. These opsonization-
inhibiting hydrophilic polymers form a protective surface layer which significantly
decreases the uptake of the liposomes by the MMS and RES; e.g., as described in U.S.
Pat. No. 4,920,016, the entire disclosure of which is herein incorporated by reference.
[0080] Opsonization inhibiting moieties suitable for modifying liposomes

are preferably water-soluble polymers with a number-average molecular weight from

‘ about 500 to about 40,000 daltons, and more preferably from about 2,000 to about



pol ysacchari des containing am no acids or carboxylic acids, e.g.,

gal acturonic acid, glucuronic acid, mannuronic acid, hyaluronic acid,
pecti c acwo,2000a128881 ni ¢ aci d, al gi nic acid, carrageenanpPCarGaSpeEss0919

pol ysaccharides or oligosaccharides (linear or branched); or carboxyl ated
pol ysaccharides or oligosaccharides, e.g., reacted with derivatives of
carbonic acids with resultant |inking of carboxylic groups. Preferably, the
opsoni zation-inhibiting noiety is a PEG PPG or derivatives thereof.

Li posones nodified with PEG or PEG derivatives are sonetines called
"PEGyl ated |i posones."” [0081] The opsoni-zat-i on i nhibiting noiety can be
bound to the |iposone nenbrane by any one of nunerous well -known

t echni ques. RO006xdattphse Suetnpdipynedrsanyisdicgilnethyldee glytelr(PEG) BEGlgprophlendbound
to a phosphati dyl - et hanol am ne 1i pi dsol ubl e anchor, and then bound to a

nenbrane. Si "g]il)l'o%_[ [(BRG R tivéaNe RO iRk y PTG BEPRIS dndaiR G 8EPPG skeatte;
stearyl am ne 17 pi d-sol ubl e anchor via feductive am nation

usi ngNa( CN) B . ] [ 1 S Ldr of and wat er
o 2 30: 12 v e rfteR Ren b 4 tol bR ERMGOR: hah, 00 1Y
the stearate derjvatives. .a sterol such. as cholesterpl i articularly
usef ul Caddi ¢ trECheher SRHRe ST REPaREr oo ppak e P ulebliec dos ol &
popul ati on nore uniformin terns of size and shape. Even cholesterol is not
suf ficient, ipebivirsgalpohal gndpplywylitekiosyiich earhexylisier aminagioypryachemically t he
materials described in U S. Pat. No. 4,917,951 which only require

chol est erol tlimkedilas welisis@angliosides,csach as gangliosider&Mamdes., Capobingsts of BEGW | |
all ow these materials which will not otherwise forma |anellar phase to

form a | amel lngdth®BABEG battmétheyy PRGN deHOatives fRAedNire alk8SURARS Maldiguh, t he

addition of the secondary lipid. In fact, some of the
the opsonization inhibiting polymer can be a block copolymer of PEG and either a
polyamino acid, polysaccharide, polyamidoamine, polyethyleneamine, or
polynucleotide. The opsonization inhibiting polymers can also be natural
polysaccharides containing amino acids or carboxylic acids, e.g., galacturoni;: acid,
glucuronic acid, mannuronic acid, hyaluronic acid, pectic acid, neuraminic acid,
alginic acid, carrageenan; aminated polysaccharides or oligosaccharides (linear or
branched); or carboxylated polysaccharides or oligosaccharides, e.g., reacted with
derivatives of carbonic acids with resultant linking of carboxylic groups. Preferably,
the opsonization-inhibiting moiety is a PEG, PPG, or derivatives thereof. Liposomes
modified with PEG or PEG-derivatives are sometimes called "PEGylated liposomes."

[0081] The opsonization inhibiting moiety can be bound to the liposome

membrane by any one of numerous well-known techniques. For example, an N-
hydroxysuccinimide ester of PEG can be bound to a phosphatidyl-ethanolamine lipid-

soluble anchor, and then bound to a membrane. Similarly, a dextran polymer can be

derivatized with a stearylamine lipid-soluble anchor via reductive. amination using



nost preferred secondary lipids, e.g., dinmethyldistearyl am ne, water

sol ubl e pol yoxyet hyl ene acyl al cohols, and acyl sarcosinate salts, wll not
f or m vesiwbesosqmsdsanel | ar phases either. [0083] |In one echaszensnsosed the
invention, the locally adm ni strable topical conposition is provided for
the prevention or treatnment of hyperproliferative skin disorders. The

| ocally adm ni strable topical conposition includes a topical carrier.

[ 0084] The topical carrier, as noted above, is one which is generally
suited to topical drug adm nistration and includes any such materials known
in the art. The topical carrier is select2d so as to provide the
conposition in the desired form e.g., as a liquid, lotion, cream paste,
gel , powder, Na(CdhiBHrsehS andadolveyt letawenpel sadtrafydeofmmnentd avatafin ei30HEr
natural ly occurring or synthetic origin. It is essential that thesel ected
carrier not agvests®ldecakf€ct the active agent or other conponents of the
topi cal fornulation. anples of suitable topical carriers for use herein

include water, al ig(lﬁ?e%l]s ang ¢ zﬁﬁﬁns?%@és?ﬁiﬁmﬂ[ﬂ%@is%gﬁ?éyd&% vesIh ¥ERJT N,

mneral oil, sili petroleumje anol aci ds, "veget abl e
oil's, parabens,, waxes, and the .like. The c osition.of t [ hventi on may
al so be adni P&t %Srcélﬂfersﬁr‘fq Ae? P%ﬁnﬁ]lﬂ(%ﬁy gsegﬁ]aarf@gg’,e‘ Jirhe %?ﬂl%?fl ggchgieégﬁ ent i onal
conponents of such a formulation are included as well, e.g., surfactants,
condi t i oner s 2PReasTi9INaKe the HesiSle REPHaEM BoreHmHioER AR fams ghsize Ard shape. [ 0085]
Particularly preferred fornulations herein are colorless, odorless
oi nst nent s, |Hyenohdgstenobmmet sufticigst, sn it§ed) 863110&F wesiae faamatien.Sdns sebntast
preparations which are typically based on

to the materials described in U.S. Pat. No. 4,917,951 which only require cholesterol to

make vesicles. In certain circumstances, cholesterol will allow these materials which

will not otherwise form a lamellar phase to form a lamellar phase but they cannot be

formed into vesicles without the addition of the secondary lipid. In fact, some of the

most preferred secondary lipids, e.g., dimethyldistearyl amine, water soluble

polyoxyethylene acyl alcohols, and acyl sarcosinate salts, will not form vesicles or

lamellar phases either.

[0083] In one embodiment of the invention, the locally administrable

topical composition is provided for the prevention or treatment of hyperproliferative

skin disorders. The locally administrable topical composition includes a topical

carrier.

[0084] The topical carrier, as noted above, is one which is generally
suited to topical drug administration and includes any such materials known in the art.
The topical carrier is selected so as to provide the composition in the desired form,

e.g., as a liquid, lotion, cream, paste, gel, powder, or ointment, and may be comprised

of a material of either naturally occurring or synthetic origin. It is essential that the



petrol atum or other petroleum derivatives. The specific ointnent base to be

used, as wll be appreciated by those skilled in the art, is one that wll
provi de fwo 20¢a2883sn drug del i very, and, preferably, w | pcpruseeode3dony ot her
desired characteristics as well, e.g., enmolliency. As with other carriers

or vehicles, an ointnent base should be inert, stable, nonirritating and
nonsensiiizing. As explained in Rem ngton: The Science and Practice of
Pharmacy, 19th Ed. (Easton, Pa.: Mack Publishing Co., 1995), at pages
1399- 1404, ointnent bases nmay be grouped in four classes: ol eagi nous bases;
enul si fi abl e bases; enul sion bases; and wt-er-sol ubl e bases. O eagi nous
oi ntment bases include, for exanple, vegetable oils, fats obtained from
ani mal s, and ssleficd 6p1rigr pYichdvesply siiscidhe asthedsertmopst comBARANISEAIPR fi abl e
oi nt nent bases, al so known as absorbent oi ntnment bases, contain little or
no wat er and topicalifoenulétom. Examplee of byithblexypicalaainers {drfua¢ berearihglddowster,

| anol in and hydrophilic petrolatum Enul sionointnent bases are either

wat er -i n-oi | afddh6ls aadetiet A6SoRc 0Bédnid SHIvetse blyceN, meiitlas bioslicoasd i ncl ude,
for exanple, cetyl alcohol, glyceryl nonostearate, lanolin and stearic

acid. Preferr %ﬂom&%@%@?%ﬂgy%@ ABRDIR! FarifeaRal £4s AP LY §hBY! ene

gl ycol s of vfryl ng m ngt on*> The Science and Practice of

Pharmacy). [0087] .Lotiops.are. .preparati.ons to be applied to the skin
cur f ace w ¢ hogrrprirc phfe st BB Hio S Ry stithe R Bie Bt lifpbst.
preparations in which solid particles, including. the active agent, are
present in a Whitlefaseconyeatineal companenisel ek a foraulatipn arg inclidsd As Wslse- &4
solids, and preferably, for the present purpose, conprise a liquid oily
emul si on of tshdfagats,icondiipeers; yigrosity otoddpmgagentpriwinectagts, fnst thalikei ons
herein for

[0085] Particularly preferred formulations herein are colorless, odorless
oinstments, lotions, creams and gels.

[0086] Ointments are semisolid preparations which are typically based on
petrolatum or other petroleum derivatives. The specific ointment base to be used, as
will be appreciated by those skilled in the art, is one that will provide for optimum
drug delivery, and, preferably, will provide for other desired characteristics as well,
e.g., emolliency. As with other carriers or vehicles, an ointment base should be inert,
stable, nonirritating and nonsensitizing. As expiained in Remington: The Science and
Practice of Pharmacy, 19th Ed. (Easton, Pa.: Mack Publishing Co., 1995), at pages
1399-1404, ointment bases may be grouped in four classes: oleaginous bases;
emulsifiable bases; emulsion bases; and water-soluble bases. Oleaginous ointment
bases include, for example, vegetable oils, fats obtained from animals, and semisolid
hydrocarbons obtained from petroleum. Emulsifiable ointment bases, also known as -
absorbent ointment bases, contain little or no water and include, for example,

hydroxystearin sulfate, anhydrous lanolin and hydrophilic petrolatum. Emulsion



treating | arge body areas, because of the ease of applying a nore fluid
conposition. It is generally necessary that the insoluble matter in a

| oti on bewbin@logssdsvi ded. Lotions will typically contai RCIUSp@SABY agent s
to produce better dispersions as well as conpounds useful for |ocalizing
and holding the active agent in contact wwth the skin, e.g.,

nmet hyl cel | ul ose or sodi um car boxynet hyl -cel lul ose, or the like. A
particularly preferred lotion formulation for use in conjunction with the
present invention contains propylene glycol mxed with a hydrophilic
petrol atum such as that which may be obt-ddmed under the tradenark
Aquaphor. RTM from Bei ersdorf, Inc. (Norwalk, Conn.). [0088] Creans

cont ai ni ng t lenigehilrasetiaragisher veater-ined] EMEWrenisiphseoragit-m-watst QW) i qui d or
sem solid enul sions, either oil-in-water or water-in-oil. Cream bases are
wat er - washablegulsitib, aadinalude2or eddmlblaseyl akBhelNlysérl] @onestchrae, lagilRoigl
phase. The oil phase, also sonmetinmes called the "internal"” phase, is

generally co 0 | r
drearyl a1 conar hg Eﬁlﬁe@%ﬁ?ﬁ%ﬁ?‘ﬁuﬂa@“@“@hoﬁug‘@hﬁ%%?ﬁ?gﬁ%éiﬁf#kn@

exceeds the o i.n VO a nera I NS The
emul sifier r%ll}écogsroea %g wﬁiecnﬁgwe@% gioﬁé é’g& ecrfc"larr]ﬁtﬁ(;%cqgg ﬁ
generally a ngnioni¢c, anionic, cationi c or anphoterl C surfact ant . [0089]
Gel s formul atfiPgiB8acy)-e preferred for application to the scalp. As will be
appreci ated by those working in the field of topical drug formulation, gels
are semisolid, sudpe¥di on-Liofigas apPrenseations tybeanphiad éo thelskingorfaed Wlﬂwlganl C
macronol ecul es distributed substantially uniformy throughout the carrier
l'i qui d, whi cHrittsort, wpd el thyicapiequid or seuiliqhid @reparatioas abwiich solid particlas
al cohol and, optionally, an

including the active agent, are present in a water or alcohol base. Lotions are usually

suspensions of solids, and preferably, for the present purpose, comprise a liquid oily
emulsion of the oil-in-water type. Lotions are preferred formulations herein for
treating large body areas, because of the ease of applying a more fluid composition. It
is generally necessary that the insoluble matter in a lotion be finely divided. Lotions
will typically contain suspending agents to produce better dispersions as well as
compounds useful for localizing and holding the active agent in contact with the skin,
¢.g., methylcellulose or sodium carboxymethyl-cellulose, or the like. A particuiarly
preferred lotion formulation for use in conjunction with the present invention contains
propylene glycol mixed with a hydrophilic petrolatum such as that which may be
obtained under the trademark Aquaphor.RTM. from Beiersdorf, Inc. (Norwalk,
Conn.).

[0088] Creams containing the selected agent are, as known in the art,
viscous liquid or semisolid emulsions, either oil-in-water or water-in-oil. Cream bases

are water-washable, and contain an oil phase, an emulsifier and an aqueous phase.



oi | . [0090] Shanpoos may be formul ated with the standard shanpoo
conponents, i.e., cleansing agents, thickening agents, and preservatives
wi t h t he wheasszizegpsagent representing the primary ingrescenusoosppioeal |y an
anionic surfactant or a mxture uf an anionic and an anphoteric surfactant.
[ 0091] Various additives, known to those skilled in the art, may be
included in the topical formulations of the invention. For exanple,
solvents may be used to solubilize certain drug substances. O her optional
addi tives include skin perneation enhancers, opacifiers, anti-oxidants,

gel ling agents, thickening agents, stabiii%ers, and the like. OQher agents
may al so be added, such as antim crobial agents, antifungal agents,
antibiotics aImcahphaS¢,rﬂSOea¢nm1mey cel@pdrthes"mmtal'alsha@c,es gcm:sa,llmg@]nsmof
preferred topical formulations of the invention, the active agent is

present in arpeadhiunh adi Eitty slcgobsuchlds el of geatl dlSoHy; thea@ibuophashe t ot al
conposition, it can typically range fromO0.1 to 40% for exanple at |east

5% 10% et c.,sRARYGRN 1{?)3 113&5sa?i’6a@E«Lé’cdéﬂé@@pﬁs@ﬁ@ol&rge 20%0endaig) | ot her

vari ations are |nclud 0 3 | i’an alternative enbodi ment, dependi ng on

t he di d A nts _of tive can be used.
[0894i S'?'Lee': opc)):ﬁt@g C}(E)uqﬁlg%:gl R ons ol*lgfgr%nac\%ai%?ﬁuﬁﬂ?hv?s eg(%ga ne&é]lll vereg to

t he skin usi a tine-rel ease chani sm For exanple, "transderma]"”
pat ches, wher&HIEKRE; %F&aé%g?qe%yl@oé‘m%@ﬂ@ﬁl%ﬁt’fﬂnw o AMRROFEICSYT: é‘%t?%?ct ure

that serves as a drug delivery device to be affixed to the skin. In such a
structure, the dr L[QO 9] Gels formulations are preferred for application to the scalp. As

will be appreciated by those working in the field of topical drug formulation, gels are
semisolid, suspension-type systems. Single-phase gels contain organic
macromolecules distributed substantially uniformly throughout the carrier liquid,
which is typically aqueous, but also, preferably, contain an alcohol and, optionally, an
oil. |

[0090] Shampoos may be formulated with the standard shampoo
components, i.e., cleansing agents, thickening agents, and preservatives with the
cleansing agent representing the primary ingredient, typically an anionic surfactant or
a mnixture of an anionic and an amphoteric surfactant.

[0091] Various additives, known to those skilled in the art, may be
included in the topical formulations of the invention. For example, solvents may be
used to solubilize certain drug substances. Other optional additives include skin
permeation enhancers, opacifiers, anti-oxidants, gelling agents, thickening agents,
stabilizers, and the like. Other agents may also be added, such as antimicrobial agents,

antifungal agents, antibiotics and anti-inflammatory agents such as steroids.



conposition is contained in a |layer, or "reservoir," underlying an upper
backi ng layer. The |am nated structure may contain a single reservoir, or
it may comoanes/arssssi pl e reservoirs. In one enbodi ment, Poe/USe®SHSDIY
conprises a polyneric matrix of a pharnaceutically acceptabl e contact
adhesive material that serves to affix the systemto the skin during drug
delivery. Exanples of suitable skin contact adhesive materials include, but
are not limted to, polyethylenes, polysiloxanes, polyisobutylenes,

pol yacryl ates, pol yurethanes, and the |ike. The particul ar polyneric
adhesi ve selected will depend on the par#Peul ar drug, vehicle, etc., i.e.,
t he adhesive nust be conpatible with all conponents of the drug-containing
conmposi tion. In af00Ri er n&n preéereadiopicatdmmulatiensof e vBeRtNNths gCtisagenbi r
and skin contact adhesive are present as separate and distinct |layers, with
t he adhesi veigyident ¥ aagmidvat whikdriv gereralhy athieast tottyi waightef thetptdbe ei t her a
polymeric matrix as descri bed above, or it nmay be a |iquid or hydrogel
reservoir, OkoMBYsitic® 2R Whilahndofrdm o DAY, Theeagiié Rdedsased, 10%, t hese

| am nat es, which serves as the upper surface of the device, functions as
the primary strugctural el heol agzatec provides the
device with CE&%‘“V?g%?ﬁgﬁﬁ%Fﬁﬁ?;Bs{hgq#é%é?ﬁ% oég?%%?gﬁﬁ?%¥ﬁ?ﬂ%&%acking
mat eri al shog%gxge selected so that it is substantially inperneable to the
conposition é-any ot her conponents of the conposition, thus preventing
| oss of any conponents through the upper surface of the device. The backing
| ayer may be eith&009%3tc| udn graligmatbiesariodinens, depepding PAeoHSAARHASE it is
desired that the skin beconme hydrated during drug delivery. The backing is
pr ef erabl y nmadstedfothersheantsaf theé dativohgent parebensddl y f1 exi bl e el astoneric
material. Exanples of polyners that are

[0094] The topical compositions of thé invention may also be delivered to
the skin using a time-release mechanism. For example, "transdermal”-type patches,
wherein the composition is contained within a laminated structure that serves as a
drug delivery device to be affixed to the skin. In such a structure, the drug
composition is contained in a layer, or "reservoir," underlying an upper backing layer.
The laminated structure may contain a single reservoir, or it may contain multiple
reservoirs. In one embodiment, the reservoir comprises a polymeric matrix of a
pliarmaceutically acceptable contact adhesive material that serves to affix the system
to the skin during drug delivery. Examples of suitable skin contact adhesive materials
include, but are not limited to, polyethylenes, polysiloxanes, polyisobutylenes,
polyacrylates, polyurethanes, and the like. The particular polymeric adhesive selected
will depend on the particular drug, vehicle, etc., i.e., the adhesive must be compatible
with all components of the drug-containing composition. In an alternative -
embodiment, the drug-containing reservoir and skin contact adhesive are present as

separate and distinct layers, with the adhesive underlying the reservoir which, in this



suitable for the backing | ayer include polyethyl ene, polypropyl ene,

pol yesters, and the like. [0096] During storage and prior to use, the

| am nat edwetnasoizes3e preferably includes a rel ease |iner PCirroseaisas®iy pri or
to use, this layer is renmoved fromthe device to expose the basal surface
thereof, either the drug reservoir or a separate contact adhesive |ayer, so
that the systemmay be affixed to the skin. The rel ease |iner should be
made from a drug/vehicle inpernmeable nmaterial. [0097] Such devices may be
fabricated using conventional techniques, known in the art, for exanple by
casting a fluid adm xture of adhesive, driddg and vehicle onto the backing

| ayer, followed by |lam nation of the release liner. Simlarly, the adhesive
m xture may kesecagay berithertahmlymbramatrix asatescribet labwed obit nhayrhierealti guad oo f

t hebacking layer. Alternatively, the drug reservoir nay be prepared in the
absence of dmgarogel B¥eVdE %@&nagaleb doaeoth@aded. by "soaking” in a

drug/vehicle m xture. [0(598] with the topical formulations of the

Lnvention, - coNPOSIhigyps C%%%%a{ég%p%gf&n%&g%rﬁﬁﬁﬁﬁ,Vx%iEﬁ safve%]%qggwngat ed

system may cont ai unber o I'n sone” cases, t
conposition may, be delivered "neat," i.e., in the absence.of ~addi}ional
Caui d, 1 most et AgtGiee DaeofyAs thompukpt e FeRRT of GedfioBaied
di spersed or suspended in_a suitable pharnmaceutically acceptable vehicle,
typi cal |y a $BhReBigtangprejados thy Aarcewitp srehtof ithiliesiRiliiyTisangiedalsaleciedc| ude
preservatives, stabilizers, surfactants, and the |ike: [0099] Preferably,
t he topical ffarthebatkimgmatnd shioeld mreteateddo diet itvie sybstansibtByranadrewaldend ai n a
skin perneation enhancer. A skin perneation enhancer can be

the composition and to any other components of the composition, thus preventing loss

of any components through the upper surface of the device. The backing layer may be

either occlusive or nonocclusive, depending on whether it is desired that the skin

become hydrated during drug delivery. The backing is preferably made of a sheet or

film of a preferably flexible elastomeric material. Examples of polymers that are

suitable for the backing layer include polyethylene, polypropylene, polyesters, and the

like.

[0096] During storage and prior to use, the laminated structure preferably

includes a release liner. Immediately prior to use, this layer is removed from the

device to expose the basal surface thereof, either the drug reservoir or a separate

contact adhesive layer, so that the system may be affixed to the skin. The release liner

should be made from a drug/vehicle impermeable material.

[0097] Such devices may be fabricated using conventional techniques,
known in the art, for example by casting a fluid admixture of adhesive, drug and

vehicle onto the backing layer, followed by lamination of the release liner. Similarly,

the adhesive mixture may be cast onto the release liner, followed by lamination of the



co-adm ni stered. Suitable enhancers are well know in the art and include,
for exanpl e, dinethylsulfoxide (DVBO, dinethyl formam de (DW),

NONdi net hwbaoetmsssde (DVA), decyl net hyl sul f oxi de (CL0 MBOX/US@D5A8819

al kanedi ol s, and the 1-substituted aza yci oheptan-2-ones, particularly

1- n- dodecyl cycl azacycl ohept an- 2-one (avail abl e under the trademark

Azone. RTM from Whitby Research Incorporated, R chnond, Va.), alcohols, and
the like. [00100] The ointnents, pastes, creans and gels also may contain
exci pients, such as aninmal and vegetable fats, oils, waxes, paraffins,
starch, tragacanth, cellul ose derivativesilpolyethylene glycols, silicones,
bentonites, silicic acid, talc and zinc oxide, or m xtures thereof. Powders
and sprays albsckingtayenrtitermtivrlyi fhealnsresenvhirasayl beqirepracd inghe abssntd &ff ¢ aci d,
al um num hydr oxi de, cal ciumsilicatesand pol yam de powder, or m xtures of

t hese subst ankegor Seimss, adrihaddbdddmatsoykia@ninal drugislickmiixtype.opel | ant s,
such as chl orofl uoroliydrocarbons and vol atil e unsubstituted hydrocarbons,

such as butane anqogggPanes AR iXibpitherolARGals FIPOSEANSRESRIHNY to

this invention may al so include one or nore preservatives or bacteriostatic

agents, e.g., hyl. . . oxybenzoa opyl Loxybenzoat e hl.or gcresol
benzal koni umC i)nrellll elg%{gghr?cfg ¢ eO%%i@esga%R%%tﬁ?)égﬁte%él 6?'8@}1%%&13 Eéroo(%ﬁan
contain other active i ngredi ents such as antin.crobial entdz,, particularly
anti bi oti cs, ARPOPFRIE il $0me Fageydhs klocking gomppiiienmay Pe deliitds neplg o pop
Antim crobial agents that can be used in the topical admnistration of the
present i nverib¢ ahsengeeoftaddisiona digpid: b mwsiases, SRvevearitic sonperiiéon wilked vent s.
I'n

dissolved, dispersed or suspended in a suitable pharmaceutically acceptable vehicle,

typically a solvent or gel. Other components which may be present include
preservatives, stabilizers, surfactants, and the like.

[0099] Preferably, the topical formulations and the laminated delivery
systems also contain a skin permeation enhancer. A skin permeation enhancer can be
co-administered. Suitable enhancers are well know in the art and include, for
example, dimethylsulfoxide (DMSO), dimethyl formamide (DMF), N,N-
dimethylacetamide (DMA), decylmethylsulfoxide (C;o MSO), C, -C¢ alkanediols, and
the 1-substituted azacycioheptan-2-ones, particularly i-n-dodecylcyclazacycloheptan--
2-one (available under the trademark Azone.RTM. from Whitby Research
Incorporated, Richmond, Va.), alcohols, and the like.

[00100]  The ointments, pastes, creams and gels also may contain
excipients, such as animal and vegetable fats, oils, waxes, paraffins, starch,
tragacanth, cellulose derivatives, polyethylene glycols, silicones, bentonites, silicic
acid, talc and zinc oxide, or mixtures thereof. Powders and sprays also can contain

excipients such as lactose, talc, silicic acid, aluminum hydroxide, calcium silicates



addition, antim crobial agents are active against a broad spectrum of

m cr oorgani sns, including but are not limted to, grampositive and gram
negat i ve wacb@vizgsssyeast, and nol d. Exanpl es of the ant iporasemsabosagent s
include, but are not limted to, triclosan

(5-chl oro-2-(2, 4-di chl orophenoxy) phenol which is also known as Irgasan. TM
DP 300 manufactured by G ba-Cei gy Corporation), hexetidine
(5-am no-1, 3-bi s(2- ethyl hexyl)-5-nethyl - hexahydropyri m di ne),
chlorhexidine salts (salts of N, N'-Bis(4- chlorophenyl)-3,12-diimno-2,4,I
1, 14-tetraazatetradecanedii mdi am de), 23bronp-2- nitropropane-1|, 3-diol,
hexyresorci nol, benzal koni um chl oride, cetyl pyridiniumchloride,

al kyl benzyl di aretpojyaamre npwders bt mbitares of thesh substapdes nSiraybaran\additives]y

povi done-i odi ne (polyvinyl pyrrolidinone-iodine), parabens, hydantoins (2,4-
i m dazol i di neghin@iie pustbiiggpropdiantSvic ag bmeﬁ)f(udﬁniyuﬂicm\b@ﬁs aid volatile

2, 4-im dazol i di nedi one), phenoxyethanol cis isomner

I-(3 chl or oal | \ldstiduted Byddok QRi hI oride (quarternium15
which is al so En&%n as ﬁﬁ%??n nagg acturéﬁggngow Chem cal Conpany),

di azol i di nyl wurea, et mchlorid benz m chl ori de, and
m xt ures thereof. I@@i@gl ?@?%Rﬁfﬁg‘aoﬁlmﬁsﬁb&éﬁ?‘i?ﬁ‘hl%%t SHBY?TE‘Q D210 & not
limted to, djnmethylol~5,5-dinethylhydantoin (glydant). Preferably,

exanpl es of tlﬁélug‘?lf’?‘?r?"cliﬂeiﬁI&P“&@@N?%‘)ﬁbﬁ‘ﬂ%@mﬂ? pganéss 848 Mtlyli somer  of

| -(3-clhoroallyl)-3,5,6-triaza- 1-azoni aadamantane chlori de

(quarternniu mmsqubnmm puipybhy drgxsdentaia; chlleraovesol, beszatiomiunashlorides, and

di met hyl ol -5, 5-di met hyl hydantoin (glydant), and m xtures thereof. [00103]
Conposi ti ons thé likeeThertepieslt conlpositivhOalsE édh @nfdn bictiSRivE lindrbdiems kuthCdsi on

wi th chenot herapeutic agents in the treatnment of skin cancer. Exanpl es of
chenot her apeuintigni&@8Mi Sgdr®d, phitRulaf1§ 2hiBiBlicO hncitileRcS 3RNEEsi ANSh CotBFuritic
agents.

[00102]  Antimicrobial agents that can be used in the topical administration
of the present invention are those compatible with skin and soluble in solveﬁts. In
addition, antimicrobial agents are active against a broad spectrum of microorganisms,
including but are not limited to, gram positive and gram negativé bacteria, yeast, and
mold. Examples of the antimicrobial agents include, but are not limited to, triclosan

5-chloro-2-(2,4-dichlorophenoxy) phenol which is also known as Irgasan.TM. DP
300 manufactured by Ciba-Geigy Corporation), hexetidine (5-amino-1,3-bis(2-
ethylhexyl)-5-methyl-hexahydropyrimidine), chlorhexidine salts (salts of N,N"-Bis(4-
chlorophenyl)-3,12-diimino-2,4, 11 ,14-tetraazatetradecanediimidi amide), 2-bromo-2-
nitropropane-1,3-diol, hexyresorcinol, benzalkonium chloride, cetylpyridinium
chloride, alkylbenzyldimethylammonium chlorides, iodine, phenol derivatives,
povidone-iodine (polyvinylpyrrolidinone-iodine), parabens, hydantoins (2,4-

imidazolidinedione), hydantoins derivatives (derivatives of 2,4-imidazolidinedione),



hyperproliferative skin disorders are well known in the art. [00104] The
topi cal conpositions and drug delivery systens of the invention can be used
in the prwoeanddmssssr treatnment of the skin conditions i egemtustisads@bove.
When used in a preventive (prophylactic) nethod, susceptible skin can be
treated prior to exposure or just after exposure but any visible | esions on
areas known to be susceptible to such | esions are observed. In treating
skin conditions, it will be recognized by those skilled in the art that the
optimal quantity and spaci ng of individual dosages will be determ ned by
the nature and extent of the condition beidng treated, the form route and
site of adm nistration, and the particular individual undergoing treatnment,
and that suc rphom)qymlna’solcqa isomned ef é+(Fichlododblyebhberinioharonieasihmagiaes. |t

will also be appreciated by one skilled in the art that the opti mal ~
dosi ngr egi nemhldride (qudrtethimuniderhioh igdlsebnanasivowRid00anamthctised by Dow
conventional course of treatment determination tests. Generally, a dosing

regi men will dyaufatal ecdhah g} afa&aﬁalﬁﬂ W, ﬁa@&e%f‘dnﬁﬁﬁ @mohaplxﬁéthym@fu&ﬂoﬁmna)n at
| east once daily, and preférably one t6 four times 'y, until

synpt ons haveh gl an%ﬂmxhlﬂ %1 %eoﬁ‘l B nnge@ otf?nlg%éa%%mﬁ‘qgﬁwtﬁzég ﬁ% ual B]ﬁ are

preferred, sys et dn (el gIe

parenteral, sub A ngual , S OSI

adni ni strati @R i 19 o, g L gﬁyﬂ ég}gégmrp?erﬁ%%&&ﬁ@gké&f
dependi ng upon hOM/the drug IS adnlnlstered Parenteral adm nistration may
be by i ntr avdhoudinipjobird pgents inghwlatrciessnscis iomet Pbir(3ichoreatiybclsf artriaza-
injection, intra-arterial injection, intrathecal injection, intra
peritoneal i rjeohiaadamdntalierohddrider(gjeatenanums 50 hyewlamtdins fhysidabinaderivativese or
nore specific sites. Wien long term

such as dimethylol-5,5-dimethylhydantoin (glydant), and mixtures thereof.

[00103] Compositions of the present invention can also be useful in
conjunction with chemotherapeutic agents in the treatment of skin cancer. Examples
of chemotherapeutic agents for the treatment of skin cancer and other
hyperproliferative skin disorders are well known in the art.

[00104]  The topical compositions and drug delivery systems of the
invention can be used in the prevention or treatment of the skin conditions identified
above. When used in a preventive (prophylacticy method, susceptibie skin can be
treated prior to exposure or just after exposure but any visible lesions on areas known
to be susceptible to such lesions are observed. In treating skin conditions, it will be
recognized by those skilled in the art that the optimal quantity and spacing of
individual dosages will be determined by the nature and extent of the condition being
treated, the form, route and site of administration, and the particular individual
undergoing treatment, and that such optimums can be determined by conventional

techniques. It will also be appreciated by one skilled in the art that the optimal dosing



adm nistration by injection is necessary, venous access devices such as
medi -ports, in dwelling catheters, or autonatic punping nmechanisns are al so
pr ef er r edwotrescaizessdi rect and i nmedi ate access i s provi dedTius2dads@3@nd eri es
in and around the heart and ot her major organs and organ systens. [00106]
Conpositions may al so be adm nistered to the nasal passages as a spray.
Arteries of the nasal area provide a rapid and efficient access to the

bl oodstream and i edi ate access to the pul nonary system Access to the
gastrointestinal tract, which can also rapidly introduce substances to the
bl ood stream can be gai ned usi ng oral € , or injectable forms of

adm ni stration. Conposjtions fy be adm nistered as a bolus injectiogn or
spray, or ad W%W@éreedh%’é‘éfﬁléﬁtq dopss can be asqeRRined BHas gprniignal §9‘(‘:‘ﬁe ak ever y

two, four, six or eight hours, every day (QD) orevery other day (QOD),
over |onger penineus deferninatiorsiesth. Genevalyi s dosingmagithen W@bnﬁob/ietadmmgstannal so
be adm nistered in a tinmed-rel ease fashion such as by using sl owrel ease

resins and olbfigfe skicoRd t6fica ebayastiditdteas ot ideily,and pasteradBvireas fodrARdd7]
Where systemi c administration is desired, orally active conpositions are

preferred as dQﬁ% ﬁpl{ﬂeggﬁ%mﬁg RRels§b@d&onveni ent and economi cal node of

drag deliver Itions nmay be poorly absor bed t hrough the

gastrointesti nal . ar.e r end to be
hi ghly polar. Pr ei{e%(ﬂé)g?y gﬁﬂ}g Qg‘%os? B]ﬁ%rag o%éfeﬂgéﬁg}}tg%g}léeduce or
elimnate their polarity. This can be a corrpl i she nown. nea s uch as
formul ati ng @ﬁ@lt&%ﬂﬁoe@ﬁﬁ&gmpﬁﬁomawba é’cﬂ’i‘ﬁb PW@? AU glé%‘éhﬂfe

neutralizes its polarity, or by nodifying the conpound with a neutral i zi ng
chemi cal gr ospppoiterfyar gbteyal atmenistatwoudlry pilmgoamabsgrption. Dosages will be

adjusted depending upon how the drug is administered. Parenteral administration
may be by intravenous injection, subcutaneous injection, intramuscular injection,
intra-arterial injection, intrathecal injection, intra peritoneal injection or direct
injection or other administration to one or more specific sites. When long term
administration by injection is necessary, venous access devices such as medi-ports, in-
dwelling catheters, or automatic pumping mechanisms are also pfeferred wherein
direct and immediate access is provided to the arteries in and around the heart and
other major organs and organ systems.

[00106] Compositions may also be administered to the nasal passages as a-
spray. Arteries of the nasal area provide a rapid and efficient access to the
bloodstream and immediate access to the pulmonary system. Access to the t
gastrointestinal tract, which can also rapidly introduce substances to the blood stream,
can be gained using oral enema, or injectable forms of administration. Compositions
may be administered as a bolus injection or spray, or administered sequentially over

time (episodically) such as every two, four, six or eight hours, every day (QD) or



simlarly nodified to wthstand very | ow pH conditions and resist the
enzynes of the gastric nucosa such as by neutralizing an ionic group, by
coval ent lwobkoowdizgggsan i oni c i nteraction, or by stabiliziPag/useoos®smdyd ng a
di sul fide bond or other relatively labile bond. [00108] Treatnents to the
patient may be therapeutic or prophylactic. Therapeutic treatnent involves
adm ni stration of one or nore conpositions of the invention to a patient
suffering fromone or nore synptons of the disorder. Relief and even
partial relief fromone or nore synptons can correspond to an increased
life span or sinply an increased quality ®f- life. Further, treatnents that
al l eviate a pat hol ogi cal synptom can allow for other treatnments to be

adni ni st er ed.ef’e‘lyl%@f]fthéQpi})n@P'QY@hMgﬁmeéloﬁS abtins guchrasrvesols tamagnthst hat t he
conponents of the conpositions are capable of being comringled with the

t hyroi d hor néfenmsitioas siagnlsorbei aditinisterealf in tahianqaFeteant fasive stéhoas, byarsthgi t h
each other, in a manner such that does not substantially inpair the desired

efficacy. [ OQlowledleddos&tnsQhd biifer ARRATREEMYEERIcaSORRREhIsIA0Aetiked NE
invention wll vary depending on the subject and upon the particular route

of adm ni stration : Dq,%& ;e e : : ng/ kg per
day, nore preferatgp?}ﬁ)?]to ggﬁﬁﬁg}"@%%&&%ﬁg@gfi ésél%aéélgﬁ%?g[%gnl y, an
overal |l dose range..of from.about, flor exi%{{?le,. 1 m croag]réa]g%to about 300
mi cr ogr ans micgRPOBEORRBG PREFT al pdminigation {s & gonvemignt andhpGopamicy! ot
periodic interval s based upon the conposition. [001 11] The invention w ||
be further cHatdsfdrieddivey. (Qral sasmpasitiong mayhemoesy whsashedtheoughttbhided to be
exenpl ary of the invention.

gastrointestinal lining. Compounds which are poorly absorbed tend to be highly polar.

Preferably, such compositions are designed to reduce or eliminate their polarity. This
can be accomplished by known means such as formulating the oral composition with
a complimentary reagent which neutralizes its polarity, or by modifying the
compound with a neutralizing chemical group. Preferably, the molecular structure is
similarly modified to withstand very low pH conditions and resist the enzymes of the
gastric mucosa such as by neutralizing an ionic group, by covalently bonding an ionic
interaction, or by stabilizing or removing a disulfide bond or other relatively labile
bond.

[00108]  Treatments to the patient may be therapeutic or prophylactic.
Therapeutic treatment involves administration of one or more compositions of the
invention to a patient suffering from one or more symptoms of the disorder. Relief
and even partial relief from one or more symptoms can correspond to an increased life
span or simply an increased quality of life. Further, treatments that alleviate a

pathological symptom can allow for other treatments to be administered.-



EXAMPLE [001 12] In vitro, T3 stinulates epidermal keratinocyte
proliferation (Holt 1978, Ahsan 1998, Safer 2003). T3 stimulates cultured
ker at i nocwoeo@xpsssssi on of proliferation associ ated ker 2Crrusgesa3iyiRNA
(Safer 2004) and protein expression of proliferation associated keratin 6
(Safer, 2005). T3 also stimulates cultured dermal fibroblast proliferation
(Ahsan 1998, Safer 2003). [001 13] In vivo, topical application of

supr a- physiologic T3 can stinulate epidermal proliferation (Safer 2001,
Saf er 2003) and may thicken derm s (Faergemann, Yazdanparast).[00 114] The
predoni nant circulating thyroid hornone i¥the pro-hornone, T, wile
thyroid hornone action is nediated by the active thyroid hornone, T3. Most
intracel lular T3 depP10Ms fTherteinoCedmpatibleds as usad béreify mgpngibei thh epmbonyents
expressed i odot hyroni ne dei odi nases (DIs). Previous investigators showed

conver si on ofofTHe ¢dnisitivak albTapsible BAB&ihY Eorfithingled with thecttid/toid B&mdnbUS
denonstrating indirectly the presence of thyroid hornone dei odi nases in

skin (Ref et ofdnd&dién IMH%&%F b8 prétent idlentBR Sdnd With ié’eic‘hro%er,t & AgiRfsnase

i nhi bitor, iopanoic acl OP), "has been used to block T4 to T3 conversion

B N NG T

determ ned tha rof orno S nece . .
cpi dormis, o bot HO0F 60 1 TaeTLthe phesRecyica] CuTPaRHOT G heCE IEPB e
whet her hypot hyroi di smwoul d specifically result in decreased epidernal
prol i f er at i orvaghdepending on the subject and upon the particular route of administration used.
Dosages can range from 0.1 to 100,000 pg/kg per day, more preferably 1 to 10,000
ug/kg. By way of an example only, an overall dose range of from about, for example,
1 microgram to about 300 micrograms might be used for human use. This dose can
be delivered at periodic intervals based upon the composition.
[00111]  The invention will be further characterized by the following
examples which are intended to be exemplary of the invention.
EXAMPLE
[00112]  Imvitro, T5 stimulates epidermal keratinocyte proliferation (Holt
1978, Ahsan 1998, Safer 2003). T; stimulates cultured keratihocyte expression of
- proliferation associated keratin gene mRNA (Safer 2004) and protein expression of
proliferation associated keratin 6 (Safer, 2005). T; also stimulates cultured dermal
fibroblast proliferation (Ahsan 1998, Safer 2003).
[00113]  Invivo, topical application of supra-physiologic T3 can stimulate

epidermal proliferation (Safer 2001, Safer 2003) and may thicken dermis

(Faergemann, Yazdanparast).



whet her the topical application of a deiodinase inhibitor, 10P, could
inhibit epidermal p xuliferation w thout causing system ¢ hypothyroidism
[00117] MOOERGALSSIAND METHODS [ 00118] Al l ani mal experi memtskoosn3aescri bed
was conducted in accord with accepted standards of humane aninmal care in a
protocol approved by the institutional aninmal care and use committee
(I'ACUC) at Boston University School of Medicine. Establishnment of

hypot hyroid m ce. [001 19] Age, sex, and size nmatched CD-1 mce (Charles
Ri ver, Boston, Massachusetts) were thyroidectom zed (by surgica

t hyroi dectomy). In order to ascertain hypbt-hyroidism all mice were eye
bled and T4 | evel s neasured by radi o i munoassay (see below). As with all
the nurine studi ed00Xldit r dThemredomipare coutlptog thyooit hermeresis Hegirashoshand, ng,
eye bl eedi ng, and histol ogical analysis used for the treatnent ani nmals.

| opanoi ¢ aci dr,pwhiletyroill BOARHe AtibO R Mediate® PRAIY Actias iterdid BBImen& a7 Mast
prepared by mxing IOP (Sigma, St. Louis, Mssouri) into a |liposone vehicle

(Novasone A, ihiEceiifiGr T; MEWed HoREMLalRiofYdrQE oY TYBF PEiibRsally Bl flsser001,  Saf er
h gggrﬂo?ﬁe I posonme v

2003, Safer 2005). Each nouse recelve ehicle

applied direct to a 3x3.cmar of,_shaved skin on.the,animal's cks. The
o Dpar at | on vedotuisarfe FRariARR D bRt e od b e AR Hef S g7 oupe
recei ved crean}lcont ai.ning 6 _ngy i(CP aily. The control  groups were treated
with daily agpheickqrdmcie Eninskin Qultyrrs, thus demonstrating indirectly the presence of

thyroid hormone deiodinases in skin (Refetoff 1972, Huang 1985, Kaplan 1988). In
vitro, the deiodinase inhibitpr, iopanoic acid (IOP), has been used to block AT4 to T3
conversion in human epidermal keratinocytes (Kaplan -- )

[00115]  Previously, we determined that thyroid hormone is necessary for
optimal wound healing (Safer 2004). Thyroid hormone may act on wound healing
through dermis, epidermis, or both.

[00116]  The current project was done to determine whether
hypothyroidism would specifically result in decreased epidermal proliferation and
whether the topical application of a deiodinase inhibitor, IOP, could inhibit epidermal
proiiferation without causing systemic hypothyroidism.

[00117] MATERIALS AND METHODS

[00118]  All animal experimentation described was conducted in accord
with accepted standards of humane animal care in a protocol approved by the
institutional animal care and use committee (IACUC) at Boston University School of

Medicine.



[00122] Five week old CD-I mce were random zed into 2 groups (Figure 1).
The groups had 6 mce each and were evaluated in a crossover study. Each
nouse i n wbeoavmssever study was eval uated twi ce: once aCTas2@s0630y9 daily
| OP treatnment and once after treatnment with vehicle alone. Six mce
received IOP first followed by a 3 nonth wash-out/healing conpletion
period. The animals were then evaluated after treatnent with topical
vehicle alone. Six mce started with vehicl eal one and received the |ICOP
treatnment after the 3 nonth wash-out/healing conpletion period. [00123]
AUt opically treated mce were caged separ¥tely to avoid animals receiving
doses fromtheir neighbors during groomng. The creamwas applied to a

m dl i ne cephal ad EsgAbdshoentionByrailraidsnicbacks to mnini ze the inpact of
personal groom ng on dosing. Measurenent of serum T4 |evels [00124] Serum
total thyroxine | 4o@l19]werlgareas anésizevriatvhad €Dah ddcel(Cladieo RiveyBasaay ki t
(I'CN, Orangeburg, New York). Unlike other thyroid hornone kits which use
anti - mouse anNhlRauSsts) Wk ﬂhﬁ\éi&c_tom&@cﬁ@%tgiéaaH&g}rsideabmwdln%%d@frtd_ avoi ds
spuriously elevated readings in mce. Thyroid hornone |evels for mce fall

at the low e . 1 N : e F@ﬁ t ] %:ﬁggg'r_\the

kit were use?il.gce%%%i lﬁ}g’tol n g%sgrgglﬁ?i%lr%%aw%%re(}{g |% erai%ﬁgﬁ%%fﬁﬁ? pi efﬂr?al

proliferation was assessed b asuri bot h. epi dermal .t hi ckness and

B ot oo, 5 - ABRRGRRY S PHOUY MBI HIE G R R SRR HEr T BSnERt )

incorporation into DNA. At the conpletion of the protocols noted, aninmals
to the anesthesia, shaving, eye bleeding, and histological analysis used for the

treatment animals.

Iopanoic acid protocol

[00120] A topical iopanoic acid (IOP) cream was prepared by mixing IOP
(Sigma, St. Louis, Missou;‘i) into a liposome vehicle (Novasome A, IGI inc., New
Jersey) previously described (Safer 2001, Safer 2003, Safer 2005). Each mouse
received 30 pl of the liposome vehicle applied directly to a 3x3 cm area of shaved
skin on the animal’s backs. The preparation was applied daily and not removed.

[00121]  The treatment groups received cream containing 6 mg IOP daily.
The control groups were treated with daily application of vehicle alone.

[00122]  Five week old CD-1 mice were randomized into 2 groups (Figure
1). The groups had 6 mice each and were evaluated in a crossover study. Each
mouse in the crossover study was evaluated twice: once after a 6 mg daily IOP
treatment and once after treatment with vehicle alone. Six mice received iOP first
followed by a 3 month wash-out/healing completion period. The animals were then

evaluated after treatment with topical vehicle alone. Six mice started with vehicle



were biopsied with full thickness dorsal skin sanples were taken. Three
hours prior to biopsy, each nouse had received intraperitoneal BrdU as
previ ouslwodesonsssed (Safer 2001). Skin sanple.s were fipkeEdszovsfosrn®ml i n and
enbedded in paraffin. Fromeach paraffin block, 5 mmsections were nade and
stained with hematoxylin and eosin (H&E). Epidermal thickness was neasured
in 10 random | ocations for each nouse. Additional 5 nm skin histology
sections fromthe above paraffin bl ocks were stainedfor BrdU as previously
described (Safer 2001). BrdU data are reported as the nunber of cell nuclei
st ai ned/ nm epi derm s. Human epi dernal ker3-i nocyte studies [001 26] Hunman
kerati nocytes were grown in primary culture on a support matrix derived
fromirradi atbuefand resolvad the IORMeeatmbvet afier therlomonthardsbdutbeslingrndbimpioe, t he
cells were fed basal medium alone for 24 hours and then incubated overni ght
i n medi um compedodii ng a test substance or sham The cells were then treated
wWith saturating quantities of 3Hthym di ne (New Engl and Nucl ear, Boston,

Massachusetts): Diomas PUFoBichAt §atbh it feRIAEN QbakRIARMVOR BlilfR

i ncorporated thym dine"was assessed wt periments were

perfornmed in ruplicat nd. av d.. Results reported represent a

i mumof -+ RSB RE RbS ART LR B linE B Mie TROTBEE SRR D

di scards were qptai ned anonynougly follow ng accepted procedures set by the
Instituti onam%ﬁv? %%ﬁﬁagmlé} Ofsti@tamn%i%k%ﬁwmge%éhe igagkefinersenal

Humanprostate cell culture studies
grooming on dosing.

Measurement of serum Ty levels

[00124]  Serum total thyroxine levels were measured with a standard
radioimmunoassay kit (ICN, Orangeburg, New York). Unlike other thyroid hormone
kits which use anti-mouse antibodies, the ICN kit uses anti-rabbit antibodies and
avoids spuriously elevated readings in mice. Thyroid hormone levels for mice fall at
the low end of the human range so the human standards included in the kit were used.

Evaluation of epidermal proliferation

[00125]  Epidermal proliferation was assessed by measuring both epidermal
thickness and 5-bromo-2’-deoxyuridine (BrdU, Boehringer Mannheim, Mannheim,
Germany) incorporation into DNA. At the completion of the protocols noted, animals
were biopsied with full thickness dorsal skin samples were taken. Three hours prior
to biopsy, each mouse had received intraperitoneal BrdU as previously described
(Safer 2001). Skin samples were fixed in formalin and embedded in paraffin. From
each paraffin block, 5 pm sections were made and stained with hematoxylin and eosin
(H&E). Epidermal thickness was measured in 10 random locations for each mouse.

Additional 5 pm skin histology sections from the above paraffin blocks were stained



[00128] Human prostate (HPV) cells were grown under standard conditions.
When the cultures reached 40% confl uence, the cells were fed basal nedium
al one forwd4oéwusssand t hen i ncubated overni ght in nmedi ecraseddioniony a test
substance or sham The cells were then treated with saturating quantities
of 3Ht hym di ne (New Engl and Nucl ear, Boston, Mssachusetts); DNA was
precipitated with 5% perchlorate and rel ative incorporated thym di ne was
assessed with a betacounter. Experinments were perfornmed in quadruplicate
and averaged. Results reported represent a mninmum of three separate
quadrupl i cate experinents. Opossum ki dneyOcel | culture studies [00129]
Opossum ki dney (OK) cells were grown under standard conditions. Wen the
cul tures readorddr mwevibhde dessribedheSatar| 2081 wdBrd U dagp argsenortied @b thenandhee f or
24 hours and then incubated overnight in nmediumcontaining a test substance
or sham The of e¢ll suchirseaitididnmt epbdeirmib. Wi t h saturating quantities of

3Ht hym di ne (New Engl and Nucl ear, Boston, Massachusetts); DNA was

precipitated wit h}ﬁ%d}ﬁ%ﬁ@rﬁz&ﬂfc&a%%y{e%ﬁﬁésve incorporated thym di ne was
assessed with a beta counter. Experinents were performed in quadruplicate

and averaged. Res ep 1.NJ My
ﬁ/gagr uplki g ate eg)/tlg(liql?eélt ls%ﬁ%‘k‘%@%‘?’gﬁgéﬁ%ﬁ%ﬁ@ﬁﬁ%ﬁ%‘a&%‘ﬁﬁi rF% %‘%@F .

nkey ki dney - cells. were un st andard condi t.i : en the
cultures r eaE‘P?é‘E‘P‘ ﬁ@%%@mmm%?gﬁ%@éﬁ S’%\%‘r °f B%’?&&‘eﬁe‘@%m al one for
24 hours and then incubated overnight in nmediumcontaining a test substance
or sham The cerllyencehecellyavere fasldasal mgdivmabangriet 2hpugaiand then apubgted
3Ht hymi di ne

overnight in medium containing a test substance or sham. The cells were then treated

with saturating quantities of 3H-thymidine (New England Nuclear, Boston,
Massachusetts); DNA was precipitated with 5% perchlorate and relative incorporated
thymidine was assessed with a beta counter. Experiments were performed in
Aquadruplicate and averaged. Results reported represent a minimum of three separate
quadruplicate experiments.

[00127]  The skin discards were obtained anonymously following accepted
procedures set by the Institutional Review Board at Boston University School of
Medicine.

Human prostate cell culture studies

[00128]  Human prostate (HPV) cells were grown under standard
conditions. When the cultures reached 40% confluence, the cells were fed basal
medium alone for 24 hours and then incubated overnight in medium containing a test
substance or sham. The cells were then treated with saturating quantities of *H-
thymidine (New England Nuclear, Boston, Massachusetts); DNA was precipitated

with 5% perchlorate and relative incorporated thymidine was assessed with a beta



(New Engl and Nucl ear, Boston, Massachusetts); DNA was precipitated with 5%
perchlorate and relative incorporated thym dine was assessed with a beta
count er. \Ewpesd/aressss were perfornmed in quadruplicate ang#cawscagmshsiResul ts
reported represent a mninumof three separate quadruplicate

experinments. Reagents [00131] The reagents used for tissue culture were
iopanoic acid (Sigma, St. Louis, Mssouri), sodiumipodate (Fitzgerald

I ndustries International, Flanders, New Jersey), and propranolol (Signms,
St. Louis, Mssouri). Reagents were dissolved into nodestly basic stock
solutions to the follow ng final concentrddti ons: 0.025 nmM NaCOH, 0.2 M Nad ,
1.5 mMreagent. Each experinent used 10 ml of stock reagent (or sham per
500 M of nedowiter. Fxpefimgutseserd Berfortd ih headriyoliatecandeoyataged. i Results 3 nM f or
each reagent, and the "high" concentration was 30 mM for each reagent.

Statistics [QQb3Rl répradehsd htdmuaNed thide SepstcRRAIAPHRAE WipehmBhtdent ' s

unpaired t test. Data is presented standard error of the nean (SEM.

RESULTS Topi cal | g}olsm% Bjdkﬁﬂﬁe?lpégﬂ%e@&ﬁ&ol i feration [00133] Epidernal
19 ; .

proliferation was significantly dimnished in both groups of mice (Figures
(<0, 05) " and’ 00% 1OUSDhp; QP BEEY Cokd PGV ER EOHUFO & EBL0. 05) - M co
treated with topical | OP had 20% thi nner epiderm s than control m.ce
(p<0. 05; Fi geerdiforg dVhemshesybuisp regehaded 0% ronflusngs. Ahseplis yeene trd)basaly | e
serum T4 medium alone for 24 hours and then incubated overnight in medium containing a test
substance or sham. The cells were then treated with saturating quantities of *H-
thymidine (New England Nuclear, Boston, Massachusetts); DNA was precipitated
with 5% perchlorate and relative incorporated thymidine was assessed with a beta
counter. Experiments were performed in quadruplicate and averaged. Results
reported represent a minimum of three separate quadruplicate experiments.
Monkey kidney cell culture studies
[00130] Monkey kidney (CV-1) cells were grown under standard
conditions. When the cultures reached 40% confluence, the cells were fed basal
medium alone for 24 hours and then incubated overnight in medium containing a test
substance or sham. The cells were then treated with saturating quantities of *H-
thymidine (New England Nuclear, Boston, Massachusetts); DNA was precipitated
with 5% perchlorate and relative iﬁcorporated thymidine was assessed with a beta’

counter. Experiments were performed in quadruplicate and averaged. Results

reported represent a minimum of three separate quadruplicate experiments.



| evels fell significantly in the thyroidectom zed mce, T4 levels in mce
treated with 10OP creamrenai ned steady. T4 |l evels were dimnished in

t hyr oi decwormaadssssce. [ 00134] Rel ative to baseline, T4PpCenskesiosno19

t hyroi dectom zed mce were 84% lower (4.2 0.4 ng/dl for euthyroid mce
versus 0.66 0.5 ng/dl for hypothyroid aninmls, p<0.001). By contrast, T4
levels in |OP treated mce were not changed relative to control m ce.

Dei odi nase inhibitors had effects on nultiple tissue sanplesfromdifferent
species. [00135] As shown in Figure 5, relative to control cultures,
proliferation of human epi dernmal keratinagytes was inhibited 619% (p<0.001)
after incubation overnight with iopanoic acid. Simlarly, Figure 13 shows
the results of th&ehgerman epi dermal keratinocytes incubated with two

di fferent concentrations of iopanoic acid. As shown in Figure 6,

proliferation of hewmn]epiTdersmlentstisad fonPieiicRuItWRSHdr pahbdie Acilid8¥int4) SO 01)
after incubation overnight with ipodate sodium Figure 14 shows the results

of the human L%aisdﬁﬁ%gggg%sﬁhgqﬁg%a&tgfpgitzggﬁa Attt PeditRich, FRRALL, New

concentrations of i € SO ows that prolrteration of
o opr anol o1 IRaDrneFrgRreEe ot CHRBREST Far OB EDo R T A BpaR e
keratinocytes incubated with two different concentrations of propanol ol.
[00136] Fi gureodBstbhasic sterk soludjons ite/ tetfellewing finpl comcentragions:o9.823 M at i on of
human prostate cells was inhibited 264% (p<0.001) after incubation
over ni ght w fNaOH, 0.2 M NaCl, 1.5 mM reagent. Each experiment used 10 pl of stock reagent
(or sham) per 500 ul of medium. For Figures 13 — 18, the “low” concentration is 3
uM for each reagent, and the “high” concentration was 30 uM for each reagent.
Statistics
[00132]  Statistical analysis was performed with Student’s unpaired ¢ test.
Data is presented = standard error of the mean (SEM). |
RESULTS
Topical IOP inhibited epidermal proliferation
[00133]  Epidermal proliferation was significantly diminished in both
groups of mice (Figures 2 and 3). Thyroidectomized mice had 36% thinner epidermis
than control mice (p<0.05) and 90% less epidermal BrdU staining than controls
(p<0.05). Mice treated with topical IOP had 20% thinner epidermis than control mice
(p<0.05; Figure 4 and 30% less epidermal BrdU staining (p<0.05). While serum T4

levels fell significantly in the thyroidectomized mice, T4 levels in mice treated with

IOP cream remained steady.



i opanoi ¢ acid. Figure 16 shows the results of the human prostate cells

i ncubated with two different concentrations of iopanoic acid. In Figure 9,
prol i f er awoanoca28ssaman prostate cells was inhibited 305%Crprs@od0i)1aft er

i ncubation overnight with i podatesodium Simlarly, Figure 17 shows the
results of the human prostate cells incubated with two different
concentrations of ipodate sodium As shown in Figure 10, proliferation of
prostate cells was inhibited 848% (pO OO ) after overnight incubation with
propranolol. Figure 18 shows the results of the human prostate cells
incubated with two different concentrati-ofs of propanolol. In Figure 19,
proliferation of human prostate cells incubated overnight with ioversol was
i nhi bited 22% (+/ -T418kelspvere Qimddished [MBYDideckingradenité. shows that relative to
control cultures, proliferation of opossumkidney cells was inhibited 8810%

(p<0.001) after oyeors4ght ReaiiBad baseling T 1evedpinanpbilectohizdd gide evet284%
proliferation of nonkey kidney cells was inhibited 825% (p<0.001) after

guer Nt ght, 1 NGUQa (4O Bl BIBPEARAVRI miZEREREDS! §f@§ﬁt@6%rhﬂjﬁ;g?§r(ﬁd Kato S,

Qura H, Arase nohi stochem cal localizatio or none

nucl ear receptors. in hai r_f hcl es in vitro effect. of

e T odot hy it Pof AT (o Butes? e e Rin PP dsfieflab b8 i A kbibesd our nat o
Medi cal I nvestigation 44:179-184 Faergemann J, Sarnhult T, Hedner E,

Carl sson B, Iggfiye tpcopfielgnige s  Sun X-Y 2002 Dose-response effects of
tri-iodothyroacetic acid (Triac) and other thyroid hornone anal ogues on

gl ucocorti coi d- i ndieedinsskiinhibitars pny eifects bre ninlipletisswe sgaplepivm differani/ener ol
82:179- 183  species.

[00135]  As shown in Figure 5, relative to control cultures, proliferation of
human epidermal keratinocytes was inhibited 61+9% (p<0.001) after incubation
overnight with iopanoic acid. Similarly, Figure 13 shows the results of the human
epidermal keratinocytes incubated with two different concentrations of iopanoic acid.
As shown in Figure 6, proliferation of human epidermal keratinocytes was inhibited
14+6% (p<0.01) after incubation overnight with ipodate sodium; Figure 14 shows the
results of the human epidermal keratinocytes incubated with two-différent
concentrations of ipodate sodium. Figure 7 shows that proliferation of keratinocytes
was inhibited 62+3% (p<0.001) after overnight incubatioﬁ with propranolol. Again,
Figure 15 shows the results of the human epidermal keratinocytes incubated with two
different concentrations of propanolol.

[00136]  Figure 8 shows that relative to control cultures, proliferétion of
human prostate cells was inhibited 26+4% (p<0.001) after incubation overnight with
iopanoic acid. Figure 16 shows the results of the human prostate cells incubated with
two different concentrations of iopanoic acid. In Figure 9, proliferation of human

prostate cells was inhibited 30:£5% (p<0.001) after incubation overnight with ipodate



Holt PJA 1978 In vitro responses of the epidermis to triiodothyronine.
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of human prostate cells incubated overnight with ioversol was inhibited 22% (+/- 7%,

p <0.001).

[00137]  Figure 11 shows that relative to control cultures, proliferation of
opossum kidney cells was inhibited 88+10% (p<0.001) after overnight incubation
with propranolol. In Figure 12, proliferation of monkey kidney cells was inhibited

82+5% (p<0.001) after overnight incubation with propranolol.



Yazdanparast P, Carlsson B, G karinen A Risteli J, Faergemann J 2004 A

t hyroi d hornone anal ogue, triiodothyroacetic acid, corrects

corti costwoana/dsssnr egul at ed col | agen synthesis. Thyroi @#CTAIS3605403339 [ 00138]
Al'l references described herein are incorporated by reference.We claim 1.
A nmethod for treating a hyperproliferative skin disorder, conprising
topically admnistering to a subject in need thereof an effective anount of
a thyroid hornone conversion inhibitor and a pharnaceutically acceptable
carrier or diluent. 2. The nethod of claim4, wherein the nethod conprises
| ocally inhibiting the conversion of thyw4fi-d pro-hornone, T, to thyroid
hornone, T3. 3. The nethod of claim1l, wherein the thyroid hornone
conversi on i REBHRENCES sel ected fromthe group consisting of iopanoic acid
(10P), ipodate, and propranolol. 4. The nmethod of claim3, wherein the

t hyroi d hornone conversion inhibitor is a deiodinase inhibitor. 5. The

nmet hod of claim 1, wherein the hyperproliferative skin disorder is selected
fromthe groyhse®VE SUiaR6 YOKaRS O ORBITS, ArdsS 1M9R IRt Snohddheiicahcea,
actinic keratosis, solar keratoses, squanous carcinoma in situ, the

i cht hyoses, Hhgqabiraionanfdbaeid ipirmoneinudeasfredeptans inriurean hir folliskesasd Bavitioer s

di sease, pal | er..kerat oder nas I Lyrdasi.s.r pilari s, epjdernmal
naevoi d syndggf;rg}%tgo&tl‘é{f’nﬁ% Ortﬁl 8?%? ggec}ﬂr‘ggreeé?lillsa ’%}fa’llrsfl,éﬁlécgﬁsélgg llnytl ?%rgal ot

hyper ker at os egedits InvdligAies 44clvolmgasi f or m eryt hr oder ma, cut aneous | upus
eryt hemat osus and |ichen planus. psoriasis, acne vulgaris, or cancer. 6. The
nmet hod of claimb5, wherein the hyperproliferative skin disorder is
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psoriasis. 7. The nethod of claim5, wherein the hyperproliferative skin

di sorder is the ichthyoses.8. The nethod of claimb5, wherein the

hyper pr olwbenatizssssski n di sorder is pal nopl ant er ker at ogemrrms20059309The

met hod of claimb5, wherein the pharnmaceutically acceptable carrier or
diluent is a |liposone cream and the thyroid conversion is for topical

adm nistration. 10. The nethod of claim5, wherein the endogenous |evel of
thyroid hornmone, T3, is lowered locally in the cells of the subject treated
with the inhibitor, and further wherein the subject's system c |evel of
thyroid hornone is not significantly alted@d. 11. A pharnaceuti cal
conposition for topical adm nistration conprising a sufficient amount of a
dei odi nase i n¥dfén JhFrassr LVBiRsiytS, dimhick MF @00bfTopical ¢riivdothywesingistimulagesoi d

hor mone conversion j nhi.bitor and arnmaceutd cal | y .accept abl.e .c i er, or
G| went. 55 iiealiilRatifin. AR RO RG fid s e SR Ag B TSl
phar maceuti cali-y1agzept abl e carrier or diluent is selected fromthe group

consisting of lotion, cream paste, gel and ointnment. 13. The
phar maceuti cal conposition of claim1, wherein the pharmaceutically

accept abl e Ca§arfiereJr D,%rra\g%olrg e[rIUI, ﬁrase? LM,&?()SaOIUf?Rg{I g?&en TC, Persons K, Holick MF

2003 Thyroid hormone action on skin: Diverging effects of topical versus

intraperitoneal administration. Thyroid 13:159-165

Safer JD, Crawford TM, Holick MF 2004 A role for thyroid hormone in wound
healing through keratin gene expression. Endocrinology 145:2357-2361

Safer JD, Crawford TM, Holick MF 2005 Topical Thyfoid Hormone Accelerates
Wound Healing in Mice. Endocrinology In Press

Yazdanparast P, Carlsson B, Oikarinen A, Risteli J, Faergemann J 2004 A thyroid

hormone analogue, triiodothyroacetic acid, corrects corticosteroid-downregulated

collagen synthesis. Thyroid 14:345-353

[00138]  All references described herein are incorporated by reference.
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We claim:

1. A method for treating a hyperproliferative skin disorder, comprising topically
administering to a subject in need thereof an effective amount of a thyroid hormone
conversion inhibitor and a pharmaceutically acceptable carrier or diluent.

2. The method of claim 4, wherein the method comprises locally inhibiting the
conversion of thyroid pro-hormone, T4, to thyroid hormone, Ts. |

3. The method of claim 1, wherein the thyroid hormone conversion inhibitor is
selected from the group consisting of iopanoic acid (IOP), ipodate, and propranolol.
4. The method of claim 3, wherein the thyroid hormone conversion inhibitor is a
deiodinase inhibitor.

5. The method of claim 1, wherein the hyperproliferative skin disorder is selected
from the group consisting of psoriasis, acne vulgaris, acne rosacea, actinic keratosis,
solar keratoses, squamous carcinoma in situ, the ichthyoses, hyperkeratoses, disorders
of keratinization such as Darriers disease, palmoplanter keratodermas, pityriasis rubra
pitaris, epidermal naevoid syndromes, erythrokeratoderma variabilis, epidermolytic
hyperkeratoses, non-bullous ichthyosiform erythroderma, cutaneous lupus

erythematosus and lichen planus.psoriasis, acne vulgaris, or cancer.

6. The method of claim 5, wherein the hyperproliferative skin disorder is
psoriasis.
7. The method of claim 5, wherein the hyperproliferative skin disorder is the

ichthyoses.
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8. The method of claim 5,' wherein the hyperproliferative skin disorder is
palmoplanter keratodermas.
9. The method of claim 5, wherein the pharmaceutically acceptable carrier or

diluent is a liposome cream and the thyroid conversion is for topical administration.
10. The method of claim 5, wherein the endogenous level of thyroid hormone, Ts,
is lowered locally in the cells of the subject treated with the iﬁhibitor, and further
wherein the subject’s systemic level of thyroid hormone is not significantly altered.
11. A pharmaceutical composition for topical administration comprising a
sufficient amount of a deiodinase inhibitor to inhibit conversion of T4 to T, wherein
thyroid hormone conversion inhibitor and a pharmaceutically acceptable carrier or
diluent. |

12. The pharmaceutical composition of claim 11, wherein the pharmaceutically
acceptable carrier or diluent is selected from the group consisting of lotion, cream,
paste, gel and ointment.

13. The phaitaceutical composition of ciaim 1, wherein the pharmaceutically

acceptable carrier or diluent is a liposome cream.



