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METHOD AND COMPOSITION FOR TREATING HYPERPROLIFERATIVE SKIN
DISEASES USING 6-AMINOPURINE CYTOKININS

TECHNICAL FIELD

The present invention concerns methods and
compositions for treating diseases associated with

hyperproliferating epidermal cells, particularly
disorders of skin in humans.

BACKGROUND OF THE INVENTION

Among diseases afflicting mammals, and partic-
ularly humans, are many which are due to hyperprolifera-
tion of epidermal cells. Among such diseases are skin
diseases such as basal cell carcinoma, malignant

melanoma, squamous cell carcinoma, actinic keratosis,

Bowen’s Disease, papilloma, seborrheic kera- tosis, toxic
eczema, allergic eczema, atopic dermatitis, ichthyosis,
and psoriasis.

The present invention provides methods and
compositions for treating such hyperproliferative skin

diseases.

The methods and compositions of the invention
involve cytokinins. Cytokinins are plant hormones
involved in promoting growth and cell division in
explants of plant tissue in culture in standard media,
which contain auxins (another class of plant hormones) as
well as vitamins, mineral salts, and sugar.

Among cytokinins are those which are
6-(substituted amino)purines, including kinetin
(6= (furfuryl)aminopurine), zeatin (6-(3-hydroxymethyl,
3~-methylallyl)aminopurine, 6-(3,3-dimethylallyl)amino-
purine, 6-(benzyl)aminopurine, 6-(phenyl)aminopurine,
é-(n-alkyl)aminopurine, wherein the alkyl group has 4, 5
Or 6 carbon atoms, and 6~ (cyclohexyl)methylaminopurine.

Cytokinins have been observed to have various
effects on mammalian cells in culture. Orr and McSwain,

Cancer 10, 617 - 624 (1957):; Johnson et al., Exptl. Cell
Res. 85, 47 - 56 (1974); Hecht et al., Proc. Natl. Acad.

Sci. (USA) 71, 4670 ~ 4674 (1974) ; Mookerjee et al., J.
Reticuloendoth. Soc. 25, 299 - 314 (1979);
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Gordon and Seglen, Arch. Biochem. Biophys. 217, 282 -~ 294

(1982) ; Vesely et al., Endocrinology 116, 1887 = 1892
(1985) .

SUMMARY OF THE INVENTION

It has been found unexpectedly that
hyperproliferating epidermal cells associated with
hyperproliferative skin diseases of mammals, when exposed
to 6-(substituted amino)purine cytokinins, are caused to
differentiate and slow in their rate of proliferation.

Thus, the present invention entails methods and
compositions for treating hyperproliferative skin

diseases of mammals, including humans. According to the
methods of the invention, differentiation-inducing-
effective amounts of a 6~-(substituted amino)purine are

administered to the hyperproliferating epidermal cells

associated with such a disease in a mammal suffering
therefrom.

DETAILED DESCRIPTION OF THE INVENTION

In one of its aspects, the present invention

entails a method of treating an hyperproliferative skin
disease in a mammal suffering therefrom which method

comprises administering to the hyperproliferating cells,
associated with said disease, of the skin of said mammal
a differentiation-inducing effective amount of a
6~(substituted amino)purine cytokinin.

In another of its aspects, the invention entails
a composition for treating an hyperproliferative skin
disease of a mammal, which composition comprises a
6-(substituted amino)purine cytokinin and a physioclogi-
cally acceptable vehicle for application of said
cytokinin to the outer surface of the skin of a mammal
suffering from said disease such that said cytokinin is
brought into contact with (i.e., administered to) the
hyperpreoliferating cells associated with the disease.
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The present invention is preferably employed to
treat hyperproliferative skin diseases of humans.

Such diseases, in humans and other mammals, are
due to hyperproliferating epidermal cells of the skin.

Among such diseases, that can be treated in accordance
with the present invention, are basal cell carcinoma,
malignant melanoma, sqﬁamous cell carcinoma, actinic
keratosis, Bowen'’s Disease, papilloma, seborrheic
Keratosis, toxic eczema, allergic eczema, atopic
dermatitis, ichthyosis, and psoriasis.

In accordance with the method of the invention,

a 6-(substituted amino)purine cytokinin is brought into

contact with (i.e., administered to) the hyperproliferat-
ing cells associated with an hyperproliferating skin

disease in an amount which is effective to induce such
cells to differentiate.

Among the 6~ (substituted amino)purine cytokinins

which can be employed in accordance with the invention
are those of formula I:

HNR,
N
LY
NN

I,
wherein R, is selected from the group consisting of
furfuryl, phenyl, benzyl, n-alkyl of 4, 5 or 6 carbon
atoms, (cyclohexyl)methyl (=CHy (CgHq4) ),

FH,0H
(3-hydroxymethyl=-3- methyl)allyl (-CHZCH-Ql )., and
- CH,
3,3~dimethylally]l (-CHZCH-C(cna)z). Most preferred
among these is kinetin (R, being furfuryl).
For carrying out the method of the invention,

the 6-(substituted amino)purine cytokinin is combined, at
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a concentration of between about 0.01 % (w/v) and about
0.5 % (w/v), preferably about 0.1 % (w/v) with
physiologically acceptable vehicle, such as a standard,
commonly used skin-moisturizing vehicle. One example of
the many such skin-moisturizing vehicles is a composition
of 4 - 8 wt, % (e.g., 6.2 wt. %) glycerol monostearate

40 - 50, 12 - 16 wt. % (e.g., 14.3 wt. %) white
petroleum, 0.5 - 2 wt. % (e.g., 1 wt. %) lanolin,

9 =13 wt. ¥ (e.g., 11.4 wt. %) mineral oil, 0.5 - 2 wt. %
(e.g., 1 wt. %) propylene glycol, 1 - 2 wt. % (e.qg.,

1.4 wt. %) triethanolamine (bp-80), 1 - 5 wt. % (e.q.,
3.3 wt. %) stearin, 0.5 - 2 wt. % (e.g., 1 wt. %)
parahydroxybenzbic acid, and the remainder (e.qg.,

€0.4 wt. %) water. Alternatively, the 6=~ (substituted
amino)purine cytokinin can be combined with a
lipogel~type vehicle, such as that being sold by
Rhone-Poulenc (Courbevoie, France) under the tradename
CERIDAL™, at a concentration of between about 1

and about 5 mg/ml. The resulting composition according
to the invention is applied topicaliy to the surface of
the area of the skin affected by the hyperproliferative
disease (i.e., the area under, or as a part of, which the
hyperproliferating epidermal cells associated with the
disease are located), usually with light rubbing or
message or the like as commonly employed in the

application of moisturizing vehicles or lipogel-based
compositions.,

It is contemplated that the method of the
invention will be carried out under the guidance of a

dermatologist or other physician or, in the case of a
non-human mammal, veterinarian.

- The frequency of application most suitable for
treating a particular disease in a particular mammal with
& particular composition according to the invention will

be readily determined by the skilled and will depend, as
the skilled will understand, on numerous factors, such as
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concentration of the 6~(substituted amino)purine
cytokinin in the composition. Generally, application of
a composition according to the invention to an affected
area of the skin between once and four times daily
(preferably twice) for between about a week and about a
year, more typically about a month, will be effective to
induce hyperproliferating cells under, or in, the area to
differentiate to a non-proliferating or normally
proliferating state and thereby substantially cure the
hyperproliferative disease of the affected area.

The invention will now be illustrated in the
following Example.

EXAMPLE

Primary explant cultures of human epidermal
cells from psoriatic skin of two persons suffering from .
psoriasis were established by taking skin samples,
cutting the samples into small (approx. 2 X 2 mmz)
pPleces, and explanting the pieces into ordinary tissue
culture flasks, where culture growth was carried out at
35 °C with a standard keratinocyte culture medium
(Dulbecco’s Modified Eagle’s Medium + 20 % fetal calf
serum + 10 ng/ml epidermal growth factor + 0.4 ug/ml
hydrocortisone). |

Cultures were stripped by a standard procedure
after growth for one month. That is, they were incubated
for 72 hours in low ca*t medium prior to selectively
stripping off all the supra basal layers. After the
stripping, the cultures were re-fed with medium with
normal Ca¥" concentration

In half of the cultures from each patient,

kinetin was present in the culture medium at 200 uM
concentration.
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The morphology of cells in the primary,
unstripped cultures was examined after one month plus ten
days of growth. 1In the cultures fed with kinetin, in
comparison with those not s0 fed, there was a large
decrease in mitotic figures and some indication of
increased differentiation (accumulation of numerous,
filament~containing cells in discrete, elevated areas) .

The morphology of cells in the stripped cultures
was also examined, after seven days of growth after the
stripping. In the cultures fed with kinetin, in
comparison with those not so fed, there was much more
heterogeneity in morphology. In the cultures fed with
kinetin, in comparison with those not so fed, there was a
reduction of mitotic figures, reduction of multilayering,
no lateral growth, early in the observation period a
vacuolization of the cytoplasm in many cells, late in the
observation period areas with numerous cornified
enveIOpe-containing cells alternating with empty looking
areas.

At seven days post-stripping, cultures were
labeled using SH-labeled thymidine for 30 minutes.

S~phase cells were sorted out onto glass slides, on the
basis of EtBr-Mithramycin staining using a FACS-II cell

sorter, and then subjected to autoradiography. The
numbers of labeled and unlabeled S-phase cells, and the
number of grains per nucleus in the labeled cells, were

then measured microscopically. 1In cultures with kinetin,
more than 70 ¥ of S-phase cells were unlabeled (i.e., 0 -

3 grains per nucleus) and about 5 § of S-phase cells were

highly labeled (>25 grains per nucleus). In cultures
without kinetin, about 30 % of S-phase cells were

unlabeled and about 40 & of S-phase cells were highly
labeled. These results indicate that kinetin inhibited
the regenerative response in psoriatic cells.

The cornified envelope formed by cultured
keratinocytes is regarded as a marker of differentiation.
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The fraction of cells in a culture that has acquired a

cornified envelope can be measured by a standard method,
wherein the cells in the culture are counted, then

treated with SDS and reducing agents, which destroys
cells without the envelope but to which the envelope is
resistant, and then recounted. With cultures of
psoriatic cells from one of the persons suffering from
psoriasis, in which cells with cornified envelope were
determined 7-days post-stripping, 37 % of the cells in
cultures treated with kinetin had a cornified envelope
while 18 % of the cells in cultures not treated with
Xinetin had a cornified envelope. With cultures of
psoriatic cells from the other of the persons suffering
from psoriasis, in which cells with cornified envelope
were determined 7-days post-stripping, 14 % of the cells
in cultures treated with kinetin had a cornified envelope
while 12 % of the cells in cultures not treated with
kKinetin had a cornified envelope. These results indicate

that kinetin stimulated differentiation of the psoriatic
cells. |

While the invention has been described with some
specificity in the instant specification, persbns of
skill in the art will recognize modifications and
variations of what has been described that fall within
the spirit of the invention. It is intended that such

modifications and variations be encompassed by the
following claims,
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WHAT IS CLAIMED I5:

1. For use 1n toplcally treating a
hyperproliferative skin disease in a human suffering
therefrom, a differentiation-inducing-effective amount of a

compound which 1s a 6-(substitufted amino)purine cytokinin.

2 . A compound as defined in claim 1, wherein
the disease 1s selected from the group consisting of basal
cell carcinoma, meilgnant melanoma, sgquamous cell
carcinoma, actinic keratosis, Bowen’s Disease, papilloma,
seborrheilc keratosis, toxic eczema, allergic eczema, atopic

dermatitis, ichthyosis, and psoriasis.

3. A compound as defined 1n Claim 2, wherein

the disease 1s psoriasis.

4 . A compound as defined 1in Claim 1, wherein

the 6-{substituted amino)purine cytokinin 1s of formula TI1:

4NR,
2 N
N ' \\\
<
N \‘\.]
H

L,
wherein R, is selected from the group consisting ot
furfuryl, phenyl, benzyl, n-alkyl of 4, 5 or 6 carbon
atoms, (cyclohexyl methyl, (3-hydroxymethyl-3-methyl)allyl,
and 3,3-dimethylalliyl.
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5. A compound as defined in Claim 2z, wherein

the 6-(substituted amino)purine cytokinin is of formula I:

L,
wherein R, 1s selected from the group consisting of
furfuryl, phenyl, benzyl, n-alkyl of 4, 5 or 6 carbon
atoms, (cyclohexyl)methyl, (3-hydroxymethyl-3-methyl)allyl,
and 3, 3-dimethylallyl.

6. A compound as defined i1in Claim 3, whereiln

the 6-(substituted amino)purine cytokinin 1s of formula I:

wherein R, is selected {from the group consisting of
furfuryl, phenyl, benzyl, n-alkyl of 4, 5 or © carbon
atoms, (cyclohexyl)methyl, (3-hydroxymethyl-3-methyl)allyl,
and 3, 3-dimethylallyl.

7. A compound as defined in Claim 4 whereln the

6— (substituted amino)purine cytokinin 1is kinetin.

8 . A compound as defined in Claim 5 wherein the

6- (substituted amino)purine cytokinin 1s kKinetir.
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9. A compound as defined i1in Claim ¢ wherein the

6- (substituted amino)purine cytokinin is kinetin.

10. A commercial package comprising a contalner
contalning therein a compound according to Claim 1, 4 or 7
and written matter which states that the medicine can or
should be used for treating a hyperproliferative skin

disease.

11. A commercial package comprising a contaliner
containing therein a compound according to Claim 1, 4 or 7
and written matter which states that the medicine can or
should be used for treating a hyperproliferative skin
disease selected from the group consisting of basal cell
carcinoma, mallgnant melanoma, SsSquamous cell carcinoma,
actinic keratosis, Bowen’s Disease, papllloma, seborrheic
keratosis, toxic eczema, allergilc eczema, atopic

dermatitis, ichthyosis, and psoriasis.
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