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TREATMENT OF SKIN WITH ADENOSINE 
OR ADENOSINE ANALOG 

This application is a continuation of application Ser. No. 
09/179,006, ?led Oct. 26, 1998, noW abandoned. 

STATEMENT AS TO FEDERALLY SPONSORED 
RESEARCH 

Work on this invention Was supported by funds from the 
United States government (Public Health Service Grants 
HL-22828 and AG-11491). The government therefore has 
certain rights in this invention. 

FIELD OF THE INVENTION 

This invention relates to dermatology and cell biology. 

BACKGROUND OF THE INVENTION 

Skin includes a surface layer, knoWn as the epidermis, and 
a deeper connective tissue layer, knoWn as the dermis. The 
epidermis undergoes continuous turnover as the outermost 
cells are exfoliated and replaced by cells that arise from 
inner dermal layers. The dermis is composed of a variety of 
cell types, including ?broblasts. 

Skin thickness begins to decline in humans after the age 
of 20 as the dermis becomes thinner and the number of skin 
?broblasts declines. As skin ages, or is exposed to UV light 
and other environmental insults, changes in the underlying 
dermis can lead to the functional and morphological changes 
associated With damaged skin. Decreases in the abundance 
and function of products of the ?broblasts, Which include 
collagen and proteoglycans, are believed to play major roles 
in Wrinkled and damaged skin. 

SUMMARY OF THE INVENTION 

We have discovered that adenosine stimulates DNA 
synthesis, increases protein synthesis, and increases cell siZe 
in cultures of human skin ?broblasts. Based on this 
discovery, the invention provides methods and compositions 
for enhancing the condition of skin. 

In general, the invention provides a method for enhancing 
the condition of non-diseased skin of a mammal, e.g., a 
human. The method includes topically applying a therapeu 
tically effective amount of a composition including adenos 
ine or an adenosine analog to non-diseased skin of the 
mammal. 

The invention also provides a method for promoting 
healing of broken, non-diseased skin in a mammal by 
topically administering a composition including a therapeu 
tically effective amount of adenosine or an adenosine analog 
to the mammal. 

Also included in the invention is a method for increasing 
DNA synthesis in a dermal cell of non-diseased skin of a 
mammal. The method includes topically administering a 
therapeutically effective amount of adenosine or an adenos 
ine analog to a region of non-diseased skin of the mammal 
containing dermal cell. The adenosine is added so that it 
does not cause proliferation of the dermal cell. 

The invention also features a method of increasing protein 
synthesis in a dermal cell of non-diseased skin of a mammal. 
The method includes topically administering a composition 
including a therapeutically effective amount of adenosine or 
an adenosine analog to a region of skin of the mammal 
containing the dermal cell. The adenosine or adenosine 
analog does not cause proliferation of the dermal cell. 
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2 
Also provided in the invention is a method of increasing 

cell siZe in a dermal cell in non-diseased skin of a mammal, 
e.g., a human. The method includes topically administering 
a composition including a therapeutically effective amount 
of adenosine to a region of skin of the mammal containing 
the dermal cell, Wherein addition of the adenosine does not 
cause proliferation of the dermal cell, Wherein addition of 
the adenosine does not cause proliferation of the dermal cell. 
The invention also includes a method for enhancing skin 

condition in a mammal, e.g., a human. The method includes 
providing ?broblasts from the mammal ex vivo, culturing 
the ?broblasts in the presence of adenosine, and reintroduc 
ing the ?broblasts into the mammal. 
The therapeutically effective amount of adenosine used in 

the above-described methods is preferably 10'3 M to 10'7 
M, more preferably 10'3 M to 10'6 M, and most preferably 
about 10'4 M. 
The composition used in the above-described methods 

can include a second agent in addition to adenosine. The 
second agent can be, eg an agent that promotes binding of 
adenosine or an adenosine analog to an adenosine receptor, 
an angiogenic factor such as vascular endothelial cell groWth 
factor (VEGF), basic ?broblast groWth factor (BFGF), an 
agent that itself enhances skin condition, such as tretoinin or 
another knoWn conditioning agent such as an emollient, a 
humectant, or an occlusive agent. 

In preferred embodiments of the invention, the adenosine 
or an adenosine analog does not promote skin cell prolif 
eration. 
The invention also provides a composition including 

about 10'3 M to about 10'7 M adenosine and a therapeuti 
cally effective amount of an angiogenesis factor. In some 
embodiments, the composition of the adenosine is about 
10-4 M. 

As. used herein, “enhancement of skin condition” means 
a noticeable decrease in the amount of Wrinkling, roughness, 
dryness, laxity, salloWness, or pigmentary mottling in skin. 
As used herein, a “therapeutically effective amount” of 

adenosine or an adenosine analog means an amount that 
enhances skin condition When applied to skin. 
As used herein, “non-diseased skin” means skin free of 

any proliferative disorder observable by visual inspection. 
The present invention advantageously alloWs for 

enhancement of skin condition. This results in skin that 
shoWs a less Wrinkled, rough, or dry complexion. For 
example, the invention provides for enhancing the condition 
of skin damaged due to exposure to the sun or skin Whose 
condition has deteriorated due to normal aging. 

Unless otherWise de?ned, all technical and scienti?c 
terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to Which this 
invention belongs. Although methods and materials similar 
or equivalent to those described herein can be used in the 
practice or testing of the present invention, suitable methods 
and materials are described beloW. All publications, patent 
applications, patents, and other references mentioned herein 
are incorporated by reference in their entirety. In case of 
con?ict, the present speci?cation, including de?nitions, Will 
control. In addition, the materials, methods, and examples 
are illustrative only and not intended to be limiting. 

Other features and advantages of this invention Will be 
apparent from the folloWing description of-the preferred 
embodiments thereof, and from the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A and 1B are histograms shoWing the effect of 
adenosine on [3H]thymidine incorporation in cultures of 
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