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Halir cycle and androgenetic alopecia

Short, fine hair of androgenetic alopecia results from short duration
of anagen and in turn miniaturization of hair cycle.
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Minoxidil: hair growth promoter

Messenger and Rundegren

Effects of topical minoxidil In human:  erJpermatol 2004; 150: 186-194,
1. Prolongation of anagen
2. Increase of hair follicle size

Effects of orally administration:
1. Decrease of blood pressure via minoxidil sulfate,
as K ,p channels opener

In hair, no clear determination of K, channels .

Effects of in vitro experiments:
1. Stimulation of cell proliferation: but reported
controversial results.
2. Stimulation of prostaglandin E, synthesis by dermal
pepilla cells (DPC)
3. Stimulation of VEGF synthesis by DPC.
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Working hypothesis and research strategy

Working hypothesis:
If minoxidil-induced hair growth is mediated
by adenosine receptor on DPC, adenosine also
should improve baldness.

Research objects:

1. Growth factors other than VEGF released by
adenosine stimulation on DPC.

2. Intracellular signaling by adenosine stimulation on
DPC.

3. Efficacy and safety of topical adenosine application
for androgenetic alopecia.



Microarray analysis of adenosine stimulation on DP
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FGF-7 elongates hair fiber ex vivo
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Working hypothesis and research strategy

Working hypothesis:
If minoxidil-induced hair growth is mediated
by adenosine receptor on DPC, adenosine also
should improve baldness.

Research objects:

1. Growth factors other than VEGF released by
adenosine stimulation on DPC. (FGF-7)

2. Intracellular signaling by adenosine stimulation on
DPC.

3. Efficacy and safety of topical adenosine application
for androgenetic alopecia.



Adenosine, but not minoxidil, directly
regulates FGF-7 expression

DPC
Real-time RT-PCR data
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Adenosine Receptors

Four adenosine receptors, Al, A2a, A2b and A3, have distinct in tissues. Adenylate
cyclase is a common effector , which is negatively coupled to Al and A3 receptors and

positively coupled to A2 receptors. They may contribute fine tuning of signaling pathway.

Al and A2 receptors also controls ion exchange.
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Dose dependency of FGF-7 mRNA up-regulation

DPC
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A2b antagonist suppressed FGF-7 up-regulation

CPX (Al antagonist)
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cAMP Induction by adenosine
and its inhibition by A2b antagonist
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Expression of AdoR A2b in human hair DP

=
R

A2b receptor antibody  control

20pg/ml -

Ab1589F_IChemiconl] _iprmal rabbit Ig@
20pg/ml

A2b receptor expression cells indicate with arrow heads.




Hair growth mechanisms by adenosine

Adenosine activates A2b Hair growth
receptor on DPC and up- -
reqgulates FGF7 gene
expression via increase of T —
Intracellular cAMP. hair keratinocytes
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Working hypothesis and research strategy

Working hypothesis:
If minoxidil-induced hair growth is mediated
by adenosine receptor on DPC, adenosine also
should improve baldness.

Research objects:

1. Growth factors other than VEGF released by
adenosine stimulation on DPC (FGF-7)

2. Intracellular signaling by adenosine stimulation on
DPC. (cAMP via A2b-R)

3. Hficacy and safety of topical adenosine application
for androgenetic alopecia.



Clinical Test

Study objective_IEvaluation of efficacy for baldness

and safety of adenosine lotion versus niacinamide
lotion as a positive control.

Study type: Double blind randomized controlled trial.
Modalities of use: Topical applications approximately
3ml of lotions twice daily to vertex area for 6 months.
Efficacy evaluation:
1. Assessment by dermatologists
2. Self-assessment
3. Hair density and diameter in vertex area
4. Global photograph
Safety evaluation: An extensive interview and clinical
diagnosis by dermatologists




Volunteers accounting
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Measurements of hair diameter and density

[ Qutting vertex hair with scissors sxsmm)
[ Digital images using video microscope

[ Measurement of hair diameter
and number
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Efficacy at 6M compared with baseline
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Global improvement

Two dermatologists evaluate global improvement based on visual
evaluation on grounds of hair diameter and density in vertex.
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Global photographs

Example of “Clear improvement”
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Subjects’ self-assessment

Questionnaire about hair thickness
Do you feel that hair thickness change compared with base line?
thin
thicken Slightly
thin thicken
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Safety

Recapitulative table of adverse events

Coetaneous reactions Adenosine Niacinamide |
and distemper noted 3N @M 3M M Cal_Jsa_
by dermatologists n=51 n=50 assoclation
Erythema or swelling 0 no
Eczema no
Seborrhea no
Scaling no

Disorder on Blood
Pressure or pulse rate

Etisappeared within 1M



Conclusions

1. Adenosine upregulated FGF-7 gene expression
through intracellular cAMP signaling pathway
via AdoR A2Db in dermal papilla.

2. Topical application of adenosine induced halir
growth due to thickness of vellus-like hair In
men with androgenetic alopecia.

3. ltis considered that adenosine directly acts
on AdoR A2Db in dermal papilla and possesses
hair growth action similar to minoxidil.
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