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Epidemiological studies have shown that a-hydroxy acids (AHA) result in human skin
hyperkeratosis [1]. Epidermal kerationcytes contain the /32 -adrenergic adenylate cyclase system,
which when activated causes an accumulation of intracellular cyclic AMP through stimulatory
guanosine S-triphosphate (GTP) binding proteins [2]. Adrenergic receptors are responsible for
selective recognition and binding of catecholamines, affecting epidermal cell proliferation and
differentiation [3]. (2 -adrenergic receptor hyporesponsiveness has been observed in several skin
diseases including psoriasis [4]. However, to the best of our knowledge, there is currently not
reported for the effects of AHA on the expression of [2 -adrenergic receptors in cultured
keratinocytes. In the present study, we assessed the effect of AHA on the expression of B2
-adrenergic receptors in cultured keratinocytes using a '*’I-iodocyanopindolol (** ICYP) binding
assay to examine receptor density.

The keratinocytes were obtained from the adult foreskin from a routine circumcision and
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cultured in keratinocyte-SFM medium (Gibco, Grand Island, N. Y., USA) which contains 25 p
g/ml bovine pituitary extract (BPE) and 5 ng/ml recombinant epidermal growth factor (rEGF).
Keratinocytes at the third passage were then grown in keratinocyte-SFM medium without BPE and
rEGF for at least 24 h before being exposed to various concentrations of AHA. Cells were gently
washed twice with PBS and then solutions containing O M, 107° M, 107*M and 107’ M
AHA were added, respectively. After 24 h incubation, the treated cells were harvested and followed
by ultracentrifugation for (32 -adrenergic receptor binding assay. A modification of the (52
_adrenergic receptor assay developed by Steinkraus et al. [5] was applied to bind '*’ICYP to the
kertinocyte membrane. The /32 -adrenergic receptor density (Bmax) and dissociation constant (Kd)
for '**ICYP binding was determined from the saturation curves of specific binding analyzed by the
Scatchard method [6]. Protein was measured according to the method of Lowry et al. [7] using
bovine serum albumin as the standard.

The results of our study are summerized in table 1. The /3 2-adrenergic receptor density (Bmax)
of normal control keratinocytes was 95.49 +4.26 fmol/mg membrane protein, and the value in
AHA-incubated keratinocytes was 72.41 * 5.23, 60.34 £ 4.33 and 46.76 £ 5.02 fmol/mg
membrane protein after incubation with 107"M, 100 M and 10°°M AHA, respectively.
This difference reached statistical significance (unpaired t-test, p<0.05). The Kd values were not
statistically significant (p>0.05).

Epidermal keratinocytes possess a series of cell surface receptors for catecholamines [8],
histamine [9], adrenosine [10, 11], and prostaglandins Ei1 and E2 [12] which are coupled to
adenylate cyclase. while species differences do occur in the magnitude of response and order of
sensitivity to a variety of agonists, Wilkinson and Orenberg [3] have shown that the adenylate
cyclase of human keratinocytes is most sensitive to agents that stimulate the adrenergic receptor.
That adrenergic receptor may be important with regard to regulation of epidermal growth is
suggested by the fact that several laboratories have independently reported that involved psoriatic
epidermis in vitro has a decreased response to catecholamines [4]. Also, in tissue slices of epidermis
that had been treated with hexadecane to produce hyperplasia, the increased proliferation, amino
acid incorporation, and glycolysis were associated with loss of responsiveness to /3 -adrenergic
agonists [13]. These studies suggested that these was the close relation between epidermal
hyperproliferation and decreased 3 -adrenergic responsiveness.

Voorhees and Duell suggested in 1971 that the 4 -adrenergic-adenylate cyclase-cAMP
system of epidermal tissue may be crucial for its proliferative and differentiative homeostasis and
that the responsiveness of this system may be decreased in psoriasis [14]. The finding of decreased
3 - adrenergic responsiveness in psoriasis was experimentally supported by several investigators
[4,15]. It was further established from clinical experiences that therapy with /3 -adrenergic
blocking drugs may lead to severe exacerbation of psoriatic lesions [16,17]. It has suggested that
this side effect may reflect an interaction of /-adrenergic blocking drugs with epidermal ;3

-adrenergic receptors. Moreover, lizuka et al. [18] have reported that the decreased [ -adrenergic



adenylate cyclase response in psoriatic epidermis is likely to be due to defective [ -adrenergic
receptors, or defective receptor coupling with the GTP-binding protein (G-protein). We therefore
believe that decreased (8 -adrenergic response play a important role in epidermal
hyperproliferation and hyperkeratosis.

The [ -adrenoceptor-mediated function is attenuated by persistent exposure to Catecholamine
[19]. The process has been referred to as down-regulation and has been correlated with the loss of
B -adrenergic receptor [20]. In this study, we predict that the potential mechanism of the
AHA-induced decrease in 3 -adrenoceptor-density may be related with the change of
catecholamine level.

Our study showed that AHA incubation resulted in epidermal [ -adrenergic receptor
density decreased. Thus, /S -adrenergic adenylate cyclase response reduced in AHA-incubated
epidermis. We suggested that AHA induced epidermal hyperproliferation and hyperkeratosis is due

to defective [3-adrenergic receptors.
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Table 1. AHA affects the [32- adrenergic receptor density
and affinity in cultured keratinocytes.

Group Bmax (fmol/ mg) Kd (pM)
Control 05.4914 26 48.48+4.33
Dose of AHA

1077 (M) 72.4145.23* 47.03+3.22
10°° (M) 60.34+4.33* 50.67+4.60
107 (M) 46.76%5.02* 49.28+5.71

Bmax : [ 2-adrenergic receptor density. Kd : Concentration

of 123ICYP for 50% occupation of /5 -adrenergic receptor.

* p<0.05, wunpaired t-test.



