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a b s t r a c t

The regulatory potential of intracellularly generated calcitriol on growth and differentiation of cultured
keratinocytes is determined by the degree of cell confluence and availability of the highly lipophilic
substrate vitamin D3 to these cells. The enzymatic conversion of vitamin D3 to calcitriol is considerably
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elevated in the presence of the nontoxic surfactant copolymer pluronic F127 (120 �g/ml medium) com-
pared to the control without this agent. We found a positive correlation between the formation rate of
calcitriol and inhibition of the 3H-thymidine incorporation rate into the DNA of keratinocytes. Intracel-
lularly generated calcitriol causes a clear increase of the cell diameter, and thus has a prodifferentiating
effect on keratinocytes in vitro. These findings corroborate the hypothesis that UVB-induced production
of vitamin D3 in human skin results in formation of substantial amounts of calcitriol in keratinocytes

th an
ifferentiation which suppress the grow

. Introduction

The skin is the only tissue yet known in which the complete UVB-
nduced pathway from 7-DHC to hormonally active calcitriol occurs
nder physiological conditions [1–3]. From the therapeutic point
f view both calcitriol [4–6] and UVB radiation [7,8] exert potent
ntipsoriatic effects. One should expect that the therapeutic effect
f UVB radiation is causally related to UVB-triggered cutaneous
ynthesis of calcitriol. We have investigated in this study whether
etabolisation of biologically inactive vitamin D3 to hormonally

ctive calcitriol in keratinocytes is associated with suppressed cell
rowth and increased differentiation of these cells.

. Materials and methods

.1. Cell culture and incubation conditions

Human keratinocytes from neonatal foreskin (tebu-bio GmbH,
ffenbach, Germany)) were grown to different degrees of con-

uence (40–80%) in a 24-well plate, preincubated with several
oncentrations of vitamin D3 (0.25, 0.50, 1.00, and 2.00 �M) for 24 h
r 48 h. The nontoxic surfactant copolymer pluronic® F127 (Sigma,
ermany) (120 �g/ml medium) was used to improve the solubil-
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ity of the highly lipophilic vitamin D3 in aqueous culture medium.
The production of calcitriol was determined after liquid/liquid
extraction with methanol/chloroform by a 125I-RIA method (IDS,
Frankfurt a. M., Germany). 3H-thymidine incorporation into the
DNA of keratinocytes was measured to evaluate the growth-
inhibitory effect of calcitriol. The CASY cell counter TT (Schärfe
System, Reutlingen, Germany) was used for cell counting and deter-
mination of cell size/cell volume, aggregation and viability.

2.2. Statistical analysis

Results are presented as mean or mean ± SD.

3. Results and discussion

Our results demonstrate that pluronic® F127 (120 �g/ml
medium) markedly increases the conversion rate of vitamin D3
to calcitriol compared to controls without this additive (Fig. 1).
Consequently, the 3H-thymidine incorporation into keratinocytes
DNA was stronger inhibited when the conversion of vitamin D3 to
calcitriol was facilitated by pluronic® F127 (Fig. 2).

The differentiation of cultured keratinocytes is associated with
an increased cell diameter. Both calcitriol generated by intracel-
lular hydroxylation of vitamin D3 (Fig. 3) and synthetic calcitriol

(Fig. 4) contribute to magnification of the cell diameter provided
the degree cell confluence is sufficiently high. Subconfluent ker-
atinocytes show only little tendency for differentiation.

We conclude from these experiments that conversion of vitamin
D3 to calcitriol in cultured keratinocytes is considerably elevated
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Fig. 1. Influence of pluronic® F127 (120 �g/ml) on the conversion rate of vitamin
D3 (0.25–2.00 �M) to calcitriol (mean ± SD, n = 3).
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Fig. 3. Influence of the degree of confluence on calcitriol-mediated suppression of
the cell number and differentiation-related increase of the cell diameter (mean,
n = 3).
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ig. 2. Dependence of the 3H-thymidine incorporation into the DNA of keratinocytes
n the conversion rate of vitamin D3 to calcitriol in presence and absence of
luronic®F127 (mean, n = 2).

n the presence of pluronic® F127 compared to the control without
his substance. There is an inverse correlation between the forma-
ion rate of calcitriol and the 3H-thymidine incorporation into the
NA of keratinocytes. Differentiation of cultured keratinocytes is
ssociated an increase of the cell diameter, and intracellularly gen-

rated calcitriol causes a significant increase of the cell diameter,
nd thus has a prodifferentiating effect on keratinocytes in vitro.
t can be assumed that UVB-induced production of vitamin D3 in
uman skin might result in formation of substantial amounts of
alcitriol which regulate keratinocytes growth and differentiation.
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Fig. 4. Inhibitory effect of synthetic calcitriol on growth and enhancement of the
cell diameter of keratinocytes (mean, n = 2).

References

1] B. Lehmann, T. Genehr, P. Knuschke, J. Pietzsch, M. Meurer, UVB-induced con-
version of 7-dehydrocholesterol to 1�,25-dihydroxyvitamin D3 in an in vitro
human skin equivalent model, J. Invest. Dermatol. 117 (2001) 1179–1185.

2] B. Lehmann, W. Sauter, P. Knuschke, S. Dreßler, M. Meurer, Demonstration of
UVB-induced synthesis of 1�, 25-dihydroxyvitamin D3 (calcitriol) in human skin
by microdialysis, Arch. Dermatol. Res. 295 (2003) 24–28.

3] B. Lehmann, P. Knuschke, M. Meurer, UVB-induced conversion of 7-
dehydrocholesterol to 1�, 25-dihydroxyvitamin D3 (calcitriol) in the human
keratinocyte line HaCaT, Photochem. Photobiol. 72 (2000) 803–809.

4] M.F. Holick, P. Poche, J. Bhawan, Topically applied and orally administered 1,25-
dihydroxyvitamin D3 is a novel,safe, effective therapy for psoriasis: a three-year
experience and histologic analysis, J. Dermatol. Treat. 92 (1989) 446.

5] A. Langner, H. Verjahns, V. Stapor, M. Mol, M. Fraczykowska, Topical calcitriol in
the treatment of chronic plaque psoriasis: a double-blind study, Br. J. Dermatol.
128 (1993) 566–571.

6] J. Ring, L. Kowalzick, E. Christophers, W.B. Schill, E. Schöpf, M. Ständer, H.H. Wolff,
P. Altmeyer, Calcitriol 3 �g g−1 ointment in combination with ultraviolet B pho-
totherapy for the treatment of plaque psoriasis: results of a comparative study,

Br. J. Dermatol. 144 (2001) 495–499.

7] H. van Weelden, H. Baart de la Faille, E. Young, J.C. van der Leun, A new devel-
opment in UVB phototherapy of psoriasis, Br. J. Dermatol. 119 (1988) 11–19.

8] C. Green, J. Ferguson, T. Lakshmipathi, B.E. Johnson, 311 nm UVB
phototherapy—an effective treatment for psoriasis, Br. J. Dermatol. 119
(1988) 691–696.


	Conversion of vitamin D3 to hormonally active 1α,25-dihydroxyvitamin D3 in cultured keratinocytes: Relevance to cell growt...
	Introduction
	Materials and methods
	Cell culture and incubation conditions
	Statistical analysis

	Results and discussion
	References


