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MECHANISMS IN HYPERPLASTIC SKIN DISORDERS

Cynthia L. Marcelo and John J. Voorhees

University of Michigan Medical School. Department of Dermatology, Ann Arbor, Michigan 48109. USA

Abstract. Both atopic dermatitis and psoriasis are prolifera-
tive skin disorders that are sclf-limited. show hercditary
tendencies and are postulated to result from changes in the
cyclic AMP-beta adrenergic system of the epidermis. Cyclic
nucleotides, polyamines, arachidonic acid and its metabolites,
and several drugs are associated with changes in the hyper-
proliferative epidermis. These biologically active compounds
have been shown to affect the in citro function of both
neonatal and adult human primary culture systems. These
in rvitro model systems can be used to study the growth
mechanisms of hyperplastic skin disorders.
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Two benign proliferative skin disorders used for
biological studies are atopic dermatitis and psoriasis.
As reviewed by Voorhces & Duell (16), a defect in
beta receptor of atopic dermatitis has been postulated
as an important aberration in this disease. i.e.. the
Szentivanyi beta-adrenergic theory of atopy, al-
though investigations to date using biopsy epidermal
tissues are still inconclusive (16). In psoriasis, a
similar cyclic AMP-adrencrgic receptor abnormality
(5. 11, 17), along with changes in polyamine (13) and
arachidonic acid metabolism (3. 4) have been
demonstrated.

However, analyses of biopsy material can only
suggest hypotheses that postulate the individual role,
and the interplay of these factors and therapeutic
drugs in the disease state. The investigation of these
working hypotheses require isolated growing epi-
dermal cells. Both a neonatal mouse and adult hu-
man epidermal keratinocyte system have been de-
scribed and are presently being used in our labora-
tories to study epidermal cell function. We feel that
these and similar technologies are reliable tools to
study changes that may exist in the function of the
psoriatic and atopic epidermis. In this report we
will present some of the studics that have been done
and are in progress using these in vitro systems.

METHODOLOGY

To prepare nconatal mouse primary cultures. the basal cells
are trypsinized from 50 to 60 neonatal mouse skins. The
basal ceills are isolated from debris and any dermal fibro-
blasts using a discontinuous Ficoll gradient. Two to four

10¢ cells per cm? are plated in medium 199 +139% fetal
calf scrum +antibiotics and grown at 31 to 32°C. The
cultures proliferate, form multilayers (up 10 10-11) and
differentiate over a 4-5 week growth period. The exact
details are prcsented in Marcelo et al. (12).

To establish adult human keratinocyte cultures, two 1+ 3
cm epidermal strips are removed from normal volunteers by
use of a Kkeratome. After trypsinization. approximately
P 210% cells in MEM 109, calf serum + antibiotics are
plated per 16 mm collagen coated well. After 24 h, the
medium is changed 10 McCoy's 5A - 109 fetal calf serum
4::10~* M L-scrine. The adult human cells grow, stratify
and differentiate (at feast, partially) at 37°C for up to 3 to
4 months. The details of this system are reported by Lui &
Karasek (7).

DISCUSSION

The cffect of elevated intracellular cyclic AMP levels
on the nconatal mouse cultures has been extensively
investigated (8). Briefly, we have shown that 1) both
high, and moderate to low levels of cyclic AMP are
associated with enhanced cell proliferation. 2) cyclic
GMP (the other major biologically active cyclic
nucleotide) is apparently not involved in the cyclic
AMP stimulated growth, and 3) cyclic AM P enhanced
keratinocyte growth is associated with increased
specialization of the cultures.

Similar studies using the adult human epidermal
cell cultures indicate that adult cells are also stimu-
lated by increases in intracellular cyclic AMP levels
although there is a marked difference in the dose and
time response of the cultures (10). The most im-
portant aspects of these two investigations is the
demonstration of an cffect for cyclic AMP in both
the neonatal and adult epidermis, thus suggesting
arole forcyclic AMP in the pathology of the psoriatic
and atopic cpidermis.



As discussed, in psoriasis other mediators have
been implicated in the disease process. Both the
neonatal mouse and adult human systems are being
used to study the association between arachidonic
acid metabolites and epidermal cell growth. Ham-
marstrom et al. (4) report that the neonatal mouse
keratinocyte in culture produces HETE (hydroxyei-
cosatetraenoic acid), prostaglandin (PG) E, and
PGF,,, and that the epidermal hyperplastic agent
TPA (tetradecanoyl phorbol acetate) stimulates cell
production of PGE,. This response, i.e., increased
PGE, production, was prevented by the drugs tri-
amcinolone acetonide and indomethacin. Sadowski
(14), employing the same cultures, has similar
findings and, in addition, reports that calcium
ionophore A 23187 and retinoic acid also stimulated
PGE., production. Sadowski & Marcelo (15) have
reported PGE,, PGF,,, PGD, and PGA, produc-
tion by the adult human keratinocytes in culture
which was inhibited by indomethacin. Both these
cell systems possess arachidonic acid metabolic
systems that may be suitable models for studies of
keratinocyte growth regulation by these biologically
active compounds,

The diamine and polyamine system, i.e., the levels
of ornithine, putrescine, spermine and spermidine,
and the enzymes involved in their interconversion:
ornithine decarboxylase (ODC) and S-adenosyl-L-
methionine decarboxylase (SAMD) are augmented
in the hyperproliferative psoriatic epidermis (13).
By use of the neonatal mouse model system, the role
of the polyamines in epidermal cell proliferation (6)
and potential use of ODC inhibitors on epidermal
cell proliferation is being studied.

In addition, drugs that can be therapeutic in
hyperproliferative skin disorders (glucocorticoids;
retinoids (2)) are being studied using the in vifre
systems. Glucocorticoids have been demonstrated
inhibit the proliferation of both normal and hyper-
plastic primary neonatal mouse epidermal cell
cultures (9). Retinoid drugs may have both stimula-
tory and inhibitory responses (mouse and human)
concomitant with changes in epidermal cell differ-
entiation (1, 18).

CONCLUSION

Use of the primary neonatal mouse and adult human
keratinocyte culture systems is contributing to our
understanding of epidermal cell function, and of the
changes in these functions induced by normal cell
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modulators and several drugs. The results of these
studies can be applied to understanding the patho-
logies of the epidermal components of various
cutaneous disorders, i.e., psoriasis and atopic
dermatitis. However, the use of in vitro technology
to grow the diseased epidermis itself will be neces-
sary for a clear demonstration of the difference
between the normal and diseased epidermis.

ACKNOWLEDGEMENT

This work was supported by NIH grant 2 Pol AM-15740
and 1 ROl AM-26009.

REFERENCES

1. Chopra, D. P. & Flaxman, A. B.: The effect of vitamin A
on growth and differentiation of human kertinocytes in
vitro. J Invest Dermatol. 64 19-22, 1975.

2. Dahl, B., Mollenbach, K. & Reymann, F.: Treatment
of psoriasis vulgaris with a new retinoic acid derivative
Ro 10-9359. Dermatologica /54: 261-267, 1977,

3. Hammarstrém, S., Hamberg, M., Samuelsson, B., Duell,
E., Stawiski, M. & Voorhees, J.: Increased concentrations
of nonesterified arachidonic acid, 12L-hydroxy-5.8,10.14-
eicosatetraenoic acid, prostaglandin E,, and prostaglan-
din Fa, in epidermis of psoriasis. Proc Natl Acad Sci
[USA] 72: 5130-5134, 1975.

4, Hammarstrom, S., Lindgren, J. A., Marcelo, C., Duell,
E. A., Anderson, T. F. & Voorhees. J. J.: Arachidonic
acid transformations in normal and psoriatic skin. J
Invest Dermatol 73: 180-183, 1979.

5. lizuka, H., Adachi, K., Halprin, K. M. & Levine, V.:
Cyclic AMP accumulation in psoriatic skin: differential
responses to histamine, AMP, and epinephrine by the
uninvolved and involved epidermis. J Invest Dermatol
70: 250-253, 1978,

6. Lichti, U., Yuspa, 5. H. & Hennings, H.: Ornithine and
S-Adenosylmethionine decarboxylases in mouse epi-
dermal cell cultures treated with tumor promoters.
Carcinogenesis, vol. 2: 211, Raven Press, New York,
1978.

7. Liu, Su-Chin & Karasek, M.: Isolation and growth of
adult human epidermal keratinocytes in cell culture.
J Invest Dermatol 7/: 157-162, 1978.

8. Marcelo, C. L.: Differential effects of cAMP and cGMP
on in vitro epidermal cell growth. Exp Cell Res /20:
201-210, 1979.

9. Marcelo, C. L. & Duell, E. A.: Cyclic AMP stimulation
of keratinocyte proliferation is suppressed by gluco-
corticoids. Clin Res 26: 573A, 1978.

10. — Cyclic AMP stimulates and inhibits adult human
epidermal cell growth. J Invest Dermatol 72: 279, 1979.

11. Marcelo, C. L., Duell, E. A., Stawiski, M. A., Anderson,
T. F. & Voorhees, J. J.: Cyclic nucleotide levels in
psoriatic and normal keratomed epidermis. J Invest
Dermatol 72 20-24, 1979.

12. Marcelo, C. L., Kim, Y. G., Kaine, J. L. & Voorhees,
J. 1. Stratification, specialization, and proliferation of



24

C. L. Marcelo and J. J. Voorhees

primary keratinocyte cultures. J Cell Bio 79: 356-370,
1978.

. Russell, D. H., Combest, W. L., Duell, E. A., Stawiski,

M. A., Anderson, T. F. & Voorhees, J. J.: Glucocorticoid
inhibits elevated polyamine biosynthesis in psoriasis.
J Invest Dermatol 71: 177-181, 1978,

. Sadowski, J. A.: Metabolism and release of arachidonic

acid by primary mouse epidermal cell cultures. Fed Proc
38:752a, 1979.

. Sadowski, J. A. & Marcelo, C. L.: Arachidonic acid

metabolism by human skin cell cultures. International
Prostagladin Conference, Raven Press, 1979.

. Voorhees, J. J. & Duell, E. A.: Cyclic nucleotides in

epidermal proliferative diseases. fn Control Mechanisms
in Cancer, p. 161, Raven Press, New York, 1976,

18.

. Voorhees, 1., Kelsey, W., Stawiski, M., Smith, E., Duell,

E., Haddox, M. & Goldberg, N.: Increased cyclic GMP
and decreased cyclic AMP levels in the rapidly proli-
ferating epithelium of psoriasis. In The Role of Cyclic
Nucleotides in Carcinogenesis, vol. 6, p, 325, Academic
Press, 1973,

Yuspa, S. H, & Harris, C. C.: Altered differentiation of
mouse epidermal cells treated with retinyl acetate in
vitro. Exp Cell Res 86 95-105, 1974,

DISCUSSION

Saurat (Paris). Q: Is atopic dermatitis an epidermal defect?

A: I don’t know.





