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Summary. Human keratinocytes can be maintained in 
monolayer culture under serum-free conditions for an 
extended period of time. Under low ca2+ conditions 
(e.g., 0.05-0.15 mM), an undifferentiated state is 
maintained and the cells proliferate optimally. When the 
ca2+ concentration is raised to approximately 1.0 mM, 
differentiation occurs and growth slows. Human dermal 
fibroblasts can also be maintained in monolayer culture 
under serum-free conditions, but in contrast to 
keratinocytes, a physiological level of extracellular ca2+ 
(above approximately 1.0 mM) is required. A variety of 
growth factors stimulate roliferation of both cell types 
but do not replace the CaP+ requirement of the fibroblast 
population. All-trans retinoic acid also promotes 
proliferation of both cell types and, most interestingly, 
replaces the requirement for a physiological level of 
ca2+  in the fibroblast cultures. Human skin can be 
maintained in organ culture for an extended period of 
time under serum-free conditions. Conditions optimized 
for fibroblast proliferation (either physiological ca2+ or 
all-trans retinoic acid) are required. In the presence of 
culture conditions optimized for the epithelial cell 
component, both the epidermis and dermis rapidly lyse. 
These data suggest that the fibroblast is the critical 
component in maintaining homeostasis of skin, and that 
maintenance of the epidermis as well as the dermis 
depends on the viability and functioning of these cells. 
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Introduction 

The skin forms the continuous external surface of the 
body. It consists of two major compartments; the upper 
layer, or epidermis, and the lower layer, or dermis. The 
epidermal layer is composed largely of squamous 
epithelial cells (keratinocytes). At the base of the 
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epidermis are the proliferating keratinocytes. Above are 
the differentiating epithelial cells, organized into more or 
less well-defined morphological layers. Melanocytes are 
also found in the basal layer of the epidermis. The 
dermal layer is a thick, dense fibro-elastic connective 
tissue in which interstitial fibroblasts are embedded. A 
rich vascular network permeates the dermis (Harrist and 
Clark, 1994). The epidermis and dermis are separated by 
a thin, sheet-like extracellular matrix (ECM) structure 
known as the basement membrane. Major components of 
the basement membrane are laminin, type IV collagen 
and heparin sulfate proteoglycan (Fine, 1987). The 
major cellular elements of both compartments are 
readily visualized after hematoxylin and eosin staining 
(Fig. l a ) .  Connective tissue elements can also be 
visualized in hematoxylin and eosin-stained preparations 
(Fig. la), though special stains are useful for enhancing 
the visualization of the extracellular matrix. Trans- 
mission electron microscopy (Fig. l b )  is required to 
identify structural detail in the basement membrane and 
dermal connective tissue elements. 

The skin has many functions. Protection of the 
organism against physical, chemical and biological 
stresses is its major function. The skin also serves as a 
water vapor barrier, has metabolic and immunologic 
functions and contains the receptors for sensation 
(Harrist and Clark, 1994). 

The skin has proven to be a useful tissue with which 
to probe biological questions that are germane not only 
to the skin, itself, but to other tissues and organ systems. 
For example, the skin has been used to study the cellular 
and molecular basis of normal vs  abnormal wound 
repair; to study mechanisms of inflammatory and 
immunological tissue injury; to elucidate the basis for 
benign and malignant hyper-proliferative diseases; and 
to study the natural ageing process as well as how 
exposure to environmental stresses such as ultraviolet 
light alters this process. Because the skin is amenable to 
topical treatments, it has also been used to assess 
potentially toxic andlor therapeutic properties of a 
number of agents which could not be evaluated 
systematically. While the skin appears to be a suitable 
model for all of these studies, it is our belief that 
understanding how normal homeostasis is maintained is 


















