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Facing towards epidermal stem cells (Review)
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Abstract. Skin contains somatic stem cells that generate
keratinocyte, melanocyte and mesenchymal cell lineages. These
somatic stem cells have traditionally been thought to be
restricted in their differentiation and regeneration potential to
the tissues in which they reside. This review focused on
epidermal stem cells (ESCs). These cells are distinguished from
transitory amplifier cells and post-mitotic cells. ESC are found
in the interadnexal epidermis and in the bulge region of hair
follicles. A series of ESCs markers are available, but increased
sensitivity and specificity require further development.
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. Introduction

The superficial layer of human skin consists of the inter-
follicular epidermis pierced by the openings of appendages
including the pilosebaceous follicles and sweat ducts.
Keratinocytes are the most abundant epidermal cells. The
interfollicular epidermis consists of a few layers of keratino-
cytes forming a dynamic tissue that is constantly subject to
self-renewal. The basal cell layer abutted to the dermo-
epidermal basement membrane, contains keratinocytes capable
of dividing or leaving the basal layer to differentiate while
they move outwards in the direction of the skin surface. The
final product of this maturation process is the anucleated
corneocytes forming the stratum corneum.
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2. Epidermal stem cells

Stem cells (SCs) are capable of reproducing themselves in an
undifferentiated state for prolonged and indeterminate periods
of time. They may differentiate themselves, and transform into
more than one single type of cell with defined functions (1).
Therefore, the main SC characteristics are (a) pluri- or multi-
potency (the ability to differentiate into different cell types), (b)
plasticity (the ability to generate tissue types other than the
tissue of origin), (c) quiescence (low rate of cell renewal), and
(d) high proliferative potential (boosted division rate when
exposed to appropriate stimuli) (2,3). Such SCs are found in
embryos (embryonic SC) and in postnatal life (somatic SC) in
various tissues such as skin, bone marrow, and liver (4-6).
Embryonic SCs are pluripotent while somatic SCs are
multipotent because they have a restricted capability to generate
different cell types (4,7). Therefore, somatic SCs correspond to
undifferentiated cells present in tissues and organs. They are
capable of generating some cell types present in the organ.
Throughout life new keratinocytes are required to replace the
corneocytes that are shed from the skin surface (8,9). Similarly,
new hairs need to be produced in order to replace those lost at
teloptosis (exogen phase) (10,11). The specialisation of somatic
SCs depends on the environment and growth factors to which
they are exposed. Histospecific SCs are found in the epidermis
and hair follicles. According to the microenvironment, the
epidermal SCs differentiate into different cell types.

3. Identification and location of epidermal stem cells

Epidermal stem cells (ESCs), transitory amplifier cells (TACs)
and post-mitotic cells (PMCs) are present in the basal layer of
the epidermis (9,12-14). ESCs represent epidermal progenitor
cells. They exhibit high potential for proliferation and they
show almost unlimited capacity for self-renewal. However, in
regular conditions, they are characterized by a low rate of cell
proliferation. Hence, they remain labeled for long periods of
time after being exposed to tritiated thymidine (*H-TdR) or
bromodeoxyuridine (BrdU). These markers are retained for
about one year in ESCs, demonstrating their quiescence.
Although in vivo these cells do not commonly divide, they do
so quickly in response to specific threats and in cell culture
(15,16).

ESC daughter cells correspond to TACs undergoing terminal
maturation/differentiation after dividing ~3-5 times before
leaving the basal layer. Their potential for differentiation is
considered to be more restricted than that of ESCs. The next
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step in TAC differentiation produces PMCs that may remain
attached to the basement membrane, but no longer divide.
They are indeed engaged in the GO phase of the cell cycle.
Most of them start both their differentiation and migration
processes, moving outwards from the basement membrane.

The average ESC produces one ESC and one non-ESC,
although two daughter ESCs or non-ESCs may be produced,
depending on the physiological needs of the tissue. In
addition they are vital for maintaining the pools of ESCs,
TACs and PMCs. It is assumed that depending on the plane of
the mitosis orientation one or both of the daughter cells may
stay anchored to the basement membrane and therefore they
will not differentiate (15,17). Using *H-TdR, BrdU, or some
other markers, it is possible to locate these ESCs in the epi-
dermis and hair follicles.

There is evidence of ESCs in the bulge region of the hair
follicles (18-20), as well as in the interfollicular epidermis
(1,21). When the epidermis suffers severe damage, it may
completely regenerate from the ESCs of the bulge (15). The
ESCs present in the bulge and interfollicular epidermis are
potentially interconvertible, but under regular conditions they
only differentiate a more restricted progeny.

The notion that one-way progression from ESCs to TACs
is not correct; in certain circumstances, there is evidence
showing TACs being transformed into SCs. Therefore, the real
role of SCs or TACs in the differentiation remains to be
established. It is uncertain when this role is acquired in gene
functions, and what factors or markers are carried by
differentiating or de-differentiating cells.

4. Proliferative epidermal units

The basal layer of the interfollicular epidermis contains a few
ESCs (~0.01%) (22), TACs (~40%) and PMCs (~50%), as
well as Langerhans cells (~10%), melanocytes (~3%) and
Merkel cells (23).

In humans it was observed that in the epidermis of the
scalp, foreskin and breast, ESCs are located at the tip of the
dermal papillae, while on the palms and soles they are located
at the tip of the rete ridges (24-27). Since ESCs are located in
the central region of each proliferative epidermal unit in the
basal layer or in the bulge region of the hair follicles, they are
in a special site protected from any possible environmental
damage (28,29).

The TAC population is the target for neoplasic trans-
formations and skin field cancerization (30-32). Cells with the
highest risk of acquiring mutations are in a stage of cell division.
Therefore the risk is higher in rapidly-renewing tissues like the
epidermis. The probability of accumulating multiple mutations
throughout life is minimised by the greater proliferative activity
to cells that differentiate rapidly, while SCs, which are long-
term residents, remain relatively quiescent (33,34).

5. Stem cells in the hair follicles

SH-TdR label-retaining cells (LRCs) are present in the upper
third of the external root sheath identified as the bulge region
under the site of attachment of the hair arrector muscle (35).
The bulge area is also a niche for some melanocyte SCs,
immature Langerhans and other immunocytes as well (5,34).
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At the beginning of each hair growth cycle, ESCs in the
bulge migrate downwards through the external root sheath and
upon reaching the hair matrix are stimulated and differentiate,
producing a new hair structure. Cell migration in the external
root sheath reaches ~70-100 ym per day. Therefore, it takes
ESCs between three and four weeks to move a distance of
2 mm, the distance that separates ESCs in the bulge from the
matrix of a mature hair follicle, and the time coincides with the
duration of the earliest anagen phases of the hair (35).

6. Plasticity of epidermal stem cells

Somatic SCs have the potential capacity called plasticity to
differentiate outside the organ in which they reside. Some
examples are cells obtained with the hepatocyte, neuron and
muscle cell phenotypes obtained from adult haematopoietic
SCs.

Cells expressing markers from other lineages are observed
when skin cells are stimulated by different growth factors.
The plasticity characteristic has been established when
differentiation leads to non-epithelial cells such as those
exhibiting phenotypes of neurons and Schwann cells (4,36).

7. Epidermal stem cell markers

Similar to other tissues, there is a need for identifying
characteristic molecular markers of ESCs, preferably cell
surface markers that allow ESCs, TACs, PMCs and other cell
types present in the epidermis to be identified and distinguished
(37,38).

Regulation of the epidermal kinetics is complex and
multifactorial. It involves the tissue cells themselves, the
molecules they produce, and cells and molecules produced by
the surrounding tissues (39-41). Factors affecting the epi-
dermal proliferation and repair include the secretion of growth
factors and the presence of their receptors, transcription
regulators (such as KGF, IL-1, GM-CSF, c-jun, jun-b), extra-
cellular matrix (ECM) molecules and their receptors (such as
laminins and integrins), molecular regulators (such as Shh,
Wnt/B catenins, NF-xB, c-Myc, p63 and Rac-1) (16).

p63 is a transcription factor belonging to a family that
includes an additional two structurally-related proteins, p53
and p73 (42). Although p53 fulfils an important role in tumour
suppression, p63 and p73 participate in morphogenetic
processes (43). Their expression is evidenced in ESCs.
Disruptions in the gene lead to faults in epidermal development.
p63 is expressed in the nucleus of a cell in proliferation or
with the capacity to divide, in the human epidermis and hair
follicles.

The co-expression of specific keratin pairs is specified by
the type of epithelium and, in a given epithelium, the cell layer
is specific, reflecting the state of cellular differentiation (41).
Changes in keratin expression allow basal keratinocytes to be
distinguished from those belonging to upper layers showing a
higher degree of differentiation. The initial keratins expressed
are K14 and K5. The differentiation process is correlated with
K10/K1 expression. Epibasal keratinocytes keep K5/K14 in
their cytoplasm and begin to synthesize K1/K10, forming the
cytoskeleton. These keratins are typical for epidermal differ-
entiation patterns, and are called differentiation-specific
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keratins. K15 is persent in human hair bulge cells, and its
expression decreases with age (34,44.,45). Desmosomal
proteins including desmoglein may serve as negative markers
of ESCs (46).

Integrins are glycoproteins corresponding to o and 3 hetero-
dimers located at the cell surface. Human keratinocytes
express a variety of receptors from the integrin family, including
a2B1 integrin (collagen receptor) and a381 and 581 integrin
(receptors of laminin and fibronectin, respectively). Thus,
integrins mediate the anchoring of basal keratinocytes to the
basement membrane. In addition, they participate in the
intercellular communication. One of the main markers is 3,
integrin expressed by all cells in the basal layer of the epi-
dermis. Notably, the ESCs express levels that are two or three
times higher than TACs, while PMCs express very low levels.
The density of 31 integrin on the cell surface plays an important
role in the control of different aspects of epidermal differ-
entiation and morphogenesis. Another type is a6 integrin, a
component of hemidesmosomes. When keratinocytes start the
differentiation process, transport of integrins to the surface of
the cell ceases and these receptors are lost from the cell surface.

CD71 is the transferrin receptor (15,34,35) representing
another surface marker that allows the distinction between
the SC and progeny in its expression. TACs express high
levels of CD71 and a6 integrins (40).

CD34 is a haematopoietic marker in humans. It is observed
in mouse bulge cells, but not in humans (34,45.47). It is also
present in some dermal dendrocytes.

Nestin expression has been reported in ESCs located in
the bulge of the hair follicle. Variations in nestin expression
have been reported depending on the stage of the hair growth
cycle. During the telegen and catagen stages, nestin is
observed in the bulge region, while during the anagen phases
it is observed in the outer part of the outer root sheath and in
the hair bulge (40,45). In addition, nestin-expressing cells
expressed K5/K8 and K15 hair follicle SC markers (48).

High levels of CD59 are expressed by bulge cells as well as
in the outer root sheath below the bulge. By contrast, the CD24
is not expressed in bulge cells and thus represents a negative
marker. This glycoprotein is involved in cell adhesion and
signal in lymphocytes and neural cells.

CD200 is expressed by cells of the outer root sheath in
the region between the attachment of the arector muscle and
the bulge (49). Interaction of CD200 with its receptor is
involved in the maintenance of immunotolerance, preventing
the immune system from attacking the hair follicle.

The results suggest hair follicle cells present the phenotype
with high levels of CD200 and K15 and low levels of CD24,
CD34, CD71 expression (20). ESCs express high levels of 81
and a6 integrins, K14 with low levels of expression of CD71,
K10 and involucrin. TACs express high levels of 1 and
intermediate levels of a6 integrin, K14 and CD71, and they do
not express K10 and involucrin. PMCs express high levels of
K14, K10, involucrin with very slight levels of 31 a6 integrin.

8. Conclusions
Skin represents a model for the study of somatic SC, as it is

easily accessible. Understanding ESCs helps with the
therapeutic applications of keratinocytes. The combination of
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transduction protocols with the use of retroviral vectors could
allow ESCs to be used for gene therapy in the future. Using
SCs and their progeny is useful for different purposes. They
are used for study models of epidermal organisation, and
because they are influenced by keratinocytes and ESCs due
to the microenvironment surrounding them.

The use of proteomic determination and microarrays could
provide additional SC and TAC markers, allowing pure
populations to be obtained and other studies to be carried out
to obtain more comprehensive information about them.

The colonisation of solid organs by organ-specific SCs
obtained from circulating blood suggests that regeneration
and repair is easily accessible when these SCs are placed in
circulating blood near to or in the affected site. Their capacity
to proliferate and mature is modulated once they are in the
appropriate location. The use of somatic SCs, which offer
similar multipotency as embryonic SCs, has the advantage of
being a procedure that does not involve ethical and technical
concerns.

The potential clinical application requires SCs to be easily
accessible, in sufficiently high concentrations and capable of
being stimulated using different factors as needed. These
conditions are met by ESCs, given that the skin is the largest
organ in the human body, and represents an abundant SC
reserve in the organism. There are ~5 million hair follicles in
the organism, each one containing its own bulge region where
a large number of ESCs are present.

ESCs from adult tissues could be used to treat skin
disorders such as cancers, deep burns, atrophies, and alopecia.
For treating alopecia, ESCs from hair follicles could potentially
generate new follicles in the scalp. They could be used more
widely for treating genetic and acquired disorders affecting
other organs and tissues. For example, SCs could be isolated,
modified, expanded before being reimplanted in the same or
another patient or location. The key problem is to control
their proliferation and differentiation. Before applying SC
therapies the proliferative and differentiation of a specific cell
type must be strictly controlled, as must the risks involved
from inappropriate cell functions.
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