Skin Stem Cells

Essay

Submitted for Partial Fulfillment of Master Degree
In Anatomy

By

Heba Ramadan Eid Sorour
M.B, B.Ch

Under Supervision of

Prof. Dr. Kariman Abd El-Fattah Al Gohari

Professor of Anatomy
Faculty of Medicine, Ain Shams University

Prof. Dr. Fatma Ibrahim El Rakhawy

Professor of Anatomy
Faculty of Medicine, Ain Shams University

Ass. Prof. Dr. Dalia Fawzi Kallini

Assistant Professor of Anatomy
Faculty of Medicine, Ain Shams University

Faculty of Medicine
Ain Shams University
2011



sl Ledall LA

Al

(e dadia
D9 S (e A/ k)
Al jall s Qlall sy NS

s sall 2l ae lay S/ gSall SuY)

Ze il A
e (e Azala - bl 4K

G sA Ll aal ) Aadals/ ) gSal) ALY
el St
el (ye Anala - il S

ld 556 Wl /) 6i€a aclue JELY)
el ae Lsa 3l
e (e dzala - bl 4K

kal) 418
2011



Stem cells are known by their capacity of self-renewal and
multilineage differentiation, which make them suitable in
treating a broad spectrum of human diseases.

Stem cells have been categorized as (1) Embryonic stem
cells (ESCs), (2) Adult stem cells (ASCs), (3) Fetal stem cells
(fSCs), and (4) Cord blood stem cells (CB-SCs)

The inner cell mass is the source of embryonic stem
(ES) cells. These cells have the ability of going through
numerous cycles of cell division and maintain the
undifferentiated state. ES cells are pluripotent, and are capable
of differentiating into cells representing the three primary
germ layers endoderm, ectoderm and mesoderm.

Adult stem cells are multipotent stem cells that possess
the characteristic of plasticity and the ability to specialize and
develop into other tissues of the body. Beginning in an
unspecialized and undeveloped state, they can be differentiated
to become heart tissue, neural matter, skin cells, and a host of

other tissues.
Fetal stem cells (fSCs) are derived from the placenta,
amniotic fluid or fetal tissues. FSCs are higher in number,
expansion potential and differentiation abilities if compared
with SCs from adult tissues.
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Introduction and Aim of the Work,

Introduction

Stem cells are known by their capacity of self-renewal
and multilineage differentiation, which make them uniquely
situated to treat a broad spectrum of human diseases (Cui-ping
and Xiao-ping, 2008).

Mammalian stem cells are divided into two major
categories: (1) Embryonic stem cells that may differentiate
into all of the specialized tissues and (2) Adult stem cells that
are present in tissues and are capable to regenerate and
maintain the normal tissue turnover and repair by providing
new specialized and differentiated cells (Falabella, 2009).

The inner cell mass is the source of embryonic stem
(ES) cells, which have the ability of going through numerous
cycles of cell division maintaining the undifferentiated state.
ES cells are pluripotent, and are capable of differentiating into
cells representing the three primary germ layers endoderm,
ectoderm and mesoderm (Zouboulis et al., 2008).

Adult stem cells are the regenerative cells of the human
body that possess the characteristic of plasticity and the ability
to specialize and develop into other tissues of the body.
Beginning in an unspecialized and undeveloped state, they can
be differentiated to become heart tissue, neurones, skin cells,
and other tissues (Sharpless and Dephnho, 2007).

Mammalian skin serves a number of vital physiological
functions to maintain homeostasis. Skin provides a moisture
barrier, regulates body temperature via hair follicles, sweat
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glands, and dermal capillaries, and provides lubrication via
sebaceous gland (Cui-ping and Xiao-ping, 2008).

Skin consists of two layers: the epidermis, a stratified
squamous keratinized epithelium and an underlying thick layer
of collagen-rich dermal connective tissues providing support
and nourishment. Appendages, such as hair follicles and
glands are derived from and linked to the epidermis but extend
deep into the dermal layer (Zheng et al., 2005).

Significant advances have been made in identifying and
locating the stem cells that inhabit the skin including
epidermal stem cells, dermal stem cells and hair follicle stem
cells (Fernandes et al., 2004).

The outermost, cornified layers of the epidermis are
continually shed from the surface of the skin and are
replenished through proliferation of cells in the basal layer
(BL) that contained putative stem cells (SCs) in addition to the
transiently amplifying (TA) cells, which give rise to terminally
differentiating suprabasal layers (Watt and Jensen, 2009).

Epithelial stem cells are identified in the hair follicle
bulge as quiescent "label retaining cells”. Bulge cells possess
stem cell characteristics, including multipotency and high
proliferative potential .After wounding or transplantation;
bulge cells give rise to epidermis, follicles, and sebaceous
glands (Tumbar et al., 2004).

Hair follicle dermal stem cells reside in the dermal
papillae (DP) at the base of the follicle and the dermal sheath
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(DS) that surrounds the outside of the hair follicle. These cells
exhibit some properties of stem cells, including regenerative
potential, wound healing and ability to produce a functional
dermis (Cui-ping and Xiao-ping, 2008).

Moreover, non-follicular mesodermal (mesenchymal)
stem cells isolated from the dermis proved to be able to
differentiate to endoderm and ectoderm due to their ability to
synthesize nestin, fibronectin and vimentin as well as other
marker proteins (Zouboulis et al., 2008).

ES cells can be derived by somatic cell nuclear transfer
(SCNT). Somatic cells can be reprogrammed to an embryonic-
like state by injection of the nucleus of a somatic cell into
enucleated oocyte. Researchers report the use of nuclei from
hair follicle stem cells and other skin keratinocytes as nuclear
transfer (NT) donors to clone mice, revealing skin as a source
of readily accessible stem cells (Cui-ping and Xiao-ping,
2008).

Expression of defined factors in human fibroblasts of the
dermis of the skin generates induced pluripotent stem cells
(iPS) morphologically and physiologically highly similar to
human embryonic stem cells (HESCs) (Lowry et al., 2008).

The study of skin stem cells may lead to the treatment of
skin loss, skin disease and hair loss (Cui-ping and Xiao-ping,
2008).
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Aim of the Work

The aim of the present study is to make a review about
the concept of stem cells, its exact site in skin (epidermal,
dermal and follicular) and its clinical importance in different
dermatological and non-dermatological disorders.




Chapter (1)

Chapter (1):
Stem Cell BRasics

Stem cells (SCs) are undifferentiated cells that are defined
by their ability to self renew and multilineage differentiation,
(Fig.1) (Enver et al., 2009).

Stem cells divide much slower than the more
differentiated cell type which is often interpreted as protecting
against mutations and cytotoxic agents (Stiehl and
Marciniak-Czochra, 2011).
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Figure (1): Stem cell multilineage differentiation (Enver et al., 2009).
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I- Properties:

Stem cells are characterized by the following properties:
they are able to maintain the size of their population by
producing offspring with stem cell properties (self renewal),
able to give rise to cells with different biological properties
(multipotency), are functionally non-specialized cells and their
populations are morphologically and biochemically hetero-
geneous (Dick, 2003).

Replication of stem cells can occur either symmetrically
or asymmetrically (Fig.2) (Moore and Lemischka, 2006 &
Zouboulis et al., 2008).

Symmetric division Asymmetric division

Figure (2): Symmetric and asymmetric cell divisions
(Zouboulis et al., 2008).

Symmetric division occurs when a stem cell divide to
gives rise to two identical daughter cells. That allows the stem
cell pool to be regulated by factors that control the probability
of self-renewing versus differentiation. Stem cells typically
cycle slowly, being in a mitotically quiescent form most of the
time (Yu and Silva, 2008).
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