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Preface

Living organisms are protected from the external environment by an integument
that forms the outer body surface and permits both survival and adaptation to envi-
ronmental challenges. In mammals, the integument is formed by the skin and its
appendages, including feathers, hairs, and glands, and displays a high degree of
evolutionary, anatomical and environmentally dependent-variability.

Mammalian skin is one of the largest organs of the body. It serves a number of
critical roles, including protecting the organism from external insults, maintaining
body temperature and water balance, and transmitting sensory information. To effi-
ciently fulfill these complex functions, the skin has developed the capacity to pro-
vide a high degree of plasticity in response to changing environmental conditions,
while maintaining its structural integrity. In postnatal life, the epithelial outer layer
of the skin, known as the epidermis, continuously regenerates due to the ability of
epithelial stem cells in its basal layer to supply progeny capable of forming all of the
epidermal cell layers and generating a functional barrier. Unlike the continuously
regenerating epidermis, hair follicles undergo cyclical transitions between active
growth, involution, and resting phases. After skin injury, stem cells in both epithelial
and underlying mesenchymal components of the skin contribute to skin regenera-
tion, supplying progeny that repair the wounded area.

During the last two decades, tremendous progress has been made in understand-
ing the molecular mechanisms that underlie skin development, regeneration, and
both rare and common diseases. Genome-wide association studies and comparative
genome analyses have provided invaluable insights into the physiological role of
genetic information. Nevertheless, how the genomes of diverse populations of epi-
thelial and mesenchymal skin cells are organized beyond their linear sequence, and
the mechanisms regulating lineage-specific responsiveness of distinct genomic
regions to external signals in healthy and diseased skin, remain to be clarified.

It is now widely accepted that in addition to their regulation by signaling/tran-
scription factor-mediated mechanisms, lineage-specific gene expression programs
are also controlled epigenetically by covalent DNA and histone modifications, as
well as via higher-order chromatin remodeling and topological arrangement of
genes and their distal regulatory elements in 3D nuclear space. Epigenetic
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mechanisms play important roles in controlling cellular functions in living organisms
and are considered to be a driving force of phenotypic plasticity and evolutionary
adaptation. Variability in epigenetic status helps explain the relationships between
an individual’s genetic background and the effects of the environment on suscepti-
bility to different diseases.

As an important and accessible source of epithelial, mesenchymal, pigmentary,
and neuronal stem cells, the skin serves as an excellent model for studying how
extrinsic signals coordinate gene expression by directing the activity and distribu-
tion of distinct epigenetic regulators and orchestrating the execution of lineage-
specific gene expression programs and their adaptation to environmental cues.

This volume presents and summarizes recent major findings that shed light on
the roles of critical components of the epigenetic regulatory machinery in the con-
trol of skin development and regeneration. Chapter 1 outlines how signaling/tran-
scription factor-mediated and epigenetic mechanisms operate in concert to regulate
skin development and regeneration, and highlights the role of the cell nucleus as a
command center integrating signals received from the external environment and
transforming them into distinct transcriptional outcomes.

Chapter 2 focuses on the importance of DNA methylation as a keeper of epigen-
etic memory in the control of skin development and physiological regeneration.
Chapters 3, 4, and 5 discuss the impact of distinct post-translational histone modifi-
cations and their corresponding epigenetic regulators, including Polycomb and
Trithorax genes and histone deacetylases, in the control of transcriptional silencing
and activation in epithelial cells of the developing and adult skin. In Chapter 6, the
role of ATP-dependent chromatin remodeling in the control of gene expression in
the epidermis is discussed.

Chapters 7 and 8 highlight the roles of noncoding and micro-RNAs in regulating
keratinocyte differentiation, while Chapter 9 is devoted to the emerging roles of
RNA modifications in the control of epithelial stem cell activity.

Chapter 10 discusses the mechanisms coordinating three-dimensional organiza-
tion of epidermal genes and their regulatory elements (enhancers) in the nucleus,
while Chapter 11 describes the role of the nuclear lamina in transmitting signals
from the external environment to the genome and in controlling lineage-specific
differentiation programs in normal skin. Finally, Chapter 12 summarizes recent data
on the functions of distinct components of the epigenetic machinery in skin regen-
eration after injury and during wound healing.

This collection of work offers a brief introduction to this exciting and rapidly
developing area of research and provides readers with an understanding of the
experimental underpinnings of current models that will aid in critical evaluation of
new literature in the field. The exhilarating pace of discovery will undoubtedly
ensure that significant new developments and unexpected findings will be revealed
before this book is widely available.

In summary, we believe that this volume provides a useful introduction to skin
epigenetics for many categories of researchers. Our hope is that this work will serve
as a platform and inspiration for future research in this field that is necessary to
bridge the gap between our knowledge of basic epigenetic mechanisms and clinical
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practice. Progress in this direction will ultimately permit the development of novel
approaches for modulating the epigenome and epitranscriptome to protect the skin
against aging and environmental stressors, as well as in the treatment of skin
disorders.

Bradford, UK Vladimir A. Botchkarev
Philadelphia, PA, USA Sarah E. Millar



Contents

1 All Roads Go to the Nucleus: Integration of
Signaling/Transcription Factor-Mediated and Epigenetic
Regulatory Mechanisms in the Control of Skin Development
and Regeneration ............. .. ... ... ... .. .. ... .. ... ... 1
Vladimir A. Botchkarev, Andrey A. Sharov,
and Michael Y. Fessing

2 DNA Methylation as an Epigenetic Memory Keeper
during Skin Development and Regeneration . . .................. 57
Ya-Chen Liang, Randall Widelitz, and Cheng-Ming Chuong

3 Polycomb Proteins and their Roles in Skin Development
and Regeneration ............... ... ... ... .. .. ... .. ... ..., 75
Katherine L. Dauber-Decker, Idan Cohen, and Elena Ezhkova

4 Trithorax Genes in the Control of Keratinocyte Differentiation . ... 105
Rachel Herndon Klein and Bogi Andersen

5 Histone Deacetylase Functions in Epidermal Development,
Homeostasisand Cancer ................ ... ... ... ..., 121
Donna M. Brennan-Crispi and Sarah E. Millar

6 The Role of ATP-dependent Chromatin Remodeling
in the Control of Epidermal Differentiation and Skin Stem
Cell Activity . . . ... .. 159
Gitali Ganguli-Indra and Arup K. Indra

7 Orchestrated Role of microRNAs in Skin Development
and Regeneration ............. .. .. .. .. ... .. .. .. ... ... ..., 175
Natalia V. Botchkareva and Rui Yi

8 Long Noncoding RNA and Its Role in the Control
of Gene Expressioninthe Skin ........... ... .. .. .. ... ..., 197
Kevin C. Wang and Howard Y. Chang

ix


https://doi.org/10.1007/978-3-319-16769-5_1
https://doi.org/10.1007/978-3-319-16769-5_1
https://doi.org/10.1007/978-3-319-16769-5_1
https://doi.org/10.1007/978-3-319-16769-5_1
https://doi.org/10.1007/978-3-319-16769-5_1
https://doi.org/10.1007/978-3-319-16769-5_2
https://doi.org/10.1007/978-3-319-16769-5_2
https://doi.org/10.1007/978-3-319-16769-5_2
https://doi.org/10.1007/978-3-319-16769-5_3
https://doi.org/10.1007/978-3-319-16769-5_3
https://doi.org/10.1007/978-3-319-16769-5_3
https://doi.org/10.1007/978-3-319-16769-5_4
https://doi.org/10.1007/978-3-319-16769-5_4
https://doi.org/10.1007/978-3-319-16769-5_5
https://doi.org/10.1007/978-3-319-16769-5_5
https://doi.org/10.1007/978-3-319-16769-5_5
https://doi.org/10.1007/978-3-319-16769-5_6
https://doi.org/10.1007/978-3-319-16769-5_6
https://doi.org/10.1007/978-3-319-16769-5_6
https://doi.org/10.1007/978-3-319-16769-5_6
https://doi.org/10.1007/978-3-319-16769-5_7
https://doi.org/10.1007/978-3-319-16769-5_7
https://doi.org/10.1007/978-3-319-16769-5_7
https://doi.org/10.1007/978-3-319-16769-5_8
https://doi.org/10.1007/978-3-319-16769-5_8
https://doi.org/10.1007/978-3-319-16769-5_8

10

11

12

RNA Methylation in the Control of Stem Cell Activity

and Epidermal Differentiation. . .. ................... ...

Abdulrahim A. Sajini and Michaela Frye

Enhancer-Promoter Interactions and Their Role

in the Control of Epidermal Differentiation. ..............

Inez Y. Oh and Cristina de Guzman Strong

Integration of Biochemical and Mechanical Signals
at the Nuclear Periphery: Impacts on Skin Development

andDisease . ............ . ...

Rachel M. Stewart, Megan C. King, and Valerie Horsley

Epigenetic Regulation of Skin Wound Healing . ...........

Andrei N. Mardaryev

Contents


https://doi.org/10.1007/978-3-319-16769-5_9
https://doi.org/10.1007/978-3-319-16769-5_9
https://doi.org/10.1007/978-3-319-16769-5_9
https://doi.org/10.1007/978-3-319-16769-5_10
https://doi.org/10.1007/978-3-319-16769-5_10
https://doi.org/10.1007/978-3-319-16769-5_10
https://doi.org/10.1007/978-3-319-16769-5_11
https://doi.org/10.1007/978-3-319-16769-5_11
https://doi.org/10.1007/978-3-319-16769-5_11
https://doi.org/10.1007/978-3-319-16769-5_11
https://doi.org/10.1007/978-3-319-16769-5_12
https://doi.org/10.1007/978-3-319-16769-5_12
https://doi.org/10.1007/978-3-319-16769-5_Index

Contributors

Bogi Andersen Departments of Biological Chemistry and Medicine, University of
California, Irvine, CA, USA

Vladimir A. Botchkarev Centre for Skin Sciences, University of Bradford, Brad-
ford, UK

Department of Dermatology, Boston University School of Medicine, Boston, MA,
USA

Natalia V. Botchkareva Centre for Skin Sciences, University of Bradford, Brad-
ford, UK

Donna M. Brennan-Crispi Department of Dermatology, Perelman School of
Medicine, University of Pennsylvania, Philadelphia, PA, USA

Howard Y. Chang Program in Epithelial Biology, Stanford University School of
Medicine, Stanford, CA, USA

Cheng-Ming Chuong Department of Pathology, Keck School of Medicine, Univer-
sity of Southern California, Los Angeles, CA, USA

Integrative Stem Cell Center, China Medical University Hospital, China Medical
University, Taichung, Taiwan

Idan Cohen Department of Cell, Developmental, and Regenerative Biology, Black
Family Stem Cell Institute, Icahn School of Medicine at Mount Sinai, NY, New
York, USA

Katherine L. Dauber-Decker Department of Cell, Developmental, and Regenerative
Biology, Black Family Stem Cell Institute, Icahn School of Medicine at Mount Sinai,
NY, New York, USA

Elena Ezhkova Department of Cell, Developmental, and Regenerative Biology,
Black Family Stem Cell Institute, Icahn School of Medicine at Mount Sinai, NY,
New York, USA

xi



Xii Contributors

Michael Y. Fessing Centre for Skin Sciences, University of Bradford, Bradford, UK
Michaela Frye University of Cambridge, Department of Genetics, Cambridge, UK
Gitali Ganguli-Indra Department of Pharmaceutical Sciences, College of Pharmacy,
Oregon State University, Corvallis, OR, USA

Molecular Cell Biology Program, Oregon State University, Corvallis, OR, USA
Knight Cancer Institute, Oregon Health & Science University (OHSU), Portland,
OR, USA

Cristina de Guzman Strong Division of Dermatology, Department of Medicine,
Washington University in St. Louis School of Medicine, St. Louis, MO, USA

Center for Pharmacogenomics, Department of Medicine, Washington University in
St. Louis School of Medicine, St. Louis, MO, USA

Center for the Study of Itch, Washington University in St. Louis School of Medicine,
St. Louis, MO, USA

Valerie Horsley Department of Dermatology, Yale School of Medicine, New
Haven, CT, USA

Department of Molecular, Cell and Developmental Biology, Yale University, New
Haven, CT, USA

Arup K. Indra Department of Pharmaceutical Sciences, College of Pharmacy,
Oregon State University, Corvallis, OR, USA

Molecular Cell Biology Program, Oregon State University, Corvallis, OR, USA

Knight Cancer Institute, Oregon Health & Science University (OHSU), Portland,
OR, USA

Department of Biochemistry and Biophysics, Oregon State University, Corvallis,
OR, USA

Linus Pauling Institute, Oregon State University, Corvallis, OR, USA
Departments of Dermatology, OHSU, Portland, OR, USA

Megan C. King Department of Cell Biology, Yale School of Medicine, New
Haven, CT, USA

Rachel Herndon Klein Departments of Biological Chemistry and Medicine, Uni-
versity of California, Irvine, CA, USA

Ya-Chen Liang Department of Pathology, Keck School of Medicine, University of
Southern California, Los Angeles, CA, USA

Integrative Stem Cell Center, China Medical University Hospital, China Medical
University, Taichung, Taiwan

Andrei N. Mardaryev Centre for Skin Sciences, School of Chemistry and Biosci-
ences, Faculty of Life Science, University of Bradford, Bradford, UK



Contributors Xiii

Sarah E. Millar Department of Dermatology, Perelman School of Medicine, Uni-
versity of Pennsylvania, Philadelphia, PA, USA

Department of Cell and Developmental Biology, Perelman School of Medicine,
University of Pennsylvania, Philadelphia, PA, USA

Department of Anatomy and Cell Biology, School of Dental Medicine, University
of Pennsylvania, Philadelphia, PA, USA

Inez Y. Oh Division of Dermatology, Department of Medicine, Washington Uni-
versity in St. Louis School of Medicine, St. Louis, MO, USA

Center for Pharmacogenomics, Department of Medicine, Washington University in
St. Louis School of Medicine, St. Louis, MO, USA

Center for the Study of Itch, Washington University in St. Louis School of Medicine,
St. Louis, MO, USA

Abdulrahim A. Sajini University of Cambridge, Department of Genetics, Cam-
bridge, UK

Department of Biomedical Engineering, Khalifa University of Science and Tech-
nology, Abu Dhabi, United Arab Emirates

Andrei A. Sharov Department of Dermatology, Boston University School of Med-
icine, Boston, MA, USA

Rachel M. Stewart Department of Cell Biology, Yale School of Medicine, New
Haven, CT, USA

Kevin C. Wang Program in Epithelial Biology, Stanford University School of
Medicine, Stanford, CA, USA
Veterans Affairs Palo Alto Healthcare System, Palo Alto, CA, USA

Randall Widelitz Department of Pathology, Keck School of Medicine, University
of Southern California, Los Angeles, CA, USA

Rui Yi Department of Molecular, Cellular and Developmental Biology, University
of Colorado, Boulder, Denver, CO, USA



	Preface
	Contents
	Contributors

