THE ROLE OF STEM CELL THERAPY IN
OTOLARYNGOLOGY

Essay submitted for fulfillment of Master Degree in Otorhinolaryngology
By

Elhamy Hanna Samak
M.B.B.Ch.
Faculty of Medicine — Cairo University

Under Supervision of

Prof. Dr. Hazem Dewidar

Professor of Otolaryngology
Faculty of Medicine — Cairo University

Assist. Prof. Dr. Hassan El-Hoshy

Assistant Professor of Otolaryngology
Faculty of Medicine — Cairo University

Dr. Dina M. Rasheed Bahgat

Lecturer of Clinical Pathology
Faculty of Medicine — Cairo University

Faculty of Medicine
Cairo University
2009



ACKNOWLEDGEMENTS

Above all, I would like to thank GOD who made all things

possible. He was always there for me throughout my life. Without him, I
could not have completed this work.

I would like to acknowledge and extend my heartfelt gratitude to
the following persons who have made the completion of this work
possible.

I want to thank my dear brother, Tamer for his personal support and
great patience at all times. Also my parents have given me their obvious

support and love throughout my life for which my mere expression of
thanks does not suffice.

This work would not have been possible without the help, support
and patience of my principal supervisor, (Prqff Dr. Hazem Dewidar,

Professor of Otolaryngology, Faculty of Medicine, Cairo University, not
to mention his advice, vital encouragement and support.

The good advice, support and friendship of my second supervisor,
Dr. Hassan E[-Hoshy, Assistant Professor of Otolaryngology, Faculty

of Medicine, Cairo University, has been invaluable on both an academic
and a personal level, for which I am extremely grateful.

Many thanks for my third supervisor, Dr. Dina Rasheed Bahgat,

Lecturer of Clinical Pathology, Faculty of Medicine, Cairo University, for

her understanding, assistance and expert guidance.

[ also thank all the professors in the Otolaryngology Department,
Faculty of Medicine, Cairo University, for their support and assistance
since the start of my residency in 2006, especially the head of the

department, Prof. Dr. Essam Abd El-Nabi.




I am most grateful to my dear friend, Bassim Metwally for

providing me with the articles which have been a valuable and reliable
source for this work.

Last, but by no means least, I would like to thank my colleagues
and my friends for their kindness, friendship, encouragement and support.

The library facilities and computer facilities of the Cairo University
have been indispensable.

My apologies if 1 have accidentally omitted anyone to whom
acknowledgement is due.

I hope that readers will very much enjoy this work as well as find it
educative.

For any errors or inadequacies that may remain in this work, of
course, the responsibility is entirely my own.

Thank you all.



CONTENTS

= List of Abbreviations. M1
= List of Figures. v
= List of Tables. Vv
= Introduction. VI
= Aim of the Work. IX
Chapter I: Stem Cells. 1
e Introduction . 1
e Definition & Characteristics. 1
e Stem Cell Fates. 5
e Sources of Stem Cells. 7
e Characteristics That Identify Stem Cells. 17
e Differentiation. 19
e Stem Cell Therapy . 20

e The current advantages and limitations of human embryonic stem cells and
human adult stem cells. 23
e Conclusion. 25

Chapter I1: Potential Applications of Human Stem Cells.

27

Chapter III: Noninvasive Imaging in Stem Cell Therapies.
30



Chapter IV: Ethical Guidelines In Genetic and Genomics.

31
e Introduction . 31
e What is Bioethics? 31
e Genetics and Genomics in Developing Countries. 33
e New Treatment Options. 34

Chapter V: Conditions Treatable With Stem Cell Therapy.
36

Chapter VI: Applications of Stem Cell Therapy in
Otorhinolaryngology - Head & Neck Surgery.

38

e Sensorineural Hearing Loss. 39

e Facial Nerve Paralysis. 52

e Tympanic Membrane Perforations. 57

e Auricular Reconstruction. 60

e Tracheal Resection. 65

e Incisional Wounds . 69

e (Cancer Treatment. 74

e Head and Neck Reconstructive Surgery. 79

" Summary. 82
= References. 88

. gﬂ)’i‘u‘m‘

II



LIST OF ABBREVIATIONS

AN Auditory nerve

ANs Auditory neurons

CNS Central nervous system
DP differentiated progeny
ENT Ear, Nose, Throat

HO Hearing organ

IVF In vitro fertilization
MSC Mesenchymal stem cells
RC Rosenthal's canal

Sa Stapedial artery

SC Stem cell

SG Spiral ganglion.

SM Scala media

Sp. L Spiral ligament

ST Scala tympani.

SV Scala vestibuli.

WHO World Health Organization.

I




LIST OF FIGURES

Figure . .

Number Figure Title Page Number
1 Derivation of stem cells. 4
2 Four potential outcomes of stem cells. 6
3 The inner cell mass of the blastocyst is g

the source of embryonic stem cells.
4 Functions and clinical applications of 14
mesenchymal stem cells.
Spectrum of stem cells types, classified
5 by both their source and ability to 20
differentiate into other cell types,
arranged in order of decreasing plasticity.
6 Anatomy of the mammalian cochlea in 39
transverse section.
The mammalian organ of Corti before
. and after hair-cell loss and a speculative 45
visualization of potential regeneration of
hair cells.
The three fluid-filled cochlear
g compartments: scala vestibuli, scala 46
media with the hearing organ and scala
tympani.
A mid-modiolar section of the guinea pig
9 . . . 47
cochlea and the location of implantation.
10 The three sites of stem cells in inner ear. 49
1 Full-thickness, 3-cm-long incisional 7

wounds in New Zealand rabbits.

v




LIST OF TABLES

Table Number

Table Title

Page Number

1

Various sources for stem cells.

16




INTRODUCTION

Artificial transplantation or transplanted organs is a successful therapy for
otherwise incurable end-stage diseases or tissue loss. However, such interventions
are challenged by organ shortage, the necessity of lifelong immunosuppression
and its potential for serious complications. Tissue engineering has emerged as a
rapidly expanding approach to address these problems and is a major component
of regenerative medicine. Tissue engineering is an interdisciplinary field that
applies the principles and methods of bioengineering, material science, and life
sciences toward the assembly of biologic substitutes that will restore, maintain,
and improve tissue functions following damage either by disease or traumatic

processes. (Shieh and Vacanti, 2005).

Efforts are now being undertaken for engineering a variety of tissue and
organ types with an emphasis on the application of stem cells. Ultimately, the goal
of tissue engineering is to regenerate tissues and restore organ function through

cell implantation and matrix incorporation into the patient. (Fuchs et al, 2001).

A number of criteria must be satisfied in order to achieve effective, long-
lasting repair of damaged tissues. 1) An adequate number of cells must be
produced to fill the defect. 2) Cells must be able to differentiate into desired
phenotypes. 3) Cells must adopt appropriate three-dimensional structural
support/scaffold and produce extracellular matrix. 4) Produced cells must be
structurally and mechanically compliant with the native cell. 5) Cells must
successfully be able to integrate with native cells and overcome the risk of
immunological rejection. 6) There should be minimal associated biological risks.

(Vats et al, 2002).
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The source of cells utilized in tissue engineering can be autologous (from
the patient), allogenic (from a human donor but not immunologically identical), or

xenogenic (from a different species donor). (Naughton, 2002).

Autologous cells represent an excellent source for use in tissue engineering
because of the low association with immune complications. Autologous cells are
however not cost effective and batch controlled for universal clinical use. In
contrast, allogenic cells offer advantages over autologous cells in terms of
uniformity, standardization of procedure, quality control and cost effectiveness.

(Knight and Evans, 2004).

The field of tissue engineering has significant potential for developing
viable, natural tissue constructs. The primary basis for any tissue-engineered
construct is the cellular source that is used to initiate new tissue growth. The
investigations of strategies that incorporate stem cells, however, have shown
promising results for engineering soft tissue. The use of stem cells for tissue-
engineering applications is still met with ethical concerns and scientific obstacles

that must be addressed. (Gomillion and Burg, 2006).

Rapid advances are being made in stem cell research with a focus on their
therapeutic potential for regenerative medicine and other biomedical applications.
In combination with tissue engineering, stem cells hold a number of promises in
further advancing contemporary medicine. Although much progress has been
made in the field of tissue engineering, further work toward organ and tissue
replacement is necessary. The optimal cell source, scaffold design, and in vitro

bioreactors, the use and development of microfabrication technology to create
vl



vascularized tissues and organs are still being investigated. The search for and use
of an appropriate multipotent or pluripotent stem cell in tissue engineering is an
emerging concept. Certainly, many areas of stem cell research and their potential
clinical applications are associated with controversies; therefore, it is important to
address the ethical, legal, and social issues early. Many technical questions are yet
to be answered and require close interdisciplinary collaborations of surgeons,
engineers, chemists, and biologists, with the ultimate goal of functional tissue
restoration. As more scientific knowledge will be gained from stem cell research,
hopefully, some of the current ethical and technical concerns will be answered or

removed in the future. (Kim and Evans, 2005).
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Aim of the Work

To give an idea about the stem cells in terms of its sources, fates,
characteristics, advantages, limitations and applications in general and in

Otorhinolaryngology — Head & Neck surgery.
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The Role of Stem Cell Therapy in Otolaryngology Stem Cells

STEM CELLS

Introduction

Stem cell biology is now one of the most exciting and rapidly advancing
areas of scientific effort. Promises of cures of a wide variety of diseases by
specific replacement of damaged or malfunctioned tissues by use of totipotent or
multipotent stem cells are on the horizon in clinical practice. Stem cells derived
from the embryo and from adult tissues have been shown to have extensive

potentials for self-renewal and differentiation. (James, 2002).

Different cell types that could be used for repair and regeneration include
mature cells obtained from the patient or stem cells (either adult or embryonic).
The use of mature cells obtained from the patient minimizes the need for
immunosuppressive therapy after implantation, but these cells may not be the best
source of cells for tissue regeneration, primarily because these adult cells have
already differentiated and committed to a specific cell type. This option provides
little potential for further growth and limits the source of harvested tissue for

repair to the site of the initial damage. (Vats et al, 2002).

Definition & Characteristics

Stem cells, on the other hand, are by definition a population of cells able to

provide replacement cells for a specific differentiated cell type. (Ballas, 2002).
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Stem cells have the ability to build every tissue in the human body; hence,
they have great potential for future therapeutic uses in tissue regeneration and

repair. (Jesse and Brenda, 2009).

These unique cells are different from other cell types in three defined
respects. First, stem cells are able to divide and renew themselves over long
periods of time, (Conrad and Huss, 2005) and are able to replicate or proliferate
several times. By virtue of their ability to self-replicate, stem cells are said to be

self-renewing. (Zandstra and Nagy, 2001).

Secondly, stem cells are not specialized and they are immature, meaning
that they do not have any tissue specificity and are not required to perform
specialized, tissue-specific functions. Third, stem cells differentiate into

specialized cells. (Conrad and Huss, 2005).

The general designation stem cell encompasses many distinct cell types.
Commonly, the modifiers embryonic and adult are used to distinguish stem cells
according to the developmental stage of the animal from which they come, but
these terms are becoming insufficient as new research has discovered how to turn
fully differentiated adult cells back into embryonic stem cells, and conversely,
adult stem cells, more correctly termed somatic stem cells meaning ‘‘from the
body,’’ are found in the fetus, placenta, umbilical cord blood, and infants. (Bajada

et al, 2008).

Stem cells are capable of differentiating into at least one type of specific

cell. How potent a stem cell is, or how many different cell phenotypes it can



