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Preface

This textbook contains the latest advances and scientific knowledge from the leading experts
in hair biology, hair disorders, and clinical trichology.

During the past 40 years, the interest in hair loss and disorders has significantly increased.
In addition, recent advances in molecular biology have evolved our understanding of hair
biology. One of the main goals in publishing this book is to increase our knowledge about
hair pathology, new treatment options, and modalities.

This book is organized into ten sections. Each section deals with hair biology, hair genetics,
hair diagnostics, hair loss types, pathogenesis, treatment options, and restoration techni-
ques. This book also emphasizes on various genetic and nongenetic alopecia types, differen-
tial diagnosis, and the measurement of hair loss. One chapter of the book is devoted to
natural products for hair care and treatment. Besides, a comprehensive chapter on psycho-
cutaneous disorders of the hair and scalp is presented within this textbook.

We hope that the current book will provide interesting knowledge and different useful
methods for recognizing and improving hair loss problems. We believe that this textbook
will serve as a comprehensive guide to many physicians dealing with hair disorders in their
clinical practice. It will hopefully be a valuable resource for dermatologists, educators, other
physicians, and medical students.

We offer our special thanks to Ms. Romina Skomersic, Publishing Process Manager, for her
invaluable help in this book project.

We are thankful to our wives and our children for their understanding regarding missed
family time.

Assoc. Prof. Dr. Zekayi Kutlubay, MD
Associate Professor of Dermatology
Department of Dermatology

Istanbul University Cerrahpasa Medical Faculty
Turkey

Prof. Dr. Server Serdaroglu, MD

Professor of Dermatology

Department of Dermatology

Istanbul University Cerrahpasa Medical Faculty
Turkey






Section 1

Introduction







Chapter 1

Introductory Chapter: Hair Loss

Zekayi Kutlubay and Server Serdaroglu

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/66984

1. Introduction

Hair loss (alopecia) is a prevalent dermatological course and it has an impact on both females
and males of all ages. For centuries, hair has been the most important sign for the females.
Healthy hair is an essential factor for physical well-being and females can show their charm,
beauty and personal power with healthy hair. That is why hair loss can cause psychological
problems for women rather than for men.

The term alopecia comes from the Greek alopex, ‘fox’, originally referring to mange in foxes,
and can be associated with a wide variety of conditions such as genetic, autoimmune, infec-
tious and environmental. Many people face this dermatological condition. The appearance of
hair loss can diversify according to what causes this disease. The whole body and scalp can be
affected abruptly and gradually. Temporary and permanent hair loss can occur. Sometimes, it
is not necessary to apply any treatment to grow hair again, but sometimes, it is an obligation
to treat hair loss. Sometimes, hair will not re-grow.

Hair is one of the characteristic features of mammals. Hair is an essential speciality for pro-
tecting humans from environmental factors, producing sebum and pheromones and apocrine
sweat. It affects someone's role in sexual and social relationships. Hair acts a major role for
thermoregulation and it is a resource for stem cells [1].

Hair is a derivate of the epidermis. Hair has two different parts: one of them is the hair shaft
and the other is the follicle. The generation of hair depends on the follicle. Cortex, cuticle cells
and a medulla for some types of hairs are the parts of the hair shaft. Hair follicle is an essential
part for hair growth and it grows continuously. The continuous growth and rest sequence is
named hair cycle. The span of hair growth depends on many endocrine, neural stimuli and
vascular stimuli. Various factors such as age, localization of the hair and nutritional habits
have an impact on the nature of hair.

I m EC H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited. [{(cc) ExgNN
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Nearly there are 5 million hair follicles in humans, and scalp has 100,000 of them. Mainly
terminal hairs are on scalp, eyelashes and eyebrows, whereas vellus hairs cover the rest of the
body [2]. Hair is formed in two different parts: follicle is located under the skin and it is the
living part and the other one is the hair shaft, above the skin surface, and it is fully keratinized
non-living part. Hair development is a continuous cyclic process. Hair growth cycle consists
of growth (anagen), regression (catagen), rest (telogen) and shedding (exogen); mature fol-
licles go through all of these process. The location of the hair, hormonal balance, personal
nutrition and age can affect the duration of the phases [3, 4].

Especially feminine appearance, attractiveness, personal image and sexuality can be affected
according to the healthy hair. Hair is an important point for a healthy look, social image and
communication. All individuals complain about hair loss without thinking about age and
gender but hair loss can have more dramatical effects on females than on males, because hair
loss can change the life quality and social communication. That is why dermatological clinics
take much interest in hair loss problems.

Hair loss can be due to a wide variety of causes such as scarring and non-scarring diseases.

Alopecia areata (AA), which is an inflammatory disease, causes non-scarring patchy hair loss
of the scalp and whole body; it occurs depending on genetic and autoimmune basis [5]. The
lifetime coincidence of this chronic disease is 2.1%. This inflammatory disease begins with
circular hair loss with sudden sharp borders [6]. The etiology of this disease can be genetic,
infectious, immunological, environmental or psychological even though the etiopathogenesis
is not known. Some genes such as TRAF1/C5 locus can be a reason for genetic disposition [7].
Some autoimmune disorders, such as Hashimoto's thyroiditis or vitiligo, which are related to
diseases of T-cell, can accompany hair loss problems. Some studies point out that the risk of
alopecia areata can be increased by the history of atopy [8]. In the pathogenesis of the disease,
cytokines such as IFN-gamma, interleukins and TNF-alpha are important factors. The patients
with normal appearing underlying skin are presented with asymptomatic and patchy hair
loss. The beginning point of this disease is generally scalp hair, and then it can spread to eye-
brows, eyelashes and total body. If a patient has a limited involvement, it can re-grow sponta-
neously. But some patients have a chronic and recurrent course, with many attacks over years.

Physicians think that the treatment of alopecia can be so challenging. Variable treatments
with different effects can be applied to the patients. These treatments consist of systemic,
intralesional or topical corticosteroids, systemic or local phototherapy, cyclosporine-A, acu-
puncture, interferon-a, anthralin, topical immunotherapy agents, topical minoxidil and
photodynamic therapy [9-11]. Although the stem cells of hair follicles spread into the scalp
typically in order to re-grow hair, there are no useful and existing treatments to recover alo-
pecia areata. It is a chronic disease and the consequences can be disruptive for psychological
and physical appearance. The impressiveness of treatments decreases due to the spontaneous
relapses and remissions and these courses can be unpredictable. This application has been
shown as allergic contact dermatitis; topical sensitizers have a major role to begin a delayed-
type (type IV) hypersensitivity reaction by acting as haptens. To make a complete antigen,
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these sensitizers help to bind to an endogenous protein. There are some applications to aim
topical sensitization such as dinitrochlorobenzene, SADBE and DPCP [11].

The quality of life is also affected by AA; in most studies, AA is the sort of alopecia, and
psychological and social factors have an impact on this disease. The incidence of lifetime
major depressive symptoms and anxiety disorders in AA patients was estimated as 39% in
one study [12]. Besides, antisocial personality disorder and post-traumatic stress disorder
were observed at a high rate in those patients. In AA patients, antisocial personality and post-
traumatic disorders were found at a high rate.

Androgenetic alopecia occurs commonly in males and it is a male-type hair loss. This dis-
ease is known as the most common form of hair loss; it is progressed by alopecia areata, tinea
capitis, telogen effluvium and scarring alopecia [13]. The most essential point of this course is
genetic and hormonal reasons. It has been found that middle-aged white men are generally
exposed to this disease. This problem affects mostly 30% of white men at the age of 30, 50%
at the age of 50 and 80% at the age of 70 [14]. Androgenetic alopecia begins with gradual thin
hair in the temporal area and then it follows reshaping of the anterior part of the hairline.
According to Norwood-Hamilton classification, it ends with baldness. Androgenetic alope-
cia is also observed in women, but the thinning of hair happens in different areas. In women,
this disease does not commence on marked baldness; it is found especially on the crown. The
progression is mostly seen according to the Ludwig scale [13]. Medications approved by the
Food and Drug Administration (FDA) to treat male-pattern hair loss include minoxidil and
finasteride. By using these medications, hair loss may be reversed or slowed in early phases.

Scarring alopecias or cicatricial alopecias are a group of rare inflammatory hair loss diseases;
hair follicles are devastating permanently in these diseases. The most common symptom of
this disease is the loss of apparent follicular ostia in a scarring area. The most important his-
topathological characterization of this disease is the replacement of the hair follicle structure
made from fibrous tissue. Cicatricial alopecias have various types such as primary cicatricial
alopecia, secondary cicatricial alopecia and hereditary cicatricial alopecia. The reason for pri-
mary cicatricial alopecia is the destructive inflammation of the hair follicle which is referred
to different etiologies and it is generally autoimmune processes.

It is essential to examine the whole scalp and skin biopsies for finding the main reason for cic-
atricial alopecia are necessary. There are three main groups for primary cicatricial alopecia:
lymphocytic, neutrophilic and mixed. It is classified according to the types of inflammatory
cells examined histologically where hair follicles are affected. It could be so difficult to differ-
entiate the primary cicatricial alopecia types because of the various forms of this disease and
it ends with complete hair loss. The most visible symptom of this disease is the active inflam-
mation. In this condition, the most substantial aim for treatment is to stop or slow down the
development of this disease. For the patients with lymphocytic primary cicatricial alopecia,
topical and intralesional corticosteroids and antimalarials can be applied and in persistent
conditions, systemic immunosuppressive agents can be tried. The applications of antibiot-
ics and retinoids are the most essential medications to treat neutrophilic cicatricial alopecia.
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Telogen effluvium is characterized by diffuse loss of telogen hair. Telogen effluvium is
a non-inflammatory disease. The main reason for this disease is still unknown, but it is
most frequent reason for hair loss. In a normal scalp, 90-95% of the hair follicles are in the
anagen phase, and 5-10% are in the telogen phase. It is normal to lose 100 hairs in a day.
In telogen effluvium disease, the ratio or the number of hair follicles increases. According
to various follicular cycles, five types of functional telogen effluvium have been found. The
types include the immediate anagen release, delayed anagen release, immediate telogen
release, delayed telogen release and short anagen phase. The pathological causes of this
disease are exogenous factors, inflammatory diseases, some drugs and connective tissue
disorders such as systemic lupus erythematous, stress, organ dysfunctions, endocrine dis-
orders, syphilis and nutritional causes.

This disease can be seen as acute and chronic and it is classified according to its duration. If
the duration of disease is shorter than 6 months, it is known as acute telogen effluvium; if the
hair loss is longer than 6 months, it is accepted as chronic telogen effluvium. The hair loss
can be apparent 2 or 3 months later in acute telogen effluvium disease. The aetiologic factors
or events of telogen effluvium may not be detected in 33% of the patients. Some tests can be
applied to patients such as the hair-pull test and the result of this test is positive. In addition
to that, inflammation is not found in telogen effluvium. In the trichogram test, the telogen hair
ratio reaches above 25% in telogen effluvium. A fine evaluation is to be done to understand
the real cause and the most substantial factors: to treat telogen effluvium is to find the natural
process of telogen effluvium. If the triggering factor of this disease can be found and stopped,
hair loss will generally decrease within 3-6 months [15, 16].

Trichotillomania was observed several years ago, but there have been little data about
treatment and its etiology. It can be described as an impulse control disorder and it is
identified by chronic hair pulling. Trichotillomania (hair-pulling disorder) is a type of trac-
tional alopecia. In every types of hair loss, this disease has also affected the quality of life
and relations in a negative way. When we look at the history of the disease, it was identified
in DSM-III-R (Diagnostic and Statistical Manual of Mental Disorders, Third Edition) in 1987; in
that study, continual hair pulling was described as a psychiatric disorder. Hair pulling is
not known as rational behaviour in medical condition (e.g., dermatological problems) and
it is a psychiatric disorder. The repeated attitude cannot be stopped and finally it causes
hair loss. The reason for this disease can also be subjective nuisance and deterioration in
social life. The patients not only pull the hair from the scalp but they also pull the hair
from other body areas such as the eyebrows, beard, eyelashes, arms, groin and moustache.

The symptoms of trichotillomania resemble the obsessive-compulsive spectrum, so this dis-
ease is mainly included among psychiatric diseases [17]. Trichotillomania usually begins in
early ages and become chronic with gradual events. It can also be seen in adolescence at the
beginning of 12 years. The adults can also face this disease at old ages. Trichotillomania can be
confused with AA in older patients in the first phase of the disease because it appeared mostly
in females [18, 19]. When we observe more than a third of paediatric patients with trichotil-
lomania, there have been many psychiatric disorders such as attention deficit-hyperactivity
disorder, anxiety disorder, obsessive-compulsive disorder and depression. But unfortunately,
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the studies show that 40% of the trichotillomania patients could not be diagnosed and 58%
patients never received correct medications [20].

Trichophagy is a kind of disease which is described as putting the hair into the mouth.
Trichophagy can cause serious diseases such as vomiting, ileus and weight loss. Hair swal-
lowing has been shown in 5-18% of these patients [19, 21].

2. Diagnosis

It has been understood that there have been many reasons for hair loss. Dermatologists always
apply different methods for finding the main evidence of the disease. The dermatologist also
will carefully look at patient's scalp and hair. For instance, they have to pull their patients’
hair to get the true results, and it is named as “pull test’. Pulling hair test can be helpful to
describe the process of hair loss. And dermatologists should sometimes observe the whole
body to understand the ratio of hair loss. To make sure about the evidence, they also use
blood tests. By using blood tests, they can find other reasons for hair loss such as iron defi-
ciency, anaemia, thyroid disease or vitamin deficiencies. The dermatologists can also apply
punch biopsy to detect histopathological reasons. All of the applications should be done to
find out some clues in your scalp [22].

Although medical treatment is a useful method for patients and physicians, the results of
treatment could be unsuccessful. Instead of other techniques, hair transplantation should be
used for androgenetic alopecia. Hair transplantation method is essential not only for androge-
netic alopecia but also good for other kinds of hair loss. The other kinds of problems include
cicatricial alopecias, congenital alopecias, post-burn sequelae and alopecia areata [23]. Lately,
hair transplantation has been common for treating hair loss. ‘Follicular unit transplantation’
and ‘Follicular unit extraction” are the main types of this method. In follicular unit transplan-
tation, occipital region is the main area for taking skin patches; they can be separated manu-
ally to grafts and put to the recipient area. ‘Follicular unit extraction’ is the other method in
order to treat hair loss. In this method, 1-mm diameter micrografts are taken from the donor
area and they are transferred to predrilled holes. This technique is less painful and more
comfortable for patients because it does not cause a linear scar. The essential disadvantage of
this treatment is that patients should spend much more time for extracting grafts. Due to the
“punched-out’ sites, donor transferring into the area can be limited [24, 25].

3. Psychosocial effects

Alopecia occurs not only for physical reasons but also because of psychological problems.
They have a major role in this serious condition. It has a significant psychological impact on
the quality of life.

The incidence of alopecia always increases because of the psychological problems. Patients
with alopecia are exposed to mental disorders such as post-traumatic stress disorder, social
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phobia, depression, anxiety and suicidal thoughts. Psychological/psychiatric disorders have
been detected at rates up to 60% in dermatology patients treated as inpatients [26].

Mental disorders are observed to be a higher risk among women with scarring alopecia. Hair
loss can be an important reason for psychological/psychiatric problems such as embarrass-
ment, depression, anxiety about their appearance, low self-esteem, anger, less social and
sexual activity and even suicidal thoughts. Because of the connection between alopecia and
mental disorders, dermatologists and psychologists/psychiatrists have to find the main rea-
sons for the hair loss together [27, 28].

The aim of this chapter is to review the latest developments in the understanding of hair loss
and its treatment. The contents cover the molecular and cell biological aspects of hair follicles
through to the pathogenesis of alopecia, its treatment with topical and systemic agents, and new
treatment options such as hair transplantation, mesotherapy and platelet-rich plasmas (PRPs).
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Abstract

Hair is one of the characteristic features of mammals and has various functions such as
protection against external factors; producing sebum, apocrine sweat and pheromones;
impact on social and sexual interactions; thermoregulation and being a resource for
stem cells. Hair is a derivative of the epidermis and consists of two distinct parts: the
follicle and the hair shaft. The follicle is the essential unit for the generation of hair. The
hair shaft consists of a cortex and cuticle cells, and a medulla for some types of hairs.
Hair follicle has a continuous growth and rest sequence named hair cycle. The duration
of growth and rest cycles is coordinated by many endocrine, vascular and neural stimuli
and depends not only on localization of the hair but also on various factors, like age and
nutritional habits. Distinctive anatomy and physiology of hair follicle are presented in
this chapter. Extensive knowledge on anatomical and physiological aspects of hair can
contribute to understand and heal different hair disorders.

Keywords: hair, follicle, anatomy, physiology, shaft

1. Introduction

The hair follicle is one of the characteristic features of mammals serves as a unique miniorgan
(Figure 1). In humans, hair has various functions such as protection against external factors,
sebum, apocrine sweat and pheromones production and thermoregulation. The hair also plays
important roles for the individual’s social and sexual interaction [1, 2].

The hair follicle serves as a reservoir for epithelial and melanocyte stem cells and it is capable
of being one of the few immune privileged sites of human body. Hair follicle development is
related to the interactions between epithelial and mesenchymal cells. Many genes play sub-
stantial role in this interaction and also in hair follicle cycling [3-5].

I m EC H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited. [{cc) ExgIN
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Figure 1. Diagram of an anagen follicle.

The aim of this chapter is to enhance the knowledge of the complex anatomy and physiology
of the hair in a simple manner (Table 1) [2, 5].

Anagen
Catagen
Telogen
Exogen
Kenogen
Club hair
Lanugo hair
Vellus hair
Terminal hairs
Hair matrix

Follicular dermal
papilla (DP)

Hair bulb

Isthmus

Growth stage of hair follicle cycle

Regression and involution stage of hair follicle cycle

Resting stage of hair follicle cycle

Active hair shaft shedding stage of hair follicle cycle

Telogen follicle without club hair form

Fully keratinized, dead hair formed at telogen stage

Fine hairs on the fetus body; shed in utero or within the first weeks after birth
Non-pigmented, and generally non-medullated; short hairs

Large and pigmented hairs

Consists of rapidly proliferating keratinocytes that move upwards to produce the hair shaft

Onion-shaped portion of hair bulb surrounded by hair matrix cells, consists of mesenchymally
derived tissues

Lowermost portion of the hair follicle, includes the follicular dermal papilla and the hair
matrix

The lower portion of the upper part of hair follicle between the opening of the sebaceous gland
and the insertion of arrector pili muscle
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Infundibulum Uppermost portion of the hair follicle extending from the opening of the sebaceous gland to
the surface of the skin

Bulge Segment of the outer root sheath located at insertion of arrector pili muscle
Inner root sheath (IRS)  Guides the hair shaft and helps to take a shape; coats the hair shaft up to the isthmus level

Outer root sheath (ORS) Extends along from the hair bulb to the infundibulum and epidermis serves as a reservoir of

stem cells
Connective tissue Significant mesenchymal follicular layer that adheres to the basement membrane of the hair
sheath (CTS) follicle and interacts with the follicular dermal papilla

"Data from Refs. [2, 5].

Table 1. Glossary of terms for hair anatomy and physiology.

2. Hair and follicle morphology

In utero, type and distribution of each hair follicle over the entire body are determined. The
genes that are expressed before the signs of hair follicle formation constitute the precise
spacing and distribution of the follicles. The protein products of these genes are presented
during the different phases of hair cycle, indicating that they are so important for the normal
development and distribution of follicles as well as for the ongoing growth process [4, 5].

The initial “message” for the development of all types of skin appendages is from the dermal
mesenchyme (stage 0) and hair follicle development begins with the accumulation of epithelial
cells to form epithelial placode after the initial mesenchymal signals (stage 1). Thereafter, the
epithelial placode expands and generates the primary hair germ (stage 2). The second signal
arises from epithelial placode and constitutes a cluster of adjacent mesenchymal cells which
later develops the dermal papilla (DP). The ultimate signal from this primitive dermal papilla
to the epithelial placode cells indicates a rapid proliferation and differentiation. This consecu-
tive signaling process finally leads to the production of the mature follicle.

In the second stage of development, hair germ elongates into a cord of epithelial cells and
forms the hair peg (stages 3 and 4). It is surrounded by mesenchymal cells that eventually
transformed to the fibrous sheath. Derived from the epithelial cells of the hair peg, hair matrix
cells form the hair shaft and inner root sheath (IRS). Outer root sheath (ORS) generates two
bulges along the side of the hair follicle, the proximal bulge serves as a reservoir for epithelial
stem cells and the distal bulge evolves to sebaceous glands. During the development of bullous
peg (stages 5-8), the hair bulb and the main cell layers of the mature hair follicle are also
formed [2-4, 6].

Several molecular pathways, growth factors, proteins and genes play substantial roles for the
development of the hair follicle. Canonical ((3-catenin dependent) WNT (wingless-type inte-
gration site) signals are candidates for the initial dermal message, and it is believed that they
precede other activators and regulators of appendage development. 3-Catenin is the down-
stream mediator of WTN signaling. Activation of this [3-catenin pathway seems to be essential
for the epithelial ability of the hair follicle production [7].
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Ectodysplasin (EDA) and its receptor (EDAR) are another important pathways involved in
the placode stage of hair morphogenesis. The mouse EDAR mRNA is expressed in the
epithelium before placode formation, and then becomes restricted to placodes, whereas the
EDA mRNA is still expressed even after placode formation [3, 6, 8]. In the placode stage,
activated WNT and EDAR control the localized accumulation of sonic hedgehog (SHH),
which is essential for the downgrowth of the hair germ [2]. In contrast to EDA and EDAR,
members of the bone morphogenic protein (BMP) family of secreted signaling molecules
seem to be inhibitors of placode formation. The antagonist named Noggin neutralizes BMP
activity via regulation of lymphoid enhancer factor 1 (LEF1) expression [4]. EDAR is neces-
sary for placode development in primary hair follicles but not for induction of secondary
hair follicles, which utilize signaling pathways that involve Noggin and SRY-box 18 (SOX18)
expression within the dermal papilla [9, 10].

In summary, the formation of placodes in response to the first dermal signal involves activa-
tion of EDA/EDAR signaling in the epithelium, followed by epithelial WNT signaling, and
subsequent activation of BMP signaling. The actions of EDA/EDAR and WNT promote
placode formation, whereas BMP signaling represses placode fate in adjacent skin [6].

Human hair follicle morphogenesis occurs only once. Lanugo, vellus and terminal hairs follow
the same basic architectural principles. The first “coat” that is formed is fine, long, variably
pigmented lanugo hair, which is shed in an anterior to posterior wave during last trimester of
gestation. A second coat of fine, shorter, unpigmented lanugo hair then grows in all areas
except the scalp and is shed 3—4 months after birth. After these first two cycles, hair starts to
grow in an asynchronous “mosaic” pattern rather than in waves [2].

3. Hair anatomy

3.1. Classification of the hair

Nearly whole body surface is coated with the hairs except a few areas like palms, soles and
mucosal regions of lips and external genitalia. Most of these are tiny, colorless vellus hairs. The
ones located in several areas like scalp, eyebrows and eyelashes are thicker, longer and
pigmented and are called terminal hairs. Humans have approximately 5 million hair follicles
and 100,000 of them are located on the scalp [11] (Table 2) [2].

Basically terminal hairs are found on scalp, eyebrows and eyelashes at birth while the rest of
the body is covered with vellus hairs. In puberty, some vellus hairs (i.e. beard, trunk, axilla and
genital area) by the influence of androgens differentiate to terminal hairs, which are long
(>2 cm), thick (>60 um), pigmented and medullated. The bulb of the terminal hairs is located
in the subcutaneous fat; however, the bulb of vellus hairs is in the reticular dermis. Vellus hairs
are thin (<30 pum), short (<2 mm) and mostly nonmedullated.

The hair is classified into three main ethnic subgroups (Asian, African and European). How-
ever in a recent study, this classification is expanded to eight main subgroups by considering
three parameters: curve diameter, curl index and number of waves [12].
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Total count Almost 5,000,000
Scalp hair count 80,000-150,000
Hair cycle ratios of scalp hair Anagen: 85-90%

Catagen: 1%

Telogen: 10-15%
Duration of hair cycle phase Anagen: 2-6 years

Catagen: 2-3 weeks

Telogen: 3 months

Physiologic hair shedding rate (scalp) ~100-200/day
Hair shaft production rate (scalp) ~0.35 mm/day, 1 cm/month
Hair shaft diameter and length Vellus: 0.06 mm; 1-2 mm

Terminal: >0.06 mm; 1-50 cm
Hair patterns Scalp hair
Pubic and axillary hair
Phalangeal hair
Hair shaft pigmentation Dark hair: predominance of eumelanin

Blond/red hair: predominance of pheomelanin

"Data from Ref. [2].

Table 2. Basic data of human hair follicles.

Structural features of the hair follicle have to be considered during the classification process.
Hair shaft diameters, hair follicle density and follicular infundibulum volume are some of
them. Hair shaft diameters represent little variations and hairs are found to be thicker in
androgen dependent areas. Hair follicle density is much more condense in the forehead and
follicular infundibular volume is also bigger. It is important just because of the large follicular
infundibular volume that is associated with more follicular reservoir ability [1, 13].

3.2. Structure of the hair

Hair is consisted of two distinct structures: follicle—the living part located under the skin and
hair shaft—fully keratinized nonliving part above the skin surface. The arrector pili muscle,
takes place between the hair bulge area and dermoepidermal junction. Above the insertion of
the arrector pili muscle, sebaceous glands and, in some certain regions, apocrine glands are
opened into the follicle.

Hair shaft is consisted of three layers: cuticle, cortex and in certain cases medulla. Flat and
square-shaped cuticle cells are adhered tightly to the cortex cells proximally. Peripheric
movements of cuticle cells make the direction of the distal free edge upward and cause
extensive overlapping. These imbrications are crucial. By interlocking with the cuticle cells
of inner root sheath, they contribute to the follicular anchorage of the growing hair. These
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imbricated surfaces also facilitate removal of dirt and desquamated cells from the scalp.
Cuticle has also important protective properties and barrier functions against physical and
chemical insults [14-16].

During the migration of the cells from the hair bulb to compose the cortex, the shapes of them
become more fusiform. These cells coalesce tightly and are placed parallel to the axis of the
shaft. Axial keratin filaments (microfibrils) that are formed from multiple hard a-keratin
intermediate filaments (a-KIF) molecules, packs each cortex cells. Several microfibrils come
together to form larger units called macrofibril which represents almost 50% of the cortex
material. The cortex comprises the bulk of the shaft and also contains melanin [2, 15, 16]

Medulla is located in the center of the hair shaft preferably presented in coarser fibers. The hair
medulla contains structural proteins that are markedly different from other hair keratins and
eosinophilic granules that are filled by an amino acid, citrulline and eventually form internal
coatings within the membranes of mature cells [14, 16, 17].

The follicle is the essential growth structure of the hair and basically has two distinct parts:
upper part consisting of infundibulum and isthmus whereas the lower part comprising of hair
bulb and suprabulbar region. The upper follicle remains constant, while the lower part has
continuous cycles of regeneration [1, 2, 16, 18].

The infundibulum, the uppermost portion of the hair follicle extending from the opening of the
sebaceous gland to the surface of the skin, is a funnel-shaped structure filled with sebum, the
product of the sebaceous glands. The upper part named acroinfundibulum, the keratinization
of epithelium turns into the “epidermal mode”, with formation of stratum granulosum and
stratum corneum like a similar manner to epidermis [1, 14, 16].

The isthmus is the lower portion of the upper part of hair follicle between the opening of
the sebaceous gland and the insertion of arrector pili muscle. At the isthmus level, epithe-
lium keratinization begins with the lack of granular layer named “trichilemmal keratiniza-
tion” [14, 16]. Only few differentiated corneocytes remain and the invagination of the
epidermis in this area must be considered as highly permeable for topically applied com-
pounds [19]. Hair follicle stem cells are thought to reside in the bulge area on the isthmus
close to the insertion of the arrector muscle [20]. Lineage studies have proven that bulge
cells are multipotent and that their progeny generate the new lower anagen hair follicle [21].
One of the most distinguishing features of stem cells is their slow-cycling nature, presum-
ably to conserve their proliferative potential and to minimize DNA errors that could occur
during replication. They migrate in a downward direction. On entering the hair bulb matrix,
they proliferate and undergo terminal differentiation to form the hair shaft and inner root
sheath. They also migrate distally to form sebaceous glands and to proliferate in response to
wounding [16, 20, 22].

The suprabulbar region of the follicle, below the isthmus and above the hair bulb, is comprised
of three layers from outermost to innermost: outer root sheath, inner root sheath and hair shaft
(Figure 2).
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Medulla
Hair cortex

Hair cuticle

Cuticle of inner root sheath
Huxley's layer

Henle’s layer

Onuter root sheath

Hyaline membrane
Melanocyies

Dermal sheath

Pool of undifferentated
matrix cells in shaft

Epidermal basement membrane
Dermal papilla

Figure 2. Diagram of proximal hair follicle.

Outer root sheath (ORS) extends from the epidermis at the infundibulum and continues to the
hair bulb and its cells change considerably throughout the follicle. In the infundibulum, it
resembles epidermis, whereas in the isthmus level, ORS cells begin to keratinize in a
trichilemmal mode. Keratinocytes in the ORS form the bulge area at the base of the isthmus.
At the lower tip of the hair bulb it consists of a single layer of cuboidal cells, becoming
multilayered in the region of the upper hair bulb. In some follicles, there is a distinct single cell
layer interposed between the outer and inner root sheaths, known as the companion layer [23].
Companion layer cells show numerous intercellular connections to the inner root sheath and
are thought to migrated distally along with the inner root sheath to the isthmus region and to
form the plane of slippage between the inner and outer root sheaths [1, 3, 14, 16]. The ORS of
the hair follicle also contains melanocytes, Langerhans cells and Merkel cells. These cells take
place in certain functions of the follicle such as acting as a sensory organ and serving as an
immunologic sentinel for the skin [5].

Inner root sheath (IRS) contains three layers: Henle’s layer, Huxley layer and cuticle layer. The
innermost layer is the cuticle of IRS whose cells interlock with those of the hair cuticle. This
connection, anchoring the hair shaft to the hair follicle, is so tight. The inner root sheath
hardens before the presumptive hair within it, and so it is thought to control the definitive
shape of the hair shaft. Each of the three layers of IRS undergoes abrupt keratinization. This
occurs at different levels in each layer; however, the patterns of change are similar. Keratiniza-
tion first appears in Henle’s layer, the outermost. Huxley layer is keratinized above the Henle’s
layer at the region known as Adamson’s fringe. The IRS coats and supports the hair shaft up to
the isthmus level where the IRS disintegrates [3, 14, 16].
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The expanded onion-shaped portion of the lower hair follicle, including the hair matrix and the
follicular papilla is known as the hair bulb which is the active reproductive portion of the hair
follicle. The hair bulb encloses folicular dermal papilla, mucopolysaccharide-rich strome, nerve
fiber and capillary loop. The matrix cells are localized to the lowermost portion of the follicle
and surround all sides of the follicular papilla. The hair shaft and IRS are derived from the
matrix cells. The IRS is derived from the lower and laterally located matrix cells, whereas the
hair shaft is originated from upper and centrally located cells. In addition to producing the
main structural components of hair, they also produce the hair keratins, and their associated
proteins (KAPs) [24]. Melanocytes reside among matrix stem cells to produce the pigment of
the hair. During their differentiation phase, matrix cells phagocytose melanin or pheomelanin
from the dendritic elongations of melanocytes. The hair assumes its color via the amount and
the type of the phagocytized major pigment [1, 3, 16, 25].

Follicular papilla, which is derived from a condensation of mesenchymal cells at the early
stages of follicular embryogenesis, is one of the most important players during the induction
and maintenance of the follicular epithelial differentiation. It is responsible for determining the
follicle type. The volume and secretory activity of follicular papilla and also the number of
matrix stem cells determine the size of the anagen hair bulb, the duration of anagen phase and
the diameter of the hair shaft [11, 26, 27]. Moreover the follicular papilla is an essential source
of growth factors [1, 3, 16, 28].

3.3. Molecular structure

Keratin proteins can be divided into two major families: the type I (acidic) keratins and
the type II (basic-neutral) keratins. About 54 functional keratin genes (28 type I and 26
type Il keratins) have been identified to date. There are 11 type I hair keratins, designated
K31-K40, and 6 type II hair keratins, designated K81-K86, and the remainder are epithe-
lial keratins [24].

The keratin-associated proteins (KAP), is a large group of proteins which constitutes the
matrix of the keratin. The matrix proteins are separated to three major subgroups according
to their amino acid compositions [29]. Different hair and epithelial keratins are expressed in the
various concentric layers of the hair follicle, with hair keratins found primarily in the cortex
and hair cuticle [1, 2].

3.4. Hair follicle innervation and vascularization

Nerves related to the hair follicle are identical to the dermal nerve network including
sensory afferents and autonomic sympathetic nerves. Smaller nerve fibers form a circular
layer around the bulge area of terminal follicles and the bulb area of vellus follicles. There
are several types of nerve endings associated with the hair follicle: free nerve endings,
lanceolate nerve endings, Merkel cells and pilo-Ruffini corpuscles. Each nerve ending
responds to distinct stimulus. Free nerve endings transmit pain, lanceolate nerve endings
detect acceleration, Merkel cells responsible of pressure sensation and pilo-Ruffini cor-
puscles detect tension. Perifollicular nerves related neuromediator and neuropeptides,
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that is, substance P, calcitonin gene-related peptide influence follicular keratinocytes and
hair follicle cycling [1, 3, 16].

Cutaneous vascularization is provided by arterioles, which are concentrated at the lower
portion of the hair follicle and compose vascular network. During the hair cycle phases, there
are some alterations in the density of perifollicular vascularization due to the upregulation of
vascular endothelial growth factor expression [1].

3.5. Immunology of hair follicle

The immunology of hair is very amazing and complicated. The hair follicle represents an
immune privileged (IP) site, which is defined basically as a location in the body where foreign
tissue grafts can survive for longer periods of time without immune rejection. This specialized
immune environment of IP is required to prevent destructive immune reactions in critical
regions. Other immune privileged sites include the anterior chamber of the eye, testis, brain
and placenta. Hair follicle IP has a unique characteristic of recurring in a cyclic pattern.

Until recently, the IP of the hair follicle is considered to be restricted to the matrix region during
the anagen phase. However, evidence has accumulated that the IP of the hair follicle extends to
the bulge region and is present at this site during the entire hair cycle. Since the bulge
represents the hair follicle stem cell niche, sustained IP in this region may be essential for the
survival of the follicle.

Hair follicle IP occurs during anagen [30]. Thus hair follicle IP is limited to the proximal
epithelium of anagen hair follicles. During anagen, melanogenesis is activated in the hair bulb
and suggests that hair follicle melanocyte autoantigens play a key role as potential immune
targets [28, 31].

The hair follicle IP is maintained by several factors [32]:

¢  Downregulation of MHC class I expression in the proximal ORS and matrix cells.
¢ Local production of potent immunosuppressants like TGF-1, IL-10 and a-MSH.
¢ Functional deterioration of antigen presenting cells.

*  Absence of lymphatics.

¢  Establishment of extracellular matrix barriers to hinder immune cell trafficking.

*  Expression of non-classical MHC class 1.

¢ Expression of fas ligand.

3.6. Pigmentation of hair follicle

Hair shaft pigmentation ensures multiple benefits including UV protection, thermoregulation
and sexual perceptions. Furthermore, the hair pigment, melanin, is a potent free-radical scav-
enger. Melanin production inside the active anagen hair bulb may, therefore, help to buffer cell
stress induced by reactive oxygen species.

21
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In contrast to the continuous melanogenesis observed in epidermal melanocytes, follicular
melanogenesis is a cyclic phenomenon. It is ceased in early the anagen-catagen transition,
restarted with the down-regulation of key enzymes of melanogenesis, followed by hair follicle
melanocyte apoptosis.

Hair follicle melanocytes and their precursors reside in the hair matrix and along the outer root
sheath of anagen hair follicles. However, production of hair pigment (black eumelanin and/or
the reddish pheomelanin) only occurs in the specialized hair follicle pigmentary unit, located
above and around the dermal papilla during anagen III-VI. Melanin synthesis is established in
lysosome-related organelles named melanosomes. In the precortical matrix, these melano-
somes are transferred to the hair shaft keratinocytes and formed a pigmented hair shaft. The
hair follicle also contains melanocyte stem cells, which are located in the bulge and in the
secondary hair [33-35].

4. Physiology of the hair

4.1. Hair growth cycle

Hair development is a continuous cyclic process and all mature follicles go through a growth
cycle consisting of growth (anagen), regression (catagen), rest (telogen) and shedding (exogen)
phases (Figure 3). The duration of the phases changes based on the location of the hair and also
personal nutritional and hormonal status and age [15, 33].

-

Anagen Catagen Telogen Hemum b
Mt ol phase Transition phase Resting phase Anagen
-0 years 1-2 weneks -4 months.

Figure 3. The hair cycle.

4.1.1. Anagen

The inception of anagen phase is presented by the onset of the mitotic activity in the secondary
epithelial germ located between the club hair and dermal papilla in telogen hair follicle [5, 16].
The anagen is the active growth phase in which the follicle enlarges and takes the original
shape and the hair fiber is produced. Almost 85-90% of all scalp hairs are in anagen.
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Six portion of the anagen stage is demonstrated. Through the anagen I-V, hair stem cells
proliferate, encloses the dermal papilla, grow downwards to the skin and begin to proliferate
hair shaft and IRS, respectively. Subsequently, hair matrix melanocytes begin to develop
pigment and the form of the hair shaft begins to arise; in anagen VI, hair bulb and adjacent
the dermal papilla formation is realized and the new hair shaft appears from the skin. This
phase can last up to 6-8 years in hair follicles [1, 11, 18].

Hair shaft synthesis and pigmentation only take place in anagen [11]. The degree of axial
symmetry within the hair bulb determines the curvature of the final hair structure [35]. Fiber
length is often dependent on the duration of the anagen or actively growing phase of the
follicle [17]. The featured regulatory proteins in anagen phase are BMPs, sonic hedgehog,
several WNT proteins and receptors. Insulin like growth factor-1 (IGF-1), fibroblast growth
factor-7 hepatic growth factor (HGF), and vascular endothelial growth factor (VEGF) are
thought to be important for anagen maintenance [36].

4.1.2. Catagen

At the end of anagen, mitotic activity of the matrix cells is diminished and the follicle enters a
highly controlled involutionary phase known as catagen. Catagen lasts approximately 2 weeks
in humans, regardless of the site and follicle type [37]. During catagen the proximal of the hair
shaft is keratinized and forms the club hair, whereas the distal part of the follicle is involuted
by apoptosis [16, 38].

Catagen phase is consisted of eight different stages. The first sign of catagen is the termination
of melanogenesis in the hair bulb. Follicular epithelium, mesenchyme, neuroectodermal cell
populations and also perifollicular vascular and neural systems demonstrates cyclic changes in
differentiation and apoptosis. However, any apoptosis is occurred in dermal papilla due to the
expression of suppressor bcl-2 [11].

Catagen is a process of bulbar involution. The perifollicular sheath collapses and vitreous
membrane thickens. Eventually, the lower hair follicle becomes reduced to an epithelial strand,
bringing the dermal papilla into close proximity of the bulge [36]. The epithelial strand begins to
elongate and finally reaches to just below the insertion of pilar muscle. After the keratinization of
the presumptive club hair, the epithelial strands begin to involute and shorten progressively
followed by the papilla which condenses, moves upward and locates to rest below the bulge. The
column eventually reduces to a nipple and forms secondary hair germ below the club. The club
hair itself is formed from cortical and cuticle cells only, and it is characterized by a lack of
pigmentation [2, 37]. The presence of hairless gene mutation contributes to the failure of dermal
papilla migration toward the bulge area in catagen phase [3]. FGF5 is a key inducer of catagen
and FGF5-deficient mice have a prolonged anagen phase. In addition to FGF5, TGF-{31, IL-1b, the
neurotrophins NT-3, NT-4 and BMP2/4 and TNF-a have been described to induce catagen [36].

4.1.3. Telogen

The telogen stage is defined as the duration between the completion of follicular regression
and the onset of the next anagen phase. Telogen stage lasts for 2-3 months. Approximately 10—
15% of all hair is in telogen stage. During the telogen stage, the hair shaft is transformed to club

23
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hair and finally shed. The follicle remains in this stage until the hair germ which is responsive
to anagen initiating signals from the dermal papilla, starts to show enhanced proliferative and
transcriptional activity in late telogen, leading to the initiation of anagen [2, 39].

Telogen is one of the main targets of hair cycle which is influenced by several modulatory
agents like androgens, prolactin, ACTH, retinoids and thyroid hormones [40]. No unique
molecular markers associated with the telogen follicle are determined yet; however, estrogen
receptor expression is reported to be limited to the telogen papilla fibroblasts. Germ cells of
telogen follicles also express basonuclin and FGEF-5 [33]. The bone morphogenic protein-4
(BMP-4) as a growth factor plays an essential role in suppressing follicular growth and differ-
entiation at telogen stage [16].

The macro-environment surrounding the hair follicle also takes part in regulating cycle transi-
tions. BMPs in the subcutaneous fat are capable of maintaining follicles in a “refractory”
telogen, and cessation of this inhibitory activity by BMPs enables the follicle to progress to a
“competent” telogen with a hair germ that is responsive to anagen-initiation signals and
capable of entering a new anagen phase [2, 41].

4.1.4. Exogen

There is less interest for the mechanism of the hair shedding but from the patient’s perspec-
tive it is probably the most important part of the hair growth. It is not unusual for human
telogen hairs to be retained from more than one follicular cycle and this suggests that anagen
and exogen phases are independent. The shedding period is believed to be an active process
and independent of telogen and anagen thus this distinct shedding phase is named exogen
[16, 33].

4.2. Hair cycle clock

Based on the observations: the hair follicle has no need for intact innervation, vascularization
or other extrafollicular components to maintain cycling, and the basic oscillator system which
controls hair cycling is located presumably in the follicle [42]. The principal challenge is to
define the underlying “oscillator” system. Probably, the hair cycle clock is controlled by
regulating the balance of the interactions between the follicle epithelium and the surrounding
mesenchyme. This might be provided by the rhythmic secretions of growth/modulatory sig-
nals from follicle epithelium or mesenchyme as well as the rhythmic alterations in the expres-
sions of corresponding receptors [40].

5. Conclusion

In this chapter, the basic anatomy and the amazing and complicated biology of the hair follicle
is reviewed. Enhanced knowledge on the normal dynamics of the hair provides understanding
the basis of how the follicle behaves during a disease. However recent progress in our under-
standing of the biology and pathology of hair follicles should lead more effective therapies for
hair disorders.
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Abstract

The epidermis and hair follicle epithelium have a polarized stratified architecture, and
epidermal homeostasis is maintained by stem cell and progenitor populations present
in the basal layer of the interfollicular epidermis and in different compartments of the
hair follicle. Atypical protein kinase Cs (aPKCs—a subgroup of the PKC family) are
localized to tight junctions and regulate the apico-basal epithelial polarity in simple
epithelia. In the stratified epidermis, aPKCs are expressed in the basal layer and are
implicated in the regulation of oriented cell division by localizing to the apical pole of
basal cells during mitosis. Mutant mice harboring epidermis-specific deletion of aPKCA
showed progressive hair loss, abnormal hair cycling, an increase of asymmetric cell
division in the epidermis and hair follicles, and a gradual decrease in the hair follicle
stem cell (HFSC) population. Lineage tracing analysis has demonstrated that mutant
HEFSCs lose their stemness and become more committed proliferating progenitors.
Moreover, the expressions of quiescence-inducing factors (Bmp6 and Fgf18) were
suppressed in the mutant hair follicles. These results clarify a novel function of aPKCA
in maintaining the quiescence of HFSCs and suggest that epidermal cell polarity is a
new clue to understanding the pathogenesis of hair loss.

Keywords: cell polarity, atypical protein kinase C, hair follicle stem cell, quiescence,
alopecia, hair cycle, conditional knockout mouse

1. Introduction

The stimulus-induced turnover of membrane lipids is an important event during cell
signaling. The protein kinase C (PKC) family is a group of serine/threonine kinases that
mediate intracellular signaling activated by growth factor receptors, G-protein-coupled

I m EC H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited. [{cc) ExgIEN
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receptors, and tyrosine kinase receptors through lipid-derived secondary messengers [1]. The
PKC family members share a highly conserved carboxy-terminal kinase domain, and
differences in their requirements for lipids and calcium for activation are attributed to
structural differences in the amino-terminal regulatory domain [2]. In mammals, the PKC
family is composed of the following three structurally and functionally distinct subgroups:
conventional PKCs (cPKC; a, BI/II, and ), novel PKCs (nPKC; 9, €, n, and 0), and atypical
PKCs (aPKC; C and v/A: A in mice) (Figure 1) [2, 3]. The cPKCs have a prototypic regulatory
domain consisting of the following two conserved regions: C1 and C2. The C1 region serves
as a binding site for diacylglycerol (DAG) and phospholipids, whereas the C2 region serves
as a binding site for calcium. The C1 domain also acts as a target for tumor-promoting phorbol
esters [4]. The nPKCs are similarly activated by DAG, phospholipids, and phorbol esters, but
are not activated by calcium because of the lack of calcium-binding loops in the C2-like region
[2]. The aPKCs have an atypical C1 domain and do not depend on DAG or calcium for
activation [5, 6]. The activity of aPKCs is primarily regulated by protein-protein interactions
through a Phox/Bem1 (PB1) domain located at the amino-terminus, which interacts with other
PB1 domain-containing proteins, such as PAR 6 (see below) [7, 8].

Kinase Domain }

nPKC p—r—
aPKC m.amz Kinase Domain }

Figure 1. Schematic presentation of the PKC family. In mammals, the PKC family is composed of the following three
structurally and functionally distinct subgroups: conventional PKCs (cPKCs; a, pI/II, and v), novel PKCs (nPKCs; 9, &,
n, and 0), and atypical PKCs (aPKCs; C and 1/A: A in mice). aPKC (a regulator of epithelial cell polarity) lacks the proto-
typic regulatory domain composed of C1 and C2 regions.

Among the PKC family members, aPKCs play essential roles in establishing epithelial cell
polarity by interacting with partition-defective (Par) proteins [9, 10]. The par genes were first
identified in genetic screening for regulators of asymmetric division in the early embryo of
Caenorhabditis elegans (C. elegans) [11, 12]. Par3 (a mammalian ortholog of C. elegans par-3) has
been rediscovered as an aPKC-interacting protein [13]. Depletion of PKC-3 (an aPKC ortholog
in C. elegans) using RNA interference results in a phenotype similar to that of par-3 and par-6
mutants [14, 15], leading to the discovery of physical and functional interactions among
PKC-3, par-3, and par-6. Both Par3 and Par6 are PDZ domain-containing proteins and act as
scaffold proteins. Indeed, Par6 and aPKCs form a stable heterodimer through their respective
PB1 domains [7, 8]. Subsequently, Par6 serves as an adaptor protein for Rho family GTPases,
Racl, and Cdc42, in the activation of the Par6-aPKC heterodimer [16, 17]. The active form of
Par6-aPKC, in turn, binds to Par3, which is mediated by the kinase domain of aPKCs and the
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PDZ domain of Par6. This aPKC-Par3-Par6 ternary complex is evolutionarily conserved and
is implicated in a variety of cell polarity events [9, 10, 18].

Although in mammalian simple epithelia, the aPKC-Par complex is located at tight junctions
and regulates apicobasal epithelial polarity, in the stratified epidermis, tight junctions are
present only in the stratum granulosum [19, 20]. The aPKCs are expressed in the multilayered
epidermis; aPKCA, a predominant aPKC isoform in the epidermis, is distributed throughout
the epidermis, whereas aPKCC is present in basal cells [21]. These distributions suggest that
the aPKCs have unidentified functions in the stratified epidermis, where epithelial polarity is
established across different cell layers, and proliferation and differentiation are strictly
regulated.

To clarify the functions of aPKCs in the stratified epidermis, two groups, including my group,
have generated mutant mice harboring epidermis-specific deletion of aPKC [22, 23], using the
transgenic mouse line expressing Cre recombinase under the control of the keratin 5 (K5) or
keratin 14 (K14) promoter [24, 25]. These mice show essentially the same phenotypes: pro-
gressive hair loss, abnormal hair cycling, hyperplasia of the epidermis and sebaceous gland,
loss of the hair follicle stem cell (HFSC) quiescence, and a gradual decrease in HFSC in
population. In this article, I discuss how these various phenotypes are related with one another
and present the mechanism of hair loss from the point of view of epidermal cell polarity.

2. Progressive hair loss

Whole-body inactivation of aPKCA results in embryonic lethality, which hampers further
examination of the role of the aPKCA-Par complex in epidermal homeostasis. To overcome this
problem, two groups, including my group, generated mutant mice with epidermis-specific
loss of aPKCA using K5-Cre or K14-Cre mice [22, 23]. Although, in a strict sense, the distribution
of K14-Cre transgene activity differs from that of K5-Cre transgene activity in the epidermis
and hair follicle [25, 26], both mutant mice showed similar skin phenotypes. Thus, hereafter,
when referring to findings common to both conditional knockout (cKO) mice, the term mutant
mice or aPKCA ¢KO mice is used, and when referring to findings obtained in the mutant mice
associated with K5-Cre or K14-Cre individually, the term K5-cKO or K14-cKO mice is used,
respectively.

Although aPKCA cKO mice showed no gross anomalies at birth, they were easily distinguished
from their control counterparts by the thinning of pledge hair from around postnatal day (P)
14 onward. The hair loss was progressive, and one-year-old mutant mice exhibited total
alopecia (Figure 2) [22, 23]. The vibrissae were also shortened or were lost in the mutant mice
[23].

K14-cKO mice showed impaired hair morphology. Scanning electron microscopy demonstrat-
ed that the regular cuticle pattern was lost in the mutant hair shafts. Consistent with this
finding, the expressions of hair keratins in the inner root sheath (K28), cuticle (K35, K82, K85),
cortex (K35, K81, K85), medulla (K28, K6, K75), and companion layer (K75, K6) were severely
reduced [22].
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Figure 2. Hair loss phenotype of mutant mice. Macroscopic presentation of a one-year-old control (left) and a K5-cKO
mouse (right). Note that the vibrissae were lost in the mutant mouse (arrows).

3. Abnormal hair cycling

During postnatal morphogenesis stages (P0-P16), the hair cycling of mutant hair follicles
appeared to proceed normally, although the mutant integument became histologically
noticeable with a thickened interfollicular epidermis (IFE) and enlarged sebaceous glands [22,
23]. However, entry into the first postnatal telogen (resting phase, normally starts around P18)
was delayed in the mutant hair follicles. At P28, when control hair follicles entered into the
first anagen (growth phase), they still had a long epithelial strand, a characteristic structure of
catagen (regression phase) [27], and were positive for placental cadherin (P-cadherin), a marker
for the epithelial strand. As a result, the start of the first anagen was delayed until P37 in the
K5-cKO mice. In the K14-KO mice, the percentages of hair follicles that properly entered into
catagen, telogen, and anagen were significantly reduced.

Moreover, mutant hair follicles were morphologically abnormal. They exhibited hyperkera-
totic plugs and cyst-like structures with an expanded infundibulum and isthmus. Strikingly,
these severely deformed mutant hair follicles regrew and entered into the second anagen much
later than the control hair follicles. However, the mutant hair follicles in anagen did not proceed
further into the second catagen or telogen. Instead, they started to degenerate, as revealed by
the shrinking hair bulbs and reduced expressions of Ki67 and Lef1 [23]. In one-year-old mutant
mice, the number of hair follicles was severely diminished.

Fibroblast growth factor 18 (Fgf18) is expressed in hair follicles and colocalized with keratin
15 (K15) and CD34 [28, 29], both of which are expressed in the bulge region at telogen. Fgf18
shows a cyclic expression pattern in hair follicles; its levels are low in anagen and high
throughout telogen [29]. In mutant mice with epidermis-specific loss of Fgf18, the length of
telogen was short, resulting in rapid succession of hair cycling [29]. Interestingly, the expres-
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sion of Fgf18 was severely suppressed in the K5-cKO mice during hair morphogenesis and
hair development [23]. Although precise molecular mechanisms associated with abnormal hair
cycling in ¢KO mice remain to be elucidated, these results suggest that aPKCA controls hair
follicle cycling through Fgf18 signaling.

4. Hyperplasia of the epidermis and sebaceous gland

In aPKCA cKO mice, the IFE and sebaceous glands were affected [22, 23]. The thickness of the
IFE of the dorsal skin increased in the mutant mice, as revealed by significant expansion of the
expression domain for loricrin (a marker for terminal differentiation) and keratin 10 (K10, a
marker for spinous cells). Moreover, the sebaceous glands were enlarged in the cKO mice.
Accordingly, immunostaining for adipose differentiation-related protein (ADFP, a marker for
the surface of lipid droplets) and stearoyl-CoA desaturase 1 (SCD1, a marker for mature
sebocytes), and Nile red staining showed remarkable increases in the sebaceous glands of the
mutant mice.

Importantly, the expression domain of Lrigl was expanded in the mutant mice [22, 23]. Lrigl
marks the junctional zone between the infundibulum and the sebaceous gland, and Lrigl-
expressing cells contribute to the IFE and sebaceous glands [30]. Thus, this bipotent activity of
Lrigl is thought to be implicated in hyperplasia of these tissues.

5. Dysregulation of HFSC marker expression

The hair follicle at telogen is composed of several compartments, including the interfollicular
epidermis, infundibulum, isthmus, bulge, and hair germ. Recent studies have identified
multiple new stem cell and progenitor populations in each compartment, which exhibits
unique marker expression profiles (Figure 3) [31, 32].

5.1. Bulge

In the skin, label-retaining cells (LRCs) having a highly proliferative activity reside in the
bulge region of the hair follicle [33], and LRCs in the bulge are multipotent [34, 35]. Since the
first identification of K15 as a bulge marker [36], several factors have been demonstrated to
be expressed in the bulge region at telogen, such as CD34 [37], leucine-rich repeat-containing
G protein-coupled receptor 5 (Lgr5) [38], and transcriptional factors Sox9 [39, 40], Tcf3 [41],
Lhx2 [42, 43], and nuclear factor of activated T cells c1 (Nfatcl) [44]. CD34, a hematopoietic
stem and progenitor cell marker, colocalizes with LRCs and K15 expression in the bulge
region [37]. Lgr5 marks the lower bulge and secondary hair germ during telogen, and
contributes to all hair lineages, but not to the epidermis and sebaceous glands [38]. Sox9-
expressing cells also contribute to all skin epithelial lineages [39, 40]. Tcf3 and Tcf4 are
downstream targets of Wnt signaling, and in Tef3/Tcf4-null mice, hair follicle formation was
initiated, but further development was severely impaired [45]. Lhx2 maintains the HFSC
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character downstream of Wnt and Shh signaling [43]. Nfatcl colocalizes with other bulge
stem cell markers, including CD34, Sox9, Tcf3, and Lhx2 [44]. Nfatcl mediates HFSC
quiescence by transcriptionally suppressing cyclin-dependent kinase 4 (CDK4) expression
upstream of BMP4 signaling [44].

IFE -
aBiB1 integrins
KS/K14

Infundibulun -

JZ/lsthmus -
Lrig1
MTS24
Lgré
Gli1

Bulge 4

Hair Germ <

Lars
P-cadherin

Figure 3. Distinct stem cell populations in the hair follicle. The hair follicle is divided into the interfollicular epidermis
(IFE), infundibulum, junctional zone (JZ)/isthmus, sebaceous gland, bulge, and hair germ. The expressions of proposed
stem cell markers at telogen are indicated. Note that the expression domains of these markers dynamically change dur-
ing hair cycling. A murine hair follicle in telogen is immunostained for keratin 10 (a marker for suprabasal cells, green)
and keratin 15 (a marker for bulge stem cells, red). Nuclei are counterstained with 4/, 6-diamidino-2-phenylindole. The
dotted area indicates the sebaceous gland.

Comparison of the expression profiles of these bulge stem cell markers between the early and
late stages in mutant mice demonstrated that the expressions of these markers diminished at
later stages or were mislocalized to areas outside the bulge [22, 23]. These results indicate that
aPKCA regulates the expression and localization of HFSCs.

5.2. Junctional zone/isthmus

Markers that recognize distinct cell populations of the upper (junctional zone) and lower bulge
regions have been identified. As mentioned above, Lrigl is a marker for the junctional zone/
isthmus, which is located between the sebaceous gland and the bulge [30]. Lrigl-expressing
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cells have a bipotent activity in the steady state, and give rise to the IFE and sebaceous glands
[30]. The cell-surface glycoprotein MTS24 is another marker for the isthmus/junctional zone
[46]. MTS24-expressing cells do not express CD34 or keratin 15, and LRCs are infrequently
observed among them. Lgr6 is expressed in a distinct population between the upper K5- and
CD34-expressing cells and lower MTS24- and Lrigl-expressing cells in the bulge region [47].
Although prenatal Lgr6-positive cells contribute to the IFE, sebaceous glands, and hair follicles,
the contribution to the hair follicles diminishes with age. In mutant hair follicles, the expression
domains for Lrigl and MTS24 were considerably expanded.

6. Depletion of HFSCs

HFSCs can be identified as a6-integrin and CD34 double-positive cells with fluorescence-
activated cell sorting (FACS) analysis [48]. Consistent with the decrease in the expression of
the bulge stem cell markers at later stages, quantitative FACS analysis demonstrated that the
number of a6-integrin/CD34 double-positive cells gradually decreased in aPKCA cKO mice as
the mice aged [22, 23]. Moreover, LRCs in BrdU pulse-chase labeling experiments were
severely reduced in the bulge region of the mutant hair follicles [22, 23]. Conversely, the
number of Lrigl- or MTS24-expressiong cells was gradually increased [22]. These results
indicate that in aPKCA cKO mice a decrease in quiescent HFSCs is accompanied by an increase
of progenitor cells committed to the junctional zone/isthmus and infundibulum.

7. Loss of HFSC quiescence

Mutant mice analyses have identified intrinsic and paracrine mechanisms to clarify the loss of
HFSC quiescence caused by epidermis-specific inactivation of aPKCA.

7.1. Intrinsic mechanism: oriented cell division

Oriented cell division is crucial for tissue morphogenesis and homeostasis [49, 50]. Basal cells
in the epidermis show the following two types of cell division: symmetric cell division (SCD)
and asymmetric cell division (ACD). SCD, in which alignment of the mitotic spindle is parallel
to the basement membrane, results in two equivalent daughter cells, whereas ACD, in which
alignment of the mitotic spindle is perpendicular to the basement membrane, results in two
daughter cells with different fates (one basal cell and one more differentiation-committed
suprabasal cell) (Figure 4).

In the epidermis, a balance between SCD and ACD is important for coordinated proliferation
and differentiation. A shift from SCD to ACD in basal cells of the developing epidermis
coincides with the onset of stratification [51]. At embryonic day 12.5 (E12.5), most of the murine
epidermis is single-layered, and the majority of cell divisions (>90%) are symmetric, whereas
at E14.5-18.5, more than 70% of cell divisions are perpendicular to the basement membrane
[51]. ACD promotes Notch signaling, leading to epidermal differentiation [52]. During SCD
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and ACD, the aPKC-Par complex localizes at the apical surface in a f1-integrin- and a-catenin-
dependent manner [51]. Thus, in the fl-integrin KO and a-catenin KO epidermis, apical
localization of the aPKC and Par3-LGN-inscuteable complex is abolished. Niessen et al.
demonstrate that epidermal loss of aPKCA induced a shift toward ACD not only in the IFE but
also in the bulge stem cells and the junctional zone/isthmus region, leading to an expansion of
progenitor cell populations committed to epidermal cell fate [22].
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Figure 4. Localization of aPKC in the simple epithelium and multilayered epidermis. (A) In the simple epithelium,
aPKC forms a ternary complex with Par3 and Par6 and is localized to the apical surface of the cell and tight junctions
(yellow circles). (B) In the stratified epidermis, tight junctions are only present in the granular layer. During symmetric
cell division, in which alignment of the mitotic spindle is parallel to the basement membrane (gray), and during asym-
metric cell division, in which alignment of the mitotic spindle is perpendicular to the basement membrane, aPKC
(pink) is localized to the apical surface of the cell.

Lineage tracing analysis using Lgr5-Cre mice confirmed that epidermal loss of aPKCA changes
the fate of a bulge stem cell to an epidermal lineage [22]. In telogen, Lgr5-positive cells resided
in the lower bulge and hair germ, as described above. During anagen, Lgr5 progeny exclusively
contributed to down-growing hair follicles, whereas upon loss of aPKCA, Lgr5-positive cells
contributed to the upper junctional zone/isthmus and the IFE, as well as the lower-growing
hair follicles. Consistent with this the expression domains for Ligl and MTS24 increased. These
findings indicate that aPKCA regulates oriented cell division and thereby controls epidermal
stem cell behavior and cell fate decisions.

7.2. Paracrine mechanism

HFSCs remain quiescent during telogen. Near the end of telogen, the HFSCs become activated
to elicit the growth phase of the hair cycle. Basically, Bmp signaling induces quiescence and
Wnt signaling activates HFSCs. However, the molecular mechanism underlying the cyclic
inhibition and activation of HFSCs has recently started to be elucidated. Three types of Bmps
from different sources induce quiescence in HFSCs: Bmp2 from subcutaneous adipocytes,
Bmp4 from dermal fibroblasts [53], and Bmp6 from the inner layer of the bulge (Figure 5) [54].
Bmp antagonism is one of the key concepts to understand morphogenesis. In the telogen to
anagen transition, the dermal papilla secretes HFSC-activating factors, Fgf7, Fgf10, Wnts, and
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Tgff32 [55], and Bmp inhibitors, such as noggin [53, 56], overcome the inhibitory effects of Bmps
to activate HFSCs (Figure 5) [57].

Bmp2, Bmp4
Dkk1

\ Wnts, Fgf7, Fgf10,
TgfB2, Noggin

Hair germ
Dermal papilla

Figure 5. Current model for the maintenance of HFSC quiescence. A hair follicle at telogen is presented. K6-positive
cells mark the inner layer of the bulge, from which quiescence-inducing Bmp6 and Fgf18 are produced. The HFSCs are
kept quiescent by Bmp2 from subcutaneous adipocytes and Bmp4 from dermal fibroblasts. At the telogen to anagen
transition, HFSC-activating factors, such as Fgf7, Fgf10, Wnts, Noggin (Bmp antagonist), and Tgf(32, antagonize the in-
hibitory effects of quiescence-inducing factors.

The inner layer of the bulge has attracted attention as a source of the quiescence-inducing
factors Bmp6 and Fgf18 [54]. Although induction of K6 expression is closely associated with
hyperproliferative conditions [58, 59], such as psoriasis and squamous cell carcinoma, a recent
study has clarified that during telogen, K6 is strongly expressed in the inner layer of the bulge
and K6-positive bulge cells secrete Bmp4 and Fgf18 to inhibit proliferation of the CD34-positive
outer bulge stem cells [54]. Thus, upon the ablation of K6-positive bulge cells, HFSCs become
prematurely activated and enter a new cycle of hair growth [54]. In the K5-cKO mice, K6
expression in the inner bulge cells was abolished, and the expressions of Bmp6 and Fgf18 were
suppressed at the mRNA and protein levels [23], suggesting that aPKCA regulates HFSC
quiescence upstream of Bmp6 and Fgf18. Moreover, because K6-positive bulge cells are also
involved in intercellular junctions that anchor the old hair shaft [54], a decrease in the expres-
sion of K6 in the inner layer of the mutant bulge may be involved in the falling-off of hair shafts
in mutant hair follicles.
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8. The roles of other components of the aPKC-Par complex in hair loss

8.1. aPKC

In the epidermis, aPKC(, another isoform of aPKC, localizes in the cytoplasm and nucleus of
basal cells, although its expression level is much lower than that of aPKCA in the skin of
newborns and adults (40-fold and 10-fold, respectively) [21]. Although the activity of aPKCC
in epithelial polarity in vitro is distinguishable from that of aPKCA, mice lacking aPKCC at the
whole-body level were viable and showed no obvious skin phenotypes [60]. This may be
attributed to the low expression of aPKCC in the epidermis, and aPKCA may compensate for
the loss of aPKCC. However, these results do not exclude the possibility that aPKCA and
aPKCC synergistically regulate epithelial cell polarity, oriented cell division, epidermal
differentiation, and HFSC maintenance. Indeed, the combined deletion of the aPKCA/t and
aPKCC isoforms in podocytes leads to defective glomerular maturation with incomplete
capillary formation and mesangiolysis, and causes severe proteinuria and perinatal death [61].
Thus, studies on mutant mice with simultaneous epidermal inactivation of aPKCA and
aPKCC would help provide further information on the synergism between the two.

8.2. Junctional aPKC vs non-junctional aPKC

Because aPKCs are localized to tight junctions, in aPKCA cKO mice, the aPKCA-Par6-Par3
complex at tight junctions was supposed to be absent or impaired in the granular layer.
However, in the mutant mice, the overall multilayered architecture of the epidermis appeared
to be normal, or rather hyperplasic [22, 23], suggesting that in contrast to simple epithelia,
junctional aPKCA is dispensable for establishing the polarity of the stratified epidermis, and
that aPKCA localized to the apical surface of basal cells during mitosis is more critical for
maintaining epidermal homeostasis. Par6 and aPKCs form a stable heterodimer through their
respective Phox/Bem1 (PB1) domains [7, 8], and aPKC-mediated phosphorylation is required
for the dissociation of Par3 from the ternary complex. Thus, analysis of the dynamics of Par6
and Par3 or the Par6-Par3 complex in the absence of aPKCA is helpful to understand the role
of junctional aPKCA.

The difference between junctional and non-junctional aPKC has been demonstrated by two-
step chemical skin carcinogenesis experiments using epidermis-specific Par3 knockouts [62].
The epidermal loss of Par3 reduced papilloma formation and promoted keratoacanthoma
formation, indicating that Par3 acts as a tumor promoter for papilloma and as a tumor
suppressor for keratoacanthoma. In the absence of Par3, the aPKC-Par6 complex localized to
the cytoplasm [62]. These results imply that the junctional aPKC-Paré complex with Par3 is
involved in papilloma formation, whereas the non-junctional, cytoplasmic aPKC-Par6
complex without Par3 is involved in keratoacanthoma formation.

8.3. Par proteins

The role of other components of the aPKC-Par complex (Par3 and Par6) in HFSC maintenance
is unknown. Par3 is expressed throughout the interfollicular epidermis and the hair follicles,
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and it interacts with aPKCA to colocalize at keratinocyte tight junctions [62]. However, no hair
abnormalities were described in epidermis-specific Par3-deleted mice [62]. During SCD and
ACD in the basal layer, Par3 was localized to the apical surface of the cell as a component of
the Par3-LGN-inscuteable complex [51]. It would be useful to examine whether a shift from
SCD to ACD in the hair follicle and subsequent HFSC depletion occurs in Par3-deficient mice
as seen in aPKCA cKO mice. Additionally, it would be interesting to investigate whether Par6
knockouts show similar phenotypes to those of aPKCA knockouts. To the best of my knowl-
edge, Par6 knockouts have not yet been reported. The presence of three isoforms of Par6 in
mammals might make it difficult to reveal the phenotypes of Par6 inactivation.

9. aPKC and aging

Is alopecia observed in aPKCA cKO mice relevant to human diseases? As few inflammatory
cells were present around the hair follicles of mutant mice, the mutant mice model is unlikely
to be a disease model for alopecia areata, which involves perifollicular T cell infiltration and
autoimmune responses to hair antigens. Progressive hair loss in aPKCA cKO mice was similar
to alopecia observed in collagen XVII (COL17A1/BP180/BPAG2, a structural component of the
hemidesmosome) knockout mice and aged mice. In humans, COL17A1 deficiency causes a
subtype of congenital junctional epidermolysis bullosa [63]. The patients also show premature
hair loss (alopecia) with hair follicle atrophy [64, 65], suggesting that COL17A1 plays a role in
hair follicle homeostasis. Consistent with this finding, Col17al-deficient mice also show
premature hair loss [66]. Mouse Col17al is preferentially localized along the dermal-epidermal
junction of bulge keratinocytes, and loss of Col17al prevents the expression of HFSC markers,
such as K15, CD34, and a6-integrin [67]. Similar to aPKCA cKO mice, Col17a1-deficient mice
showed progressive hair loss, hair follicles in sustained anagen, HFSC depletion, and deficient
stemness of the HFSC population [67], indicating that Col17al is essential for HFSC mainte-
nance. In addition, Col17a1-deficient HFSCs coexpress K15 and K1 in the bulge, and show
increased K1 expression in the upper junctional zone and IFE, implying that the fate of HFSCs
changes to epidermal differentiation.

A recent study clarified that accumulation of DNA damage in HFSCs leads to proteolysis of
COL17A1 that triggers HFSC aging [68]. Importantly, aged HFSCs lose their stem cell signature
and commit to epidermal differentiation, and they are finally eliminated from the epidermis
[68]. The progressive depletion of HFSCs and the cell fate change observed in aPKC cKO mice
are similar to aged mice. Thus, it would be interesting to examine whether the expression of
Coll7al is decreased in mutant mice and whether aPKCA is involved in the induction and
maintenance of Col17al.

10. Concluding remarks

Analyses of mutant mice with epidermal loss of aPKCA have clarified a novel function of
aPKCA in HFSC maintenance. aPKCA influences HFSC maintenance through the regulation
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of oriented cell division among HFSCs in the bulge (intrinsic mechanism) and the regulation

of the expression of quiescence-inducing Fgf18 and Bmp6 (paracrine mechanism). Identifica-

tion and evaluation of the downstream effectors of aPKCA in HFSC maintenance will provide

further insight into the mechanism of hair loss.
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Abstract

De novo hair follicle (HF) formation in embryonic skin and hair growth in postnatal skin
are the result of epithelial-mesenchymal interactions between specialized mesenchymal
dermal papilla (DP) and epithelial stem cells that give rise to hairs. Adult HF is a valuable
source of different lineages of stem cells (SCs) with morphogenetic potential. Epithelial
stem cells are residing in the special compartment of HF (the bulge) and can be mobilized
to regenerate the new follicle with each hair cycle and to reepithelialize epidermis during
wound repair. This review summarizes the current knowledge on key characteristics of
HEF SC populations in terms of regenerative potential. General biological principles that
govern the mesenchymal-epithelial interactions within the HF and the signaling path-
ways that control HF development are discussed. The main focus is on recent approaches
to reconstruct folliculogenesis in vitro and perspectives of the tissue engineering in alo-
pecia therapy.

Keywords: epidermis, hair follicle, morphogenesis, stem cells, hair follicle
reconstruction, dermal papilla

1. Introduction

Alopecia is a growing health problem in the world, and the age of patients tends to decrease
[1]. Dermatologists and trichologists have an increasing list of young patients including
women, at the age of 25-30 years or even teenagers. At the same time, there are only few really
effective remedies in the field. Achievements in cell biology and biotechnology propose novel
products to solve these problems. One of the promising and reasonable ways to develop cell
products for hair loss treatment is to obtain trichogenic cells and then to grow small follicle-
like structures. To develop effective strategies of hair follicle (HF) reconstruction we need to
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have a deep insight into cellular and molecular mechanisms of HF development and regen-
eration. The research on HF is a rapidly developing area of skin biology. This mini-organ can
be successfully used for a wide range of studies into the mechanisms of morphogenesis, stem
cell behavior, cell differentiation, and apoptosis [2—4]. Moreover, as mentioned above, HF
investigations can provide invaluable insights into the possible causes of human hair disor-
ders and provide conditions for development of HF restoration technologies.

2. Hair follicle: structure, cycling and stem cells

HF is a skin appendage with very complex structure undergoing lifelong periods of mor-
phogenesis. The major part of HF is produced by the epithelium. Highly proliferative matrix
cells in HF bulb gradually move upwards in the course of differentiation. They are progeni-
tors for the inner and outer root sheaths and hair shaft later on. Mesenchymal portion of
HF includes dermal papilla (DP) and HF connective tissue sheath. DP is located inside the
bulb and is separated from the matrix cells by a basement membrane. In a lower part of the
bulb, DP contacts with the dermal sheath that surrounds the entire follicle. This structure is
maintained throughout the hair-growth phase — anagen. With time, when HF transits into the
destructive phase-catagen—the lower two-thirds of the HF epithelial strand degenerate and
the hair shaft production stops. DP also becomes smaller but its losses are much less signifi-
cant and are mainly caused by reduced content of an extracellular matrix [5] and migration
of cells between the DP and the adjacent dermal sheath [6]. During catagen, HF is reduced to
a tiny epidermal strand surrounded by a basement membrane. As it retracts, the DP is pulled
upward to the upper permanent portion of the HF containing bulge stem cells [7].

Then HF enters the resting phase — telogen. The transition from telogen to anagen is the begin-
ning of anew HF cycle, a process that continues throughout life. In mice, the lengths of anagen
and catagen phases are similar from one cycle to the next, while each telogen becomes longer
than the previous one. This results in progressive asynchrony in HF cycling with age [8].

Now it is quite clear that the regeneration cycle is maintained by activity of HF stem cells. HF is
considered to be a valuable source of adult stem cells (5Cs) with morphogenetic potential. SCs
may be isolated from epidermal and mesenchymal compartments of HF. Additionally neural
crest-derived cells are found in HF, at least in the facial skin [9, 10]. Matrix cells had been
thought to be stem cells for a long time as they proliferate very intensively at the beginning of
the growth phase. However in experiments with murine HFs, Cotsarelis and co-authors dis-
covered special population of cells at the bottom of a permanent portion of the HF known as
the bulge [11]. These cells retained thymidine DNA label after 4 weeks of chase period unlike
matrix cells which lost the label as early as 1 week after cessation of labeling. From these pio-
neering experiments, the bulge has been proved in many studies to be the main reservoir of
SCs in HF. It contains morphologically undifferentiated and slow-cycling under the normal
conditions of cells. The bulge is a swelling and contiguous part of outer root sheath. As many
HFs lack anatomically well-defined bulge region, the term “bulge’ is often referred loosely to
the permanent region of the follicle below the sebaceous gland [12, 13]. The bulge region is
also the point of attachment of the arrector pilorum muscles [11]. SCs of melanocyte lineage
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are located in close proximity of the bulge epithelial SCs. Melanocyte proliferation and dif-
ferentiation is strongly coordinated with the HF cycle. In fact, both types of SCs occupy the
same niche or two partially overlapping niches [14, 15]. The arrector pilorum muscle is tightly
connected with the bulge region. Epithelial SCs of the outer root sheath deposit nefronectin
onto underlying basement membrane and regulate adhesion of mesenchymal cells express-
ing the receptor to nefronectin. Thus, bulge SC create the niche for smooth muscle cells and
participate in regulation of the arrector pilorum muscle [16].

Epithelial and mesenchymal SCs of HF are not only a source of cell mass during HF regrowth
phase, but they are also key regulators of hair cycle. Both pools of SCs produced multiple
growth factors and cytokines regulating cellular proliferation, differentiation, and HF mor-
phogenesis. Key regulators of hair cycle belong to Wnt, TGFbeta, FGF, and some other signal-
ing pathway families [17, 18].

Bulge cells remain dormant during telogen. The DP plays a pivotal role in initiation of the
next cycle of HF formation and hair growth [19-21]. This is associated with bulge cell migra-
tion and proliferation in the hair germ to generate the highly proliferative cells at the base of
the follicle [7, 22]. Hair germ likely represents a special subpopulation of bulge descendants
capable of quick recruitment into intensively proliferating state [7]. The authors suggest that
the crosstalk between hair germ and DP via FGF7 signaling contributes significantly to the
early steps of hair cycle activation.

3. Dermal papilla cells and their inductive properties

Dermal papilla cells represent mesenchymal cell subpopulation with stem properties.
According to their specific features, they may be attributed to classical fibroblast-like cells
with special functions. At the same time, DP cells meet stem cell criteria. In a number of
works, including those coming from our lab, it was demonstrated that DP cells, according to
their characteristics, may be attributed to mesenchymal stem cells along with those derived
from bone marrow and adipose tissue [23-26]. These characteristics are widely accepted
criteria for mesenchymal stem cells including fibroblastic morphology, ability to adhere and
to differentiate into osteogenic, chondrogenic, and adipogenic lineages [24, 27, 28]. It should
be mentioned that DP differentiation abilities are often pronounced not to the same extent
as those of classical mesenchymal stem cells [23]. As other lineages of differentiation were
demonstrated some authors believe DP cells to be multipotent [28]. In laboratory animals, it
was demonstrated that this type of cells is able to incorporate into skin structures by graft-
ing [29] and stimulate hair growth and angiogenesis. As it was found in detail during the
last 20 years, the ability to induce and regulate HF morphogenesis has been considered to
be the main characteristic and core biological function of DP cells. They are indispensable
component for embryonic development of HF and postnatal cycling [30]. They serve as the
niche for providing signals to matrix progenitors in specifying the size, shape, and pigmenta-
tion of hair fiber [5, 31]. Multiple pathways and molecules regulating epithelio-mesenchy-
mal interactions were discovered [32]. Using double reporter Lef1-RFP/K14-H2BGFP mice,
Rendl with co-authors discovered detailed genetic signature of isolated mouse DP cells [33].
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In ontogenesis, DP first appears as cell condensates on the dermis. As HF develops, epidermal
cells proliferate actively and envelope the dermal condensates [34]. Exposed to these new
niche conditions, DP cells acquire the expression of BMP-4, its inhibitor noggin, and the sur-
face markers N-CAM and p-75. Additionally, they secret specific extracellular matrix protein
versican and show a high level of alkaline phosphatase activity.

Inducing capacity of DP cells, i.e., their ability to induce HF development in embryogenesis
and regulate postnatal HF cycling, is the most interesting and intriguing trait of these cells.
It is noteworthy that not only DP but also skin dermis on the whole has an ability to regulate
differentiation of integumental epithelia. As an example, keratinocytes of the palmoplantar
thick skin exclusively express keratin 9 [35]. Recombination of the epidermis from different
body sites with palmoplantar dermis caused onset of keratin 9 expression and differentiation
of keratinocytes into thick skin [36]. Later it was shown that paleness and thickness of the
palmoplantar skin is determined by Wnt signaling. Fibroblasts present in thick skin secrete
Wnt inhibitor Dikkopfl, which causes thickening of the epidermis and decreases pigmenta-
tion both in vivo and in vitro [37]. HFs and, thus, DPs are distributed over the entire surface of
the mammal body. In spite of different embryological origin of DPs from different sites of the
body, their functional properties are quite similar. Analysis of global gene expression using
microarrays demonstrated a very high degree of similarity between facial and trunk dermal
hair-associated cells indicating phenotypic convergence within HF niche [38].

DP cells have been quite profoundly investigated but their isolation and long-term cultivation
is not a trivial task yet. They quickly lose intrinsic biological characteristics, especially hair
inductive capacity, with passaging [39—41]. This process correlates with decrease in expres-
sion of DP markers including alkaline phosphatase, versican, Wntba, and some others [42—45].

A number of studies reported various approaches to maintain innate properties in cultured
DP cells. Earlier approach implied cocultivation with keratinocytes or addition of keratino-
cyte-derived factors [46, 47] based on close interaction of DP cells with keratinocytes in their
natural niche. Another group of studies considers specific signaling pathways participating
in hair growth activation and epithelial-mesenchymal interactions. Wnt and BMP signaling
were shown to play a key role in HF morphogenesis [18, 44, 48, 49]. Wnt proteins demon-
strated high effectiveness in respect of DP maintenance [50, 51]. Shimizu and Morgan found
that Wnt 3a can maintain the hair-inductive properties of DP cells when they are cultured in
vitro [49]. The medium containing recombinant Wnt-10b protein promoted the proliferation
of DP cells, which successfully maintained their ability to induce HFs up to at least 10 serial
passages [52]. Noteworthy, Wnt10b has been shown to be expressed in developing HFs,
with the earliest and most marked localization in placodes [53] while Wnt10b-producing
cells promoted hair folliculogenesis [54]. Canonical Wnt pathway in cultured DP cells was
shown to be modulated by several compounds: ciprofloxacin [55], valproic acid [56, 57],
and glycogen synthase kinase (GSK)-3 —inhibitors [43, 58]. Addition of vitamin D3 to cul-
ture medium upregulated expression of Wnt10b and TGF-2 in murine DP cell providing
significantly enhanced hair growth in hemivascularized sandwich assay [59].

Members of TGFbeta signaling pathway, Bmp 4 and Bmp 6 were used successfully to main-
tain specific characteristics of DP cells in culture [44, 48]. EGF and VEGF demonstrated stim-
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ulation of DP proliferation [60, 61]. However, these factors failed to maintain specific DP
markers (unpublished data). It is not surprising as cell proliferation may necessarily correlate
with hair inductive activity. On the other hand, combination of FGF and PDGF-AA promoted
DP growth in culture and increased de novo HF induction in chamber assay using treated DP
cells [62].

Ohyama and co-authors studied molecular signature of freshly dissected human DP cells and

found gene expression profiles that distinguish intact human DP from conventionally cul-
tured human DP cells and fibroblasts. Because the bioinformatics analysis performed by the
authors implied the involvement of Wnt, BMP, and FGF signaling pathways in the mainte-
nance of specific DP properties they used the mixture of recombinant proteins and small mol-
ecules for stimulation of BMP, FGF, and Wnt pathways, respectively. This approach allowed
them to maintain or even restore innate DP gene expression profile and trichogenic properties
demonstrated in an in vivo hair induction assay [43].

Recently it was shown that systemically administered pharmacological inhibitors of Janus
kinase (JAK) family of protein tyrosine kinases, as downstream effectors of the IFN-y and vyc
cytokine receptors, prevented the development of alopecia areata in a mouse model reduc-
ing the accumulation of effector T cells in the skin [63]. During the course of the study, the
authors noticed unexpected regrowth of HFs after topical treatment with JAK-STAT inhibi-
tors. They checked it in a separate study and were able to demonstrate direct stimulation
of HFs growth both in mice, and the human xenografts and HF organ culture model [64].
Moreover, treatment of human DP spheres with the inhibitor of JAK1/3 signaling tofacitinib
enhanced inductivity of human DP cells grown in spheres significantly which resulted in
larger and significantly greater numbers of HFs obtained in the patch assay.

Another way to get closer to native DPs is to cultivate DP cells in spheres. It has been noticed
long ago that DP cells demonstrate aggregative behavior in culture [65]. This may be readily
used for creation of three-dimensional (3D) environment by hanging drop or non-adherent
biomaterial culture systems. This approach can partially recover expression of core markers
in human DP cultures [66]. Cells in spheres stop to proliferate and establish multiple cell-
cell contacts that may enhance Wnt signaling. They returned to a more native state judged
by alpha-smooth muscle actin expression. It is noteworthy that not all strains demonstrated
this behavior indicating large differences between cultures derived from different donors.
Nevertheless, many studies with DP cells have been conducted recently using 3D cultivation
[31, 64, 67, 68]. They showed prolongation of specific markers expression and enhancement of
hair inductive capacity after preliminary DP cell aggregation [42, 43, 66].

Taking into account complex natural HF niche it seems quite reasonable to introduce ele-
ments of this niche into DP culture systems. Huang with co-authors [68] combined DP with
SCs derived from the adipose tissue (ASC) which normally surrounds HF and is shown to
influence HF cycling presumably via PDGF signaling [69]. It was found that core-shell pat-
terning of combined spheres with DP cells inside and ASC outside had a beneficial effect
on DP markers expression (Hey 1 and Versican) and the rate of hair formation in in vivo
patch assay. Mature adipocytes incorporated into the same type of spheres had no impact on
these processes. A simple mixture of cells within spheres without the formation of core-shell
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structures yielded much worse results [68]. The authors assume that the mixture of ASCs and
DPs in simple mixed spheres interrupted the direct cell-cell interactions and association in
DP cells or diluted the signals from ASCs to the DP sphere. It was reported that extracts and
conditioned medium from neural stem cells were able to stimulate keratinocyte growth and
enhanced hair growth compared to minoxidil [70].

Further search for suitable factors and conditions for effective cultivation and propagation of
DP cells will allow one to elucidate mechanism of their self-maintenance and develop large-
scale culture technologies.

4. Hair follicle reconstruction

Regeneration ability of organs and even tissues is significantly limited in humans. At the same
time, loss of teeth, hair, and even mammary glands due to different reasons is quite abun-
dant. These organs are comparable by their ontogenetic epithelial-mesenchymal origin i.e.,
like almost all organs in the body, they arise from organ germs which undergo subsequent
stages of reciprocal epithelial-mesenchymal crosstalk and close interactions. In adult human
body, reproduction of these interactions in the right order and availability of germ-initiating
cells to regenerate the entire architecture of multicomponent tissues and organs seems to be
impossible or at least dramatically impeded. Development of novel technologies proposes a
new hope for people. Tissue engineering is a promising approach to replace the lost tissues
and organs. However, the problem how to obtain complex structures which can imitate an
organ or develop the organ after grafting is far from solution. In many cases, practical tech-
nologies imply transplantation of specialized cells in suspension or sheets. More complicated
structures are much more difficult to grow.

Reconstruction of folliculogenesis in vitro has been in the minds of scientists for a long period
of time taking into account vast knowledge and impressive progress in skin biology begin-
ning from the pioneering works on cultivation of epidermal cells [71] and the epidermis being
one of the first tissues that has been reconstructed using tissue engineering [72]. Skin com-
prises epithelial and mesenchymal components which form body coverage and multiple skin
appendages like HF and different types of glands. Since it became possible to reconstruct and
reconstitute damaged skin, the problem of HF and gland reconstruction emerged for proper
functioning of skin grafts as well as for fundamental studies. It has become especially attrac-
tive because a new direction of tissue engineering and regenerative medicine has been devel-
oped which utilized the ability of pluripotent cells to self-organize in culture into organ-like
structures reproducing functional activity of the corresponding organ [73]. However postna-
tal cells represent quite a different story.

During recent decades, HF biology was profoundly studied. As mentioned above, HF in
mammals is the only organ which in normal physiological condition undergoes degeneration
(catagen) to small aggregates of resting cells (telogen) with subsequent full regeneration lead-
ing to complete restoration of multicellular organ generating corneal shaft (anagen). Multiple
mechanisms regulating organogenesis and physiological regeneration of HFs are found, the
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cellular structure of HF is studied in detail, properties and functions of cell subpopulations
are elucidated [74-78].

Numerous studies utilized the ability of epithelial and mesenchymal cells of different organs
to produce mutual influence even in culture conditions in attempts to reproduce morphoge-
netic processes. After both compartments were determined in HF, this approach was applied
to reconstruct folliculogenesis in vitro. It was proved that DP cells affect interfollicular kera-
tinocytes in many aspects. Coculturing of keratinocytes and DP cells in Transwell system
stimulated expression of follicular markers in keratinocytes [79]. Direct contact between cells
of different types enhances this interaction [80].

Due to specific inducing properties of DP cells morphogenesis of HF may be reproduced
in culture. While keratinocytes possess intrinsic ability to form structures resembling dif-
ferent stages of HF morphogenesis, HF mesenchyme regulates and intensifies this process.
DP-conditioned medium stimulates morphogenesis in keratinocyte culture demonstrating
high rate of tube formation in the collagen gel [81]. However, production of fully functional
HFs from postnatal cells is still challenging.

Scientists tried to improve effectiveness of HF morphogenesis using more potent cells includ-
ing keratinocytes from HFs or embryonic cells. As it can be predicted, embryonic tissues dem-
onstrate higher potential to develop organs after inoculation into culture. Significant portion
of studies were performed using embryonic tissues in order to avoid roadblocks of postnatal
conditions. Mouse embryonic skin explants may successfully develop HFs in culture [82].
Dissociated cells from embryonic tissues aggregate and form the organ germs which can
develop into mature primordium and then into a functioning organ. Such results were dem-
onstrated for tooth and hair germs. Buds from dissociated skin of murine embryos developed
into mature HFs in culture or after transplantation to immunocompromised animals [83-85].
However, it is quite difficult to reproduce this type of experiments using postnatal HF cells.
Long-term cultivation of HFs from postnatal skin is usually completed with gradual degra-
dation of the structure and degeneration of HF. Even in optimized conditions, HFs begin to
degenerate after 20 days in culture, on average, while apoptotic cells appear approximately
on day 5 [86]. HFs maintained in vitro are unable to keep cycling [87, 88]. In the study on rat
HFs cultured on gelfoam supports, Philpott and Kealey were able to demonstrate signs of
cycling but all follicles appeared to remain blocked in pro-anagen [89]. Non-follicular kera-
tinocytes failed to reconstruct HFs in combination with DP cells but the latter improved sig-
nificantly the quality of engineered skin grafts applied onto acute skin defects in nude mice [90].
Human DP cells used in skin equivalent together with epidermal cells enriched with HF kera-
tinocytes could generate HF bud 14 days after transplantation into nude mice but further
development was impeded [91]. Interestingly, the authors also noticed a quality improve-
ment in composite skin substitutes containing DP cells as compared to dermal fibroblasts,
these substitutes more accurately mimicked a well-ordered epithelium. More impressive
results in terms of folliculogenesis were reported in xenogenic equivalents combining human
foreskin keratinocytes and murine dermal cells [92, 93]. Six weeks after grafting, the authors
recorded bulbous pegs and HFs, which however lacked sebaceous glands and were not able
to erupt through the epidermal surface. These experiments declare the development of skin

53



54 Hair and Scalp Disorders

substitutes with a high degree of homology to native skin as a long-term objective. At the
same time, such an approach may be a useful tool to elaborate an effective technique for
HF production. To overcome problems with HF eruption through the epithelial sheet and
prevent epithelial cyst formation, a nylon thread was used as a guide for the infundibulum
direction via insertion into the bioengineered germ [94]. This method showed perfect results
in terms of the shaft formation after transplantation onto nude mice. Both mouse and human
HF germs were reconstructed in the study. Human bioengineered HF germ was composed of
the bulge region-derived epithelial cells and scalp HF-derived intact DPs of an androgenetic
alopecia patient. These germs developed pigmented hair shafts within 21 days after intracu-
taneous transplantation into the back skin of nude mice [94].

Inamatsu with colleagues compared the process of neofolliculogenesis after intracutane-
ous transplantation of postnatal DP cells and embryonic dermal condensate in mice [95].
They showed that the dermal condensate-triggered development of HFs is similar to that in
embryogenesis. Postnatal DP induced formation of new follicles by a different way, it induces
the onset of the anagen-like stage without embryonic-like development.

Nevertheless, a number of studies have demonstrated successful reconstruction of follicle-
like structures from cells cultivated in vitro. They are focused on development of these struc-
tures into HF after transplantation as it was discussed above. This is achieved by two ways:
skin equivalents with cells capable of hair follicle induction or aggregates made of keratino-
cytes and trichogenic mesenchyme with subsequent transplantation. Zheng and co-authors
[96, 97] used DP and keratinocyte suspension to inject into mice. It was shown that kerati-
nocytes aggregated first, DP cells stimulated their proliferation enlarging hair follicle pri-
mordium and then the shaft began to grow into the cavity which had been formed in the
aggregate. It was found that the way of cell combination affects epithelio-mesenchymal
interactions. In mixed culture, aggregates were smaller; keratinocytes proliferated better
and escaped apoptosis [98]. In the study by Havlickova with co-authors, human keratino-
cytes of the outer root sheath and DP were placed into specially constructed pseudodermis
comprising collagen matrix and dermal fibroblasts. The authors found that cells preserved
viability, expressed specific markers, and supported proliferation. They were also able to
produce specific reaction on substances stimulating or inhibiting hair growth [99]. However,
the appropriate architecture of hair follicle bud was lost. Thus, authors supposed to use the
model for drug testing. They think such model should (1) imitate at least one typical feature
of the human HF; (2) manifest the predicted reaction to the known modulators of HF cycle
and development; and (3) exhibit the reactions which are reproducible in vivo [99]. Scientists
from Technical University in Berlin reported the production of microfollicles in vitro by mix-
ing DP aggregates with the basement membrane components and the outer root sheath
keratinocytes [100]. They found expression of HF markers such as vimentin, cytokeratins,
trichohyalin, and chondroitin sulfate. Remarkably, they observed hair-like fibers sprouting
from the nascent microfollicles. Different types of free aggregates present another modifica-
tion of culture conditions. Cells may be placed on partially-adhesive substrates [101]. Being
seeded on poly(ethylene-co-vinyl alcohol), DP cells first aggregate in this model and then are
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covered with keratinocytes. The authors found keratinocytes expressed keratin 6 and, thus,
underwent differentiation.

Another way to closely reproduce HF morphogenesis in vitro may involve specialized HF
cells derived from the pluripotent cells. For example, the derivation of functional DP-like
cells from human embryonic stem cells was recently reported [102]. Derivation of multipotent
progenitors of the epithelial lineage [103, 104] gives an opportunity to combine trichogenic
cells at their early stages of commitment with hopefully better results.

Using the advantage of induced pluripotency Yang with colleagues [105] obtained follicu-
logenic CD200+/ITGA6+ epidermal stem cells from human fibroblast-derived induced plu-
ripotent cells. Patch in vivo assay demonstrated the ability of these cells to generate all HF
lineages including the hair shaft, and the inner and outer root sheaths. The regenerated HFs
possessed a stem cell population and produced hair shafts expressing hair specific keratins.
The ability of pluripotent cells to self-organize and spontaneously differentiate into all cell lin-
eages was used by Takagi and colleagues [106] who carefully selected conditions that enabled
direct derivation of HFs from induced pluripotent cells through embryoid bodies using the
clustering-dependent embryoid body transplantation method.

Currently, there are a number of ongoing clinical trials using cultured cells to treat alope-
cia [107]. It is noteworthy that interfollicular unspecialized cells are used in many cases, put
it simply, dermal fibroblasts and epidermal keratinocytes. Therapeutic mechanisms of such
preparations are unclear and positive effect depends on patient’s remaining HFs. However,
the latter are absent in many cases. Therefore, modern approaches to HF restoration are badly
needed for severe cases of hair loss or alopecia. Taking into account great progress in skin and
HF biology, biotechnology, and tissue engineering we hope to meet highly effective methods
of HF production in the nearest future.
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Abstract

The growing hair resists pulling out of the skin in particular site, where the keratiniza-
tion of hair cortex and hair cuticle cells as well as the cells of the hair inner root sheath
(IS) (being in tight contact) are advanced enough to make them rather strong but lower
the level where the hair separates from the hair inner root sheath. The hair which does
not grow is kept for some time within the skin by the direct contact of the keratinized
hair cortex cells with the cells of the hair outer root sheath. Such contact is absent at the
phase of growing hair and even in the case of proliferation inhibition in the follicle bulb
causing the lack of hair resistance to pulling it out of the skin several days after inhibition
induction.

Keywords: hair matrix dysplasia, hair break, hair upward promotion, cell proliferation/

evacuation balance

1. Introduction

First of all let us remember most briefly the histological structure of the hair follicle (F)
(Figure 1) in the phase of stable hair growth [1-3]. The lowest (innermost) part of the hair
F is presented by hair bulb including its cambium zone (“matrix”), which consists of cells
dividing all the time while the hair grows. These cells do not seem to differ from each other.
Their division does not cause the increase of the matrix volume while hair growth is stable
because the number of newly produced cells equals the number of the cells leaving matrix
and starting to differentiate into the layers of the hair (medulla, cortex, and hair cuticle) and
hair root inner sheath (inner sheath cuticle, Huxley layer, and Henle layer). All six layers
move upward (toward the skin surface). In the course of differentiation, the cells of all these
layers stop dividing and start to synthesize several types of keratins (K) or “keratin-like” (KI)
proteins [2]. The sets of these proteins are different in the medulla, cortex, and cuticle of the

I m EC H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited. [{(cc) ExgNN
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Figure 1. General scheme of the hair follicle in the phase of stable hair growth. M, matrix (cambium zone); C, connective
tissue papilla; 34, zone of differentiation; K3, zone of keratinization; I3, postkeratogenic zone; Bp, hair follicle
infundibulum; 3, interfollicular epidermis; CJK, sebaceous gland; ITX, sweat gland; Ce, hair medulla; K, hair cortex; Ks,
hair cuticle; BB, hair inner root sheath; HB, hair outer root sheath; Ca, connective tissue sheath around the hair follicle
(“vitreous membrane”); and Ma, melanocyte (melanin-producing cell). MIT, musculus arrector pili; I'l, sweat gland duct;
and Ip, the pilary lumen (the fissure separating hair from inner root sheath by the end of differentiation).
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hair. The morphological features of these layers are also very different. The main hair layer is
the cortex. Its cells have spindle-like form with their long axes parallel to hair length. Almost
all cell volume is filled with K fibers when the K synthesis is over. The neighboring cortex cells
are agglutinated by the strong intercellular glue capable to resist the water.

The outermost hair layer—the cuticle—has no fiber structures. The cell has the somewhat
curved plate-like form as the cell “tries” to surround the hair (Figure 2). The upper ends of
the hair cuticle cells lie over the lower parts of the preceding (more distal) cuticle cells of the
hair so that the general pattern resembles the piling (Figure 3). So the upper ends of cuticle
cells stick out of the hair surface like the dents of gear wheel. This pattern is imprinted on the
inner root sheath (IS) cuticle surface, and the dents of the hair cuticle are inserted between the
corresponding dents of IS cuticle like the dents of a joint gear wheel pair (Figures 4 and 5).

Hair cortex and cuticle K contain some sulfur-rich proteins preventing K destruction by pro-
teases because the sulfur-containing amino acids bind molecules of K with each other or the

¢ i

Figure 2. A transversal section of fine-wool sheep hair follicle (no medullar layer is present). C, the cell of cortex layer.
The visible cell borders are “underlined” by keratin layer on the inner side of cytomembranes as well as in central parts
of the cytoplasm. The nuclei are present only in the cells which were cut across in the middle part of spindle-like cell
where the nucleus is located. HC, hair cuticle. This plate-like cell “tries” to surround the hair root. Hn and Hu, Henle and
Huxley layers of inner hair root sheath. OS, hair outer root sheath. Hematoxylin + eosin.
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Figure 3. The electron microscopic photo of the transversal section of mouse hair follicle on the level of keratogenic
zone. M, hair medulla containing larger black particles corresponding to melanosomes (diameters about 0.5 mcm) and
with much less diameters (trichohyalin-like material). C, hair cortex. N, nucleus of the hair cuticle—very flat cells of the
hair outer layer lacking trichohyalin. Cn, the nucleus of the inner hair root sheath cuticle including little black particles
of the trichohyalin. Both cuticles are lying close to each other fixing the hair within the hair follicle. Hu, middle layer of
the inner sheath, including some very large black trichohyalin granules. He, outer layer of the inner sheath which unlike
Huxley layer is already keratinized. NO, the nucleus of nonmigrating cell of the outer layer of outer hair root sheath.
O, the cell of the same layer but starting migration toward Henle layer, forming long pseudopodium for this purpose.

parts within the same molecules by many disulfide “bridges” (-5-S-) which do not allow
large protease molecules to reach the proper sites of K molecules to hydrolyze them.

The most obvious feature of the hair medulla cellsis rather poor keratinization (Figures 3 and 4).
When this process is over, very high proportion of the cell volume is filled by the air. So the
cells seem to be “half empty.” Some Kl material usually is present under the cell membrane,
and some other Kl materials cross the cell as rather rare fibers (in sheep hair), but we must
take into account that medulla cells’ morphology is extremely polymorphic when we com-
pare different taxons.

The Kl material of the inner root sheath (IS) does not contain much sulfur and is partly hydro-
lyzed by proteases in the upper segment of the F. The chemical nature of the Kl material in
all three layers of the IS does not seem to differ much. But morphologically they can be easily
distinguished in the lower part of the follicle thanks to heterochrony of their keratinization
process. In the outer layer (Henle) of the IS, the synthesis of Kl material begins earlier (lower)
than in other F layers, progresses faster, and becomes the first solid structure on the way
from the F bottom to the skin surface (Figures 3 and 4). The same phases of Kl material syn-
thesis take place later (on the higher level of the F) in IS cuticle and especially in the middle
(Huxley) layer.
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Figure 4. Longitudinal section of a sheep hair follicle on the level close to the end of keratogenesis. C, hair cortex; M,
medulla; Hn, Henle and Huxley layers; O, outer root sheath; and CT, connecting tissue surrounding the hair follicle. Cu,
two cuticles (hair cuticle and inner root sheath cuticle) starting to separate by pilary lumen —L— (right half of the photo)
and tightly bind lower (left half of the photo where no lumen is present). Slightly projecting out of hair surface “dents” of
upper hair cuticle edges that are imprinted in inner root sheath cuticle cells. So these dents of the hair cuticle are inserted
into indentations of inner root sheath cuticle like the dents of a gear wheel into indentations of another gear wheel.

The hair outer root sheath (OS) surrounds the IS and even matrix. Its cells do not originate
from the matrix, and at least outer layer cells of the OS do not move upward like the cells of
the hair and IS [4]. Outer layer cells of the OS can move downward toward the bottom of the
matrix, penetrate into it, and renew its proliferation potential after its decrease after some
damages or as Hayflick limit [5] being exhausted. OS outer layer contains stem cells of the
hair F, and its cambium cells are located in the OS outer layer over the hair F bulb. The cells
produced by this cambium zone migrate from the outer layer of OS into the inner (“compan-
ion”) layer which, unlike cells of the OS outer layer cells, move permanently upward together
with IS and hair cells [6].

The structure of the OS is very different depending upon the F level (from matrix bottom
to the skin surface). On the deepest level around the matrix, the outer and inner cell layers
are presented each by the single row of very flattened cells having the thickness less than
1 mem except the sites close to the nuclei of the cells. Over the bulb the OS becomes much
thicker than around the matrix and consists of three and more rows of cells which are not

71



72 Hair and Scalp Disorders

flat but cubic or cylindrical (except the inner OS layer cells which are rather flat). Some of the
outer layer cells proliferate and display the inward amoeboid movement toward IS wedging
between the already present companion cells arrived from below. Then these cells become
new elements of companion layer and take part in its upward movement together with the
IS and hair [4, 7].

Figure 5. Electron microscopic photo of the part of longitudinal section of the keratinization zone sheep hair follicle on
the border of the hair and hair inner root sheath. The hair growth direction is from low left to upper right. Cr, cortex of
the hair with melanosomes. Ch, cuticle of the hair. The long apoptotic nucleus of the hair cuticle cell is just to the right
from Ch letters. Arrow, “labyrinth-like” epicuticular layer of the immature hair cuticle. C, hair root inner sheath cuticle
cell with trichohyalin black granules. Its lower end protrudes into the hair, and the hair cuticle protrudes bellow it to
the inner sheath arranging gear wheel-like indentations. Hy, Huxley layer with large black trichohyalin granules. He,
keratinized Henle layer folded in the course of cutting.

The uppermost portion of the OS—the hair F infundibulum —has the same structure as the
interfollicular epidermis of the skin surface. It produces the keratinized squamous cells and
lays them around the fully differentiated hair. Neither IS nor companion layer are present
in the infundibulum as no ascending cell flow exists there. So rather quick upward move-
ment of partly hydrolyzed IS and companion layer is stopped running against this obstacle.
New and new portions of the IS and companion layer arrive and form folds projecting into
the pilary lumen (Figure 6). By this moment partly hydrolyzed IS starts to destroy and the
companion layer cells finish their keratinization [8]. These keratinized cells do not seem to
hydrolyze like the IS. Their K must be of the different nature and can resist enzyme hydro-
lysis. Keratinized cell processes of the companion layer cells penetrate into nonkeratinized
cells of OS middle layer cells (Figure 6) which may stabilize the folds for some time, and
destruction and exit of arriving from below companion layer cells into the pilary lumen are
postponed for some time.



The Histological Mechanisms of Hair Loss
http://dx.doi.org/10.5772/67275

Figure 6. Most informative electron microscopic photo of the pattern of the sheep hair follicle wall at the level just under
the sebaceous gland orifice made by Gemmel and Chapman [8]. Anagen VI phase of hair growth cycle. Fld, folds are
formed by three layers of the hair follicle inner hair root sheath (IC, cuticle; Hu, Huxley; Hn, Henle) and keratinized
companion layer of the outer sheath (ORS krtn). The long keratinized processes of the companion layer are inserted into
the nonkeratinized outer sheath cells (ORS nonkr) which seem to retard the desquamation of keratinized companion cells.

The hair F is surrounded by the condensed connective tissue (vitreous membrane) which like
peninsula intrudes into the matrix (papilla). The vitreous membrane includes the layers of col-
lagen fibers oriented longitudinally and circularly (around the F). The basal membrane is pres-
ent on the border of the F epithelium and surrounding connective tissue including the papilla.

We must realize how the hair is normally fixed in the skin while it grows. Once I could see
how my assistant caught rather large crossbred ram grasping from behind two portions of
wool on both sides of its body holding them in his clenched fists. The ram pulled my assistant
forward and the heels of his boots made a deep long furrow in the soil before my assistant
could stop the ram.

So hairs are fixed in the skin strongly enough. It does not seem to be easily expected after the
preliminary analysis of hair follicle histologic structure. Indeed the keratinized hair upper
part consists of rather strong composite material including protein filaments agglutinated by
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nonfibrous proteins. In the upper part of the F, the hair is separated by the fissure from the
surrounding tissue layers which makes it impossible for upper part of the hair to resist pulling
out of the skin (Figure 4). Following deeper along the less and less “mature” hair, we reach
after all the cambium zone (“matrix”) of the F where cells divide providing new and new cell
material for hair growth. Permanently dividing cells cannot include hard materials which
would make impossible to produce two equal daughter cells. So the lack of hard materials in
the matrix means it is practically liquid substance and cannot resist pulling the hair out of the
skin. It would be as expecting the water in the vase to resist pulling out a bouquet from a vase.
Even immediately over matrix where the cell division stops and hair cortex and hair cuticle
keratinization is in the very beginning, hair root does not differ much from the matrix in its
capacity to resist pulling out of the skin.

Where the hair is really fixed strongly in the F? This position is over the level of start of kera-
tinization but below the level of hair separation from the surrounding F layers (more exactly
from the inner layer of the IS—the cuticle of the IS). As we mention above, the dents of the hair
cuticle are inserted between the corresponding dents of IS cuticle like the dents of a joint gear
wheel pair. When we try to pull the hair out of the skin, our exertion is transmitted from the
mature (fully keratinized) hair to the portion of the hair essentially keratinized, then through
the hair cuticle dents to the dents of the IS cuticle, and further to almost fully keratinized IS
then to the OS and to some extent to connective tissue vitreous membrane. The exertion of
pulling out the hair is supposed to be transferred along the following trajectory: mature (fully
keratinized) hair — essentially but not fully keratinized hair — its cuticle dents — the dents
of IS dents—almost fully keratinized IS - OS — to some extent to connective tissue vitreous
membrane. The pulling exertion will cause upward moving of the hair and outward folding
of the IS and OS which will be limited by almost unstretchable vitreous membrane. So the
folding will squeeze the hair and will not allow the hair to leave the F easily. So the hair is
pulled out only with some portions of IS and OS. The regrowth of the hair in the follicle from
which the growing hair was pulled out starts almost immediately. If we change rather careful
pulling the hair out of the skin for very abrupt jerking out, then even the bulb with the matrix
can be extracted from the skin and no hair regeneration will follow.

So rather strong fixation of the growing hair within the skin seems to be based on the impossi-
bility of hair slipping against the IS caused by interdigitating gear wheel-like dents on the hair
and IS surfaces. This obstacle for free sliding exists only on the definite level of the F. As the
hair and IS cells move up from this level, the hair separates from the IS, but by this moment,
new portions of maturing to proper state hair and IS cells take their place and support grow-
ing hair “anchoring” function.

The phase of stable hair growth (anagen VI) is interrupted after some time of hair growth by
the phase of no growth (telogen). Depending upon the position on the site of the body surface,
specious peculiarity, and some other factors, the transition of an F to telogen phase happens
after a few weeks of hair growth and up to several years of growth. The daily increase of the
hair length in the phase of anagen VI varies usually within the range of 0.3-1.0 mm/day. So
the hair length about 1 m (scalp region) of the human can be obtained by the hair growth for
approximately 5-6 years, and the hair length about 5 mm (brows) can be obtained by the hair
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growth for approximately 2 weeks. The transition from anagen VI to telogen occurs through
the phase named the catagen. In the course of it, cell division decreases and stops. The IS is
not produced. There appears the hair proximal end looking like the brush with the keratin-
ized cortex most proximal cells sticking out apart and contacting directly with OS companion
layer cells as the IS is absent and does not isolate hair cortex from the OS (Figure 7). The
upward movement of the hair and companion layer goes on even when no proliferation in the
disappearing matrix takes place. Its mechanism is based on the active OS cell migration. The
upward movement stops below the sebaceous gland orifice. The hair keratinized brush-like
end cells keep for some time (several days or months) their tight binding to also keratinized

Figure 7. A telogen phase hair follicle of sheep. P, hair follicle papilla ascended upward after the brash-like (B) lower
hair end (“club”) which is directly connected with outer hair root sheath (O) unlike anagen phase (growing hair) follicle
where the hair is separated from the outer sheath by the inner sheath. Hematoxylin + eosin.
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by this moment OS inner layer cells surrounded by the cells of nonkeratinized outer layers
of the OS. In such a way, the nongrowing hair is anchored in the skin. Its loss from the skin
is postponed after stopping the growth up to the moment when the keratinized companion
layer cells will be peeled into the pilary lumen, and the hair will be shed out of the skin
perhaps because the intercellular “glue” is destroyed between keratinized cells like between
peeling cells of the interfollicular epidermis.

After some period of anchoring, the new matrix and bulb regenerate and the new hair starts to
grow in this follicle. In such species as mice, one follicle in the early postnatal period can produce
four generations of hairs all being kept anchored and allowing new hair to grow past them.

2. The hair follicle sites of resistance to hair pulling out of the skin

So let us list the histological conditions necessary to keep the clearly visible hair shaft within
the skin:

(1) The hair shaft must not be too thin and short and rare (like on the cheek of a girl), or such
underdeveloped hair most probably would be interpreted as hair loss (Figure 8).

(2) There must not be extreme local thinnings of hair shafts caused by the short tem-
porary action of mitostatic agents (stress—hydrocortisone, short time ionizing irra-
diation). Hairs can be easily broken in these thin sites and hair loss will take place
(Figure 9).

(3) The keratinization of the hair cortex cells must be perfect enough not to allow the hair to
break easily especially after these cells leave the skin in the course of hair growth. The
defects of the keratin can be caused by the parasitic organisms or genetic mutations or
the lack of some nutrients.

(4) When the hair grows, its fixation in the F is possible when the correct proportion of IS and
hair cuticle layers are produced and their interaction takes place.

(5) When the hair stops growing, its fixation in the skin for some time is possible only when
the IS is not produced and cannot isolate the modified hair cortex cells of the brush-like
proximal club-hair end from companion layer cells. Direct contact between the hair
brush-like end and keratinized companion cells seems to be the main mechanism of
telogen hair temporary fixation in the skin and postponing of the hair shedding.

(6) Unlike the events in the “planned” catagen phase where the IS production is stopped
and brush-like proximal hair shaft end is produced, the mitostatic agents do not stop
IS formation, and nothing like brush-like proximal hair end is formed (merely thinning
pointed end) (Figure 10). So the hair shedding is not postponed and is not fixed in the
skin 8 days after any type of mitostatic action in the proper dose.

(7) Relatively high proportion of hair F entered into telogen phase at any moment means
that the hair will be neither long nor dense. Even postponed shedding will still in-
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volve rather many hairs in shedding process at any moment and all these features will
be interpreted as hair loss. So the hair loss can be partly decreased by the regulatory
mechanisms prolonging anagen VI phase and lowering the proportion of F in the
telogen phase.

Figure 8. Transverse histological sections of neighbor hair follicles of nude goat supposedly with nude mutation causing
underdevelopment of hairs. The left follicle produced very thin hair (H) as well as rather developed hair root inner
sheath (I). The right follicle produced only inner sheath (I) and no hair at all. O, well developed outer hair root sheaths.
The right one includes some melanocytes producing melanin. Hematoxylin + eosin.
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Figure 9. Hair dysplasia caused by the local fine-wool sheep skin X-irradiation by subepilation doze (300 sZv). The left
and higher hair segment was formed before the irradiation. This segment is followed by one with some disturbance of
normal structure (3 days after irradiation) and progressive thinning of the wool fiber. In the course of further growth,
the restoration of original hair diameter took place (lower left hair segment).
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Figure 10. Polarization microscopy picture of the lower end of the sheep hair which appeared as the result of local
X-irradiation of the skin by epilation doze (500 sZv). No “club” or brush-like structures could be seen. White “shining”
is caused by the capacity of the very dense keratin regular structure to turn the plane of light polarization between two
crossed polaroids (dark background) of “NU” Carl Zeiss microscope.
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Abstract

Hair and scalp examination techniques can be classified into three categories: noninva-
sive methods (clinical history, general examination, photography, hair count, weighing
shed hair, pull test, global hair counts, dermoscopy, electron microscopy, laser scanning
microscopy, etc.); semi-invasive methods (the trichogram, unit areatrichogram); and
invasive methods (biopsies in cicatritial alopecia). Scalp dermoscopy or trichoscopy is
one of thenoninvasive techniques for the evaluation of patients with hair loss that allows
for magnified visualization of the hair and scalp skin. It may be performed with a manual
dermoscope (10x magnification) or a videodermoscope (up to 1000x magnification). This
method is simple, quick, and easy to perform, is well-accepted by patients, and is use-
ful for monitoring treatment, determining severity of the disease and follow-up. It is
a simple, minimally invasive and rapid technique for measuring hair follicle activity.
Trichogram represents a semi-invasive technique for the evaluation of patients with hair
loss that allows the microscopic examination of hairs plucked from the scalp and pro-
vides information about the state of the proximal end of the hair shaft and the distal end.
The trichogram is a useful complementary tool for clinical evaluation, diagnosis, and the
monitoring of treatment response.

Keywords: trichoscopy, trichogram, scalp dermoscopy, dermoscopy, dermatoscopy,
hair loss, cicatritial alopecia, noncicatritial alopecia, alopecia, alopecia areata,
androgenetic alopecia, discoid lupus erythematosus, frontal fibrosing alopecia, lichen
planopilaris, telogen effluvium

1. Introduction

Hair loss is the most common hair disease and diagnosis of the type of alopecia may some-
times be challenging. Methods commonly used to investigate can be classified as either inva-
sive (e.g., biopsies in scarring alopecia), semi-invasive (trichogram, unit areatrichogram), or
noninvasive (e.g., hair count, weighing shed hair, pull test, global hair counts, dermoscopy,
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Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited. [{(cc) ExgNN



82

Hair and Scalp Disorders

phototrichogram, electron microscopy, laser scanning microscopy) methods. In this chapter,
I will try to explain the basics of trichoscopy and trichogram.

2. Trichoscopy

Scalp dermoscopy is a simple and noninvasive instrument for appraising a number of hair
and scalp disorders. Scalp dermoscopy, which may be defined as “trichoscopy” [1-3] is
widely used in dermatology for the evaluation of pigmented skin lesions, represents a valu-
able, noninvasive, and rapid technique for the assessment of patients with hair loss that
allows for a magnified visualization of the hair and scalp skin [4-7]. Trichoscopy allows for
magnified observation of the following: hair shafts, hair follicle openings, the perifollicular
epidermis, and blood vessels. In particular, trichoscopy may be useful for the diagnosis,
prognosis and follow-up of androgenetic alopecia (AGA), alopecia areata (AA), telogen
effluvium (TE), trichotillomania, congenital triangular alopecia, tinea capitis, cicatritial
alopecias, and hair shaft disorders [8, 9]. Dermoscopy may be performed with a manual
dermoscope (10x magnification) or videodermoscope (up to 1000x magnification) [10]. Both
polarized and nonpolarized light may be used, with or without the use of immersion oil
(dry dermoscopy).

2.1. Trichoscopy equipment

Both handheld dermatoscope and videodermatoscope is suitable to perform trichoscopy.
Handheld dermatoscopes allow for tenfold magnification, while the magnification of digital
dermatoscopes is ranging from tenfold to 50-fold and higher. Handheld dermatoscopes have
the advantage of being both time and cost-effective. On the other hand, digital dermatoscopes
have the superiority of taking easier photography and having higher magnifications [5]. I
prefer using videodermatoscope that allows vascular structures more obvious [8, 9]. Water,
ultrasound gels, aqueous gels, liquid paraffin, alcohol, and oil can be used to enhance clarity
and visualization [11]. The choice of a particular device and fluid immersion is a matter of
individual preference.

Trichoscopy images can be used to assess hair shaft thickness by folliscope [12] or analyzing
hair growth by trichoscan [13] while trichoscan has been criticized by some dermatologists for
the need of shaving and dying hair in the analyzed area [14, 15]. These images may be used to
obtain optimal areas for scalp biopsy in cicatricial alopecia [16].

2.2. Trichoscopy structures and patterns

2.2.1. Scalp without any complaint

Normal scalp is characterized by the presence of follicular units containing about 2—4 terminal
hairs and 1 or 2 vellus hairsof uniform thickness and color [17-20]. The mean thickness of
normal hair was about 0.06 mm [19]; however, up to 10% of hairs are represented by vellus
hairs which lack the medulla [6, 21, 22]. A normal terminal hair is uniform in thickness and
color throughout its length, however, vellus hairsare lightly pigmented [21, 22]. Simple, fine
red loops, which represent capillaries within the dermal papillae, are generally visible among
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hairs, and the subpapillary plexus is visible as linear arborizing vessels. In dark-skinned indi-
viduals, a perifollicular pigmented network (honeycomb pattern) is usually appreciated over
the scalp which is accentuated over sun-exposed areas, and follicular openings and ecrine
sweat gland duct openings appear as white dots (WD) [7, 23].

2.2.2. Dots

Trichoscopy may distinguish whether hair follicle openings are normal, empty, fibrotic,or
containing biological material, such as hyperkeratotic plugs or hair residues. “Dots” is a com-
mon term for small, round hair follicle openings seen by trichoscopy [5, 6, 24].

2.2.2.1. Yellow dots

Previous studies showed that yellow dots (YD) indicates dilated infundibula of follicles with
remnants of hair [25-28, 41] and follicular openings filled with keratotic material and/or sebum
[24, 29]. They vary in color, shape and size. Regularly distributed YD are present in 60% of
patients with AA and are considered a marker of disease severity and less favorable prognosis
[24] while there was no relation with disease severity according to our study [30]. Yellow dots
are present in AA [24, 30] discoid lupus erythematosus (DLE), TE [28, 30], and AGA [19, 28].
Large, dark yellow to brownish YD (keratotic plugs) are characteristic of DLE and correspond
to wide infundibula filled with keratotic material [31, 32] although we saw these brown dots in
patients with AGA at the same time [28]. Yellow dots are also seen in patients with patterned
hair loss, YD in the frontal area compared to the occipital area favors the diagnosis of female
AGA [19], they differ from the YD observed in other diseases by their “oily” appearance that
most probably results from the predominance of sebum over keratotic material [9].

Yellow dots imposed over dark hair shaft residues appearing as large “3D” soap bubbles have
been described in dissecting cellulitis [31] and in trichotillomania [24]. According to some
dermatologists [5], when there is no suspicion of AGA, if you see YD, the diagnosis of AA
incognita is obvious to differ AA incognita from TE and trichotillomania. On the other hand,
in addition to these diseases, YD may be seen in patients with TE, trichotillomania, psoriasis,
and seborrheic dermatitis [28, 30].

2.2.2.2. Brown dots

Yellow dots are firstly described by Ross and colleagues [5] as uniform structures yellow-
ish-pink in color, while some of these dots were found to be brown in color in our patients
[28, 30]. Brown dots were found with a statistically higher frequency in patients with AGA
[30]. Scattered brown areas are seen in actinic keratosis and DLE, and peripilar brown areas
are seen in AGA, in TE and in healthy individuals, simply sometimes, we can see brown dots
in a distribution similar to YD in dark-skinned patients [8, 28, 30], and therefore, I call them
yellow-brown dots instead of YD as a separate category.

2.2.2.3. Black dots

Black dots (formerly “cadaverized hairs”) are residues of pigmented hairs that have been bro-
ken or destroyed at the level of the scalp [33]. They are considered a marker of high disease
activity while there was no relationship during our study [24, 30]. Black dots may be pres-
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ent in dissecting cellulitis, tinea capitis, chemotherapy-induced alopecia, trichotillomania, but
may be incidentally observed also in other diseases and after laser depilation or trichogram
[33, 34]. Black dots are not present in healthy individuals or in patients with patterned hair
loss or TE [4, 28, 30, 35].

2.2.2.4. Black dotted pigmentation

Black dots sized smaller than declared black dots (cadaverized hairs) those are seen in AA
previously [30] were named as black dotted pigmentation (BDP) by us, and they related
positively with disease severity in AA. A biopsy from one of these areas in a patient with
AA showed no cellular infiltration but revealed intense demodex colonization in follicular
ostia, so it was thought that the trichoscopic appearance might be due to this infestation. In a
study [36], dirty dots on scalp represented nonmicrobial environmental particles in healthy
children.

2.2.2.5. Red dots

Red dots are widened follicles surrounded by dilated vessels and extravasated erythrocytes
were described in DLE and are believed to be a positive prognostic factor [29]. Regularly dis-
tributed brown or brown-gray dots are a characteristic finding in the eyebrow area of patients
with frontal fibrosing alopecia (FFA). This finding is a favorable prognostic factor for eyebrow
regrowth [6]. Additionally, red dots have been described in individuals with vitiligo [37].

2.2.2.6. Grey dots

Pink-grey and grey dots have been observed in the eyebrow area of patients with FFA [9].

2.2.2.7. White dots

The classic, big, irregular WD represent areas of perifollicular fibrosis and are observed most
commonly in lichen planopilaris (LPP) [6]. Another type of WD, the small, regular pinpoint
WD are observed in the sun-exposed scalp of patients with skin phototypes III and IV and in
the normal scalp of those with phototypes V and VI [6, 28, 30, 38]. They have been correlated
with the acrosyringeal (ecrine sweat duct openings) and empty follicular openings [38-40].
According to us, another type of WD are cumulus like clustered WD that are intersecting WD
in a nested form. We think in severe AA the classic, irregular WD is nested together with pin-
point WD, so we call them clustered WD similar to cumulus clouds [30]. In advanced stages
of AGA, follicles can be replaced by connective tissues, afterwards causing atrophy. These
empty follicular ostia are seen as WD [5, 19, 24, 28, 30, 31, 38, 39]. WD are more common in the
late stages of AGA [5, 28]. Kossard and Zagarella [42] observed WD in scarring alopecia and
considered these WD as being the melanin pour places in fibrous tracts of scar tissue.

2.2.3. Hair shafts

Abnormalities in hair shaft structure may provide diagnostic clues for multiple acquired and
inherited causes of hair loss. Rudnicka et al. recently proposed a classification of hair shaft
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abnormalities observed by trichoscopy [18, 43—45]. The features of hair shafts include excla-
mation mark hair in AA, trichotillomania, and chemotherapy-induced alopecia (also called
“tapering hairs “: 1- to 2-mm-long fractured hairs, whose tips are wider than the proximal
portion of the shaft), broken hairs (fractured hairs with uniform shaft diameter), vellus hairs
in patterned hair loss and in long-lasting AA (less than 0.03 mm in thickness and less than 3-
mm long, representing miniaturized hairs or regrowing hairs can be differentiated from short,
healthy regrowing hairs, which are darkly pigmented and straight with pointed ends), coiled
hairs in trichotillomania (broken hairs that curl back), comma hairs (short, c-shaped hairs),
and cork screw hairs in tinea capitis (short hairs, spiral in shape), Pohle Pinkus constrictions
in AA, chemotherapy-induced alopecia, blood loss, malnutrition, and chronic intoxication,
flame hairs (semitransparent, wavy, and cone-shaped highly specific hair residues, resem-
bling a fire flame that remain attached to the scalp after anagen hairs have been pulled out), V-
signs (two or more hairs emerging from one follicular unit and broken at the same length),and
sprinkled hairs (only a sprinkled “hair powder”, resulting from hair damage, is visible) in
trichotillomania, and tulip hairs (diagonally fractured short hair shafts with a tulip leaf-like
hyperpigmentation at the distal end] in trichotillomania and AA [43, 44]. Trichoscopy has also
been successfully used to diagnose many genetic hair shaft disorders [45].

2.2.4. Perifollicular and interfollicular epidermis

According to the color and structure (scaling, discharge, and surface structure) of the areas,
the classification of perifollicular and interfollicular skin surface abnormalities in trichos-
copy can be classified as; perifollicular discoloration (hyperpigmentation), predominant in
androgenetic alopecia,and perifollicular fibrosis, characteristic for some form of fibrosing
alopecia [8, 46].

Duetoepidermal and perifollicularinflammation in seborrheic dermatitis and psoriasis [47, 48],
proximal hair shaft with macropits [49] may look relatively hidden under a white-grey epi-
dermal diffuse proliferation that we called as hidden hair [50] that differs from perifollicular
scaling observed in LPP and in folliculitis decalvans [6, 31].

During our knowledge, honeycomb hyperpigmentation is a normal finding in sun-exposed
areas (chronic sun exposure) and in patients with Fitzpatrick skin phototypes IV, V, and VI
[5-7], but in our study, when this pattern is observed trichoscopically, the estimated alopecia
risk was 3.2 times higher regardless of age that is why, we do not think it is the characteristic
of normal aging scalp [28]. Perifollicular brown coloration (“peripilar sign”) is believed to
correspond to the perifollicular presence of lymphocytic infiltrates [51] and is common in
patients with patterned hair loss [2]; however, the peripilar sign may be observed in up to10%
of hair follicles in healthy individuals [21]. Scattered brown discoloration is characteristic of
DLE [31].

2.2.5. Blood vessels

Appearance of cutaneous microvessels in trichoscopy may vary in type and number depend-
ing on disease and activity of the process. The significance of blood vessel abnormalities
observed on trichoscopy has not been explored in detail thus far. Common types of vessels
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in alopecia includes elongated vessels in LPP, thick arborizing vessels in DLE and seborrheic
dermatitis, twisted red loops and comma vessels in seborrheic dermatitis, atypical red vessels,
structureless red areas, signet ring vessel, twisted red loops and glomerular or coiled vessels
in linear or circular alignment in psoriasis [9, 19, 31, 50, 52].

2.2.6. Other structures

Other common trichoscopy signs include yellow or yellow-red discharge (e.g., folliculitis
decalvans, bacterial infections, dissecting cellulitis, and tinea capitis) and structural changes
in the skin surface (e.g., starburst pattern hyperplasia in folliculitis decalvans) [9, 31].

2.3. Alopecia areata

The most characteristic trichoscopic findings include the following: black dots, exclamation
mark hairs, tapered hairs, broken hairs, coudability hairs (hairs of normal length with a nar-
rowed proximal shaft and are mostly found in the scalp surrounding the alopecic patch),
coiled hairs, YD, hypopigmented vellus hairs, trichorrhexis nodosa, monilethrix-like hairs
(constrictions in the hair shaft),and Pohle Pinkus constrictions [4-9, 24, 30, 53-57]. Broken
hairs are not exclusive to AA, as they may also be observed in trichotillomania [7]. Exclamation
mark hairs represent the most specific signs of acute AA [17]; however, they are also observed
in chemotherapy alopecia. Black dots may also be observed in trichotillomania, cicatritial alo-
pecia, and tinea capitis. Yellow dots may be observed both in acute and in chronic forms of
AA and generally have a regular distribution and in severe forms have a nested formation
[5, 7, 24, 30]. Yellow dots are highly sensitive but have low specificity for AA, as they may be
seen in other hair disorders, including AGA, congenital hypotrichoses, and DLE [7, 28]. Short,
hypopigmented vellus hairs are a common finding in AA and are usually indicative of remit-
ting disease [4, 7].

In our study [30], major risk factors for AA were determined to be black dots, WD, and YD
(risk ratios were estimated as 170-fold, 5.9-fold,and 5.3-fold, respectively).

Active (acute) AA can be distinguished from nonactive AA using trichoscopy. Features of
disease activity include black dots, exclamation marks, broken hairs, trichoptilosis, pig tail,
short vellus hairs,and upright regrowing hair whereas YD, WD, clustered WD, honeycomb
pigmentation, black dotted pigmentation, and vellus hairs are markers of disease severity and
inactive late stage disease [4, 12, 20, 24, 30, 55, 58]. In addition to this, disease activity showed
negative relation with atypical red vessels in our study, we believed that these atypical red
vessels indicated rejuvenation after the catabolic process in progressive AA [30]. Early fea-
tures of hair regrowth include the presence of pigmented, upright, regrowing hairs [24], and
pigtail hairs [23]. Recent data show that trichoscopy may also be applied in the evaluation of
treatment response in AA patients [59].

2.4. Androgenetic alopecia

Male and female pattern hair loss share similar trichoscopic features. These include hair shaft
thickness heterogeneity (anisotrichosis, hair diameter diversity), YD, pinpoint WD, hon-
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eycomb pigmentation, focal atrichia, epidermal scaling, arborizing red lines, perifollicular
brown,and white discoloration (peripilar sign), an increased proportion of vellus hairs, and
an increased proportion of follicular units with only 1 emerging hair shaft instead of 2—4 hair
shafts [4, 5, 9, 11, 19, 28, 43, 60-63]. On the other hand, in early AGA, we saw multihair fol-
licular unit more than follicular units with only 1 emerging hair shaft [28].

Trichoscopy was demonstrated to be superior to the classical trichogram for the evaluation of
early female AGA [64], showing 75% sensitivity and 61.54% specificity in a recent study [65].

All of the trichoscopic features appear most prominently in the frontal scalp area [19, 21]. An
increased ratio of vellus hairs to all hairs in androgen dependent scalp regions is characteris-
tic of AGA [6, 7, 19, 28]. The most important finding of AGA is the hair diameter variability,
which reflects hair miniaturization [44]. Hair miniaturization does not equally affect all hair
follicles of the same area, resulting in the simultaneous presence of terminal, intermediate,
and vellus hairs. When the hair diameter variability of more than 20%, which means that
vellus hairs account for more than 20% of all the hairs in the same view, was regarded as
a hallmark of AGA in previous reports [6, 7, 60]. In addition to this, three major diagnostic
criteria for female AGA have been suggested: more than four yellow dots in four images
(70-fold magnification) of the frontal area, a lower than average hair thickness in the frontal
area compared to the occipital area, and vellus hairs (below 0.03 mm) comprising more than
10% of hairs in the frontal area [19]. Recently, some authors have suggested that the presence
of more than six vellus hairs in the frontal scalp may be indicative of initial female AGA [66].

In more advanced and severe stages of AGA, trichoscopy shows the presence of empty fol-
licular ostia, YD, brown dots,and a honeycomb-like pigmented network in bald, sun-exposed
areas [5, 7, 28, 63].

In our study, PFP was detected to be a characteristic trichoscopic finding of AGA that was
described as a normal feature of the scalp in healthy persons younger than 25 years [21, 28].

2.4.1. Telogen effluvium

Although no specific trichoscopic criteria of TE have been recognized, the diagnosis may be
suspected when empty hair follicles (sometimes appearing as YD), a high percentage of fol-
licular units with only 1 hair, brown perifollicular discoloration (the peripilar sign), and short,
dark, multiple upright regrowing hairs of normal thickness are present in the absence of the
characteristic features of other scalp disorders [7, 19, 40, 67, 68]. In TE patients, no significant
differences are observed in the trichoscopic findings between the frontal and occipital areas;
this differentiates TE from patterned hair loss [9].

2.5. Trichotillomania

Trichoscopy shows the presence of broken hair shafts of different lengths with no significant
changes in the perifollicular area. The extremities of the hairs have a typical frayed aspect
(split ends) [69]. Trichoscopy is also useful to demonstrate the signs of plucking to the par-
ents [70]. Recently, a number of other signs, all variants of broken hairs, have been described,
including coiled hairs, flame hairs (semitransparent, wavy, and cone-shaped highly specific
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hair residues, resembling a fire flame that remain attached to the scalp after anagen hairs
have been pulled out), V-signs (2 or more hairs emerging from one follicular unit and broken
at the same length), tulip hairs (diagonally fractured short hair shafts with a tulip leaf-like
hyperpigmentation at the distal end), and sprinkled hairs (only a sprinkled “hair powder”,
resulting from hair damage, is visible) [68]. Black dots and exclamation mark hairs may be
sometimes observed [6, 57, 68], and it can be very difficult to distinguish these cases from AA.

2.6. Congenital triangular alopecia

Trichoscopy shows normal follicular openings, highlights the clinical presence of long, thin
vellus hairs that are surrounded by normal terminal hairs in the adjacent scalp and allows for
differential diagnosis with AA and cicatritial alopecia [7, 71, 72].

2.7. Tinea capitis

Comma hairs are comma-like structures that are associated with both ectothrix and endothrix
types of fungal invasion [73-76]. In some patients, hairs are more intensely coiled than typi-
cal comma hairs. These hairs have been called “corkscrew hairs” [73, 75, 76]. Corkscrew hairs
are also observed in patients of African descent who are infected by Trichophyton soudanense
[75], Trichophyton tonsurans [76), Trichophyton violaceum [77], and Trichophyton verrucosum [78].
Other less common findings include Morse code hairs (interrupted hairs), bent hairs, zigzag
hairs, broken hairs, and black dots [6, 18, 68, 73, 79].

2.8. Anagen effluvium

Trichoscopic images of anagen effluvium are characterized by the presence of black dots,
monilethrix-like hairs, and exclamation mark hairs [33, 34].

2.9. Psoriasis and seborrheic dermatitis

Kim et al. reported that red dots and globules, twisted red loops,and glomerular vessels were
mostly seen in psoriasis while atypical red vessels, arborizing red lines,and structureless red
areas were seen in seborrheic dermatitis [52]. On the other hand, in our study we observed
red dots and globules, atypical red vessels, structureless red areas, hidden hair and signet ring
vessel mostly in psoriasis while twisted red loops and comma vessels mostly in seborrheic
dermatitis [50]. Twisted red loops are thought to be the characteristic videodermatoscopic
figure of scalp psoriasis in comparison with seborrheic dermatitis [5]. On the other hand, we
considered red dot and globules as the characteristic videodermatoscopic figure of psoriasis
and arborizing red lines for seborrheic dermatitis according to our study [50].

2.10. Common cicatricial alopecias

2.10.1. Discoid lupus erythematosus

One of the most typical trichoscopic features of active DLE is the presence of large YD that
differ from the YD observed in AA by their larger size and darker, yellow-brownish color [31,
32, 80]. Occasionally, in long-lasting DLE, thin and radial arborizing vessels are observed to
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emerge from these dots (“red spider in YD” appearance) which some authors consider a char-
acteristic of DLE [6, 31]. Thick arborizing vessels are commonly present at the periphery of the
lesion. Trichoscopic findings for long-lasting, inactive DLE lesions do not differ from those for
other types of cicatricial alopecia and are characterized by structureless milky-red or white
areas lacking follicular openings [31]. When present, red dots, which are regularly distributed
around follicular openings, indicate the expression of active disease and are related to a good
prognosis with possible hair regrowth upon prompt treatment [29, 31].

2.10.2. Lichen planopilaris

Trichoscopy reveals the absence of follicular openings and the presence of whitish perifol-
licular casts that surround the hair shafts at their emergence as the most characteristic feature
[4-7, 31, 81, 82]. Scales migrate along the hair shafts and form tubular structures that cover
the proximal portions of the emerging hair shafts. This phenomenon is called tubular perifol-
licular scaling [31]. Some authors have described the presence of blue-gray dots arranged in
a target pattern around the hair follicles (due to the presence of melanophages) [80]. In dark-
skinned subjects affected by LPP the persistence of a normal pigmented network inside the
plaques of hair loss is typical, as the interfollicular epidermis is commonly unaffected by the
inflammatory process [83].

Milky-red areas are characteristic for inflammation-mediated fibrosis of recent onset [31].
Small hair tufts, of 5-9 hairs, may be present in late LPP [31]. To sum up, possible differences
between DLE and LPP are the presence of blue-gray dots with a diffuse distribution along
the patch “speckled” pattern, resulting from interface dermatitis and the subsequent pigment
incontinence [80] and the loss of the normal pigmented network in dark-skinned patients due
to the involvement of the interfollicular epidermis.

2.10.3. Frontal fibrosing alopecia

Trichoscopic findings in FFA include the lack of follicular openings and minor perifollicular
scaling is lower than that of LPP [84-87]. A characteristic finding of FFA is the abrupt interrup-
tion of the hairline, with the absence of the vellus hairs that are typically observed in normal
scalp. The background in patients with FFA is usually ivory-white to ivory-beige [86, 87].
Pink-grey and grey dots are commonly observed in the lateral eyebrow area of patients with
FFA [9]. To sum up, lonely hairs, surrounded by areas of fibrosis [84], and the absence of vellus
hairs in the frontal hairline [85] have been discussed as possible clues for the diagnosis of FFA.

Trichoscopy is very helpful in the differential diagnosis with other types of alopecia involving
the scalp margin in female patients; in AGA, it shows an increased presence of vellus hairs at
the hairline, in FFA, the absence of vellus hairs represented the predominant trichoscopic pat-
tern, followed by perifollicular scaling, and the absence of follicular openings, in ophiasic AA, it
shows the typical signs of the disease, while in traction alopecia vellus hairs are preserved [85].

2.10.4. Folliculitis decalvans

Trichoscopy shows severe pustulation, scaling,and crusting that are generally prominent
around follicular units. When cicatritial alopecia occurs, trichoscopy shows the absence of
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follicular openings and, in cases of tufted folliculitis, the outgrowth of several hairs (hair tufts)
from single and dilated residual follicular openings [5, 88, 89] that is the most characteristic
trichoscopic feature [82, 90]. Some authors have described the presence of a perifollicular
hyperplasia with a typical starburst pattern in such cases. A perifollicular concentration of
blood vessels may also be present. In long-standing disease, white and milky red areas lack-
ing follicular openings are predominant [31].

2.10.5. Dissecting cellulitis

In early stages, dissecting cellulitis shows trichoscopic features that may be similar to those
observed in AA [39]. In a study [54] including 11 patients with dissecting cellulitis, trichos-
copy showed the presence of YD, red dots, empty follicular openings,and black dots and may
mimic AA [33, 54]. As the diseases progresses, other trichoscopic features become more prom-
inent, including yellow structureless areas and YD with “3-dimensional” structure imposed
over dystrophic hair shafts [31]. Some authors describe these yellow dots with “3D” structure
that are imposed over dystrophic hair shafts as the most characteristic feature of dissecting
cellulitis [6, 31]. End-stage fibrotic lesions are characterized by confluent ivory-white or white
areas lacking follicular openings [31, 91].

2.10.6. Central centrifugal alopecia

One article described the trichoscopic aspect of the disease as reduced hair density with hair
shaft variability, pinpoint WD, and peripilar white halos. Moreover, pigmented, asterisk-like
macules with sparse terminal and vellus-like hairs may be present. The residual terminal
hairs may emerge as a single hair or as a group of two hairs and are generally surrounded by
a characteristic, peripilar gray-white halo [7].

2.11. Hair shaft disorders

When using light microscopy, multiple samples may be needed before an abnormal hair shaft
is identified therefore trichoscopy may replace light microscopy in the evaluation of genetic
hair shaft defects, such as monilethrix [92, 93], trichorrhexis invaginata [94, 95], trichorrhexis
nodosa [45], pili annulati [45, 96], pili torti [5, 96], and others [17, 18]. On the other hand,
in trichothiodystrophy, the characteristic tiger tail pattern is not visible on trichoscopy, and
polarized microscopy remains the criterion standard for diagnosing this condition [9, 45].
When using trichoscopy, different features may be observed in the following disorders:

2.11.1. Monilethrix

Elliptical nodes of normal hair thickness that are regularly separated by dystrophic constric-
tions in which the hairs have no medulla and that are the sites of fracture; this finding has also
been described as the “regularly bended ribbon sign” [10, 45, 92, 93, 96, 971.

2.11.2. Pili torti

Flattened hair shafts with regular twists at irregular intervals along the long axis [10, 92, 96].
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2.11.3. Pili trianguli and canaliculi (uncombable hair)

Triangular-shaped shafts with longitudinal grooving or flattening [9].

2.11.4. Pili annulati

Alternating light and dark bands, light bands corresponding to air-filled cavities within the
hair shaft [6, 17, 45, 96].

2.11.5. Trichorrexis nodosa

White knots along the distal shafts and brush-pattern fractured ends [17].

2.11.6. Trichorrexis invaginata (bamboo hair)

Multiple ball-shaped nodes along hairs that resemble the ball-in-cup rings of bamboo and are
due to invagination of the distal portion of the hair shaft into its proximal portion; the fragile
node breaking off results in ragged, cupped proximal hair (golf-tee hairs) [17, 95, 96].

2.11.7. Woolly hair

Hair shafts resembling a crawling snake with short wave cycles [45].

2.11.8. Trichothiodystrophy

Nonhomogeneous structure resembling grains of sand and having a wavy contour [45].

3. Trichogram

In this procedure, 60-80 hairs are plucked with a rubber-armed forceps from a 5-day
unwashed hair. Hair bulbs are immediately placed with their roots on a glass slide in an
embedding medium, which allows information about the state of the proximal end of the hair
shaft (the root), the distal end (the tip) and hair root is necessary [98].

The trichogram is a useful complementary tool for clinical evaluation, diagnosis, and the
monitoring of treatment response [99].

It should be noted that the trichogram simply provides a snapshot of the hair follicle at the
time of examination and that the condition of follicles can vary within the same patient
depending on numerous factors, such as sampling site, previous washing or brushing of the
hair, and time of the year [100].

3.1. Trichogram equipment

Appropriate sampling site for male pattern hair loss should be taken from the central interpa-
rietal area, while the second sample, if needed, should be taken from the temporal or occipital
area. In female pattern hair loss, samples should be taken from the center and the vertex of
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the scalp. The sites for telogen hair loss and scarring alopecia are, respectively, the central
interparietal area and the advancing border of the alopecic patch. Using a rubber-sheathed
Kocher forceps, a tuft of 15-20 hairs must be removed. To do this, you have to place the for-
ceps 1-2 cm from the scalp and pluck out the hairs rapidly and firmly in the direction of the
natural growth of the hair. If the hairs are not plucked out firmly, they may appear as pseudo-
dystrophic hairs under the microscope, or exhibit frayed or broken roots [99].

The next step is to prepare the hairs for examination under the microscope. They should be
parallel to each other and that the roots are aligned. Next, they are covered with clear adhe-
sive tape. To avoid artifacts and obtain a sharper, cleaner image, you may apply several drops
of balsam (such as that used to mount histological slides) and cover the hairs with a cover slip.
The use of polarized light improves image quality [99].

3.2. Hair examination

The sample is examined using a 4x objective, although a 10x or 40x objective can be used if
higher magnification is needed. A higher-quality image can be obtained by fitting 2 polarizers
to the microscope: 1 between the condenser and the sample and the other between the sample
and the observer [99].

3.2.1. The proximal end

Anagen hair shafts are longer, have a uniform diameter, a rectangular shape, and a slight
distal angle. Pigmentation is intense in the bulb area and there are sheaths and membranes.

Telogen hair shafts are shorter and appear higher up in the trichogram, above the roots of
anagen hairs; the root is thick and club shaped and there are no distal angles.

Pigmentation is weak or absent; the sheath is also absent or found only at the distal end.

Very few hairs in the catagen phase are observed in the trichogram as they account for a very
small percentage of all hair.

The anagen to telogen ratio varies, mainly according to age and sex. Children have the
highest percentage of anagen hair (95% anagen vs. 5% telogen), and the ratio decreases
with age. The anagen to telogen ratio is 86:11 in women and 83:15 in men. In a normal
trichogram, an average of 89% of hairs are in anagen, 10% in telogen, and 1% in catagen.
A diagnosis of telogen effluvium is established when over 20% of the hairs examined are
in telogen phase.

Dystrophic hairs have a decreased proximal diameter, an irregular contour, no epithelial
sheaths, and an angle of over 20. They are common in AGA or in hair that has not been
removed correctly from the scalp. Keratotic material may be observed on the tip of the hair
in conditions such as seborrheic dermatitis, psoriasis, and folliculitis. A common finding in
patients with demodicosis is the presence of Demodicosis folliculorum in contact with the
root of the hair, although this condition is usually diagnosed by superficial skin biopsy [99].

3.2.2. The hair shaft

Normal hair is uniform in appearance and structure along the entire length of the hair shaft;
this uniformity is also observed between the different hairs in a sample. Hair dysplasias are
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malformations of the hair shaft. Although scanning electron microscopy is the diagnostic tool
of choice in such cases, certain signs may be observed in the trichogram [101]:

3.2.2.1. Monilethrix (beaded hair)

Alternating segments of narrowings and nodosities, giving a characteristic beaded appearance.

3.2.2.2. Pseudomonilethrix

Round hairs with irregular, sporadic rounded nodosities. There are no narrowings.

3.2.2.3. Pili torti

Twists of hairs with bending at different angles and regular intervals.

3.2.2.4. Trichorrhexis invaginata (bamboo hair)

Ball-shaped deformity with cupping at the proximal end of the hair shaft.

3.2.2.5. Trichothiodystrophic hair

Patients with trichothiodystrophy may have hair with ribbon-like flattening, characteristic
trichoschisis-like fractures (clean transverse breaks), with an irregular surface, and tiger-tail
banding.

3.2.2.6. Trichonodosis

Single or double knots on the hair shaft. Tie knots and other more complex knots are also
observed.

3.2.2.7. Trichorrhexis nodosa

Bulging hair characterized by fracture nodes with open splitting of the cortex on both
sides of the node. If the hair eventually splits, it will leave a brush-like appearance at
both ends.

3.2.2.8. Bubble hair

Short, broken hairs with a wavy surface,and bubbles inside the shaft.

3.2.2.9. Loose anagen hair

Twisted anagen hairs with a ruffled cuticle at the proximal end. Long, pili canaliculi type
canals on the shaft are a common finding [102].

3.2.2.10. Pili annulati

Hair shafts with alternating light and dark bands.

3.2.2.11. Woolly hair

Thin curly hair forming small woolly balls.
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3.2.2.12. Uncombable hair (pili canaliculi)

Canalicular formation along the entire length of the hair shaft. This formation can be difficult
to spot under a microscope but the micrometer can be moved if pili canaliculi is suspected.

3.2.3. The distal end
Three types of hair shaft tips can be observed:

Javelin tip: A very sharp, spear-like tip is seen in hair that is growing well and has never been cut,
paintbrush tip: Fractures in the hair shaft (trichoschisis) give the tip a paintbrush-like appear-
ance, seen in hair shaft anomalies such as monilethrix, alopecia areata, or in hair fragility induced
by cosmetic products an clean-cut tip: The distal end has been cut and ends in a perfectly straight
line. It is typically seen in hair that has been cut and in cases of trichotillomania [99].

3.3. Common alopecia in trichogram

In alopecia areata, hair shaft is with alternating narrow and normal sections. Pseudomonilethrix
and/or trichoschisis may be observed in some hairs. Hair shaft diameter variability has been
demonstrated in women, with larger diameters seen in higher stages of the Ludwig Scale [103];
the differences were minimal at stage I and maximal at stage III. In TE, the hairs are shorter than
normal, have a uniform diameter, a rounded proximal end (club-like appearance) and a lack of
pigment and membranes. In anagen effluvium normal anagen hairs that are longer than telogen
hairs, pigmented, and having sheaths and membranes whose distal end is angled like a golf
club are seen in the trichogram. Nits or lice may be seen in patients with pediculosis capitis [99].

Abbreviations

AA alopecia areata

AGA androgenetic alopecia
DLE discoid lupus erythematosus
FFA frontal fibrosing alopecia
LPP lichen planopilaris

TE telogen effluvium

WD white dots

YD yellow dots
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Abstract

Alopecia areata is an organ-specific autoimmune disease targeting hair follicles. It causes
nonscarring hair loss. The prevalence rate of the disease is approximately 1 in 1000 peo-
ple worldwide. The condition is most commonly seen as circular areas of hair loss, but it
may sometimes be as extensive as to involve the whole scalp or whole body. The complex
pathophysiology of alopecia areata involves an autoimmune basis. Association of alope-
cia areata with other autoimmune diseases, such as thyroiditis and vitiligo, and the good
response of patients to immunosuppressive treatment support an autoimmune etiology.
Although some poor prognostic signs are defined, the course of the disease is unpredict-
able and the response to treatment can be variable. To date, there are neither preventive
nor curative measures to deal with the condition. First-line therapy for patchy disease is
topical and intralesional steroids, whereas extensive disease is conventionally managed
with immunotherapy. New treatment agents, such as excimer laser, low-dose recom-
binant interleukin 2, Janus kinase inhibitors, and simvastatin/ezetimibe, are promising.

Keywords: alopecia areata, pathogenesis, autoimmunity, squaric acid dibutylester
(SADBE), diphenylcyclopropenone (DPCP)

1. Introduction

Alopecia areata is an organ-specific autoimmune disease targeting hair follicles. It causes non-
scarring hair loss. The condition is most commonly seen as circular areas of hair loss, but may
sometimes be as extensive as to involve the whole scalp or whole body [1]. Although some
poor prognostic signs are defined, the course of the disease is unpredictable and the response
to treatment can be variable [2]. To date, there are neither preventive nor curative measures
to deal with the condition [3].
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2. Epidemiology

Alopecia areata is the most prevalent autoimmune disorder and the second most frequent
disease causing hair loss after androgenetic alopecia [3]. The prevalence rate of the disease is
approximately 1 in 1000 people worldwide; in the United States, the lifetime risk is estimated
to be 1.7% [2, 4]. Alopecia areata is mainly a disease of young adults; as many as 60% of
patients are under the age of 20 at first presentation. Pediatric cases constitute approximately
20% of alopecia areata patients [2]. However, patients of any age can be affected. There is no
gender predilection [4]. Reported cases in elderly were of milder severity and had a better
treatment response [5].

3. Pathogenesis

Alopecia areata is an organ-specific T cell mediated autoimmune disease targeting hair fol-
licles. Peribulbar lymphocytic infiltration impairing the normal hair cycle is considered to be
the main pathophysiologic mechanism responsible for the disease process. Normal hair cycle
is disrupted in alopecia areata; dystrophic changes of anagen follicles along with rapid pro-
gression of hair follicles from anagen to catagen and telogen phases are observed. In alopecia
areata, perifollicular inflammatory infiltrate spares the bulge region of the follicle where fol-
licular epithelial stem cells reside. Thus, in contrast to cicatricial alopecias, the inflammation
does not interfere with the hair follicle integrity [6].

The complex pathophysiology of alopecia areata involves an autoimmune basis. Association
of alopecia areata with other autoimmune diseases such as thyroiditis and vitiligo is reported.
Presence of lymphocytes around hair follicles and the good response of patients to immuno-
suppressive treatment also support autoimmune etiology [2].

Etiopathogenetic theories are based upon the loss of immune-privileged status of hair fol-
licles leading to an immune response against follicular antigens. In fact, normal proximal
epithelium of anagen hair follicles have a very low expression of MHC class I antigens and
no MHC class II antigen expression, along with a potent expression of immunosuppressive
cytokines, such as TGF-B1 and a-melanocyte—stimulating hormone (a-MSH) [6]. According to
the recent evidence, mechanism leading to hair loss involves the following steps: firstly, hair
follicles must enter an anagen phase without the immune privilege described above, making
those vulnerable to immune reactions. Subsequently, perifollicular CD8+ T cell infiltration of
the anagen hair bulb epithelium ensues, along with a significant increase in interferon-gamma
(IFN-y) and various other cytokines. This milieu further damages the immune-privileged
status of hair follicles, autoreactive CD8+ T lymphocytes, and IFN-y and causes hair follicle
dystrophy and premature catagen induction, leading to clinical hair loss [7]. Patients with
alopecia areata have also been found to have an increased frequency of hair follicle-specific
autoantibodies [2].

Genetic basis is implicated in disease pathogenesis. Many patients report a family history of
alopecia areata with a frequency ranging from 10% to 42% of cases [8]. Studies show a higher
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concordance rate among monozygotic twins compared to dizygotic twins also supporting the
role of genetics [9]. HLA-DRB1*1104 and DQB1*03 loci that have a role in regulating immu-
nity is associated with susceptibility to alopecia areata [2].

Genome-wide association studies can recognize specific individual genes, which may rep-
resent an increased susceptibility to alopecia areata. Petukhova et al. surveyed the entire
genome and identified 139 single nucleotide polymorphisms associated with alopecia areata.
The study showed that genomic regions containing the CTLA4, IL2/IL21, IL-2RA and Eos
genes regulating proliferation of inflammatory cells to be susceptibility loci for alopecia
areata. Ligands for the NKG2D receptor were also found to be implicated in disease patho-
genesis [10]. Mouse models for alopecia areata gave valuable information regarding the role
of CD8+ NKG2D+ T lymphocytes in pathogenesis. Transfer of these cytotoxic cells from mice
with alopecia areata induced alopecia areata in healthy mice; on the other hand, NKG2D+ T
cell-depleted lymph node cells transferred from the diseased mice to the healthy mice did not
cause any disease. Interferon produced by NKG2D+ T cell is thought to contribute to the loss
of immune-privileged status of hair follicles [11].

4, Clinical features

Alopecia areata patches are mostly asymptomatic and are discovered incidentally. Rarely,
patients may complain of burning or itching sensation preceding hair loss. Typically, hair
loss presents as one or more well-demarcated round to oval skin-colored patches [1]. The
affected skin has a normal appearance with visible follicular orifices. Rarely, a soft edematous
infiltration can be felt upon palpation and a peachy or reddened coloration can be observed
[12]. Any hair-bearing site may be affected [1]. The scalp is the most common site of involve-
ment, with or without the involvement of other body sites, such as the eyebrows, eyelashes,
and beard [3].

According to the extent of involvement, alopecia areata can be classified into alopecia cir-
cumscripta presenting with limited hair loss, alopecia totalis involving the entire scalp, and
alopecia universalis involving whole body (Figures 1 and 2).

A clinical classification regarding the pattern of hair loss is also frequently used. Patchy alope-
cia is the most common type seen in up to 75% of patients. Reticular type has a net-like pattern
with multiple active and regressing patches (Figure 3). A band-like pattern involving occipital
scalp is called ophiasis type of alopecia areata. The very rare ophiasis inversus, also called
sisaipho type, presents with hair loss in the central scalp, resembling androgenetic alopecia
[12]. Another unusual variant, perinevoid alopecia, is reported as presenting with alopecia
patches around the nevi [13]. Diffuse alopecia areata presents with widespread thinning of
the scalp hair. A recently defined variant, acute diffuse and total alopecia is characterized
with rapid progression, female preponderance, and a favorable prognosis [14].

Initially, white hairs may be spared in patients with graying hair. As disease progresses, the
white hair will also be lost. Initial hair regrowth, spontaneous or therapy-induced may be
depigmented or hypopigmented, but the color usually returns with time [2].
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Figure 1. Circular area of nonscarring alopecia incidentally found in an adult patient.

Nail changes are observed in up to 7-66% of patients [15]. The nail matrix may be affected,
resulting in pitting of the nail plate, which is the most common nail involvement in alopecia
areata [6]. Other nail features found in alopecia areata are trachyonychia, Beau's line, ony-
chorrhexis, onychomadesis, koilonychias, punctuate or transverse leukonychia, and red-spot-
ted lunula [16]. Nail disease may precede, follow, or coexist with active hair loss [2].

5. Associated diseases

Alopecia areata is associated with many diseases, including other autoimmune diseases,
atopy, ophthalmologic findings and psychiatric comorbidities.

Among autoimmune disorders, the two main associations are with thyroid disease and vit-
iligo [17]. Incidence of thyroid disease varies from 8% to 28% in patients with alopecia areata,
compared with only 2% of the normal population. Among thyroid disorders, hypothyroid-
ism is the most frequent association. [18] Prevalence of antithyroid antibodies is shown to
be increased, but thyroid antibodies do not have any clinical correlation with disease sever-
ity [19]. Alopecia areata has also been shown to have a significant association with vitiligo;
patients have a fourfold greater incidence of vitiligo compared with normal population. There
are also reported associations of alopecia areata with pernicious anemia, lupus erythematosus,
myasthenia gravis, rheumatoid arthritis, polymyalgia rheumatica, ulcerative colitis, and
lichen planus [8]. A very strong disease association with the autosomal recessive disease auto-
immune polyglandular syndrome type 1 (APS-1, chronic hypoparathyroidism-mucocutane-
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Figure 2. A patient with alopecia universalis having total loss of scalp hair and eyebrows.

ous candidiasis-autoimmune adrenal insufficiency) was recently reported [20]. Patients with
Down's syndrome or Turner's syndrome also have increased risk of alopecia areata [17].

Atopic disorders, namely allergic rhinitis, asthma, and atopic dermatitis have been linked
to alopecia areata. They have been found to occur in more than 40% of patients with alo-
pecia areata, whereas their prevalence in the general population is estimated to be around
20% [17].

Interestingly, there is a decreased incidence of type 1 diabetes in alopecia areata patients and
an increased incidence in their relatives. It was proposed that alopecia areata may have a pro-
tective effect against type 1 diabetes in predisposed individuals [21].

Ocular alterations, such as asymptomatic punctate lens opacities, and fundus changes can
occur in up to 50% of patients with alopecia areata [22].

There may be a high psychiatric morbidity in alopecia areata patients. Depression, increased
level of anxiety, generalized anxiety disorder, social phobia, posttraumatic stress disorder,
and suicidal thoughts are among the reported psychiatric disturbances [23].

Incidence of nuchal nevus flammeus was reported to be increased in alopecia areata patients,
especially in those showing a more severe course of the disease [24].
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Figure 3. Reticular type alopecia areata with a net-like pattern.

6. Prognosis

The disease has an unpredictable course; spontaneous regrowth of hair is common as observed
in about 80% of patients within one year [25]. However, patients usually present with several
episodes of hair loss and hair regrowth during their lifetime [8]. Progression to alopecia totalis
and universalis may occur in 5-10% of patients [3].

Extent of involvement (alopecia totalis/universalis)
Younger age of onset

Family history

Atopy

Ophiasis

Nail changes

Associated autoimmune disease

Table 1. Poor prognostic factors.
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Some clinical factors that indicate a poor prognosis is defined (Table 1). The most important
factor is the extent of the disease [1]. The chance of full recovery is less than 10% in alope-
cia totalis and universalis [12]. Acute diffuse and total alopecia variant constitutes an excep-
tion. As discussed earlier in this chapter, these patients have a favorable treatment response
despite the substantial hair loss [15]. Other factors reported are young age at disease onset, a
positive family history, atopy, ophiasis pattern of loss, nail changes, and associated autoim-
mune diseases [8, 15]. Positive family history is associated with the early age of onset. In fact,
positive family history among first-degree relatives has been reported to be as high as 47% for
patients with early onset, in contrast to 1.6% for all patients [6].

7. Diagnosis

Diagnosis of alopecia areata is made on clinical grounds. No routine laboratory investiga-
tions are needed. Routine thyroid screening is not indicated but screening may be performed
in long-standing cases, females, patients with persistent patches, and patients with alopecia
totalis and universalis [8].

Upon examination, exclamation mark hairs may be observed within or at the periphery of the
lesions that are short hairs tapered towards their base [1]. Exclamation mark hairs occur only
in acute forms of alopecia areata and are not seen in patients with long-standing areas of hair
loss [15]. Pull test can be performed to assess disease activity; six hairs or more shed from the
periphery of the lesion positively correlates with the disease activity [16].

Severity of the disease can be measured by SALT score, developed by the National Alopecia
Areata Foundation working committee. The scalp is divided into 4 parts, the top constituting
40% of total surface, the posterior 24%, right side and left side of scalp 18% each. Percentage
of hair loss in each area is determined and is multiplied by the percentage of scalp covered in
that area of the scalp, and summing the products of each area will give the SALT score [26].

Several studies have shown that dermoscopy may be a useful tool to help in the diagnosis of
alopecia areata. Dermatoscopic findings reported in the literature include: yellow dots, black
dots, short vellus hairs, black dots, tapering hairs, and broken hairs [27].

In ambiguous cases, a scalp biopsy is required. Histopathological examination of 4 mm punch
biopsy containing subcutaneous fat is necessary to establish correct diagnosis. Biopsy should
be taken from the periphery of the lesion as this is the site where the disease activity is found
[28]. Horizontal sections will give a better representation of the histopathology especially in
bulb infiltration than vertical sections [29].

8. Histopathology

Histopathology depends on the stage of the disease [30]. In the acute stage, there is a dense
inflammatory infiltrate surrounding the terminal anagen hair bulb situated in the deep subcu-
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taneous tissue. Inflammatory infiltrate consists primarily of T lymphocytes and Langerhans
cells, with occasional eosinophils, mast cells, and plasma cells [31, 32]. An early and typical
feature is the presence of eosinophils in stellae and within hair bulbs [29]. Anagen hairs cycle
through catagen then into telogen. A dense lymphocytic inflammation can cause breaking
of the hair shaft with a trichorrhexis nodosa-like fracture. This is the exclamation point hair,
which is in telogen phase and therefore shed [31, 32]. The horizontal section demonstrates
a significant decrease in the anagen:telogen ratio. There is also a decrease in the number of
terminal hairs with a slight increase in the number of vellus hairs [31].

In the subacute stage, the number of catagen hairs is markedly increased [30]. The number of
telogen hairs also increases after a few weeks. The amount of terminal hairs decreases and the
vellus hair increases [31, 32].

In the chronic stage, either no or a mild chronic peribulbar lymphocytic inflammation around
the miniaturized hairs situated in the papillary dermis is observed [30, 31]. The terminal:vellus
hair ratio decreases to 1.3:1 rather than 7:1, which is found in the normal population. Fibrosis
is an uncommon finding. However, in approximately 10% of the patients with a long history
of alopecia areata, fibrosis of the upper follicle can be detected [31].

Of note, diagnosis of alopecia areata does not depend on the presence of an inflammatory infil-
trate. Histopathological examination reveals increased numbers of telogen hairs in the acute
and chronic stages, increased miniaturized hairs in chronic stage, and markedly increased
catagen hairs in the subacute stage, helping in the diagnosis of alopecia areata [30].

9. Differential diagnosis

Many other diseases may cause hair loss in a patchy or diffuse pattern [33, 34] (Table 2).

In children, tinea capitis, which is the most common dermatophyte infection seen in child-
hood and trichotillomania should be considered in differential diagnosis of alopecia areata.
Clinically, patches of tinea capitis show scaling and signs of inflammation sometimes accom-
panied by cervical lymphadenopathy. Direct microscopic examination with potassium
hydroxide, fungal culture, and trichoscopy can also help in the diagnosis [35]. In trichotil-
lomania, diagnosis is straightforward when the patient or relatives accept the compulsive act
of pulling. In dermatological examination, there are irregularly shaped patches and broken
hairs of variable lengths. Residual hairs in patches of trichotillomania are anagen hairs firmly
attached to the scalp; they are of normal texture and color, whereas residual hairs in alopecia
areata are usually the exclamation mark hairs with their specific morphology, which are eas-
ily detached from the scalp. [33, 36] Rarely, alopecia areata and trichotillomania can coexist
[37]. Histopathologically, there is an increase in catagen hairs, follicular hemorrhage, pigment
casts, and trichomalacia, without the typical inflammatory infiltrate and miniaturization of
hair follicles observed in alopecia areata [31, 36].

In adults, the differential diagnosis is usually between androgenetic alopecia and telogen
effluvium. Patients with androgenetic alopecia usually demonstrate gradual loss of hair with
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Tinea capitis

Trichotillomania
Androgenetic alopecia
Telogen effluvium

Cicatricial alopecia

Secondary syphilis

Loose anagen syndrome
Congenital triangular alopecia
Lupus erythematosus
Pressure alopecia

Traction alopecia

Table 2. Differential diagnosis of alopecia areata.

the typical distribution pattern. The pull test is usually negative in androgenetic alopecia [8].
In some cases, a scalp biopsy may be required to establish correct diagnosis. Many miniatur-
ized hairs are found in both androgenetic alopecia and alopecia areata, but higher telogen hair
counts and a decreased anagen to telogen ratio favors diagnosis of alopecia areata. Although a
perifollicular lymphohistiocytic infiltrate may be observed in androgenetic alopecia, it is usu-
ally confined to the upper follicle [31]. Telogen effluvium may be difficult to differentiate from
diffuse alopecia areata. In alopecia areata, hair pull test show either telogen or dystrophic
anagen hairs, while they are purely telogen in telogen effluvium [2]. Upon histopathologic
examination of horizontal sections of scalp biopsies, chronic telogen effluvium shows follicu-
lar counts that are similar to that of normal controls [31].

Cicatricial alopecia is characterized by patchy hair loss with loss of follicular orifices.
Erythema, scaling, and pustulation may be observed in contrast to smooth, normal skin of
alopecia areata patches [15]. Other forms of alopecia, such as syphilis, loose anagen syn-
drome, congenital triangular alopecia, and early lupus erythematosus, should also be con-
sidered [31]. Congenital triangular alopecia is a developmental abnormality of hair follicles
that usually presents after 2 years of age as a triangular or round patch of hair loss near the
frontotemporal hair line. Histopathological examination reveals vellus hairs [34]. Side pins
used to keep the hair in place, may cause pressure alopecia, which presents with a patch of
hair loss mimicking patches of alopecia areata [38]. Traction alopecia must be differentiated
from alopecia areata, especially of ophiasis pattern [39].

10. Management

Currently, there is no curative or preventive treatment for alopecia areata. The main goal of
therapy is to suppress the disease activity [16].
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10.1. Intralesional corticosteroids

Intralesional corticosteroids have been used in treatment of alopecia areata, since 1958 [38].
Intralesional corticosteroids are considered as the first-line agents in limited alopecia areata.
Injections are made every 4-6 weeks into the deep dermis using a 0.5-inch long 30-gauge nee-
dle. For lesions of the scalp, 0.1 mL of triamcinolone acetonide at concentration of 5 mg/mL
is injected at 1-cm intervals. Intralesional corticosteroid application is also effective for beard
and eyebrow alopecia areata at a concentration of 2.5 mg/mL. Maximum dose of triamcinolone
acetonide should be limited to 3 mL for scalp, 0.5 mL for each eyebrow and 1 mL for beard [40].
Hair regrowth is usually observed within 4 weeks and intralesional corticosteroids should
be discontinued, if there is no improvement in 6 months [28]. In some patients, resistance to
steroid therapy can be explained by a decreased expression of thioredoxin reductase 1, an
enzyme that activates the glucocorticoid receptor in the outer root sheath [41]. The most com-
mon side effect observed is atrophy, which may be prevented by avoiding superficial injec-
tions, and reducing the concentration and volume of injections [42]. Other side effects include
hypopigmentation, depigmentation, and telangiectasias [40].

10.2. Topical corticosteroids

Midpotent and potent topical corticosteroids in forms of lotions, creams, and ointments are
widely used in spite of the fact that evidence of their effectiveness is limited [42, 43]. In a
double-blind placebo-controlled study, rate of complete hair growth was not statistically sig-
nificant with 12 weeks use of 0.25% desoximetasone cream, twice daily, when compared with
placebo [44]. A half-head comparison trial performed with 0.05% clobetasol propionate foam
and vehicle found at least 50% regrowth of hair after 12 weeks of clobetasol treatment. Blood
levels of cortisol and ACTH were not affected during the trial [45]. A recent study showed that
twice daily treatment with clobetasol propionate 0.05% cream used in 2 cycles of 6 weeks on,
6 weeks off regimen for a total of 24 weeks was more effective than hydrocortisone 1% cream
used in the same regime. Compared with only 33.3% of the children in the hydrocortisone
group, 85% of the children in the clobetasol group had at least 50% reduction in the surface
area with hair loss at 24 weeks [46]. Folliculitis is a common side effect; skin atrophy and tel-
angiectasia can rarely be observed [47].

10.3. Topical immunotherapy

Topical immunotherapy is the most effective treatment option for patients with chronic severe
alopecia areata, with greater than 50% scalp involvement [48].

Topical immunotherapy consists of applying a contact allergen to induce a low-grade chronic
dermatitis. The mechanism of action is still unclear. Antigenic competition, induction of lym-
phocyte apoptosis, and diversion of the T cell response from the hair follicle to the epidermis
are among the various suggested theories [49-60].

Dinitrochlorobenzene was the first topical sensitizer to be used in the treatment of extensive
alopecia areata; however, it was abandoned because of its mutagenic effects [42, 51]. Squaric acid
dibutylester (SADBE) and diphenylcyclopropenone (DPCP) are the two compounds still in use
today. Although SADBE is an ideal immunogen that is not found in the natural environment and
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is not known to cross-react with other chemicals, DPCP is preferred because it is cheaper and is
more stable in acetone for storage [42, 51]. DPCP is a very light sensitive compound and should
be stored in amber bottles to protect it from exposure to ultraviolet and fluorescent lights [51].

Topical immunotherapy begins at first visit by the sensitization of the patient with 2% DPCP
applied to a 5-cm circular area on the scalp. Two weeks later, a 0.001% DPCP solution is
applied to the same half of the scalp. The concentration of DPCP is increased gradually each
week to produce mild inflammation that manifests as pruritus and erythema lasting for 3648
h. After establishing the appropriate concentration for the patient, subsequent therapy is con-
tinued once weekly with the same concentration [52]. DPCP should be left on the scalp for
48 h and the treated area must be protected from the sun during this time. Treatment of both
sides is recommended only after achieving hair regrowth on the treated side. If there is no
improvement in 6 months, DPCP is less likely to be successful; however, improvement in
these “non-responder” patients with longer courses of DPCP therapy has been reported [42,
53]. If the patient does not develop an allergic reaction to 2% DPCP, SADBE can be tried [42].
The procedure with SADBE treatment is similar to DPCP.

The response rates of DPCP treatment in alopecia areata ranges from 5% to 85%. Patients with
earlier onset of the disease or more extensive involvement were shown to be less likely to
respond to diphenylcyclopropenone therapy [53].

Topical immunotherapy is generally well tolerated by most of the patients. The most com-
monly seen side effects are eczema, autoeczematization, blistering, and swelling of regional
lymph nodes [54]. When a vesicular or bullous reaction develops, the patient should wash off
the contact sensitizer and a topical corticosteroid should be applied to the affected area. Facial
and scalp edema, contact urticaria, flu-like symptoms, erythema multiforme-like reactions,
and pigmentary disturbances manifesting as hyperpigmentation, hypopigmentation, dys-
chromia in confetti, and vitiligo can also occur [42, 55, 56]. Patients may complain of burning
sensation, after application of SADBE. Persistent allergic contact dermatitis of the primary site
of sensitization, severe generalized dermatitis and systemic reactions characterized by fever,
and arthalgias are among the rarely observed side effects [54].

10.4. Minoxidil

Topical minoxidil solution, approved by Food and Drug Administration and Health Canada
for the treatment of androgenetic alopecia, can be used in alopecia areata. Evidence for
the effectiveness of using 3% minoxidil, twice daily, was shown in a double-blind placebo
controlled study [57]. A dose response effect exists, with the 5% solution being more effective
than the 2% solution. However, few patients achieve cosmetically significant regrowth [58].
Minoxidil 5% solution, twice daily, is used in combination with topical or intralesional corti-
costeroids. Contact dermatitis and hypertrichosis are the most common side effects. Minoxidil
foam, which does not contain propylene glycol, has less irritating effects than the solution [59].

10.5. Anthralin

Anthralin, 0.5-1%, short contact therapy is used as alternative treatment although evidence
for its efficacy depends on case series without controls [47].
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Anthralin 1% cream is applied daily for 15 or 20 min initially and then washed. The contact time
is increased by 5 min weekly up to 1 h or to the time required to cause a low-grade dermatitis.
Once the contact time sufficient to produce the mild dermatitis is found, subsequent therapy is
continued daily for the established period of time. Anthralin should be applied at least 3 months
before evaluating the response to treatment. Side effects include severe irritation, folliculitis,
regional lymphadenopathy, and staining of skin, clothes and fair hair. Patients should avoid eye
contact with this chemical, and the treated area should be protected from the sun [59].

10.6. Photochemotherapy

No controlled studies of oral or topical psoralen plus ultraviolet A (PUVA) therapy in alopecia
areata have been reported [59]. The reports about the efficacy of PUVA therapy are conflicting.
Several studies have shown low response rates of PUVA therapy [60, 61], while others have
shown good response rates [62, 63]. PUVA therapy is thought to eradicate the mononuclear
cell infiltrate, surrounding the hair follicle responsible for the disease [16]. Uncertainty about
efficacy and concerns about PUVA-induced skin carcinogenesis make this therapy option a
rarely chosen one [59].

10.7. Systemic glucocorticosteroids

Systemic corticosteroids have been used since 1952 in the treatment of alopecia areata; how-
ever, relapse rates are high upon dose reductions [64].

Long-term daily treatment with oral corticosteroids will produce favorable results in a part
of the patients [33]. It was reported that 12-28% of patients with 1-99% scalp alopecia areata
regrew 50% or more of their hair after a 6-week tapering course of prednisone therapy, start-
ing at 40 mg daily. 2% minoxidil therapy may be useful for prolonging the response to the
treatment after prednisone cessation [65]. However, oral corticosteroids are no longer used
for chronic therapy of alopecia areata because of their side effects [33]. Side effects of oral ste-
roids include avascular necrosis, weight gain, hypertension, diabetes, sleep alteration, mood
changes, weakness, acneiform eruptions, irregular menses, and striae [52].

High-dose intravenous corticosteroid pulse therapy can be considered in patients with mul-
tifocal or ophiasis-type alopecia areata if treatment with topical sensitizers or highly potent
topical corticosteroids during 6 months have failed. In more extensive involvement, such as
alopecia totalis and universalis, treatment efficacy was shown to be diminished [64].

10.8. Immunosuppressive treatment

Immunosuppressive agents namely sulfasalazine, methotrexate, and cyclosporine can be
used in the treatment of alopecia areata.

Sulfasalazine therapy can be an alternative treatment option in persistent alopecia areata
cases. Studies have shown favorable treatment response, but a high relapse rate. The most
common side effects include nausea, vomiting, headache, fever, and rash; less commonly
hematologic abnormalities and hepatotoxicity can develop [66, 67].
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Severe forms of alopecia areata resistant to conventional topical and/or systemic treatments
may respond to methotrexate. In a retrospective study, weekly 15-25 mg methotrexate with
or without 10-20 mg prednisolone daily was reported to be effective in 64% of cases [68].

Cyclosporine has been used alone or in conjunction with corticosteroids variable response rates
[47]. Use of cyclosporine is limited because of side effects and high relapse rate. Side effects
include nephrotoxicity, immune suppression, hypertension, and hypertrichosis of body hair [59].

10.9. Other therapies
10.9.1. Excimer laser

Mechanism of action of excimer laser in alopecia areata is thought to depend on induction of
T cell apoptosis as proven in in vitro studies [69]. In a treatment of 18 patients with 42 alopecia
areata patches with the 308 nm excimer laser, hair regrowth was observed in 41.5% of treated
areas. Lesions on the extremities, patients with alopecia totalis, or alopecia universalis were
resistant to the treatment [70].

10.9.2. Low-dose recombinant interleukin 2

Low-dose interleukin 2 (IL-2) is essential to proliferate Treg cells, which play a key role in
alopecia areata [71]. A prospective study in 5 patients with extensive, treatment-resistant alo-
pecia areata, 1.5 million IU/d subcutaneous interleukin 2 was administered during 5 days,
followed by three 5-day courses of 3 million IU/d at weeks 3, 6, and 9. It was reported that 4
of the 5 patients attained considerable hair regrowth. Treatment adverse events were mild to
moderate and included asthenia, arthralgia, urticaria, and injection site reactions [72].

10.9.3. Janus kinase inhibitors

Tofacitinib citrate is a small-molecule selective Janus kinase 1/3 (JAK 1/3) inhibitor that was
approved by FDA, in late 2012, for the treatment of moderate-to-severe rheumatoid arthritis.
A patient with longstanding alopecia universalis, treated with tofacitinib for psoriasis had
hair regrowth, being the first documented case of alopecia areata responding to tofacitinib.
After eight months of tofacitinib treatment (5 mg twice daily for 2 months followed by 10 mg
in the morning and 5 mg at night thereafter), the patient had full regrowth of hair at all body
sites [73]. There have been other case reports showing efficacy of tofacitinib treatment [74, 75].
Adverse effects of tofacitinib use include increased risk of severe infections including tuber-
culosis, anemia, neutropenia, headache, and mild nausea [74].

Another JAK inhibitor, ruxolitinib applied topically twice daily for 12 weeks in a patient with
refractory alopecia universalis induced almost full eyebrow regrowth and approximately 10%
regrowth of scalp hair [76].

10.9.4. Simvastatin/ezetimibe

Simvastatin 40 mg and ezetimibe 10 mg daily treatment for alopecia totalis and alopecia uni-
versalis was documented to have favorable responses in case reports [77]. In a prospective
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uncontrolled study, simvastatin/ezetimibe 40 mg/10 mg daily for 24 weeks was shown to be
an effective treatment option for alopecia areata [78].
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Abstract

Telogen effluvium (TE) is a noninflammatory disease characterized by diffuse loss of
telogen hair. It is the most frequent cause of diffuse hair loss and the actual incidence of
the disease is not known. According to the underlying etiology, TE could be physiologi-
cally and pathologically classified. The evaluation of a patient with TE includes a detailed
history, physical examination, and laboratory tests. The patients should be questioned in
terms of TE subtype, duration, and clinical course of hair loss. The most important point
in the treatment of TE is to consult about the natural course of the disease.

Keywords: hair loss, iron deficiency, management, treatment, telogen hair

1. Introduction

Hair is important for social communication and healthy appearance, and acts as marker for iden-
tity of one’s personal image. It can be, indeed, directly related to a feminine appearance, sexual-
ity, attractiveness, and the concept of personality in females. In addition, hair is the second fastest
growing tissue of the body, followed by bone marrow. Therefore, many metabolic derangements
can be manifested with alopecia, and hair loss may be the initial clinical sign of a systemic disease
[1]. Although hair loss may cause anxiety in individuals, irrespective of age and sex, and results
in reduced quality of life and restriction of social relations in females, more than males. As a
result, hair loss is the most frequent cause of admission to dermatology clinics [2].

2. Definition

Telogen effluvium (TE) was first termed by Kligman to define an increased shedding of nor-
mal club hairs based on the hypothesis that, irrespective of the cause, the follicle tends to act in
a similar manner undergoing a premature termination of anagen and precipitating telogen [3].

I m EC H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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Telogen effluvium is a noninflammatory disease characterized by diffuse loss of telogen hair,
caused by any disruption of hair cycle which leads to increased and synchronized telogen
shedding [4]. It is the leading cause of diffuse hair loss. However, the actual incidence of the
disease remains unknown [2]. It has been suggested to result from an abrupt shift of large
numbers of anagen hairs to telogen hairs on the scalp with altered ratio of anagen hair to telo-
gen hair from the normal ratio of 90:10-70:30 [1]. The degree of telogen effluvium depends on
the severity and duration of exposure, but not the type of the agent [5].

Although the effect of age also remains unclear; elderly women are reported to be more vulner-
able to acute TE following high fever, surgical trauma, severe hemorrhage, or immense psy-
chological stress. In children, TE is responsible for only a minority of cases with hair loss [6, 7].

Telogen effluvium can be classified into two groups, according to the duration of disease, as
acute and chronic. The duration of disease is shorter than 6 months in acute TE, while it takes
more than 6 months in chronic state. In acute TE, hair loss typically begins 2-3 months later than
the triggering event, although the triggering factor is unknown in 33% of the cases. However,
chronic TE is frequent in healthy females in the fourth to fifth decades [7]. In addition, telogen
gravidarum is a variant of TE which follows childbirth. Significant telogen gravidarum can
affect a third to a half of all women following childbirth [8]. In postpartum TE, follicles remain
in a prolonged anagen phase, rather than cycling into the telogen phase. Once released from
anagen, an increased shedding of telogen hair is one of the clinical signs of the disease [9].

3. Epidemiology

The majority of TE is subclinical; however, its actual incidence or prevalence still remains
unclear. It has no predilection for particular racial or ethnic groups. Although it affects both
sexes, women are more likely to present for the evaluation of acute TE than men [10]. A higher
number of women also suffer from chronic TE than men. Chronic TE, which is less common
than the acute variant, mostly affects women between the ages of 30 and 60 years [11, 12].

4. Etiology and pathogenesis

The cycle of hair follicle includes anagen, catagen, and telogen phases. In a normal scalp, about
90-95% of the hair follicles are in the anagen phase, 5-10% are in the telogen phase, and a loss of
100-150 hairs per day is accepted as normal. Telogen effluvium is an abnormality of hair cycling
during which a higher percentage of the scalp hairs are in the telogen phase. In TE, the number
and ratio of hair follicles in the telogen phase increase. The physiological daily shedding of
about 100-150 telogen club hair from the scalp is a usual nature of the hair cycle. In addition,
follicles normally retain telogen hair, until the reentry to the anagen phase. Eventually, a new
anagen hair pushes the old telogen hair out. It is unlikely to result in visible alopecia and to alter
the trichogram [13]. Temporary alopecia may develop, since the shorter telogon hair is replaced
by the long telogen hair. When the new anagen hair grows within 3-6 months, alopecia resolves
[7]. In addition, no genetic cause for TE has been proposed to date [2, 9].
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According to the underlying etiology, TE can be physiologically and pathologically catego-
rized. Physiological causes include neonatal and physiological TE. However, pathological
causes of TE include inflammatory diseases, stress, drugs, endocrine disorders, organ dys-
functions, nutritional causes, exogenous factors, syphilis, and systemic lupus erythematous
[2]. The main causes of TE are shown in Table 1 [2, 10].

Acute telogen effluvium

Acute or chronic major illness

Collagen vascular disease

Febrile illness:

¢ HIV infection

* Malaria

¢ Tuberculosis

¢ Typhoid

Major surgery

Endocrine disorders:

¢ Hypothyroidism

* Hyperthyroidism

Nutritional:

 Protein or caloric dietary restriction

* Nutritional deficiencies

* Iron deficiency anemia

¢ Congenital or acquired zinc deficiency
* Rapid weight loss

Drugs, supplements, or toxins
Physiological:

e Telogen gravidarum

¢ Physciological effluvium of newborn
Significant emotional stress
Inflammatory conditions of the scalp (e.g., seborrheic dermatitis)
Infectious conditions that affect the scalp (e.g., fungal, bacterial, or spirochetal)

Chronic telogen effluvium
Shortened anagen

May follow acute TE or telogen gravidarum
Chronic diffuse telogen hair loss
Thyroid disorders

Iron deficiency anemia
Acrodermatitis enteropathica
Crash dieting

Chronic starvation
Hypoproteinaemia

Metabolic disturbances
Advanced malignancy

Senility

Systemic lupus erythematosus
Dermatomyositis

Syphilis

Drugs

HIV infection

Anorexia nervosa

HIV: human immunodeficiency virus, TE: telogen effluvium

Table 1. Causes of telogen effluvium [2, 10].
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5. Functional types of telogen effluvium

Headington defined five types of functional TE, according to the different follicular cycles.
These include the immediate anagen release, delayed anagen release, immediate telogen
release, delayed telogen release, and short anagen phase [2].

5.1. Immediate anagen release

Itis a common form of TE which is related to physiological stress, severe illness, and drug use.
During stress, the cytokines induce apoptosis of hair follicle keratinocytes, first with catagen,
followed by telogen [2]. Therefore, follicles, which are induced to leave the anagen, enter
telogen early [14].

5.2. Delayed anagen release

It typically occurs in women with postpartum hair loss, and when the oral contraceptives are
discontinued. It is also known as telogen gravidarum. It is caused by high levels of circulat-
ing placental estrogen, which prolongs the anagen phase, result in a full head of hair during
pregnancy. The withdrawal of these hormones during delivery stimulates the overdue ana-
gen hair to enter into the catagen phase simultaneously. As a result, an increased shedding of
telogen hair can be seen after a couple of months of delivery [2, 15].

5.3. Immediate telogen release

Drug-induced shortening of telogen results in follicles with the reentry of the anagen pre-
maturely [14]. Hair follicles typically release the club hair 100 days later. It is caused by a
shortened normal telogen cycle. This type of hair shedding usually occurs 2-8 weeks, fol-
lowing therapy with topical minoxidil [16]. As the exogen hair at resting is released, this
paradoxical phenomenon occurs, by stimulated anagen phase [2].

5.4. Delayed telogen release

Hair follicles do not shed or recycle into anagen, but remain in prolonged telogen. When
teloptosis defined as the termination of telogen phase with hair shedding occurs, the main
clinical manifestion of increased shedding of the club hair presents. In such cases, the major
cause is seasonal hair loss [2, 16].

5.5. Short anagen phase

Idiopathic shortening of anagen duration results in persistent telogen shedding. The condi-
tion is not associated with the hair shaft fragility or hair unruliness. It leads to resistant and
chronic TE. It is common in hereditary hypotrichosis and ectodermal dysplasia and as an
isolated disorder in otherwise healthy children [2, 16].
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6. Clinical findings

6.1. Acute telogen effluvium

Women with acute TE are usually admitted with complaints of increased hair loss while
washing hair and combing or brushing hair. These patients often have a concern of baldness.
Despite excessive hair shedding, the density of the hair is visible [14]. If the main triggering
cause of TE is eliminated, hair loss lasts for up to 6 months [1].

In the absence of a concomitant hair or scalp disorder, the scalp and hair shafts seem normal
without any symptoms. In TE, the distribution of the scalp hair loss is diffuse; however, the
bitemporal area may be the most affected area [10, 11]. In general, patients do not relate these
events to their recent illness and have a concern of baldness [7]. In addition, no scarring or
inflammation is present [2, 13].

To date, several factors have been suggested to be associated with the induction of TE, depend-
ing on clinical observations. However, there is no data to confirm and define the level of risk
for TE related to these factors. It is estimated that an inciting factor is unable to be detected in
about one-third of patients with acute TE [10].

In postpartum TE, time to hair loss often takes 2 or 3 months after delivery, although it can
be delayed up to 6 months, depending on the length of the telogen phase. More interestingly,
TE can be more pronounced, if delivery occurs in the fall, as the time of postpartum TE coin-
cides with an increased seasonal hair shedding during the winter. In addition, breastfeeding
may partially reduce TE with the effects of prolactin, since lactating women have an increased
anagen-to-telogen ratio at 4 months in the postpartum period, compared to the nonlactating
women. The condition often resolves by 12 months after delivery, even if breastfeeding contin-
ues [14, 17].

6.2. Chronic telogen effluvium

Women with chronic TE usually suffer from a prolonged, fluctuating course of TE for more
than 6 months. In general, there is no trigger factor; however, some patients may have a con-
tinuation of acute TE with a shortened anagen phase, underlying a complaint of shortened
hair as well as hair shedding seen in all patients with TE [13, 14].

In some cases, this type of hair loss may last for several years. Prolonged TE may be caused by
multiple sequential triggers, although no trigger is identified in certain cases [1, 12].

In primary chronic TE, there is no specific triggering agent. Chronic TE can be induced by
an acute TE [16]. Both hypothyroidism and hyperthyroidism are associated with chronic
diffuse telogen hair loss (CDTHL). This is usually reversible upon reestablishment of the
euthyroid state, although at times, longstanding hypothyroidism may cause hair follicle
atrophy [18].
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Iron deficiency anemia is also a causative factor of CDTHL, since follicles need iron to stim-
ulate the anagen phase of the hair cycle [19]. The hair loss can be reversed with the iron
supplementation. Iron deficiency without anemia is more controversial, as it has a poten-
tial relationship with CDTHL [20]. In the majority of cases, drug-induced CDTHL occurs
mechanistically via the immediate anagen release [19]. It typically occurs within 6-12 weeks
of treatment and progresses while on the medication. It, then, begins to resolve after the dis-
continuation of the drug [21]. To the best of our knowledge, no controlled trials showing a
causal relationship for specific medications have been conducted; however, if a medication is
suspected, it should be discontinued for a period of at least 3 months to examine its possible
link to the hair loss [4, 14].

Moreover, diet is associated with the hair condition. Therefore, each patient should be ques-
tioned for the protein intake. Eating disorders can also lead to hair loss. In a study, 67% of the
patients with TE had bulimia, while 61% had anorexia nervosa [22].

7. Diagnosis

In the presence of hair loss, the key step is taking a thorough history of the patient. In addi-
tion, the affected areas of the scalp should be examined to determine the presence or absence
of follicular orifices. It helps to distinguish the scarring and nonscarring alopecia [23]. In the
presence of follicular orifices, nonscarring alopecia can be suspected, although further history
findings are useful to unveil the main cause [14].

The diagnosis of TE is usually based on the patient’s history, physical examination findings,
and hair pull test results (Table 2) [10]. The recognition of diffuse, noninflammatory, non-
scarring hair loss should raise the clinical suspicion for TE, when it occurs acutely and is
preceded by a physiological or psychological stressor, in particular. In the majority of cases,
scalp biopsy is not required [10].

Anamnesis, clinical diagnosis
Hair pull test

Trichogram

Light microscoby

Biopsy

Laboratory evaluation

Wash test

Table 2. Diagnosis of telogen effluvium [10].
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8. Histopathology

With the exception of TE induced by inflammatory disorders affecting the scalp, scalp biopsies
of TE not show an inflammation. On the other hand, increased telogen follicles are the main
histopathological finding [24]. Unlike androgenetic alopecia, the rate of vellus hair follicles
does not increase [12].

9. Evaluation

Patients with TE should be evaluated with a detailed history, physical examination, and labo-
ratory tests (Table 3) [1]. In addition, TE subtype, duration, and clinical course of hair loss
should be also questioned. In particular, possible triggering factors within 2-5 months before
hair loss begins should be addressed [7]. In the absence of no causative factor, a complete
blood count, serum ferritin, biochemical markers, and thyroid function tests should be per-
formed [2].

In addition, hair-care practices of patients which may damage hair such as braiding lead-
ing to traction alopecia, and the loss of eyelashes, eyebrows, and axillary, pubic, or body
hair should be questioned, as alopecia areata or trichotillomania may affect any hair-bear-
ing area. A detailed history, childbirth, prior surgeries, and psychosocial stress should be
also assessed. Furthermore, drugs that may cause TE should be examined (Table 4) [1, 2].
Additionally, acne, irregular menstrual cycles, or hirsutism may indicate androgen excess,
which contributes to female pattern hair loss. Symptoms of hyperthyroidism or hypothy-
roidism should be also evaluated and current and previous medications should be care-
fully reviewed. A history of following a strict vegetarian diet or heavy menses may suggest
iron deficiency anemia [1].

Duration

Thinning, shedding

Localization: localized diffuse

Associated symptoms: itching, pain, burning
Systemic symptoms, personal history
Nutritional history

Drug history

Psychosocial history

Hair care products-cosmetics history

Family history

Table 3. History of hair loss checklist [1].
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More than 5%: 1-5%: Less than 1%
Mood stabilizers (lithium and valproic acid): the most common  Oral contraceptives Amiodarone
Antidepresants (fluoxetine) Acyclovir Amitriptyline
Oral retinoids (acitretin, isotretinoin) Allopurinol Azathioprine
Anticoagulant (heparin,enoxaparine, warfarin) Buspirone Dopamine
Antimicrobial (isoniazid) Captopril Naproxen
Antiviral (indinavir) Carbamazepine Omeprazole
Interferon alpha Cyclosporine Paroxetine
Terbinafine Lamotrigine Sertraline
Beta-blockers (metaprolol, propronolol) Nifedipine Verapamile
Hypolipidemic drugs Venlafaxine
Cetirizine Vinblastine
Gold Vincristine

Table 4. Drugs associated with telogen effluvium [1, 2].

10. Laboratory

Although the majority of female patients with hair loss have normal laboratory test results,
a complete blood count, ferritin, thyroid-stimulating hormone, antinuclear antibody titer,
and vitamin D level can be studied, as abnormal levels of these parameters are likely to be
associated with distinct forms of alopecia. In addition, serum and free testosterone, dehydro-
epiandrosterone sulfate, and prolactin should be analyzed, in the presence of any signs of
potential endocrine abnormalities including severe acne, hirsutism, virilization, galactorrhea,
menstrual irregularities, or infertility [14]. In case of any risk factors for syphilis, the venereal
disease research laboratory test is recommended [1].

The link between serum levels of ferritin or vitamin D and TE is controversial. To date, studies
investigating the relationship between serum ferritin levels and TE have shown controversial
results [20, 25-27].

Iron deficiency anemia and thyroid disorders are the common conditions associated with TE.
However, in the majority of cases, no apparent clinical features suggesting these conditions
are observed [2].

A strict vegetarian diet or heavy menses may be suggestive for iron-deficiency anemia. Iron
supplementation is recommended for TE patients who have had a serum ferritin level less
than 70 ng per milliliter [20]. However, the effects of iron supplementation for TE have not
been extensively investigated in controlled trials. The efficacy data are limited to case series,
indicating cessation of hair loss and new hair growth with iron supplementation in women
with low ferritin levels. On the other hand, the beneficiary effect of iron supplementation has
not been established in all cases [27, 28].
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Furthermore, perimenopausal symptoms such as hot flashes and irregular bleeding should be
evaluated in older women. In this age group, starting or interrupting hormonal replacement
therapies should be ruled out as a possible cause of TE [29].

11. Physical examination

The scalp hair and scalp skin should be carefully examined in all patients. Scale, inflammation,
pustules, and scarring or abnormalities of the hair shaft should not be evaluated as the manifes-
tations of an isolated TE. On physical examination, the entire skin surface should be examined to
identify the extent of hair loss and to detect the main features of other hair or scalp disorders [10].

11.1. Hair pull test

A hair pull test should be performed as part of the physical examination in patients with
suspected TE. The test is helpful to detect active hair shedding. About 50-60 hair fibers close
to the skin surface are grasped and the hairs from the proximal to distal ends are tugged.
Normally, only two or three hairs are pulled out by this method. In the presence of abnormal
shedding, more than 10% hair (6-10 hair) can be easily pulled out from any part of the scalp,
if the patient has not shampooed for more than 24 h [2, 30]. The test should be performed in
four regions of the scalp: the frontal, occipital, and both temporal regions. The hair should not
be shampooed for at least a day [29]. Light microscope is used to examine the hair shafts and
to confirm that the loose hairs are telogen hairs [10].

Of note, the hair pull test may produce a false-negative result, if the patient has shampooed or
vigorously groomed the hair on admission. In addition, if the patient has not shampooed or
combed the hair for several days, the test may yield false positivity [10].

11.2. Trichogram (hair pluck test)

From a hair pluck, sample is abnormal, which indicates higher than 25% telogen hair [13].
Since telogen rate in this test is not associated with the severity of the hair loss, the sensitivity
of the hair pull test is low [2].

11.3. Wash test

As daily hair count is troublesome, the wash test has been proposed. In wash test, the patient
is instructed to wash hair after 5 days of last shampoo in a sink with its drain covered by
gauze. The hair entrapped in the gauze is, then, counted [2].

11.4. Dermoscopy

Data relating to the dermoscopic findings of TE are limited. Acute TE may indicate empty fol-
licles and regrowing hairs of normal thickness (>0.03 mm). Dermoscopic findings are useful to
distinguish chronic TE from female pattern hair loss (female androgenetic alopecia). The latter
variably exhibits a greater hair diameter [31].
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11.5. Wood's light examination

TE can be due to seborrheic dermatitis of the scalp. On physical examination, a greasy scale
and erythema on the scalp can be seen with a characteristic distribution. In addition, examina-
tion with a Wood's lamp (a source of ultraviolet A light) can be useful for the definite diagno-
sis of seborrheic dermatitis, which unveils the scale [32].

11.6. Procedures

In the majority of cases, further investigation is not required, beyond the clinical history and
physical examination. However, additional diagnostic tools can be useful in patients in whom
the diagnosis remains unclear [10].

11.7. Scalp biopsy

In most cases, scalp biopsies are not required and are only reserved for certain patients with
an obscure diagnosis. Although scalp biopsy is not mandatory, it helps to exclude female
pattern hair loss and alopecia areata. In general, biopsy results are normal, except increased
telogen follicles (normal telogen counts vary between 6 and 13%). The rate of telogen follicles
more than 15% indicates TE, while more than 25% is the major manifestation of TE [2, 30].

A 4-mm punch biopsy is sectioned horizontally for each specimen, and a second specimen
is sectioned vertically. In general, we perform biopsy in an area outside of predilection for
androgenetic alopecia to reduce the possibility of diagnostic uncertainty; therefore, we avoid
bitemporal, frontal, and vertex areas of the scalp, if applicable. We usually select the leading
edge of the alopecic area and avoid completely bald areas [10].

11.8. Trichograms and phototrichograms

Although these techniques are less common, they may be helpful to confirm the diagnosis of
TE. With the use of these techniques, the rate of telogen and anagen hair follicles on the scalp
can be evaluated. Currently, trichograms and phototrichograms are mostly used in special-
ized clinical hair centers and research studies. These procedures are described in detail in a
separate section [10].

12. Differential diagnosis

The pattern of hair thinning or shedding can be helpful in the differential diagnosis. Diffuse
thinning of the scalp hair in both temporal regions is highly suggestive of TE [33]. Frontal
fibrosing alopecia almost particularly affects the frontal and frontotemporal hairlines. In case
of traction alopecia, the periphery of the scalp is usually affected. Central centrifugal cica-
tricial alopecia (CCCA) typically begins at the vertex of the scalp, expanding centrifugally
[34]. Alopecia areata may present in varying patterns. The patchy type is usually localized,
whereas a more diffuse pattern has also been described [29, 35].
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13. Treatment

Consulting on the natural course of the disease is the mainstay of the treatment of TE.
A detailed evaluation should be performed to identify the underlying cause. In general,
hair loss halts within 3-6 months in patients in whom a triggering factor is identified and
eliminated [2].

Although spontaneous improvement is expected for patients with TE related to an isolated
event such as childbirth, those related to a persisting insult should have the cause eliminated
or treated, if applicable. In case of drug-induced TE, the suspected drug should be discontin-
ued for at least 3 months to identify whether hair loss improves with the discontinuation of
therapy. In addition, concomitant hair or scalp disorders such as seborrheic dermatitis should
be simultaneously treated [10].

Furthermore, hair loss may profoundly affect the psychosocial status of the patient, irrespec-
tive of the degree of hair loss. Therefore, emotional well-being of the patient is critical in the
management. All concerns of the patient should be sensitively addressed by the clinician. In
addition, patients should be educated on the hair growth cycle and the expected course of TE,
including an explanation that complete hair loss is not expected to occur, to reassure patients.
Follow-up is also helpful both to encourage the patient and to identify those requiring further
evaluation for persistent TE [10].

Moreover, the diagnosis and treatment of TE should be briefly discussed with the patient.
Potential therapeutic options include the followings, based on the pathogenesis of TE:

1. Inhibition of catagen.
2. Induction of anagen in telogen follicles.
3. Inhibition of exogen.

Currently, no potent, FDA-approved catagen inhibitors or anagen inducers are commercially
available. However, catagen-inducing drugs such as beta-blockers, retinoids, anticoagulants,
or antithyroid drugs should be avoided and catagen-inducing endocrine disorders including
thyroid dysfunction, hyperandrogenism, or hyperprolactinaemia should be simultaneously
treated. Replacement therapy for catagen-promoting deficiencies such as iron, zinc, estradiol,
or proteins can be also prescribed [2].

Today, no proven vitamins or supplements for any form of hair loss are commercially available.
In case of a measurable deficiency such as iron-deficiency anemia, replacement therapy may
be initiated. However, a balanced diet and stable body weight are the critical measures. In the
literature, biotin supplementation has been shown no effect on TE [36]. Despite their claimed
benefits, there are no controlled studies investigating the efficacy of iron or thyroxine replace-
ment on TE [4]. In addition, maintaining serum ferritin above 40 ng/dL has been suggested to
reverse hair loss [26]. In case of poor response, possible factors such as poor compliance, misdi-
agnosis, malabsorption, coexisting anemia, or persistent blood loss should be considered. Iron
supplementation should be continued for 3-6 months, until the iron stores are replenished [37].
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Of note, unnecessary long-term iron supplementation may result in iron overload [38]. On the
other hand, there is no proven effect of antioxidants or other supplements on TE [39].

14. Conclusion

In conclusion, TE is a common disease that causes diffuse hair loss. The diagnosis of acute
TE is based on patient’s history and examination findings. Since acute TE is self-limiting, the
clinician should monitor the patient, until spontaneous resolution. However, in case of severe
or prolonged shedding, further investigations are warranted. On the other hand, chronic TE
can be only diagnosed, after other causes of chronic diffuse telogen hair loss are ruled out.
There is no specific treatment for TE. In the management of TE, the major aspect is to educate
the patient relating to the natural history of the condition.
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Abstract

Signaling pathways that control coordination of hair follicle cells genetic program are
the convenient model for explaining the hierarchy of intercellular interactions governing
cyclic growth of hair. This chapter describes models of molecular signaling pathways
specific to dermal papilla cells from balding human scalp in hair follicle cycle. These
models include already published data, as well as information inferred from pathway
analysis of microarray data and protein-protein interaction database. Interplay of
androgenic-alopecia-related signaling pathways FGF, TGFB, BMP, and WNT, as well as
cyclin-dependent kinases signaling, is shown.

Keywords: hair follicle, dermal papilla, catagen, androgen receptor, alopecia,
microarray, pathway analysis, SNEA

1. Introduction

Androgenetic alopecia (AGA) is the state of progressive cessation of hair growth on the human
frontal area of the scalp, most likely inherited and androgen-dependent (OMIM locus numbers
are 109200, 612421, 300710). In women, as well as in men with androgenic alopecia, the growth
of frontal scalp hairs slows down, and the transition occurs from terminal (pigmented and
thick) hair type to vellus (nonpigmented and thin) hair type. The duration of fast growth
periods (anagen) gradually reduces with each hair cycle, hair follicles become narrower and
shorter, and progressively miniaturized [1]. Peak of the disease in most male patients occurs at
the age of 40-50 years. Male pattern hair loss ultimately leaves narrow bands of hair on
temples and occiput, where hair never fall off during AGA [2, 3].

It was thought that AGA is associated with high levels of androgens circulating in blood.
However, currently prevalent firm opinion is that it is not increased levels of androgens cause
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this disease, but rather altered androgen cell sensitivity [4]. There is evidence that in AGA, in
dermal papilla cells of hair follicles from the frontal and parietal scalp skin, 5a-reductase-driven
synthesis of topical androgens is increased just as well as activation of androgen receptor
complex [5]. The paradoxical situation occurs with accepting the androgen-dependent para-
digm of AGA: when the activity of androgen-related signaling stimulates beard growth, while
the same signaling arrests hair growth from frontal area of the scalp [5-8].

Nevertheless, failures in treatment of AGA using anti-androgens or 5a-reductase blockers
suggest that additional causative factors do take part in the development of the disease.
Present day search for beginnings of AGA is in fact search for answers to the following
questions: (a) To which extent do cell-specific signaling pathways contribute to the initiation
and maintenance of hair growth cessation in a frontal scalp skin? (b) What are the features of
hair follicles from a beard or an occipital scalp and from a frontal scalp that manage baldness
in first two cases and hair growth in another? One of the accepted answers is that despite great
variety of causes, the basic mechanism of hair growth pathologies consists in discoordination
of cross-talk between canonical signaling pathways within hair follicle dermal papilla and hair
follicle outer root sheath stem cells [9, 10].

Signaling pathways are the convenient model for explaining the hierarchy of intercellular
proteins interactions, which control the hair follicle cells genetic destiny. The pathway models
described in the chapter include specific to cells of hair follicle already published data, as well
as information inferred from publicly available results of microarray essays and ResNet®
Mammalian database [11].

2. Hair follicle-related signaling pathways in androgenic alopecia

Pathway is the term from molecular biology which denotes the way or the mechanism by
which a cell reacts to stimuli. In general, pathway is a simplified model of any process in a cell.
More accurate scientific definition of the pathway could be as follows: Pathway is a biological
process, which initiates when extracellular signaling molecule activates a specific receptor
located on the cell surface or inside the cell. In turn, this receptor triggers a chain of events
inside the cell, creating a response. Usually, a pathway is visualized as a graphical map.
Besides graphical information, a signaling pathway model also includes annotations and
references about entities and relations between entities from curated database. There are
software applications that allow a researcher to use such signaling pathway models in micro-
array data analysis and for dynamic simulation of signal propagation [12, 13].

Hair follicle is a multicellular organ that has strictly organized structure and that follows
distinct patterns in its development [14, 15]. As opposed to other human organs that grow
constantly, hair growth occurs in a cyclic manner. A normal hair cycle of scalp hair includes a
fast growing period (anagen phase, 2-6 years), regression period (catagen phase, 2-3 weeks),
and resting period (telogen phase, 10-12 weeks). The duration of the anagen phase defines
hair length and pigmentation. Normally, 80-90% of hairs in hairy part of scalp are in active
growth phase—anagen [1]. Numerous reviews are focused on cyclic growth of hair follicles
[15-19].
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The earliest sign of AGA is increased amount of frontal scalp area skin hair follicles at telogen
phase [20]. Developing the alopecia is a long-term process. There is progressive reduction of the
duration of anagen phase of hair follicles on the frontal scalp area with each passage through the
hair cycle. Other discovered physiological changes in AGA: dermal papilla cell reduction; thin-
ning of the dermis; the sebaceous glands enlargement; connective tissue streamers presence;
number of mast cells increased; and T-cell infiltration of follicular stem cell epithelium [21-23].
There are strong evidences that AGA is androgen signaling-dependent disease. Pattern of AGA
inheritance is related with an autosomal dominant trait. Castration in men stops progression of
hair loss while administration of testosterone restores balding [2]. Men with type 2 5a-reductase
deficiency syndrome do not develop AGA balding phenotype [24]. Finasteride (type 2 5a-
reductase inhibitor) reduces dihydrotestosterone (DHT) level in scalp skin and increases hair
growth in more than 60% of men with AGA [25]. Androgen receptor (AR) gene is the only risk
gene for AGA phenotype confirmed in gene association studies [26]. Androgen receptors level
was higher in cultured dermal papilla cells derived from balding scalp hair follicles, compared to
dermal cell from nonbalding follicles [5, 8]. The concentration of DHT has been shown to be
higher in the balding scalp than in the nonbalding scalp [27]. Both type 1 and type 2 5a-reductase
have higher level in frontal than occipital follicles from AGA scalp [5]. Expression of enzymes
involved in DHT synthesis (STAR and HSD3B1) was enhanced in the bald frontal area, in
comparison with occipital areas of AGA patients [28].

Another layer in research of androgen-dependent hair growth covers seeking differences in
androgen sensitivity of distinct areas of skin. Follicles from frontal and parietal areas of the
human scalp are considered to be androgen-sensitive. There are also two more types of hair
follicles: androgen-independent hair follicles, such as eyelashes, and androgen-dependent
pigmented terminal hair follicles, such as beard [26, 29, 30]. Why do hair follicles have different
sensitivity to androgens is still open question. There are few studies towards difference
between androgen-dependent and androgen-independent hair follicles [8, 30-35].

Thus, from the point of view of signaling pathways research, studying AGA mainly focuses on
DHT synthesis in the skin and AR signaling affecting cell processes that cause arrest of anagen
phase in frontal scalp. Precisely, these include diminishing of dermal papilla cell proliferation
and hair bulge stem cell inactivation. Also, there are important pathways of sebocyte and
melanocyte maintenance, keratinocytes apoptosis, and macrophages migration.

2.1. Dermal papilla-specific signaling pathways

The entire hair develops from the niche of activated dermal papilla (DP) cells—group of mesen-
chymal cells in lower part of hair follicle adjacent to dermis, which provide the regulation of hair
keratinocyte differentiation [36]. The changes in molecular signaling which follow the dermal
papillae burst in balding scalp of a person with AGA result in suppressed growth of hair
keratinocytes derived from DP cells [29]. Dermal papilla in developed hair follicle in anagen is
surrounded by a proliferative zone within the hair bulb named matrix. Dermal papilla and
matrix include heterogenic cell populations with even multi-lineage potential [37, 38]. For exam-
ple, adult DP cells were induced to differentiate into adipogenic and osteogenic lineages, as well
as in pluripotent stem (iPS) cells [39]. The activity of alkaline phosphatase (ALP) can be used
both in mice and human hair follicles as a marker for detecting DP activity [40].
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Androgen synthesis is the first fragment of AGA-related signaling pathway in DP cells
(Figure 1). DP cells can synthesize androgens themselves to stimulate androgenic receptor.
All types of hair follicle DPs (beard, pubic, and scalp) have testosterone and androstenedione.
But normally, only beard cells produce more potent androgen 5-alpha-dihydrotestosterone
produced by SRD5A2. In AGA, DP cells from androgen-sensitive frontal scalp contain more
SRD5A2 than those from androgen-insensitive occipital scalp [5]. Steroid sulfatase (STS) in the
dermal papillae of human terminal hair follicles hydrolyzes dehydroepiandrosterone sulfate
(DHEAS) to dehydroepiandrosterone (DHEA). In healthy human occipital scalp, as well as in
the beard, STS activity was significantly higher in the hair dermal papillae than in the outer
root sheaths [41].

AR signaling is the key fragment of AGA-related signaling pathway in DP cells. Dermal
papilla appears to be the site of androgen action in hair follicle, as androgen receptors are only
found in DP cells. In AGA, dermal papilla cells from balding scalp express higher levels of
androgen receptors than nonbalding scalp cells [5, 35]. AR gene isoforms or functional muta-
tion near the androgen receptor gene may explain the aberrant expression of the AR protein in
the balding scalp of AGA patients. Of the many AR gene polymorphisms known, G allele of
Stul and polyQ polymorphisms has the most significant association with AGA, especially in
white populations [42]. DNA methylation of the AR promoter is increased in hair follicles from

Figure 1. Androgens promote scalp dermal papilla cells dysfunction in AGA. Highlighted entities are underexpressed
genes (blue) or overexpressed genes (red) in AGA, according to previous studies. Pathway was built in Pathway Studio
environment. The legend for the pathway is provided in Methods section (Figure 7).
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occipital scalp compared with those from vertex AGA scalp, indicating efficacy of the DNA
methylation for protecting occipital hair follicles against AR expression [43]. Human DP cells
from AGA express dihydrotestosterone-driven TGFB1, DKK1, and IL6 proteins. TGFB1,
DKKI1, and IL6 were able to promote apoptosis in outer root sheath keratinocytes derived
from dermal papilla cells, which results in hair growth arrest [44—46].

Intersections between WNT, TGF, and AR signaling comprise the next important fragment of
AGA-related signaling pathway in DP cells. DHT suppresses WNT signaling (LEF/TCEF-
mediated transcriptional activity) in DP cells from bald scalp. However, these phenomena
could not be observed in DP cells of non-AGA males. It was shown that AR and beta-catenin 1
(CTNNBI1) interact with each other [47]. In response to DHT, high expression level of dickkopf 1
(DKK1) was shown in balding dermal papilla cells in AGA [48]. DKK1 acts as inhibitor of
canonical WNT/CTNNBI1 signaling and hair follicle growth in mice [49]. In mice, in cells of
outer root sheath layer of hair follicle, recombinant human DKKI1 as inhibitor of WNT induced
the pro-apoptotic protein BAX, resulting in apoptosis [45].

TGFB1 can enhance androgens sensitivity in balding dermal papilla cells through SMAD3
signaling, in cooperation with TGFB1I1 as a coactivator of the androgen receptor [50]. In beard
and bald frontal scalp dermal papilla cells, expression of TGFB1I1 mRNA was higher than in
cells from the occipital scalp [39]. Also the common fact is that increased expression of
cytokines (TGFB1, IL6) promotes apoptosis [44].

IL6 is expressed in DP cell, whereas its receptors IL11RA and IL6ST are expressed in the inner
and outer root sheaths of human hair follicles [46]. It was shown that DHT induces IL6
expression in the balding DP of human cells compared with nonbalding DP cells. This results
in anagen-to-catagen transition in hair follicle and hair growth arrest [51]. Direction of the IL6
expression change by androgens is cell-specific. In several studies, testosterone and DHT were
found to inhibit production of IL6 by human peripheral blood monocytes and osteoblasts. In
study of acute wound healing, DHT reduced the expression and secretion of 16 (and Tgfb1) in
mice dermal fibroblasts [52].

Expression of NCOA4, AR coactivator, and a cell growth promoter was found to be reduced in
dermal papilla of balding areas [53]. The dermal papilla and hair bulb expressed only the short
(beta) but not the long (alpha) form of NCOA4. NCOA4 is capable to enhance AR transactivation
induced by ligands such as estradiol, androstenediol, and the phytoestrogen daidzein. Studies
indicate that AR competes with VDR and PPARG/RXR for NCOA4 availability [54].

Finally, PTGDS (prostaglandin D2 synthase) is elevated at the mRNA and protein levels in
bald scalp, compared to haired scalp of men with AGA. Prostaglandin D2 (PGD2) is similarly
elevated in bald scalp. PGD2 is a potent vessel contractor and may contribute to AGA devel-
opment throughout deterioration of blood supply of hair follicle. PGD2 inhibits hair follicle
regeneration through the PTGDR2 receptor [55].

Induction of androgen-accelerated premature senescence (loss of proliferative capacity) in bald
scalp dermal papilla cells of AGA patients is one more fragment of the pathway. Loss of
proliferative capacity of balding DPC was associated with higher expression of CDKN2A and
lower expression of BMI1 and PCNA. CDKN2A protein levels were upregulated in response
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to androgen, and knockdown of the AR diminished the effects of androgen [56]. This suggests
that balding DP cells are sensitive to environmental stress. Three important DNA damage
sensors, H2AX, ATM, and ATR, were detected only in balding DP cells. Expression levels of
H2AX protein were further increased with AR overexpression [57].

In general, the hypothesis of the pathway is that increase in AR signaling promotes regression
of dermal papilla in AGA scalp, and the phase of hair follicle degeneration (catagen) gets
initiated earlier than it normally should. AR signaling stimulates catagen likely through (a)
TGFB1/HIC5/ARAb55 cross-talk [57]; (b) increased level of DNA damage and loss of prolifera-
tive capacity induction, which is associated with higher expression of CDKN2A [56]; (c) DKK1
expression, which inhibits cell growth and WNT signaling [47]. However, none of these
mechanisms alone is sufficient for the development of AGA, highlighting the combinatorial
causes in the disease progression (Figure 1).

2.2. Bulge stem cells renewal pathway

Defect in differentiation of hair follicle stem cells (keratinocyte stem cells) could play a key role
in the pathogenesis of AGA. New anagen phase and hair follicle arise due to activity of stem
and stem-like cells of hair follicle which activate and fill the dermal papilla slow-cycling stem
cells (pluripotent/multipotent cells) locate in outer root sheath of hair follicle (bulge region).
Other pool of cells with features of “stemness” (secondary germ cells or hair germ cells)
becomes morphologically defined between dermal papilla and bulge area in the end of telogen
phase [58]. Moreover, in mice, mesenchymal self-renewing cell populations (hair follicle der-
mal stem cells) were found within the surrounding of DP dermal sheath [59].

Different molecular markers were suggested for distinguishing populations of hair follicle
stem cells [58, 60]. Mice cells from bulge area express such specific marker as CD34. Human
bulge cells could be found with CD34 as negative marker and CD200 as best positive marker
[60, 61]. Mouse bulge cells distinct from secondary germ cells with expression of markers
S100A6 and S100A4. Human hair follicle stem cells were categorized into nine subpopulations
in Ref. [62] according to different expression of cell-specific markers. CD34 and CD271 expres-
sion in human hair follicle is confined to stem cells from sub-bulge area in outer root sheath of
the hair follicle [63]. The sub-bulge area is the area between the bulge and dermal papilla,
which become distinct in the telogen phase [64]. Stem cells in bulge (and sub-bulge) areas and
secondary germ cells are considered to be functionally related cell populations. The CD34+
cells from sub-bulge area are considered to be a reservoir to the secondary hair germ cells upon
the end of anagen. Also, secondary germ cells appeared to transform back (or send prolifera-
tive signals) into bulge cells in the telogen phase in mice [58, 64].

In bald areas in patients with androgenic alopecia, K15+ITGA6+ cells were present, but
CD200+ITGA6+ cells and CD34+ cells were greatly diminished. The authors remarked that
AGA likely results from diminished conversion of hair follicle stem cells in outer root sheath to
progenitor secondary germ cells [65]. A decrease in second germ generation progenitor cells
population attached to dermal papilla in telogen, possibly due to a lack of replenishment from
sub-bulge cells, could potentially lead to AGA phenotype, when the each next anagen phase is
characterized by new hair follicle smaller than its predecessor. Although these results can
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explain decrease in amount of hair follicles in anagen phase in balding scalp in AGA, they do
not point at what causes the hair fallout, since human cells from the outer root sheath of hair
follicles display CD34 only during anagen phase [63]. To address this question, the detailed
research of stem cells maintenance in hair follicle cycle in AGA involving modern techniques is
required. The paper that summarizes the data on human hair follicle cycle and proposes
standardized approach in this field was recently published [1].

Signaling pathways in stem cells during hair follicle cycle currently lack human-specific infor-
mation and are mostly based on data from animal models. According to “bulge activation
hypothesis,” stem cells in bulge area are activated through interactions with the adjacent
dermal papilla before the anagen phase [66]. Activation of new anagen and new hair growth
can be described in two steps [64]. First, secondary germ cells become activated at the end of
telogen. This activation characterized by WNT signaling and subsequent stabilization of beta-
catenin. Second, secondary germ cells stimulate activation of stem cells in bulge area of outer
root sheath, which in turn maintain the pool of matrix and dermal papilla cells. The initial pre-
first step of anagen phase activation is depended on inductive signal coming from DP. It is
supposed that the close proximity of the secondary germ cells to the DP in telogen results in
their prior than bulge area activation [64, 67].

In AGA, anagen activation appears to fail, and telogen phase lasts longer [23]. In the next cycle,
anagen phase onset is often absent at all [29].

Telogen is the resting phase for the cells and major proliferative signaling pathways within. In
healthy mouse, bulge area cells WNT signaling is silent in catagen and telogen [68]. Microarray
data suggest that mice bulge cells overexpress inhibitory factors for WNT signaling (sFRP1,
Dkk3, Wif) [69]. In human bulge cells, increased expression of the WNT inhibitors WIF1 and
DKK3 was also shown [60]. In patients with AGA, dermal papilla cells were shown to produce
excessive amounts of factors inhibiting WNT signaling (for instance, DKK1) [45].

Balance between BMP and WNT signaling was discovered to be important in regulating the
transition between quiescence and activation state of murine bulge stem cells [70]. High levels
of BMP signaling during early (refractory) telogen are considered the cause of bulge stem cells
retention in the quiescent state. In contrast, bulge stem cells activation in the late telogen is
thought to require inhibition of BMP signaling. Both BMP and WNT signaling can regulate
each other. Quiescence happens due to reciprocal negative feedback loops in these signaling
pathways [71, 72]. In mice, Bmp2 and Bmp4 gene expression as well as expression of Dkk1 and
Sfrb4 genes inhibit the expression of WNT family genes and thus limit hair follicle develop-
ment to the stage of refractory telogen [70]. BMP signaling pathway suppresses itself by
triggering the expression of Noggin [73, 74].

In human bulge stem cells, the BMP signaling antagonist FST was found overrepresented in
the bulge in outer root sheath (ORS) [60]. Also, TGFb2 counteracted BMP signaling in mice
bulge stem cells by enhancing the expression of Tmeffl, another antagonist of the BMP path-
way. TGFB signaling needs to be activated for the hair cycle renewal [75].

Normally, telogen ends and anagen begins when the balance shifts towards WNT signaling is
activated [70]. What signaling pathways normally initiate stem cells proliferation and subsequent
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anagen, and whether such signals are missed in case of AGA remains unknown. Perhaps, the
external signals from adipocytes or fibroblasts in sebaceous gland surrounding hair follicle could
be the origin of this initial stimulus [19].

3. Pathway analysis of microarray experimental data in AGA

Microarray technology allows detecting simultaneously the expression of thousands of genes
in cells. Data acquired using microarray technology expose differences in gene expression
between samples, such as cells from balding and nonbalding human scalp skin.

There are a lot of statistical and bioinformatics methods that can be used to identify cellular
processes and signaling pathways with high activity in various cell types in hair bulge.
Pathway analysis is the common term for these methods [12, 76]. We used sub-network
enrichment analysis (SNEA) method [77] for pathway analysis of AGA hair follicle-related
public microarray data. SNEA is based on the Gene Set Enrichment Analysis algorithm [78]. It
uses a variation of a nonparametric statistic tests and considers “sub-network” as gene sets.
SNEA uses Mann-Whitney statistic enrichment test to find sub-networks statistically enriched
with nearest neighbors of the testing entity (“seed”) that are most differentially expressed in
the microarray experiment. In context of Pathway Studio data model, a seed can be a protein,
complex, protein functional class, metabolite or drug, cellular process, disease, or a cell type.
SNEA algorithm uses existing relationships in Pathway Studio ResNet® database to build
“sub-networks” based on user-specified criteria. Significant seeds calculated by SNEA can be
further used to identify the pathways or gene ontology groups that are significantly enriched
with seeds. This analysis can point on pathways activated or repressed in different cell types or
diseases. SNEA algorithm implemented in Pathway Studio® software iterates through the
database of six million relations between proteins, molecules, cell processes, and diseases
extracted from biomedical research literature by natural language processing technology.
SNEA implementation in Pathway Studio allows to determine major transcription factors,
receptors, and hormone upstream of differentially expressed genes in an experiment and
identify small molecules that are associated with the diseases through changes in the proteins
activity.

There are several public microarray datasets measuring expression of genes in the bald scalp of
patients with AGA. Datasets with accession numbers GSE6664 [31] and GSE36169 [55] [65]
could be uploaded from Gene Expression Omnibus (GEO) database [79]. Two more experi-
ments were described by Midorikawa et al. [34] and Kwack et al. [48]. Besides oligonucleotide
microarray experiments, microRNAs differential expression analysis was conducted in
balding and nonbalding dermal papilla cells [32]; the expression of sex-determining genes in
bald frontal scalp area was examined by real-time RT-PCR [80]. Also, microarray analysis to
find differences in expression between beard and scalp dermal papilla cells is available [30].

The results of gene expression studies conducted for bald scalp in AGA patients are often
controversial. For example, two gene microarray analyses with DP cells from AGA frontal and
occipital scalp areas reveal either high level of DKK1 expression in DP cells from bald frontal
scalp [48] or diminished DKK1 expression [31]. Most probably, this mismatch is due to
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differences in methods for DP cells isolation and culture or different levels of DHT treatment
between experiments. It is also not clear from the corresponding articles if the DP cell donors
were taking hair loss medications at the time of biopsy. In one more microarray experiment
[81], higher levels of DKK1 were shown in human palmoplantar fibroblasts (human skin area
without hair follicles) compared to nonpalmoplantar fibroblasts. So, one more putative cause
of the mismatch could be the presence of mRNA from other cell type in the sample.

Nevertheless, some genes still have similar differential expression trends in DP cells from
balding scalp in several experiments. The following genes were found to be overexpressed:
TGFb2, ODC1, RYBF, FGF7, and CDKN2B/A. Genes BMI1, MCL1, SERPINE2, NCOA4, and
others were found to be underexpressed. All results from human balding scalp from patients
with AGA are summarized in Table 1.

Gene Level Source Method Treatment Pathway References
ARA70b (NCOA4b) Down DP cells Hybridization AR signaling [55]
BMI1 Down DP cells ELISA Cell senescence [86]
CLDNT11, CDKNI1A, Down DP cells cDNA array 1-10 nM [87]
POSTN, KBTBD11, PSG5 DHT
SCF Down DP cells ELISA Impeding bulbar [4]
melanocyte
pigmentation
SERPINE2 Down DP cells PCR 10 nM Extracellular matrix [88]
DHT turnover
TIMP2, MCL1, IL6, Down DP cells cDNA array [36]
TYRO3, RHOB
ACTG2, DNER, NPTX2,  Up DP cells cDNA array 1-10 nM [87]
BEX1, GDF15 DHT
AR Up Early- Induces apoptosis in [50]
passage DP ORS cells
cells
ARADS5 (TGFB1I1) Up DP cells PCR AR signaling [89]
CDKN2A, SOD1, CAT, Up DP cells ELISA Cell senescence [86]
ATRIP
DAX1 (NROB1), SRY, WT1, Up  Scalp RT-PCR, [84]
SOX9 Western blotting
DKK1 Up DP cells, cDNA array, 50-100 Induces apoptosis in [50]
scalp immunoblotting nM DHT  ORS cells
DNPHI1, CASP4, MOG, Up DP cells cDNA array [36]
CDKN2B, ICAM1
IL6 Up DP cells ELISA 10-100 [53]
nM DHT
MIR221, MIR125b, Up DP cells microRNA APM [33]

MIR106a and MIR410

PTGDS Up Scalp, HF in  ¢DNA array Inhibit hair growth [82]
catagen
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Gene Level Source Method Treatment Pathway References

StAR, HSD3B1 Up Scalp RT-PCR [90]

TGFB1 Up DP, ELISA Androgen Induces apoptosis in [91]
keratinocytes ORS cells

TGFB2 Up DP cells Protein level 10 nM Induces apoptosis in [92]

DHT ORS cells

YARS, SGK, ADAMTSS, Up DP cells cDNA array, 50-100 [50]

SLC19A2, SLC2A3 immunoblotting nM DHT

SRD5A1, SRD5A2 Up HF in Northern [5]
anagen blotting

H2AX (58]

SOX9 (84]

For cDNA arrays, only top five significant genes ranked by fold change are shown.

Table 1. Genes with altered levels of mRNA expression in bald scalp from patients with AGA.

3.1. In silico analysis of microarray experimental data on dermal papilla cells

Dermal papilla (DP) is the key part of hair follicle that defines growth rate, thickness, and
shape of hair shaft. GEO microarray dataset with accession number GSE66664 [31] compared
gene expression in cultured immortalized human DP cells from balding (frontal) and
nonbalding (occipital) scalps in response to DHT treatment. DP immortalized cell lines were
obtained from two white 26-year-old men with Hamilton-Norwood grade IV AGA. The
authors reported underexpression of vasculature-related genes in DP cells of balding hair
follicles. Overexpressed genes were mostly enriched by genes from gene ontology groups
related to cell cycle and mitosis. DP cells from both bald and nonbald scalp samples included
classical DP signature genes, such as ALPL, WIF1, LEF1, and VCAN, expression of which
correlated with inductive role of DP cells in hair morphogenesis [40].

Using gene array downloaded from GEO GSE66664 dataset, we found overexpressed and
underexpressed genes in balding versus nonbalding immortalized dermal papilla cells cul-
tured with 1 and 10 nM DHT. We also found differentially expressed (DE) genes in balding
versus nonbalding dermal papilla cells cultured without DHT treatment. These genes were
chosen with 0.05 p-value and twofold change of the expression cutoff. Both lists of differen-
tially expressed (DE) genes were used for further pathway analysis as datasets 1 and 2,
respectively.

The differential expression between genes in balding DP cell samples cultured with DHT
versus balding DP cell samples cultured without DHT has founded to limit the number of
external factors affecting the experiment. As result, we obtained 2 datasets with DE genes in
bald DP cells—one for 1 nmol/L and the second for 10 nmol/L (nM) of DHT treatment’s level.
Each dataset contains 11 DE genes lists with values as results of calculation the ratio between
values of genes in sample without DHT treatment (0 min) and 11 samples with DHT treatment
periods from 15 min to 48 h. Two equivalent datasets for nonbald DP cell samples were also
calculated. Lists of DE genes from all datasets were used for further pathway analysis (Table 2).



Androgenic Alopecia: Cross-Talk Between Cell Signal Transduction Pathways
http://dx.doi.org/10.5772/67845

Dataset Samples DHT treatment DE ratio®

Dataset 3 bDP! 1nM 0hvs15min—48 h
Dataset 4 bDP' 10 nM 0hvs 15 min—48 h
Dataset 5 nbDP? 1nM 0hvs15min—48 h
Dataset 6 nbDP? 10 nM 0hvs15min—48 h
Dataset 1 bDP, nbDP (15 min—48 h) 1 and 10 nM bDP vs nbDP
dataset 2 bDP, nbDP (15min—48 h) - bDP vs nbD P

'Bald dermal papilla cells sample.
Nonbald dermal papilla cells sample.
¥Two samples between which differential expressions of genes were calculated.

Table 2. Datasets with differentially expressed genes were used in current analysis based on gene array GSE66664.

3.2. AR-related differentially expressed genes in microarray with AGA DP cells

In response to DHT, AR completely translocates to the nucleus after 30 min [82]. Considering
additional 30-50 min for transcription, we concluded that the optimal time to find AR-related
targets in studied microarray data is 1 h after of DHT treatment. All changes in expression after
1 h are likely related with paracrine signaling pathways following AR activation.

Total number of AR neighbors in ResNet13® database is 4931 genes. Among DE genes in bald
compared to nonbald scalp DP cells samples with DHT treatment (dataset 1), we found 114 DE
genes—neighbors of AR. We also found 126 DE genes—neighbors of AR in DP cells samples
without DHT treatment (dataset 2) (S. Table 1). Out of them, only five genes (NOS3, EGR1,
SMADG6, BTG2, and LATS2) were underexpressed in bald DP cells samples more in presence of
DHT (dataset 1) while less in absent of DHT. Relations between these genes and AR are not
specific for DP cell and were discovered mostly in cancer cells. However, reconstruction of the
pathway model based on data from other tissues is routine practice in pathway analysis
(Table 3).

BTG2 controls G1/S phase transition negatively by direct inhibition of cyclin D1 (CCND1)
transcription in human cancer cells [83]. Inhibition of BTG2 (B-cell translocation gene 2)
expression by DHT/TNF axis was shown in human keratinocytes [84]. LATS2 is also involved
in the regulation of the G1/S transition of the cell cycle and degrades cyclin-dependent kinase
inhibitor 1A (CDKN1A) by phosphorylation [85]. LATS2 was shown to modulate expression of
AR target genes in cancer cells [86]. In rat immortalized dermal papilla cells, DHT also
increased cell cycle arrest, increased Cdknlb level, and decreased cyclin E (Ccnel), cyclin D1
(Ccndl), and cyclin-dependent kinase 2 (Cdk2) levels [87].

There evidences that AR-related SMAD6, EGR1, and NOS3 genes founded in dataset 1 may
play role in hair follicle functioning. SMAD complex is regulated by TGFB signaling was
shown to induce the catagen phase of the hair cycle in mammals [87].

Early growth response-1 (EGR1) is induced by various stressor factors. EGR1 had found
functionally interacting with the androgen receptor and promoting androgen receptor nuclear
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Name Logchange p-value(d.1) Logchange p-value(d.2)  Relation with AR Localization
d. 1 (d.2)

NOS3  -1.0376 5.175E-78 —0.935 2.25E-07 Regulation, PMID: Vessel endothelial
20416296 cell

EGR1 —2.096 1.45E-36 —0.947 8.47E-04 Binding, PMID: Prostate carcinoma
12890669 cell

SMAD6 -1.0187 9.55E-34 —-0.9821 2.77E-07 Binding, PMID: Colon carcinoma
16249187 cell

BTG2 —1.0740 6.587e-07 —0.8412 0.0003658 Binding, PMID: Prostate cancer cell
21172304

LATS2  —1.2569 7.83E-39 —0.8982 0.01183 Binding, PMID: Breast cell
20935475

Lowering of activity of AR target genes in bald DP cells after DHT treatment that we found in datasets 1 could be related
with cell cycle dysregulation.

Table 3. AR neighbors underexpressed in bald DP cells samples (datasets 1-2).

translocation in prostate cancer cells [88]. EGR1 has been also reported to be involved with
apoptosis and cell migration in several cell types [89, 90]. The lower EGR1 expression in the
dataset 1 (bald DP cells samples) may perhaps be result of competing of EGR1 and AR
coactivators and corepressors. SHP inhibits both androgen receptor and EGR1 by competing
coactivators and inhibitory proteins [91]. In mice embryonic fibroblasts, TP53 was shown to
inhibit Egrl through angiogenesis-associated gene Elk3 [92]. Egrl inhibition also may be
modulated in part via the binding to mesenchymal-specific corepressors NAB1 and NAB2 [93].

NOS3 does not have direct connection with AR, but its expression in epithelial cells is shown to
be regulated through AR signaling, as well as its phosphorylation [94]. NOS3 causes the NO-
induced vascular relaxation and may trigger angiogenesis in bald scalp. NROB1, PTGDS, and
SGK1 were among other DE genes in dataset 1 that has relations with AR. These genes had
been reported previously to play important role in scalp hair follicle development in AGA
(Table 1, S. Table 1).

The examination of datasets 3—6 (in view of time impact and DHT level impact on the differ-
ential expression) reveals more genes with expression correlated with DHT/AR signaling in
bald DP cells (Figure 2).

Among genes with highest differential expression values (+2-fold change values) in datasets
3-6, we found 32 genes neighbors of AR or DHT in ResNet12® database (S. Table 1). Several
AR neighbors differ in expression by more than 20% between bald and nonbald DP cell
samples (Figure 2). Differential expression of genes such as CYB1P1 or CTGF had positively
increased in bald samples versus nonbald, whereas SPRY1 and CEPBD genes had negatively
deepened expression trend in bald samples. A lot of genes reduced their expression in bald
samples compare with nonbald. For example, EGR1 and EGR2 genes reduced their expression
by more than 70% in balding versus nonbalding scalp. We noticed also that EGR1 is responsi-
ble gene to 1 nM level of DHT treatment in bald DP cells samples, while EGR2 (and S100A14)
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Figure 2. The impact of DHT and AR on DE genes with notably variances between bald versus nonbald dermal papilla cell
samples after 1 h of 1-10 nM of DHT treatment. Highlighted proteins are corresponded to DE values in bald DP cell sample
after 1 h of 1 nM DHT treatment (dataset 3). SPRY1, NR4A2 and CEBPD are underexpressed genes. ID1-2, CYP1B1, TIPARP
and CTGF are overexpressed genes. Changing in DE values is represented by heat maps (rectangles near proteins).

are responsible genes to higher (10 nM) level of DHT. The 1 h of higher (10 nM) DHT level
treatment correlated also with the lowering of SPRY1 differential expression in bald DP cells.
The same conditions in nonbald DP cell samples correlated with slightly increasing of DKK4
and SERTADI1 differential expression (Figure 3).

Dickkopf WNT signaling pathway inhibitor 1 (DKK1) is a familiar target in AGA research.
DKK4 also was shown to be able to inhibit WNT signaling in mice hair follicle [95]. AR could
trigger DKK4 expression due to CTNNBI activation [96]. Beta-catenin (CTNNB1) the central
protein in WNT signaling in negative feedback loops manner activates DKK4 expression [97].
One more possible option how AR may impact on DKK4 expression in bald DP cells is
through TRPS1. In the rat vibrissa follicles, AR could repress TRPS1, which in turn upregulates
the expression of the Dkk4 [98, 99].

EGR1, EGR2, and EGR3 are early stress response transcriptional factors. In bald DP cell samples
in dataset 1, EGR1 underexpressed severely. In datasets 3-6, EGRs rather downregulated expres-
sion in bald cell samples than higher differential expression in nonbald cell samples. Growth
factors induce Egr2 and its target Igfbp5 expression, which are important for mice zigzag hair
development [100]. Also Smad3 is involved in regulation of Egfr2 and Egr3 activation in mice
skin [101]. The low expression of SPRY1 in datasets 3-4 could be associated with insufficient
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Figure 3. Genes with more than 20% distinguish in differential expression values between bald versus nonbald dermal
papilla cell samples after 1 h of 1-10 nM of DHT treatment. The percent of ratio between DE values of genes in bald and
nonbald samples (on the left). The comparison of DE values (log fold changes) of genes in datasets 3-6 (on the right).

EGR3 expression as Spry1 is expression target of Egr3 in mice T-cell [102]. In its turn, SPRY1
may inhibit EGR1 by disrupting the GRB2-SOS interaction in FGF or CTGF signaling [103].
SPRY1 also was shown to be down-regulated by androgens in prostate cancer cells [104].

CYPI1B1 is necessary for metabolizing intracellular oxidative stress molecules. In addition,
CYP1B1 catalyzes the generation 4-hydroxy estradiol which causes DNA damage in ovarian
cancer [105]. CYP1B1 contains an estrogen response element and addition to aryl hydrocarbon
receptor response elements in its promoter [106]. SERTAD1 expression level was significantly
increased in conditions with low levels of nutrients [107]. Relation of this protein with AR
signaling is unclear. ID1 and ID2 are key BMP signaling target transcriptional factors, and their
important role was shown in mice hair follicle as well as in other organs [71]. Most probably,
ID1 and ID2 overexpression marked the BMP signaling activation in DP cell samples at the
time point 1 h after DHT treatment. AR-related activation of ID1 was shown in cancer [108].
ID2 was shown to interact with AR though NCOR2 [109]. CEBPD and NR4A2 both were
underexpressed in bald DP cell samples, in datasets 3 and 4. NR4A?2 is required for neuronal
differentiation and is also induced as an immediate early gene in dermal endothelial cells and
melanocytes [110]. NR4A2 binding to CTNNB disrupts co-repressor complexes, allowing co-
activators to bind and activate NR4A2 [111]. There is some evidence that androgens may
participate in NR4A2 activation [112]. Hypothetically, AR may be involved in NR4A2 inhibition
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with NROB1 (nuclear receptor DAX-1) partnership. CEBPD is important for differentiation,
survival, and cell death in many cell types including adipocytes and fibroblasts. The most
important transcription factors regulating CEBPD transcription are CREB, SP1, and STAT3 [113].

There is an important note that, among others, such genes as HEY1, SPRY1, PTGS1, EGR3 are
considered to be DP signatures genes [31].

3.3. Pathway and ontology analysis of AGA DP cells microarray data
3.3.1. Regulators and ontology analysis

SNEA processing of DE genes from GSE6664 array in Pathway Studio application revealed top
100 significant regulators of differentially expressed genes in datasets 1-6 (see Section 5).
Regulators themselves are not genes with DE in the bald versus haired scalp, but the ones that
have genes from DE list as expression targets (connected with them with expression or pro-
moter binding relation types). SNEA regulators help to reveal activated signaling pathways
that include genes with altered expression.

TGFB1I1, TGFB2, CDKN2A, ATM/ATR, and MAP2K3 appeared in the list of regulators
from dataset 1, which support previous data about their pivotal role in AGA development
(S. Tables 2 and 1). TGFB1I1, TGFB2, ATM/ATR, and MAP2K3 are found to be the regulators of
underexpressed genes in bald DP cells. CDKN2A was found to be the regulator of overexpressed
genes.

Anaphase-promoting complex (APC), AURKA, E2F2, and E2F7 are also found as regulators of
overexpressed genes in bald DP cells. E2F transcription factors are well-known transcription
factors in the cell cycle. Anaphase-promoting complex (APC/C) allows the sister chromatids at
the metaphase plate to separate and move to the poles. AURKA (aurora kinase A) is required
for spindle pole formation during chromosome segregation in mitosis [114].

Moreover, using SNEA, we found that MIR106A (median change —1.10844, p-value 2.02e-03)
to be the first significant miRNA regulator of DE genes in balding DP cells. Overexpression of
MIR106A was shown in DP cells from patient with AGA in [32]. Among genes that MIR106
could regulate, there are such specific for hair follicle development genes as VIM, SPP1, and
IL6. SPP1 (osteopontin) is expressed only during catagen but not in anagen or telogen in
cultured rat vibrissae dermal papilla cells [115]. IL6 (interleukin 6) gene is a thoughtful candi-
date for DHT inducible catagen phase and regression of human hair shafts [51]. BMP2 is also a
direct target of MIR106A [116].

The most number of genes with differential expression more than 2-fold change values in
datasets 3-6 come about 6-12 h’ time point transition after DHT treatment compared to absent
of DHT (data not shown). We are presume that genes with extremes of expression of these time
points point to paracrine signaling pathways initiated afterward DHT/AR signaling. SNEA
regulators of DE genes in 6/12 time point are representing AR signaling follow-on cell pro-
cesses and pathways.

RUNX]1, CRTC1, FGEFS, and others appeared in the list of regulators of expression which were
common for bald DP cells samples (dataset 3 and 4) at 12 h after DHT treatment (S. Table 2).
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Inductors of mesenchymal cell differentiation were the notable group in the regulator’s list. A lot of
detected regulators are important for mesenchymal cell differentiation in brain, bone, and hema-
topoietic cell lineage. For example, CREB-regulated transcription coactivator 1 (CRTCI) is a
coactivator of NOTCH and mesenchymal cell differentiation and also regulates the expression of
KISS1 in normal melanocytes [117]. RUNX1 is the well-known transcriptional factor that drives the
development of skin appendages as well as hematopoietic cell lineage [118]. In hair follicle stem
cells, RUNX1 promotes proliferation and simultaneously represses cell-cycle-related p21, p27, p57,
and p15 transcription. Expression targets of RUNX1 and CRTC1 SNEA regulators include top DE
genes in 6/12 h after DHT treatment in datasets 3-6 (Figure 4). The relations between regulators
and their targets are not specific to dermal papilla cells (described for different cell models).

AR-related proteins, such as PIAS2, LATS2, and URI1, were found as regulators in dataset 4.
PIAS2 binds to the androgen receptor and inhibits in a testosterone-dependent manner AR
transcription activity in testis [119]. PIAS2 decreases N-cadherin protein expression during the
neural crest development [120]. We found that at 12-h time point, N-cadherin expressed more
intensively only in nonbald DP cell samples (dataset 5 and 6) versus bald DP cell samples.
During epithelial-mesenchymal transition, ID1 and ID2 also repress E-cadherin promoter
expression [121]. URI1 (prefoldin RPB5 interactor) was revealed as repressor regulator of AR
transcription in human cancer prostate cell lines [122]. LATS2 already has been noticed as
underexpressed DE gene in the dataset 1.

DP signature genes, such as MYLIPF, SPRY1, FABP5, and GPM6B, were found to be underexpressed
after 12 h of DHT treatment in bald DP cell samples.

Figure 4. Expression targets of SNEA regulators RUNX1 and CRTC1 associated with DE genes in bald and nonbald DP
AQ15 cell samples after 12 h of 1-10 nM DHT treatment. Highlighted proteins are corresponded to DE values in bald DP
cellsample after 12 h of 1 nM DHT treatment (dataset 3). CREB1, CRC1 and RUNX1 —genes without significantly DE in
the dataset 3 (12 h'time point). ATF3, NR4A2, HES1, EGR1, FOS, MYC, FOSB, SFRP1, SCF1-3 and CCL3 —underexpressed
in bald DP cell sample genes. IGFBP3, HSPH1, GPR56 and SMAD6—overexpressed genes. Changing in DE values is
represented by heat maps (rectangles near proteins). Chemokines, cytokines, and proteins involved in hematopoietic cell
differentiation are widely presented in the list of regulators in datasets 3-6 (CSF1, TYROBP, L6ST, and others).
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Statistical methods in the gene expression analysis such as Fisher’s exact test and SGEA help to
quickly reveal general picture of actual genes group, cell processes, and signaling pathways
preceded the experiment. Several GO (Gene Ontology) groups and cell processes enriched
with top DE genes from datasets 1-6 have revealed with GSEA. Specific biological cell pro-
cesses such as cytokine-mediated immune response, regulation of apoptotic process, angiogen-
esis, and other similar to those in original research [31] were associated with underexpressed DE
in bald frontal DP cells in dataset 1. Cellular response processes related to overexpressed DE
genes were also similar to results in [31] and included DNA damage, collagen fibril organization,
mitotic spindle organization, telomere maintenance, skin development, and others. Regulators of
overexpressed DE genes from dataset 1 were significantly associated with “cell cycle,” “response
to DNA damage,” and “apoptosis” cell processes. Regulators of underexpressed DE genes were
associated with “apoptosis,” “cell adhesion and migration,” and “angiogenesis” (S. Table 2).
Several ligands (TGFB2, THBS1, PTHLH, and ANGPT?2) associated with cell process “catagen
progression” also have been found to be regulators of underexpressed genes in bald DP cells
from dataset 1.

We found stem cell and endothelial cells differentiation cell processes associated the list of
regulators of DE genes after 12 h of DHT treatment for the datasets 3—6. Other types of GO and
cell processes associated with regulators were “response to DNA damage stimulus,” “induc-
tion of positive chemotaxis,” and “angiogenesis.” “Estrogen metabolic process” was found in

the top of GO groups enriched with regulators for the datasets 3—-6 in 12-h time point.

DE genes after 12 h of DHT treatment from datasets 3-6 associated themselves with “negative
regulation of pathway-restricted SMAD protein phosphorylation,” “regulation of WNT signal-
ing pathway,” “positive regulation of epithelial to mesenchymal transition” cell processes. DE
genes after 12 h of DHT treatment characterized with “positive regulation of BMP signaling
pathway,” “regulation of angiogenesis,” and other cell processes. (S. Table 2).

3.3.2. Pathways analysis

Pathway analysis with the lists of DE gene regulators from the dataset 1 on Elsevier PS
Pathway Collection (PS Collection) reveals activation of cell cycle-related pathways. Pathways
related to chromatin remodeling were most significantly enriched with DE genes in bald DP
cells. G2/M and G2/S cell cycle phase transition pathway has 18 overlapping genes out of total
47 (p-value 2.66e-04). Kinetochore assembly pathway has 22 overlapping genes out of total
48 (p-value 5.10e-11). Metaphase/anaphase phase transition pathway has 13 overexpressed
overlapping genes out of total 16 (p-value 2.07e-04). TGFB-/BMP-related pathways as well as
chemokine related were also found to be activated in cultured bald DP cells in the dataset 1
(S. Table 2).

DNA repair is also activated process in bald DP cells. It is governed mostly by ATM/H2AFX
double-strand repair mechanism. ATR/ATM is known as proteins that “recognize” DNA
damage. In G1/S DNA damage checkpoint, these kinases phosphorylate TP53. TP53 stimulates
the induction of CDKN1A, which results in CDKs inhibition and cell cycle arrest, preventing
the replication of damaged DNA [123]. It is a probability that cell cycle arrest cannot be
achieved in bald DP cells because CDKNIA strong underexpressed there, compared to
nonbald ones as we found in datasets 1 and 2 (—4.94 log fold changed, p value 1.42e-88).
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Though, underexpression of CDKN1A was not confirmed in analysis of differential expression
in datasets 3-6. Androgen receptor could directly bind to the CDKN1A promoter [124]. AR
was also involved in CDKN1A expression inhibition through LATS2 [85]. TGFB2 or BMP
signaling pathways could effect on CDKNI1A expression through SMAD and RUNX2 tran-
scriptional factors [125]. ID1 and ID2 were shown to also down-regulate CDKNIA and pro-
mote cell cycle in prostate epithelial cells [126].

Also, in pathway analysis of datasets 1-2, there were canonical pathways of apoptosis and
general signaling like TNF, TGFb, and NF-kb. Other groups of pathways were adiposal, bone,
neuronal, or hematopoietic-specific pathways.

Pathway analysis with datasets 3—6 generally checked with the results of gene group’s ontol-
ogy analysis (S. Table 2). Cell-cycle-related pathway GO/G1 cell cycle phase transition (46%
overlap, p-value 3.57093E-55) and single-strand nucleotide excision DNA repair (25% overlap,
p-value 9.45E-10) were one of top pathways associated with bald DP cell samples. Apoptosis-
associated TNF-alpha/TNFRSF1B signaling (64% overlap 1.80E-27) and TGF-beta signaling
(32% overlap, p-value 3.04097E-27) also were on the top of the list. Estrogens/ESR1 nongenomic
signaling (45% overlap, p-value 6.96E-06) and androgen receptor nongenomic signaling (14%
overlap, 3.08E-05) also were found (Figure 5). A lot of pathways in the list were associated with
canonical signaling pathways, such as ERK/MAPK canonical signaling or NF-kB canonical
signaling (Figure 6). Pathways associated with chemokines signaling, adipose tissue, bone tissue,
neuronal tissue, and hematopoietic cells were present.

3.4. Cross-talk between pathways affected in AGA DP cells

All noticed differences in molecular signaling pathways between DP cells from frontal and
occipital scalp should help to define the general model of AR-related frontal scalp area hair
follicle cycle switch in AGA. The results of microarray analysis suggest that androgen synthe-
sis and metabolism are not affected in DP cells from AGA patients. Differential expression of
such ferments from the androgen metabolism pathways as STS, HSD3B2, HSD17B1, and
SRD5A2 is not changed in any time point in datasets 3-6. Though, expression of several
proteins involved in the metabolism synthesis of cholesterol and estradiol had elevated.
CYP1B1 differential expression was slightly elevated in bald DP cells with compare to nonbald
DP cells at 1-, 3-, and 6-h time points.

BMP signaling is seemed to be activated both in bald and nonbald DP cell samples in the first 6 h
after DHT treatment (while in bald DP cell samples, the activation was stronger). During the
length of DHT treatment, the markers of BMB signaling DE genes ID1 and ID2 became
underexpressed in bald DP cell samples (datasets 3-4) while not in nonbald DP cell samples.
BMP2 was the only BMP ligand which differential expression had slightly changed (increase) in
bald DP cells samples with compare to nonbald in the analysis of datasets 3-6. In mice, Brp4 has
strong expression in catagen and early telogen and weak expression only before new anagen [9].
It is considered that in hair follicle, lowered activity of BMP signaling correlates with generally
upregulated WNT signaling activity in the end of telogen due to existed reciprocal inhibition
between WNT and BMP signaling [64, 70] (Figure 6). In mice hair follicle, low activity of BMP
signaling in DP cells led to loosing signature characteristics of DP cells and failure in generating
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Figure 5. Signaling pathways of the regulation of transcription by growth factors and cytokines in AGA scalp. Pathways that
include genes with changed expression in bald and nonbald DP cell samples after 12 hours of DHT treatment are shown.
TNFa, CSF1, TGFb, EGF, FGF, PTHLH, CTGF, and IL6 ligand/receptor signaling pathways were the major affected pathways
found in the pathway analysis. Only key proteins and relations of each ligand/receptor signaling are shown on the figure.
Major transcription factors from dataset 3-4 (NF-kB, JUN-FOS, MYC, CREB1, and RUNX1) are shown on the bottom of the
figure. Highlighted proteins correspond to underexpressed genes (SPRY1, NRHA2, EGR1, IL11, CSF3, JUN, FOS, GADDA45B,
and MYC) or overexpressed genes (SMAD6 and SERPINEL1) in bald DP cells 12 hours after DHT treatment (datasets 3-4). IL6,
TNFE, FGF7, SPRY1, SMAD7, PTGS2, and CREB1 — underexpressed genes in datasets 5-6 (nonbald DP cells 12 hours after
DHT treatment). SMAD6, EGR1, and SERPINE1 — overexpressed genes in datasets 5-6. The color saturation reflects the
intensity of the differential expression within —0.5; 0.5 log-change interval, and 0.05 p-value cutoff.

new hair follicle cells [127]. Thereby, we may assume that the activity of WNT signaling should
be lower in bald DP cell samples in first 6 h of DHT treatment. In nonbald “normal” DP cell
samples, we found that WNT signaling was lowered but still activated in bald DP samples.
DKK1 was suggested as one of the key player of triggering catagen in AGA [45]. We could not
detect significant DE of DKK1 in dataset 1. We detected slight DKK1 underexpression in nonbald
DP samples (dataset 5-6) at 1/3 h’ time point, whereas is not in bald DP cells. DKK4 is, vice versa,
overexpressed in nonbald DP cells in the first 1 h.
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Figure 6. Model of BMF, WNT, NOTCH, and AR-related pathway cross-talk in AGA dermal papilla cel. DKK4, EGR1,
HEY1 and ID1-2 are underexpressed genes in nonbald DP cells 1-3 h after DHT treatment (datasets 5-6). The higher color
saturation reflects the higher degree of differential expression ([0.5; 0.5] log-change interval, 0.05 p-value cutoff). SFRP1
and NR4A?2 are underexpressed genes in bald DP cells 1 and 3 h after DHT treatment (datasets 3-4). BMP2, SMAD6-7,
HEY1, and ID1-2 are overexpressed genes. DKK1 and DKK4 inhibit WNT due to feedback loop in WNT signaling. AR
regulates WNT pathway through LATS2, EGR1, and CTNNB1. BMP signaling inhibits activity of WNT pathway. BMP
signaling in general inhibits WNT signaling. NOTCH pathway has negative effect on AR expression via HEY1. EGR1 and
HES1 have significant changes in expression at all time points assessed after DHT treatment, so their expression is shown
with heat maps.

Perhaps, larger amount of DHT is needed to stimulate AR-related DKK1 expression. High
level of DKK1 was observed within 3-6 h after 50-100 nM DHT treatment previously [45]. In
mice, DKK1 expression, similarly to BMP2/4 expression, is time-dependent in hair cycle and is
changing according to hair follicle cycle phase [70]. We could not find severe relevant differ-
ence in the pattern of WNT signaling activity, which is not surprising, since fluctuations in
these networks are closely associated with current hair cycle phase, which is, firstly, poorly
studied in human, and secondly, impossible to verify in a culture of separated dermal papilla.

SFRP1 is one of the significant overexpressed in dataset 1 genes that could stimulate WNT
pathway. Other speculations we developed on the basis of pathway analysis of current micro-
array data are shown (Figure 6).

As shown in Figure 7, numerous feedback loops regulate BMP/WNT crass-talk themselves, as
well as intersections with AR and other signaling pathways, such as SHH, NOTCH, or Hippo/
YAP1 [73].
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Figure 7. Legend for entities and relations displayed on pathways . Relations from ResNet® used in Figures 1, 5, and 6 (a)
and in Figures 2 and 4 (b) are shown. Shapes of entities from ResNet® used in Figures 1-6 are shown (c).

LATS2 is a DHT-responsible underexpressed gene in bald DP cell samples in current analysis.
LATS2 phosphorylates and cause the degradation of the transcriptional co-activators Hippo/
YAP1 and TAZ, which are in turn interact with RUNX1, SMAD?, and play role in TGF-beta/
BMP/SMAD:s signaling inhibition [128]. SMAD? and SMAD6 were detected slightly under-
expressed in bald DP cell samples before 6-/12-h time point.

Overexpression of PTGDS in hair follicles during catagen was shown previously [55]. We
detect overexpression of other type of synthase (PTGS2) of prostaglandins in current analysis
(Figure 5). PTGS2 is DHT/AR-inducible expression target in skin [129]. Prostaglandin has
different role, such as enhancing of the vascularization and chemotaxis.

In mice, FGF7 is one of the DP signature genes that elevated during telogen. FGF7 participates
in instructing DP cells to proliferate and initiate the new hair cycle [64]. In current microarray,
we did not detected significant overexpression of FGF7 in bald DP cells in datasets 3-6. FGF18
and its expression target RUNX1 were among SNEA regulators of underexpressed DE genes in
dataset 34 at 12-h time point. SPRY1 may contribute to FGF signaling regulation in dermal
cells. SPRY1 expression was shown to induce upon activation of the FGF receptor signaling
pathway in cells of mesenchymal and epithelial origin [130]. In response to growth factors,
SPRY1 binds GRB2 and inhibits downstream intracellular signaling. SPRY1 gene had nega-
tively DE trend in bald samples after 1 h of DHT treatment (Figure 5).

4. Conclusion

Hair follicle miniaturization in androgenic alopecia is complex process induced by AR influ-
ence on dermal papilla cell function. Signaling pathways are useful models of complicated
protein interactions in dermal papilla cell during hair follicle cycle. Cross-talks between AR
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and TGFB, BMP, and WNT signaling are believed to promote shortage on amount and func-
tional activity of dermal papilla cells in bald scalp in AGA. WNT signaling is considered to be
the main trigger of telogen-anagen transition that drives repopulation of dermal papilla pro-
genitor cells from bulge niche. Its impairment could potentially lead to AGA phenotype.
Detailed understanding of molecular causes of hair loss in AGA is still has not been reached.
New standardized studies of hair follicle cell cycle in human scalp are required to find human-
specific information about dermal papilla and stem cells maintenance during their lifetime
renewals.

Pathway analysis of cDNA microarray data from cultured immortalized human DP cells from
balding (frontal) AGA scalps reveals activation of chromatin remodeling and metaphase-
anaphase transition pathways. Observed slight up-regulation of cell cycle inhibitor protein
CDKN2A confirms other studies and indicates up-regulation of DNA repairing pathways.
Expression of AR-related genes NOS3, EGR1, SMAD6, BTG2, and LATS2 was significantly
down-regulated exclusively after DHT treatment in frontal DP cells compared to occipital bald
cells from AGA scalp. Differential expression of TGFB1I1, TGFB2, THBS1, PTHLH, and
ANGPT2 was not changed dramatically, but they appeared among top 25 regulators of
underexpressed genes in bald DP cells samples. TGFB1I1 is a reported AR cofactor. Ligands
TGFB2, THBS1, PTHLH, and ANGPT2 launch receptors signaling related to catagen progres-
sion (and ligand CTGF to telogen). MIR106A was found among the top of significant miRNA
regulators of DE genes in bald DP cells.

After 1 h of DHT treatment, EGR1 and EGR2 genes reduced their expression by more than 70%
in balding versus nonbalding scalp. SPRY1 and CEPBD and NR4A2 genes had also negatively
differential expression trend in bald samples. CYB1P1 and CTGF had positively increased in
bald samples versus nonbald after 1 h of DHT treatment. DKK1 as WNT inhibitor was
underexpressed in nonbald DP samples 1 h after DHT treatment. DKK4 was, vice versa,
overexpressed in nonbald DP cells in the first 1 h. NR4A2, EGR1, HES1, and NR4A2 had
remarkable difference in expression between bald and nonbald DP cell samples. Unfortu-
nately, role of these proteins was acquired in cancer-related studies that make them hardly
applicable to the hair follicle research. Further investigation is required.

The obtained results suggest that AGA dermal papilla in frontal scalp area differs from
occipital ones unlikely due to downregulation of proliferation and increased expression of
catagen triggers, but rather due to reduced expression of anagen triggers.

5. Methods

5.1. Pathway analysis

We chose several public studies about hair loss in men with AGA using microarray technology
from GEO database (http://www.ncbi.nlm.nih.gov/geo/). Data from GSE66664 dataset were
log?2 transformed, quantile normalized, and then imported into Pathway Studio® software. We
used Pathway Studio® version 9 with ResNet® database version 12.
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Differentially expressed genes were identified with two-class unpaired T-test implemented in
Pathway Studio®. Multiple probes were averaged by best p-value or maximum magnitude. Selec-
tion of differentially expressed genes was made using samples BAB (GSM1623702-72) and BAN
(GSM1627372-441) after 0 min and after 15 min, 30 min, 3 h, 24 h, and 48 h after DHT treatment.

Cell processes and pathways enriched in over (under) DE genes were set up with GSEA
algorithm or Fisher exact test. From DE list, significantly expressed genes were chosen with
0.05 p-value and 2-fold change of the expression (log change interval [—1; 1]) cutoffs. In GSEA,
Mann-Whitney U-test with 0.05 p-value cutoff was applied, followed by expanding of the
content of proteins groups. GO biological process groups and pathway collection from Path-
way Studio were used as gene set. The pathway collection included Cell Process, Receptor
Signaling, Expression targets, Canonical Signal Transduction Signaling, Immunology, Toxicity,
and Disease sub-collections (2160 pathways in total). Moreover, 10 pathways were constructed
specifically for analysis of hair follicle-specific genes expression. These are Dermal Papilla Cells
Proliferation in Anagen; Dermal papilla Cell Regression in Catagen; Keratinocytes Apoptosis;
Melanocytes Differentiation; Hair Stem Cells Maintenance; Androgen Synthesis in Sebocytes;
Sebocytes Proliferation; Hair follicle in Telogen; Immune System Activation in AGA; Andro-
gen Receptor Genomic, and Non-genomic Signaling (files with pathways available in Path-
ways Studio® or in XML format upon request). Total numbers of entities and relations in hair
follicle-related pathways are 150 and 76, respectively.

To find statistically significant regulators of DE genes, SNEA algorithm was applied. SNEA is a
sub-network analysis of DE genes or proteins based on GSEA method and 2 million biological
relations in ResNet® database [71]. The choice of neighbors for sub-network generating was
entities upstream of DE genes (proteins/genes, complexes, functional classes) connected by
relations of “Expression” or “Promoter Binding” types. We used 0.05 p-value cutoff and limit
of 100 generated sub-networks ranked by best p-value. We performed SNEA to find 100 signif-
icant miRNA regulators.

Pathways statistically enriched with discovered list of regulators were found with Fisher exact
test. All images have been exported from Pathway Studio with special color specification (all
overexpressed genes in experiment are red, all underexpressed genes are blue, entities not
measured or filtered with p-value or log change cutoff are grey).

5.2. Signaling pathway reconstruction

Pathway Studio® software and ResNet® database from Elsevier were used for building hair
follicle cells specific interactive model pathways. Model signaling pathways reconstruction
was based on current scientific knowledge: settled facts and hypotheses (e.g., data acquired in
animal models). Pathway creation relies on published papers and searching ResNet® database
for neighbors, functions, and expression of chosen proteins and molecules.

Model of cell specific molecular interactions in this article consists in an interactive signaling
pathway that is represented by the graphical scheme and the annotations. In the graphical
representation, the members of interactions are shown linked together with functional rela-
tions. The annotations section includes the information about properties of pathway members
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and relations pulled out from ResNet® database. ResNet® database storages dictionary and
ontology of biological-related entities (proteins, small molecules, diseases, cell processes, cells,
treatments, etc.) linked together by relations (such as protein 1-protein 2 “binding”) (Figure 7).
Relations depict facts supporting by sentences (references) with scientific evidences which are
extracted from more than 3 million articles and manually curated when adding to pathways.

The relations indicate the effect of relation (negative or positive), the direction of the relation,
mechanism of the relation (such as phosphorylation), etc. [71]. The method of the pathway
reconstruction required looking for common relationships to entities in the database (common

downstream cell process or disease, upstream regulators, downstream expression targets, etc.)
and reviewing manually the results.

Supplemental Information:

Supplemental Table 1 and Supplemental Table 2 could be downloaded via link:

https://data.mendeley.com/datasets/yfnrkc7r9x/1
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Abstract

Primary cicatricial alopecias (PCA) are a rare group of disorders in which the hair
follicle is the main target of destructive inflammation resulting in irreversible hair loss
with scarring of affected lesions. Inflammation may predominantly involve lympho-
cytes or neutrophils. Cicatricial alopecias that mainly involve lymphocytic inflammation
include lichen planopilaris, discoid lupus erythematosus, pseudopelade (Brocq), central
centrifugal alopecia, alopecia mucinosa, and keratosis follicularis spinulosa decalvans.
Cicatricial alopecias that are due to predominantly neutrophilic inflammation include
folliculitis decalvans and dissecting cellulitis of the scalp. Acne keloidalis, acne
necrotica, and erosive pustular dermatosis are cicatricial alopecias with a mixed inflam-
matory infiltrate.

Keywords: cicatricial alopecia, lichen planopilaris, discoid lupus erythematosus

1. Introduction

Cicatricial alopecias are the result of various diseases of the scalp. It is usually circumscribed
but may be widespread [1]. It presents as areas of hair loss in which the underlying scalp is
scarred, sclerosed, or atrophic [1, 2]. In early stages, the underlying disease is usually diagnos-
able clinically and histologically, but in later stages, only scarring may be evident [3-5]. The
scarring is the result of the destruction and fibrosis of hair follicles [1, 6, 7]. The primary
cicatricial alopecias, which are the focus of this chapter, can be particularly challenging clini-
cally. Several classification schemes for primary cicatricial alopecia exist in the literature.
Workshop sponsored by the North American Hair Research Society, a working classification
of primary cicatricial alopecias based on the predominant inflammatory cellular infiltrate was
developed (Table 1) [8].

I m EC H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited. [{(cc) ExgNN
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1—Lymphocytic

Lichen planopilaris

Classic lichen planopilaris

Frontal fibrosing alopecia
Graham-Little syndrome

Chronic cutaneous lupus erythematosus
Classic pseudopelade

Central centrifugal cicatricial alopecia
Alopecia mucinosa

Keratosis follicularis spinulosa decalvans
2—Neutrophilic

Folliculitis decalvans

Dissecting cellulitis

3—Mixed

Acne keloidalis

Acne necrotica

Erosive pustular dermatosis

4—Nonspecific

Table 1. Classification of primary cicatricial alopecias.

2. Lymphocytic cicatricial alopecias

2.1. Lichen planopilaris

Lichen planopilaris is a rare disease characterized by autoreactive lymphocytic destruction
of the hair follicle and is the cause of progressive cicatricial alopecia. Perifollicular erythema,
squams, and keratotic follicular papules are commonly encountered clinical findings of LPP
(Figure 1) [4, 9]. Although diagnosis can be made clinically and histopathologically in the
early stages, it becomes more difficult to diagnose in the late stages due to the absence of
specific findings [1, 5]. Lichen planopilaris can be subdivided into three groups including
classic lichen planopilaris, frontal fibrosing alopecia, and Graham-Little syndrome [4, 6].
Classic lichen planopilaris presents as scalp hair involvement and is sometimes accompanied
by extracranial lichen forms. Frontal fibrosing alopecia is characterized by band-like scarring
alopecia of the frontal hairline that usually affects middle-aged women. Graham-Little syn-
drome, also known as Graham-Little-Piccardi-Lasseur syndrome, is a disease having a triad
of cicatricial alopecia, lichen planus spinulosus, and nonscarring hair loss of axillary and
pubic area [1].
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Figure 1. Lichen planopilaris.

2.1.1. Classic lichen planopilaris

It was initially described by Pringle. It is more common in women than in men. Light-skinned
individuals are more frequently affected than dark-skinned individuals. Most patients visit a
doctor in the first year [1, 4, 10]. Although the etiology of lichen planopilaris is poorly under-
stood, the most widely accepted theory states that it is an autoimmune disorder in which
Langerhans cells-activated T lymphocytes destroy keratinocytes. In LPP, most T lymphocytes
are located around the bulge area. It is seen that cells in the bulge area are multipotent and are
important in generating anagen hair follicle. Destruction of follicular stem cells localized in the
bulge area is found to be significant in lichen planopilaris [4, 11]. Contact sensitizers such as
metals can enhance a T cell inflammatory reaction. Commonly encountered metals are gold,
mercury, and cobalt. The role of infection is determined in the development of LPP. These
infections include hepatitis C, HIV, HSV type 2, Helicobacter pylori, and HPV. It was observed
that antimalarial agents, beta-blockers, thiazides, ACE inhibitors aggravate lichen planopilaris,
and classic lichen planus [1, 3, 4, 12]. Although the pathogenesis of lichen planopilaris shows
extensive similarities to the lichen planus, some reports point out differences in immunoreactant
deposition. Lichenoid dermatitis is histopathologically detected at the dermoepidermal junction
around follicular infundibulum and isthmus. Occasionally similar lichenoid changes may be
observed at the papillary dermis between surface epithelium and hair follicles. Mild to severe
dyskeratosis and lymphocytic infiltration are encountered. However, epidermal and dermal
mucin accumulation seen in DLE are not found [3, 4]. Immunofluorescence evaluation may
demonstrate the deposition of fibrinogen, IgM or rarely C3, and IgA at the follicular basement
membrane zone of the follicle in a linear pattern. Histopathological findings vary according to
disease progression and sometimes it may be difficult to diagnose. It is especially difficult to
diagnose in the late stages due to follicular scar. The biopsy site selection is an important process
to establish an exact diagnosis. It is recommended to perform biopsy in areas particularly having
active lesions. Active inflammatory areas are squamous, erythematous, and also symptomatic [3,
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13, 14]. First signs of LPP include alopecia and pruritus. Rarely pain, burning, and seborrheic
dermatitis are observed. The most frequent clinical forms are perifollicular erythema and
affinitative, violescent brown, hyperkeratotic follicular papules and flat, atrophic, polygonal-
sided alopecic plaques are subsequently appeared following the aggregation of papules. Scalp
lesions may be single or multiple, focal, or wide. They are most frequently involved in the
vertex and parietal area. Tiny alopecic patches slowly proceed and bind with other patches
causing reticular pattern. Pull test is positive in the active periods [1, 4, 15]. Distinctive diag-
nosis of classic lichen planopilaris is carried out with DLE, pseudopelade of Brocg, folliculitis
decalvans, keratosis pilaris spondiloza, alopecia mucinosa, and seborrheic dermatitis. The lack
of pustules supports the distinction from folliculitis decalvans. In the clinical manifestation,
histopathologic and immunohistochemical properties of LPP facilitate the differentiation from
other diseases.

LPP is difficult to treat. Local and systemic therapies are used. Local therapies are initially
selected in most cases since they are relatively safe. The aim of therapy is to reduce subjective
symptoms and to prevent inflammation and progression [4, 15]. Topical and intralesional
corticosteroids are often chosen as the first-line therapy. However, best regimen of treatment
for topical corticosteroids in LPP is not known. High potent corticosteroids are mainly
selected. If there is no response to corticosteroid therapy, other alternative drugs should be
considered. Intralesional corticosteroid injections reduce inflammation significantly. However,
atrophy can occur. In progressive patients, prednisone, an oral corticosteroid, can be given at 1
mg/kg/day over 2-4 months. Relapse may occur following the withdrawal of systemic cortico-
steroid therapy. Hydroxychloroquine has an immunomodulatory property and is well toler-
ated. Effects of treatment are initiated within 2-3 months and maximal clinical efficacy may
take up to 6-12 months. 400 mg/day of oral hydroxychloroquine therapy is recommended
after liver function test, complete blood count, and ophthalmologic examination. Adverse
reactions are rare, but include abdominal pain, anorexia, nausea, myalgia, skin hyperpig-
mentation, and ophthalmologic damage. Smoking may decrease efficacy. Cyclosporine is
effective in lichen planus. There are reports with mycophenolate mofetil especially in patients
unresponsive to corticosteroids and hydroxychloroquine therapy demonstrating its efficacy
and lower side effect profile [3, 16]. Other treatment options include retinoids, tetracycline,
griseofulvin, thalidomide, dapsone, topical tacrolimus, and minoxidil. However, there effec-
tiveness is still controversial [4, 9].

2.1.2. Frontal fibrosing alopecia

Frontal fibrosing alopecia (FFA), first described by Kossard in 1994, is a form of lichen
planopilaris characterized by cicatricial alopecia at the frontoparietal hairline and it occurs
primarily in postmenopausal women. Although the disease occurred typically in postmeno-
pausal women, it is rarely seen in men too. A total of 80 cases have been reported so far [17,
18]. Etiopathogenesis of FFA is not fully understood. As most of the cases are postmenopausal,
hormone-related triggering mechanisms are thought to play role in the etiopathogenesis. In
some cases, successful usage of 5-alpha reductase inhibitors supports the latter. Some reports
state that the occurrence of familial cases of FFA points to a possible genetic contribution. The
most characteristic clinical feature of frontal fibrosing alopecia is the progressive recession of
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the frontal and parietal hairline. All FFA patients exhibit this finding which is required to
diagnose [17, 19, 20]. Hairline recession usually occurs symmetrically and bilaterally, giving
rise to a band of alopecia between 0.5 and 8 cm from its original site. The progression is
relatively slow, and erythema and hyperkeratosis papules indistinguishable from that seen in
LPP are common findings. Eyebrow loss or thinning was reported in 62.82% of patients.
Despite 50% of lichen planus lesions are observed in lichen planopilaris, the prevalence is only
5% in FFA [3, 17, 21]. Histopathological and immunofluorescence evaluations are similar to
classic lichen planopilaris. However, it is harder to diagnose in the late stages. Causes of
cicatricial alopecia should be considered in the differential diagnosis of FFA. Clinical features
of FFA differ from other alopecias by its histopathological features [1, 4, 22]. Precise, effective
treatment options are limited. There are no randomized clinical studies. Corticosteroids are
proper approach in the early stages. Systemic corticosteroids can be administered in the dose
of 0.5-3 mg/kg per day for a period of 3-18 months. Some studies demonstrated that topical
corticosteroids were not effective. Intralesional corticosteroid treatment used in the advanced
stages may even worsen the disease rather than improvement. Topical minoxidil revealed
controversial results. Mono- or combination therapy of finasteride produced successful results.
Other treatment options including griseofulvin, isotretinoin, tacrolimus, pimecrolimus, cyclo-
sporin, hydroxychloroquine do not show promising results [3, 19, 23].

2.1.3. Graham-Little syndrome (Piccardi-Lasseur syndrome)

It was first described by Piccardi in 1914 and the components of the disease were described by
Graham-Little in 1915. It has a triad of cicatricial alopecia of the scalp, noncicatricial alopecia of
axillae and pubic region and keratotic follicular papules over body and extremities [24].
Patients are generally females aged 30-70 years. The rate of incidence is four times higher in
women. Its exact etiology is not known, but it is thought to be a variant of lichen planopilaris
[24, 25]. Cellular immunity seems to play a role in the clinical manifestation. However, in a
number of cases, hepatitis B vaccination and genetic patterns were thought to be the causes
[26, 27]. In the early stages, alopecic patches-like lesions, perifollicular erythema occur in the
periphery of scalp [1, 22]. Atrophy is not observed even there is no loss in the hair follicles in
the axillae and pubic region. Follicular keratosis occurring mostly over body and extremities is
rarely observed on the eyebrows. Histopathological findings include follicular orthokeratotic
hyperkeratosis in the early lesions, perifollicular infiltrate of lymphocytes, and loss in
pilosebaceous unit. Similar to other cicatricial alopecias, fibrosis is observed in the advanced
stages [24, 25]. Treatment options may include topical and systemic corticosteroids, and cyclo-
sporine [24, 28].

2.2. Discoid lupus erythematosus

Cutaneous lupus erythematosus is a widespread disease group. It may be categorized into
three main entities: acute, subacute, and chronic. Discoid lupus erythematosus (DLE), is often
related to the cicatricial alopecia. Discoid lupus erythematosus most often affects women in 4th
and 5th decade of life. Its etiology is not fully understood [4, 29]. It seems that disease occurs
following the exposure to UV light of sensitive individuals accompanied by the increase in
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keratinocyte apoptosis and the induction of reactive T cell or immunocomplex-mediated
response [30, 31]. Compared to other lupus erythematosus forms, the course is benign and
transformation to systemic lupus erythematosus is less than 10%. Generalized forms of discoid
lupus tend to transform into systemic forms [1, 30, 31].

Approximately 20% of men with DLE and 50% of women exhibit cicatricial alopecia. Lesions are
clinically transformed from definite macules and papules into adhesive squams followed by
discoid plaques (coin-like shape). Plaques may be painful and itchy. In the course of time, these
lesions transform into atrophic plaques having peripheral hyperpigmentation, depigmentation
in the middle. Exposure to sun light and trauma may induce the disease [1, 30, 32]. Lesions
evolved to squamous cell carcinoma over years. Scalp hair involvement occurred during the first
year of disease. Patients generally consult a physician with complaints in hair loss increase and
itching. Rarely stinging, burning or scalp sensitivity may occur. Lesions are generally at the
vertex localization. Coupled with the centrifugal progression of lesions, plaques containing
follicular plugs are formed. Telangiectasia and atrophy are observed on plaques. Approximately
35% of DLE patients manifest a positive antinuclear antibody. Lupus band test is positive in 90%
of DLE lesions [4, 31, 32]. Histopathology of DLE reflects its clinical presentation. Epidermis is
generally atrophic. Vacuolar degeneration in basal keratinocytes and thickening in the basal
membrane are confirmed. Lymphocytic infiltrate is observed around veins and adnexal struc-
tures in the dermis. Mucin accumulation is the most significant indicator of cutaneous lupus
erythematosus. Collagen and elastic fibrils may get damaged. Lymphocytic infiltrate may diffuse
to the subcutaneous fatty tissue. In more than 90% of biopsies IgG and C3 depositions are
demonstrated immunopathologically. It is hard to presume the prognosis and course of DLE.
Newly diagnosed patients should be evaluated in terms of SLE. Complete physical examination,
routine blood tests, urine analysis and anti-dsDNA antibodies are examined. If it is negative, it is
regarded as skin-limited form [3, 29, 31, 33].

Differential diagnosis should consider lupus vulgaris, actinic keratosis, sarcoidosis, rosacea, pso-
riasis, lichen planus granuloma annulare, tinea faciei, and seborrheic dermatitis. Clinically, histo-
pathological and immunological tests are favorable in differentiating from other diseases [1, 4].

First step of the therapy is to recommend sun protection. First-line therapy options include
corticosteroids and antimalarial agents. Corticosteroids are administered in forms of potent
topical corticosteroids or intralesional triamcinolone acetonide (4-10 mg/mL, monthly injec-
tions). Most frequently used antimalarial drug, hydroxychloroquine should be initially
started in doses of 200-400 mg daily. Pediatric posology is 4-6 mg/kg. Basal ophthalmolog-
ical examination and complete blood count should be performed. Side effects are rare and
include abdominal pain, anorexia, nausea, myalgia, skin hyperpigmentation, hematologic
changes, and ophthalmological damage. Oral corticosteroids can be used until efficacy has
been proven (1 mg/kg, tapering in 8 weeks). Oral retinoids can be tried in unresponsive
cases. For this purpose, acitretin (50 mg per day) or isotretinoin (40 mg per day) are used.
Moreover, topical immunomodulatory agents (e.g., tacrolimus), thalidomide, dapsone, and
oral vitamin C may be considered. If none of these treatments are found to be effective, oral
immunosuppressant therapies (mycophenolate mofetil, methotrexate, and azathioprine) are
initiated [31, 34-36].
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2.3. Classic pseudopelade of Brocq

It was first described by Brocq in 1888. It is frequently characterized as slowly progressing
disease with cicatricial alopecic patches without chronic inflammation [37-39]. The cause is not
known. There are many debates on accounting the disease. While some researchers believe
that Pseudopelade of Brocq is clinicopathologically different disease, some reported that it the
last phase of primary cicatricial alopecias. Consequently, successful determination of the dis-
ease is not available until this date. The epidemiology is not known. Although Pseudopelade
of Brocq may occur in both genders, it is more frequent in women over 40 years of age. It is
very rare in pediatric population. Although its etiopathogenesis is not fully understood, the
possible causes include genetics, autoimmunity, and infections [1, 38]. Pseudopelade of Brocq
is a chronic, and insidious form of primary cicatricial alopecia. There are usually no symptoms.
Mild itching may be present. Three clinical forms were identified by Brocq including scattered
small plaques, large plaques, and a combination of both. Vertex involvement is frequently
observed in all three forms. Patients rarely have squams. Small plaques showed confetti-like
scattering. Classic Pseudopelade of Brocq involves scalp, however, beard involvement occurs
too. The course of disease is slow and progressive but some cases rarely exhibit fast progres-
sion [3, 38]. Biopsy is significant to diagnose histopathologically. Two deep punch biopsies
along clinically active alopecic areas should be taken. To differentiate from other cicatricial
alopecias patients should undergo both routine and direct immunofluorescence examination.
Pseudopelade of Brocq does not have pathognomonic histopathological properties. In the
early lesions, there is mild perivascular and perifollicular lymphocyte infiltrate. However,
interphase changes are not present. Sebaceous glands are diminished or absent. Follicular
epithelial atrophy is present two deep punch biopsies along clinically active alopecic areas
should be taken two deep punch biopsies along clinically active alopecic areas should be taken
[40, 41]. As alopecia develops, atrophy becomes evident in the infundibular epithelium. Direct
immunofluorescence findings are usually negative. In the advanced stages, atrophic epidermis
is seen on the dermis containing follicular fibrotic bands extending to the subcutaneous tissue
[42, 43]. Differential diagnosis should include alopecia areata, lichen planopilaris, discoid
lupus erythematosus, and central centrifugal alopecia.

Treatment objective is to prevent clinical remission and progression of the disease. Unfortu-
nately, the progression still continues even after treatment [38, 44, 45]. Choice of therapy
depends mainly on activity, extent, and tolerance of the disease. In patients having less than
10% scalp involvement, topical or intralesional corticosteroid therapy is the first choice. There
are reports stating the efficacy of topical tacrolimus and topical minoxidil therapies. In addi-
tion, there are also reports indicating that systemic prednisolone, hydroxychloroquine, isotret-
inoin therapies are effective [36, 43, 44].

2.4. Central centrifugal cicatricial alopecia

It was first described by LoPresti et al. and also referred to as hot comb alopecia and follicular
degeneration syndrome [46]. It is the most common form of cicatricial alopecia in African
American females. Although its etiopathogenesis is not fully understood, the causes include
usage of hot comb, styling practices, chemical agents, infections, autoimmune diseases, and
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genetics [47, 48]. Clinically disease initiated at the vertex and middle of the scalp, as it pro-
gresses, it can cause centrifugal baldness. Symptoms such as itching or pain are often absent or
mild. Most of patients are adult black women [48, 49]. Histopathologic features include
perifollicular lymphocytic infiltrate, and fibrosis in the early stages. Terminal follicle count is
diminished. In the advanced stages, sebaceous gland and follicle loss are observed. Dyskeratosis
and epidermal mucin accumulation are absent. Perifollicular erythema and follicular keratosis
is usually absent. Pigment incontinence is minimal. Histopathology in the last stage is similar
to other cicatricial alopecias [48, 50]. Moreover, chronic transitional alopecia, androgenic alo-
pecia, alopecia areata, trichotillomania, folliculitis decalvans should be excluded [1, 49, 51].

Treatment objective is to stop progression rather than hair growth. Regrowth is not possible
due to the formation of scar tissue. This is related to styling methods and even though this
relation is not confirmed, natural hair care techniques not causing trauma are recommended.
Hair care method involving chemicals and techniques causing traction should be eliminated
[3, 49-53]. Until the disease is stabilized, daily topical corticosteroids usage followed by three
times a week posology is recommended. 10 mg/ml doses of intralesional corticosteroids are
applied once a month for at least 6 months. The therapy is then continued depending upon the
symptoms. Especially in severe cases, oral anti-inflammatory drugs such as tetracycline are
applied for at least 6 months. In order to reduce itching and desquamation, seborrhoeic
dermatitis-like therapy (shampoos containing zinc pyrithione and/or ketoconazole) is
recommended. Antimalarial agents, minoxidil, thalidomide, cyclosporine, mycophenolate
mofetil, vitamins, and several herbal treatments are found to be effective. The treatment
should be continued at least 6 months and following enhancement, it should be lasted for a
year until the remission. Besides, hair transplantation may be performed. Wigs can also be
used [1, 36, 43, 49].

2.5. Alopecia mucinosa

It is also known as follicular mucinosis and characterized by the follicular papillary erythema
and squam formation in the perifollicular zone [4, 54]. All age groups can be affected and its
initiation can go to the infiltrate period. Its etiopathogenesis is not fully understood. Antigenic
stimulus T cell-related follicular response formed in hair follicles is thought to increase the
folliculotropic response.

Occurrence of lymphoproliferative diseases in 30% of adult patients is an important step in the
etiopathogenesis. Its course includes sharp-edged erythematous squamous plaques. The most
significant involvement occurs in the head and neck. Alopecia is seen when lesion affects hair
follicles. Dysesthesia and anesthesia can be observed in lesions [1, 55, 56]. Clinically, acne-
formed, hypopigmented, eczematous plaques and endured nodule forms are reported. Clini-
cally there are 3 types. Primary or benign type occurs in young patients and it is the only lesion
tending to improve in several years. Secondary or malignant type occurs in the elderly and it is
characterized by many lesions. Third type is chronic benign form having properties of both [4,
55, 57]. The most malignity associated with alopecia mucinosa is mycosis fungoides. Other
malignities include leukemia, Hodgkin lymphoma, renal carcinoma, lymphosarcoma. Its
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pathology reveals several mucin accumulation in follicular epithelium and sebaceous tissues,
perivascular, and perifollicular lymphocyte infiltrates. Dyskeratosis and lameller fibrosis are
absent [55, 57].

Differential diagnosis is performed by alopecia areata, telogen effluvium, lichen planopilaris,
morphea, tinea capitis, subcutaneous panniculitis-like T cell lymphoma, and dissecting folliculitis.

The most effective therapy in benign type alopecia mucinosa is intralesional steroid treatment.
There are a wide range of therapy options. These are topical oral antibiotics, topical retinoids,
steroids, dapsone, methotrexate, immunosuppressive agents, nitrogen mustard, and PUVA. In
the malignity-associated alopecia mucinosa direct malignity treatment should be performed.
Long term follow-ups are needed in chronic alopecia mucinosa [3, 36, 57, 58].

2.6. Keratosis follicularis spinulosa decalvans

Keratosis follicularis spinulosa decalvans (KFSD) is also known as keratosis pilaris decalvans. It
was first described by Siemens in 1926. It is characterized by scalp follicular hyperkeratosis and
photophobia. The end point is atrophy and cicatricial alopecia. Transition depending on X and
sporadic cases also occur. It is thought to be a part of keratosis pilaris atrophicans [59-61]. Its
etiology is not known. It is usually initiated around facial with follicular hyperkeratosis in the
early life. Later on, it spreads on scalp, hair, and eyelashes. Patch-like alopecia on scalp, hair, and
eyelashes occurs and it is followed by cicatrices is observed on alopecic areas. Reddish-brown
telangiectasia on lesions can be seen. Moderate itching is present. Staphylocuccus aureus-related
pustule infections can worsen the disease. The disease is generally more severe in men [4, 62, 63].
Histopathologic examination revealed intrafollicular and perifollicular edema and neutrophil
infiltrate. As the disease progresses, mucin accumulation around the top of follicles and
perivascular and perifollicular lymphocyte infiltration are detected [3, 61, 62].

Differential diagnosis should include KID syndrome, lichen planopilaris, and folliculitis
decalvans.

Treatment should be done especially in childhood where the disease is active. Unfortunately,
there is no specific treatment. Topical and intralesional corticosteroids, oral retinoids, and
dapsone can be used [63, 64].

3. Neutrophilic cicatricial alopecias

3.1. Folicullitis decalvans

Folicullitis decalvans is a disease occurred in pustules on scalp. The cause is not known.
Some researchers blame isolation of S. aureus in the pustular lesions as its etiology. Immune
interaction between microorganisms and the host is thought to be the most significant factor
in folliculitis development. Its epidemiology is not fully known. It is one of most important
causes of cicatricial alopecia. The prevalence is same in both genders [65-67]. Clinically
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initial lesion is erythema follicular pustule and papule. These can be painful and itchy. Later,
new pustules are observed and accumulated to form pustular milier abscess (Figure 2).
Consequently, cicatricial alopecia plaques have been formed [67]. Tufted folliculitis is char-
acterized by having more than one hair on dilated orificial follicles. It is often seen in
folliculitis decalvans [67, 68]. Concurrently DLE, LPP, acne keloid, and tinea capitis can occur
during the course. In order to diagnose folliculitis decalvans, biopsy must be taken from
pustules. Although pathognomonic findings are absent in the histopathological evaluation,
follicular neutrophilic pustules in the early stages, plasma cells in chronic period are seen. As
a response to follicular damage, foreign matter granules can be formed and consequently
common fibrosis occurs. Careful histological and clinical evaluation should be carried out
even after the diagnosis since the disease can overlap with other alopecias. Diagnosis should
take into consideration of dissecting folliculitis, acne keloid, erosive pustular dermatosis,
acne necrotica, DLE, CCCPA, LPP, and pseudopelade [67, 68].

Figure 2. Folliculitis decalvans; pustules on the scalp are noticed.

Bacterial cultures should be taken from each patient and antibiotic resistance should be
determined prior treatment. Long-term antibiotics targeting S. Auerus must be used. Tetracy-
cline, coloxylin, erythromycin is used as first-line therapy. Antibiotic treatment is initiated as
in acne and reduced according to the response. The disadvantage of antibiotic therapy is
recurrence. Clindamycin and rifampicin is used in combination in unresponsive patients.
Other effective choice of therapy is isotretinoin. It can be administered intralesionally in fast
progressive cases. Other treatments include dapsone, hydroxychloroquine, adalimumab,
infliximab. Wigs can be recommended as cosmetic camouflage in patients with cicatricial
alopecia [36, 69, 70].

3.2. Dissecting cellulitis

Described by Hoffman in 1908, it is also known as perifolliculitis capitis abscedens et
suffodiens. It forms follicular occlusion triad along with acne conglobate and hidradenitis
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suppurativa. If pilonidal cysts are added to the picture, they all referred as tetrad. Dissecting
cellulitis most commonly affects young black men with an average age of 1840 years.
Although its etiopathogenesis remains shrouded in mystery, S. aureus-induced neutrophilic
response is the cause. It seems genetically transferred disease since familial cases have been
reported [71, 72]. Initial lesion is generally follicular pustules at the vertex. Later, these are
transformed into painful nodules. Accumulated nodules form tubular bridges. Seropurulent
discharge can occur on nodules. Skin can be covered by crut and squams. Hypertrophic and
keloid scar atrophy and cicatricial alopecia may occur in patients treated insufficiently.
Although spontaneous remission occurs, relapse is frequent. Cervical and occipital lymphade-
nopathy may be observed [1, 3, 72].

In its histopathology, perifolliculitis formed by lymphocyte around follicles, histiocyte and
polymorphous nuclear cells is present. Superficial fat tissue and abscess formation may be
observed in dermis. Intensive fibrosis occurs in the late stages [71, 72].

Medical treatment of dissecting folliculitis involves high doses of isotretinoin. Antibiotics such
as minocycline, tetracycline, erythromycin, clindamycin along with zinc sulfate, dapsone,
colchicine, corticosteroids can be recommended as other treatment options. In persistent cases,
surgical interventions such as excision and grafting may be considered [73-76].

4. Mixed cicatricial alopecias

4.1. Acne keloidalis

Acne keloidalis was first described in 1869 by Kohn. This disease is also known as folliculitis
keloidalis nuchae or folliculitis keloidalis. The term acne keloidalis is somewhat of a misnomer
since the condition is neither a kind of acne nor keloidal in nature. Acne keloidalis is most often
seen in African Americans. The prevalence in American football players is 15%. Mechanical
trauma, infections, autoimmunity, and drugs are the causes in its etiopathogenesis [76-78]. It is
clinically developed in the early stages on the occipital scalp and on the nape of the neck as
reddish-brown colored papules with smooth surface. Occasionally, these papules transformed
into nodules and plaques. Pustules and abscesses are rarely occurred. Intrafollicular and
perifollicular lymphocytes and plasma cell infiltrates are histopathologically involved in the
early lesions. In the advanced stages, follicular destruction develops. Sebaceous glands disap-
pear. Differential diagnosis should include folliculitis decalvans, acne necrotica, and dissecting
folliculitis [1, 76].

First-line therapy of acne keloidalis is prevention. Preventing trauma and infections is impor-
tant. In mild cases, combination of potent topical corticosteroids with topical antibiotics is
advantageous. Oral tetracycline may be added to the monthly injections of intralesional corti-
costeroids. Partial response can be obtained by cryotherapy and laser therapy. Effective lasers
include carbon dioxide, 1064 nm Nd:YAG or 810 nm diode. Surgical excision may be needed
for common keloidal plaques. Surgical approaches include excision with primary closure or
secondary intention healing. Deep surgical excision is more efficient. Surgical excision is an
effective option [36, 79, 80].
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4.2. Acne necrotica

Acne necrotica is also known as folliculitis necrotica. It is a mysterious disease not under-
stood by many dermatologists. Infections are routinely mentioned in its etiology but evidence
cannot be demonstrated. Drugs and food allergies are also thought to be the cause. Mechan-
ical factors such as itching only spread the disease. Most of patients are women. Lesions are
generally observed on the scalp along face and hairline. They are rarely occurred on nose and
cheeks [4, 81, 82]. Initial lesions are umbilicated follicular papules. Not long after, they
transformed into pustules. Consequently, varioliform scars may develop. Initially perivascular
and perifollicular lymphocytic infiltrate, subepidermal edema is apparent. In the advanced
stages, necrosis is observed in the follicular epithelium and epidermis [3, 81]. Neutrophiles can
be seen in superficial dermis. Differential diagnosis should also include folliculitis decalvans,
dissecting folliculitis, colitis, eczema herpeticum, and molluscum contagiosum [81, 82].

Treatment with oral tetracycline, antistaphylococcal antibiotics may be effective. They should
be used in long term. In patients not having complete response, topical or intralesional corti-
costeroid can be added. Isotretinoin treatment may prolong the remission period [4, 43].

4.3. Erosive pustular dermatosis

The disease was first described in 1979 by Pye et al. and about 100 cases have been reported so
far [83]. The disease most commonly occurs in elderly and females. Sun damage, local trauma
(surgery, cryotherapy, herpes zoster), and autoimmunity are blamed in its etiology. Lesions
with crusts and pustules on atrophic skin are clinically observed. The number of pustules can
vary remarkably, and in some cases they are absent. Pain and pruritus in the lesions are not
observed. However, cicatricial alopecia may develop in the advanced stages. Histopathology is
uncharacteristic and not very helpful in confirming the diagnosis [84, 85]. Histopathological
examination is crucial to exclude other diseases. Histopathology shows subcorneal pustules,
epidermal atrophy, and erosions. In addition, these findings can be accompanied by a poly-
morphous dermal inflammatory infiltrate and in some cases leukocytoclastic vasculitis might
be present. The differential diagnosis should consider tinea capitis, Gram-negative folliculitis,
pyoderma gangrenosum, DLE, pemphigus vulgaris, and SCC. High-potency topical steroids
reduce the inflammation significantly [1, 85].

Steroids must be used more than 6 months for better responses. Other treatment options
include tacrolimus, dapsone, calcipotriol, and acitretin. Sun protection is reported to be effec-
tive since disease etiology includes actinic damage [86, 87].

5. Conclusion

Cicatricial alopecia forms an important group of disorders that end up with scarring and
persistent hair loss. An elaborate physical examination, skin biopsies and blood tests can be
helpful in order to establish the accurate diagnosis and to suggest the most appropriate
treatment for the hair loss. Many patients do not respond to the first treatment they receive
and the condition frequently relapses when treatment is stopped. Some clinics offer
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surgical treatment, such as scalp reduction surgery and hair transplantation, but it may not
be suitable for all patients. Patients often have significant psychosocial impact and man-
agement of these patients should address not only their physical but also psychological
aspects.
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Abstract

This chapter reviews common cutaneous infections, infestations, and neoplasms of the
scalp. Infections of the scalp are subdivided into three major groups. The most seen are:
(1) Bacterial: Folliculitis, folliculitis decalvans, tufted hair folliculitis and acne keloidalis
nuchae. (2) Fungal: Tinea capitis, favus and kerion celsi. (3) Protozoal: Syphilitic alope-
cia. Pediculosis capitis is the most common worldwide infestation of the scalp. The neo-
plasms of the scalp are large group of different diseases due to arising different origin. In
the following section, trichilemmal cyst, proliferating trichilemmal cyst, nevus sebaceous
and cylindroma are discussed in detail.

Keywords: infection, infestation, neoplasm, scalp

1. Introduction

Scalp diseases are one of the most seen reasons for admission to dermatology clinics. There is
a wide spectrum of different aetiologies for scalp lesions. This chapter will review cutaneous
infections, infestations and neoplasms of the scalp. Examples of bacterial infections include
folliculitis, folliculitis decalvans, tufted hair folliculitis and acne keloidalis nuchae. There will
be some detailed information about fungal infections, such as tinea capitis, favus and kerion
celsi. The neoplasms of the scalp represent a varied group of dermatoses. This review focuses
on trichilemmal cyst, proliferating trichilemmal cyst, nevus sebaceous and cylindroma.

2. Bacterial infections of scalp

There are several types of infections of the scalp including chronic scalp folliculitis [SF], fol-
liculitis decalvans [FD], tufted folliculitis [TF], acne nuchae keloidalis [ANK] and dissecting
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cellulitis [DCS]. These infections have similar features like chronic scarring folliculocentric
pustules localised to the scalp. Many of these conditions show the presence of Staphylococcus
aureus [SA] and response to antibiotic therapy [1].

2.1. Scalp folliculitis

Folliculitis is a pyoderma that begins within the hair follicle. It is classified according to the
microbial aetiology, including bacteria, viruses and fungi, as well as many other non-infec-
tious ones. The most seen folliculitis of scalp are Staphylococcus aureus [S. aureus] folliculitis,
Herpes simplex virus folliculitis and dermatophytic folliculitis [Tinea capitis]. Some of the
predisposing factors are hyperhidrosis, maceration, friction, overweight, medications such as
corticosteroids and halogenated compounds, as well as occlusive hair care products and topi-
cal hydrocarbons, such as oils and tars. In addition, immunodeficiencies such as HIV/AIDS
and diabetes mellitus are also predisposed to folliculitis [2].

S. aureus is the most common cause of folliculitis. The major cause is either contagion or auto-
inoculation from a carrier focus, usually nasal or perianal region. The typical lesion of follicu-
litis is a small inflamed, dome-shaped papule or pustule which can be drained spontaneously.
Both pruritus and pain can be seen. Systemic symptoms, such as fever or lymphadenopa-
thy, may occur when the involvement is widespread. Biopsy is rarely needed to distinguish
between fungal or viral folliculitis. Biopsy shows neutrophils in the dermis and follicular
wall damage. Many of the patients may carry S. aureus, so nasal and perineal cultures should
be taken. Other forms of folliculitis can be identical in appearance, so this possibility should
always be taken into consideration. Treatment options include topical antibiotic or disinfec-
tant solutions such as mupirocin cream, triclosan [2%] or chlorhexidine [1%] and antistaphy-
lococcal systemic antibiotics [1, 2].

2.2. Folliculitis decalvans

Folliculitis decalvans [FD] is a rare type of cicatricial alopecia and was first described by
Quinquaud in 1881 [3]. It is an inflammatory disease characterised by follicular pustules and
haemorrhagic crusting, leading to scarring hair loss. Although in most patient FD started
in the vertex, other sites such as the occipital or midscalp area may also be affected. At the
periphery of lesion, follicular pustules continue to form. Tufting of hairs may be seen [4].
Clinically, the majority of the patients were generally healthy, without any systemic symp-
toms or any signs of immunosuppression. Although the exact cause remains unknown,
S. aureus is usually cultured from these pustules [5]. The disease shows a chronic and relaps-
ing course. Histologically, early lesions show dense perifollicular inflammatory infiltrates
consisting mostly of neutrophils. In later stages, follicular rupture, lymphocytes, histiocytes
and plasma cells are seen, as well as perifollicular and interstitial dermal fibrosis [6, 7].
Differential diagnosis of FD consists of follicular degeneration syndrome or central centrifu-
gal scarring alopecia.

AsFD is usually associated with infection of S. aureus [5, 6], systemic antibiotics are the mainstay
of disease [e.g., cephalexin, minocycline, tetracycline, clindamycin, rifampicin, ciprofloxacin].



Infections, Infestations and Neoplasms of the Scalp
http://dx.doi.org/10.5772/67278

Because of its high lipid solubility, and it is said to be the best antistaphylococcal antibiotic,
rifampicin has been successfully used in combination with various other antibiotics [5, 7].
Rifampicin is not recommended for lone use. Rifampicin 300 mg b.i.d and clindamycin 300 mg
b.i.d is the preferred regimen. Shampooing with antibacterial wash products and topical cor-
ticosteroids may also be useful. Varying results have been reported after treatment with pred-
nisolone, isotretinoin, human immunoglobulin and more recently biologics [e.g., infliximab and
adalimumab] [8, 9], neodymium: yttrium aluminium-garnet [Nd:YAG] laser [10] and photody-
namic therapy [PDT] [11]. There is very limited evidence that FD can be treated with dapsone,
minoxidil or radiation therapy [12].

2.3. Tufted hair folliculitis

Tufted hair folliculitis [THF] was first described by Smith and Sanderson in 1978 [7]. It is
characterised by scarring bacterial folliculitis of the scalp associated with multiple bundles of
hair emerging from a single dilated follicular orifice in a ‘doll’s hair’ pattern. Infection with
S. aureus is thought to be initial causative factor [13]. Tufting of hair is caused by clustering
of adjacent follicular unit due to a fibrosing process and to retention of telogen hairs within a
dilated follicular orifice [14]. The patients were 20-60 years old, the peak incidence occurring
in 30 years [4]. It affects male more frequently than female.

Clinically, it presents erythematous, infiltrated plaque of cicatricial alopecia and enlarged
follicular openings with tufts containing 20-30 apparently normal hair shafts (Figure 1). The
lesions are usually found in the occipital and parietal areas [8]. Frequently reported subjective
symptoms are pruritus, pain and scales adherent to the scalp and hair. Regional lymph node
enlargement [occipital, pre- or retroauricular] may also be noticed [9]. S. aureus is most often
cultured from the lesions [10]. Underlying differences in follicular anatomy or host response
may be responsible for the lesion [15]. Histopathological studies reveal scarring with perifol-
licular inflammation of plasma cells, lymphocytes and neutrophils around the upper portions
of the follicles sparing at the hair root level. Multiple hairs are seen emerging from a single
follicular opening (Figure 2) [13].

Figure 1. Cicatricial alopecia with tufted folliculitis.
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Figure 2. Dermoscopic image of the scalp with tufted folliculitis characterised by multiple hairs emerging from one
single dilated follicular orifice.

THF may be seen with dissecting cellulitis of the scalp, folliculitis decalvans, acne keloidalis,
Melkersson-Rosenthal syndrome and hidradenitis suppurativa [16]. In some case reports it
has been described that tufted folliculitis in association with medication use, specifically with
cyclosporine and lapatinib [17, 18]. Differential diagnosis consists of folliculitis decalvans,
folliculitis keloidalis nuchae, kerion celsi, dissecting cellulitis of scalp, trichostasis spinulosa,
follicular lichen planus and relapsing staphylococcal folliculitis [19].

The course of THF is chronic and the patient may experience intermittent flares and remis-
sions. Treatment of this relapsing condition is notoriously difficult. As S. aureus is the initial
causative agent, systemic antibiotics including ciprofloxacin, erythromycin, flucloxacillin
and amoxicillin/clavulanic acid are regarded the standard therapy. Rifampicin and nadi-
floxacin have been proven as more effective than other therapeutic modality to control the
pustular phase of the disease, of the best antibiotics active against S. aureus, as well as to
prevent possible recurrences [4, 20]. Rifampicin can be used with a dose of 450 mg twice per
day for 4 weeks or 600 mg daily for 10 weeks [20, 21]. Recently, a case of tufted hair folliculi-
tis being treated with trastuzumab, a selective HER2 inhibitor, has been reported [22]. Good
results with excision of the areas of scarring have also been described [13, 15].

2.4. Acne keloidalis nuchae

Acne keloidalis nuchae [AKN] is a chronic scarring folliculitis characterised by fibrotic, keloid-
like papules and plaques on the occipital scalp and posterior neck. The term acne keloidalis
was given to this condition in 1872 by Bazin [23].

Early AKN lesions are seen as mildly pruritic papules and pustules arranged in irregu-
larly linear groups just below the hairline. With continued inflammation or infection the
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papules tend to coalesce and form hypertrophic scars or keloids that may be painful and
disfiguring (Figures 3 and 4). In advanced cases, abscesses and sinus tracts with puru-
lent discharge may develop [24, 25]. Actually AKN is not a form of acne vulgaris and
unlike true acne vulgaris, comedones are not a feature of AKN. It is very common in
individuals of African descent. Its prevalence ranges from 1 to 16% and the male to female
ratio is at least 20:1. The probable onset age of AKN is 15-25 years and reduces after
55 years of age [26].

Figure 3. Acne keloidalis nuchae. Papules are seen below the hairline.

Figure 4. Acne keloidalis nuchae. Papules and hypertrophic scars are noticed on the occipital region.

The exact aetiology of AKN is unclear but it is associated with several factors including
androgen excess, chronic mechanical trauma such as close haircuts and chronic rubbing of
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the area by clothing stimulating an inflammatory reaction, secondary bacterial infection,
mast cell density and medications such as antiepileptic drugs or cyclosporine [24, 26-28].

Histological studies show evidence of follicular and perifollicular infiltrate at the upper one-
third of the hair follicle in early lesions, whereas more advanced lesions reveal disrupted
hair follicles, a foreign-body reaction with granulomatous inflammation and fibrotic dermis
[25, 29]. Differential diagnosis of AKN consists of the other chronic scarring folliculocentric
pustules localised to the scalp.

First step in treatment is patient education. It should be advised that the patient should avoid
from mechanical irritation from clothing for prevention. Prognosis becomes good if the treat-
ment begins at early stage. However, once major scarring develops, therapy is more difficult
and morbidity is increased. If pathogenic microorganism with culture are identified, appro-
priate antibiotics should be prescribed. Conventional treatment modalities usually involve
use of topical, intralesional or systemic steroids in combination with retinoids and/or oral
antibiotics such as doxycycline or minocycline to decrease inflammation. Oral isotretinoin of
20 mg daily may be used alone or in combination with topical fusidic acid and oral cefadroxil
[500 mg twice daily for 2 weeks] to treat the patient [30]. Other treatment options are cryo-
therapy and targeted ultraviolet B [290-320 nm] phototherapy. Combination of cryotherapy
and intralesional steroid may help to reduce the size and firmness of papules and nodules
[31]. Radiation therapy and intralesional 5-fluorouracil are alternative treatment strategies
for refractory cases [32]. Recently, laser treatment such as CO, laser, 1064-nm Nd:YAG laser,
59-nm pulse dye laser [PDL] and 810-nm diode laser have been used which allow for 82-95%
improvement in one to five sessions [33]. Patients who present with big fibrotic nodules would
benefit most from surgical excision. Excision with primary closure may be used for excellent
cosmetic results for the management of extensive cases of AKN [23, 28, 34].

3. Fungal infections of scalp

3.1. Tinea capitis

Tinea capitis (TC) is a disease caused by dermatophytes of the skin of the scalp with a pro-
pensity for attacking hair shafts and follicles. It occurs predominantly in pre-pubertal children
aged between 3 and 7 years. It is reported more in boys than in girls within pre-pubertal age.
Tinea capitis is the most seen pediatric dermatophyte infection worldwide [35]. All species
of Trichophyton and Microsporum can cause TC. Microsporum canis is the cause of the most
seen dermatophyte worldwide, whereas in the United States Tricophyton tonsurans is the most
common organism. Transmission occurs by direct head-to-head contact through fomites,
from animals to humans, and, least commonly, acquired from soil. Asymptomatic carriers of
Tricophyton tonsurans are common, making it difficult to treat [36].

From the site of inoculation, the fungal hyphae grow centrifugally in the stratum cor-
neum. According to the patterns of contamination, tinea of the scalp is classified into two
types: ectothrix and endothrix. In an ectothrix infection, the fungi continue downward
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growth into the follicle and they invade the keratin part of the hairs. Ectothrix invasion
is usually associated with Trichophyton verrucosum, Trichophyton mentagrophytes and all
Microsporum species. The endothrix hair invasion caused by Trichophyton tonsurans and
Trichophyton violaceum is characterised by the development of the fungi within the hair
shaft only. While the ectothrix-infected hairs can be of fluoresce bright green or yellow
green caused by the destruction of the cuticle of the hair, the endothrix infection do not
fluoresce, because the cuticle of the hair remains intact in endothrix infection. The hair is
very fragile and breaks the surface of the scalp. Therefore, leaves the infected dark stubs
visible in the follicular orifices. Thus, endothrix infection is often described as a ‘black
dot” appearance [37].

Among predisposing factors for dermatophyte infections are humid environment, atopic
diathesis, such as cell-mediated immune deficiency, systemic immunocompromised states,
prolonged immunosuppression with the use of topical glucocorticoids and broad-spectrum
antibiotic use [38].

Typical clinical features are small areas of fine scale with minimal hair loss. ‘Moth-eaten’
alopecia is seen. When Tricophyton tonsurans is responsible, black dots are seen. Erythema is
also a clue for Microsporum canis. Shedding of fungal spores may continue several months
despite active treatment; therefore, children with tinea capitis may attend school. Also, short
haircuts and wearing a cap during treatment are not necessary. Clinical manifestations of TC
may resemble pityriasis amiantacea, seborrheic dermatitis, bacterial folliculitis, pediculosis
capitis, trichotillomania, alopecia areata or pustular psoriasis, which are often treated incor-
rectly [39].

Definitive diagnosis of TC is made through 10-20% potassium hydroxide [KOH] examination
and culture from lesions. The turn-around time for culture may take several weeks. Wood
light examination is also helpful to demonstrate fungal fluoresce. Infected hair produces
bright green or yellow green fluorescence. It should be kept in mind that endothrix organisms
do not fluoresce. Trichoscopy is an additional tool for the diagnosis of tinea capitis. Comma
shaped hairs, corkscrew hairs and zigzag shaped hairs are the diagnostic trichoscopic features
of tinea capitis [40, 41]. Skin biopsy can be done for differential diagnosis. Fungal hyphae in
the stratum corneum can be demonstrated histopathologically.

As the dermatophyte penetrate the hair follicle, oral antifungals is required for the treatment
of TC. Basically, three different groups of systemic antifungals are used to eliminate TC:
Griseofulvin, azoles [itraconazole, fluconazole, ketoconazole] and allylamines [terbinafine].
Of these agents, itraconazole and terbinafine are most commonly used. Griseofulvin [10-25
mg/kg/day for 6-8 weeks] is the most frequently used antifungal agent, but recently it has also
been reported that newer agents such as terbinafine [10-20 kg: 62.5 mg/day; 20—40 kg: 125 mg/
day; >40 kg: 250 mg/day for 2—4 weeks], itraconazole [5 mg/kg/day for 2-6 weeks] and fluco-
nazole [first dose 6-12 mg/kg, then 3-6 mg/kg/day for 2-4 weeks] to be effective. Selenium
sulphide, zinc pyrithione, povidone iodine or ketoconazole shampoos have been shown to
help to decrease the shedding of fungal spores. Common recommendations are to use these
shampoos two to four times weekly for 2-4 weeks [42, 43].
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3.2. Favus

Favus or tinea favosa is the most severe form of tinea capitis. It is caused by Tricophyton
schoenleinii. The disease frequently occurs in children and is seen rarely in adults. If untreated,
the disease persists forever. Favus is seen almost exclusively in Africa, the Mediterranean and
the Middle East and, rarely, in North America and South America [44].

The most common clinical manifestations on the scalp are yellowish cup-shaped crusts
termed scutula, which surround the infected hair follicles. The scutula have an unpleasant
mousy odour. Besides the scalp, it may involve glabrous skin, hairy regions and nails. If not
treated properly, the lesion advances peripherally and it can leave scarring alopecia [45, 46].

The diagnosis is confirmed by direct mycological examination and culture. A greyish-green
fluorescence may be observed with Wood’s lamp examination. Optical microscopy with KOH
preparation shows invasion by the fungus, hyphae parallely arranged to the axis, air spaces
and a few spores.

In presence of scaly patches without alopecia, favus is misdiagnosed as seborrheic dermatitis,
psoriasis, tinea amiantacea or lichen planus [47, 48].

The treatment of tinea favosa lies on the combination of an oral and topical antifungal agents.
The local treatment consists in cutting of hair around the alopecia patches and applying once
or twice a day of antifungal imidazol [shampoo, foam gel, lotion and spray]. Griseofulvin
terbinafine and itraconazole could be used in systemic therapy [44, 45].

3.3. Kerion

Kerion celsi [KC] [so-called deep tinea capitis] is an uncommon inflammatory presentation
of tinea capitis [TC], which appears as a boggy, large inflammatory painful mass studded
with broken hairs, pustules and, often, purulent drainage from its surface (Figure 5). Hair
loss is frequently seen in KC. It is usually solitary but multiple lesions may be found. Reactive
lymphadenopathy, especially cervical or suboccipital, is a very common associated feature.
KC often occurs in children but it has been described in elderly patients [49-51]. The higher

Figure 5. Boggy, large inflammatory painful plaque lesion is seen.
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prevalence in females may be related to fact that they generally have longer hair [52]. KC is
a markedly inflammatory type of TC secondary to a vigorous host immune response. It is
generally caused by zoophilic dermatophytes [Microsporum canis and Trichophyton mentagro-
phytes], but also by anthropophilic [ Trichophyton rubrum] and rarely by geophilic [Microsporum
gypseum] species. KC is thought to be the result of a hypersensitivity reaction to dermato-
phytes [49].

The main source of the fungi responsible for KC is from humans or animals, though dermato-
phytes may spread via fomites [combs, hairbrushes, hats and contaminated wearing materials].
Although the gold standard diagnostic method is fungal culture, conventional sampling of
a kerion can be difficult. Negative results are not uncommon in these cases. The diagnosis of
kerion is usually made clinically. A moistened standard bacteriological swab taken from the
pustular areas and inoculated onto the culture plate may yield a positive result [53].

Id reactions [so-called dermatophytid] are noted in patients with KC. This is an often pru-
ritic dermatitis based on sensitisation to fungal antigens, reported in 4-5% of fungal infection.
Although it may mimic an allergic reaction, it should not lead to discontinuation of antifungal
treatment [54]. Acute vesicular dermatitis of the hands and feet is the most common type of
id reaction. Other less common types of id reactions include annular erythema and erythema
nodosum. These patients have a strong delayed-type hypersensitivity [DTH] reaction to intra-
dermal trichophytin. EN is thought to be due either the deposition of immune complexes in cap-
illaries and venules of the dermal and adipose plexus, or to a DTH reaction to an antigen [55, 56].

The principal differential diagnoses consist of impetigo and bacterial or sterile folliculitis or
abscesses. KC is usually misdiagnosed as bacterial abscesses. However, bacterial infections
do not cause alopecia, and hairs plucked from a kerion are painless. Diagnostic errors causes
patients to undergo unnecessary surgery or antibiotic treatment. However, there is little evi-
dence to support the use of antibiotics for severe KC [49]. Kerion celsi requires treatment with
systemic antifungals to penetrate the affected hair shafts. Early short course of glucocortico-
steroids with a dose of 1 mg/kg/day were often used in severe KC to reduce inflammation.
Oral steroid is tapered to withdraw in 10 days. Manual pressure to remove pus from sinuses
was an adjuvant therapy to systemic oral antifungal agents for severe KC.

4. Protozoal infection of scalp

4.1. Syphilitic alopecia

Syphilis is a sexually transmitted disease caused by Treponema pallidum. Syphilitic alopecia
[SA] is an uncommon feature of secondary syphilis with an incidence of 2.9-11.2% [57]. The
physical examination findings include numerous non-scarring, non-inflammatory, irregular
in size without defined borders, ‘moth-eaten’ patches of alopecia of the scalp [58]. The eye-
brows and beard may also be involved. SA can be seen with other mucocutaneous symp-
toms of secondary syphilis. Hair loss usually occurs late in the secondary syphilis, about 8-12
weeks after the first signs of secondary syphilis [59].
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According to the patterns of McCarthy made in 1940, secondary SA is classified into two
types: symptomatic SA and essential SA. The other cutaneous manifestations of syphilis is
not seen in essential SA. Essential SA, characterised by alopecia without any other visible
syphilitic lesions on the scalp, may appear as one of three different clinical patterns: ‘moth-
eaten’ alopecia, diffuse alopecia and mixed pattern of alopecia [58, 60]. The ‘moth-eaten” pat-
tern alopecia [alopecia syphilitica] is considered the most common and characteristic form of
secondary syphilis [61, 62].

The diagnosis of SA is confirmed by both patient’s sexual history and positive serological
tests for RPR and TPPA. The histopathology findings of SA usually include a normal epider-
mis with areas of follicular hyperkeratosis. While the number of anagen follicles are reduced
markedly, the number of catagen and telogen follicles increase. A perivascular and perifol-
licular [especially in the peribulbar region] lymphocytic dermal infiltration with scattered
plasma cells is observed in some cases [63].

The differential diagnosis of “moth-eaten’ alopecia includes alopecia areata, trichotilloma-
nia and tinea capitis except from syphilis [64]. Under trichoscopy black dots, focal atrichia,
hypopigmentation of hair shaft and yellow dots are observed in the hair loss region. Alopecia
areata, tinea capitis and trichotillomania differ from SA with absence of exclamation hair,
coma hair, flame hairs or v-sign, respectively [57].

The antisyphilitic treatment with a weekly dose of 2.4 million units of benzathine penicillin for
3 weeks or procaine penicillin 600,000 units i.m. daily for 10 days leads to complete resolution of
alopecia. Hair growth is observed about 6-12 weeks after the start of the treatment [57, 65, 66].

5. Infestations of scalp

5.1. Pediculosis capitis

Pediculosis capitis [PC] [head lice] is a major worldwide infestation caused by Pediculus huma-
nus capitis seen in school-aged children of 3-12 years of age. The prevalence of PC is usually
higher in girls and women and varies greatly from country to country. Itis 0.7-59% in Turkey,
0.48-22.4% in Europe, 37.4% in England, 13% in Australia, up to 58.9% in Africa and 3.6-61.4%
in the Americas [67]. There are estimates that 6-~12 million children in the United States are
infected with PC annually [68]. The prevalence in 5318 elementary school children, aged 8-16
years in Mersin, Turkey, was 6.8% [69]. In another study of 1569 school children, aged 7-14
years, the prevalence of head lice was 16.6% [70]. It tends to be more prevalent in children
because they have a high incidence of head-to-head contact with other children. Girls were at
a greater risk for head lice because of their tendency to have longer hair than boys and social
behaviour [close contact].

The lice are spread by direct head-to-head contact as well as by the sharing of clothing, head-
gear, hats, combs, hairbrushes, hair barrettes and pillows. PC affects all socioeconomic classes.
Although direct contact with an infested individual can cause PC, personal and environmen-
tal hygiene are not risk factors for PC [71].
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The head louse [plural-lice] is an ectoparasite whose only host is humans for survival. There
are three stages that comprise the life cycle of the louse: egg, nymp and adult. Adult female
louse lays their eggs [nits] on hair shafts. The nits are usually laid close to scalp for warmth,
because they must stay warm in order to hatch. These nits cannot be moved along the hair
shaft in contrast to pseudonits. Only in warmer climates, nits can be found 15 cm or more
from the scalp, especially favour the nape of the neck. They are of size 0.8 mm x 0.3 mm, oval
and usually yellow to white and are located 6 mm from scalp. Nits take about 1 week to hatch
[range 6-9 days]. The nit hatches and release a single nymph. Nymph becomes an adult after
three molts, about 7-10 days after hatching. Each instar molts every 3—4 days, and after the
third molt, it becomes adult louse (Figure 6). The first and second instar or nymph forms are
relatively immobile. Mobile forms are the third instar forms and adults form. The mature
adult louse is approximately the size of a sesame seed [2-3 mm] and is tan to greyish-white
[68, 72, 73]. Female lice are larger than males and must take blood before copulation. After
copulation she lays between 5 and 10 eggs a day. The adult males usually do not survive after
copulation. The adult louse lives only up to 36 hours away from its host. Head lice can travel
up to 23 cm/min by crawling. The head lice do not attach firmly to smooth surfaces [e.g., glass,
metal, plastic, synthetic leathers] [72, 74].

[
Egg 5 E First instar

0.8 mm of nypmh

|

. Second instar of
=  Adult louse nypmh

2-4 mm

k Third

instar

Figure 6. Schematic representation of life cycle of head louse.

The head louse takes a blood meal [hematophagia] usually 4-5 times per day. Chronic and
heavy lice infestation can rarely lead to anaemia, especially in females. Pruritus is the most
common complaint and is believed to be the result of a hypersensitivity reaction to the saliva
of lice. On examination, nits are seen that firmly attached to hair shaft within 6 mm from the
scalp skin especially in the occipital pit [louse pit] and retro-auricular areas. Scratches on
the skin may lead to secondary bacterial infection and impetiginisation. Serous purulent dis-
charge may result in the formation of a plica [plica polonica or plica neuropathica]. There are
innumerable nits and live lice in patients with plica polonica. Cervical lymphadenopathy and
conjunctivitis may also be seen. Lice infestation can cause allergic reactions within the nasal
cavity manifested by nasal obstruction and rhinorrhea [72, 74, 75].
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The diagnosis of head lice infestation is made through finding viable eggs [nits], nymphs and
live adult lice. For the diagnosis, the use of a louse comb is more efficient than direct visual
examination of the scalp [76]. Examining suggestive particles under the microscope may be
helpful to confirm the diagnosis. Non-contact dermoscopy is also a useful instrument for dif-
ferentiate nymph-containing eggs from empty cases or pseudonits [72]. Histology is rarely
required for diagnosis. Examination of a louse bite reveals intradermal haemorrhage and a
deep, wedge-shaped infiltrate with many eosinophils and lymphocytes.

Differential diagnosis of head lice includes seborrheic scales, hair casts [inner root sheath rem-
nants], pityriasis amiantacea, white piedra, black piedra, impetigo, pili torti and monilethrix. It
should kept in mind that, in contrast to nits, hair casts are freely movable along hair shaft [72].

Basically, therapeutic wet combing, topical application of a pediculicide and oral treat-
ment [Trimethoprim-sulfamethoxazole and ivermectin] are used to eliminate head lice. Wet
combing is a mechanical removal of the lice. The patients must comb their wet hair with
a fine-toothed comb every 3—4 days for a total of 2 weeks. If all young lice are combed out
a few days after hatching, the infestation can be eradicated completely. Pediculicides are the
most effective treatment for head lice. They can be divided into three types. Pediculisides with
neurotoxic mode of action are permetrin [Nix®], pyrethrin [Rid®], malathion [Ovide®], car-
baryl, lindan [Kwell®] and spinosad [Natroba®]. Dimeticones [Nyda®, Hedrin®], isopropyl
myristate [Resultz®] and 1,2-octanediol are the pediculicides with physical mode of action.
The other group of pediculicides is plant-based pediculicides. All topical preparations are
used for two or three applications, 1 week apart [68, 71].

Because permetrin and pyretrin are non-ovicidal, they should be reapplied on days 7 and
13-15. Permethrin 1% is a synthetic pyrethroid and is approved for use in children aged
2 months or older. It shows neurotoxic effect by inhibiting the sodium ion flux through nerve
cell membrane channels [68]. It should be applied on damp unconditioned hair for 10 min and
then rinsed off. Pruritus, erythema and edema are its usual side effects [77]. Pyretrin is used
for children aged 2 years and older. Malathion is a cholinesterase inhibitor. It is approved for
use in individuals aged 6 years or older. Both malathion and lindan are ovicidal. Spinosad is
ovicidal, killing both eggs and lice and also kills permethrin-resistant populations of lice. It
is approved in patients aged 4 years and older [78]. Oral ivermectin is administered a single
dose of 200 pg/kg and repeated in 10 days. It is restricted to children older than 5 years and
weighing at least 15 kg [71].

Resistance of lice to the pediculocides is an important problem. Spinosad, benzyl alcohol
5% or malathion 0.5% may also be used, in case of resistance, for those older than 6 and
24 months, respectively. Another treatment option is manual removal of nits [especially the
ones within 1 cm of the scalp]. It is recommended after treatment with any product. Besides
these treatments, occlusive agents such as petroleum jelly, vinegar, isopropyl alcohol, olive
oil, mayonnaise and melted butter can been used once per week for 3 weeks to suffocate the
lice [68, 78].

Patients with head lice should have laundered potential fomites [e.g., towels, pillowcases,
sheets, hats, toys] with hot water [at least 130°F/55°C] and then dried in a dryer using the
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hottest cycle. For items that are not machine washable, dry-cleaning may be an effective alter-
native or storing for 2 weeks in a plastic bag. Children should also be educated not to share
combs, brushes, hair accessories and towels and to avoid head-to-head contact [72, 73, 78].

6. Neoplasms of scalp

The neoplasms of the scalp consist of large group of different diseases due to arising different
origin. They can be divided into two groups: benign and malignant. They can be categorised
as shown in Table 1. The common benign swellings of the scalp are the epidermoid cysts,
trichilemmal cysts, lipomas, dermoid cyst, pilomatrixoma, steatocystoma multiplex and cyl-
indroma. In this section, neoplasms especially which is most seen and is arising from scalp
are discussed in detail.

Benign neoplasms Malignant neoplasms
Epidermoid cysts Basal cell carcinoma
Trichilemmal cyst Squamous cell carcinoma
Proliferating trichilemmal cyst Melanoma

Seborrheic keratosis Proliferating trichilemmal cyst
Lipoma Angiosarcoma

Dermoid cyst Cutaneous lymphoma
Pilomatricoma Cutaneous metastases

Steatocystoma multiplex

Actinic keratosis

Nevus sebaceous

Melanocytic nevus

Cylindroma

Angiolymphoid hyperplasia with eosinophilia
Neurothekeoma

Infantile myofibromatosis

Hemangioma

Table 1. The neoplasms of the scalp.

6.1. Trichilemmal cyst

Trichilemmal cyst [TC] also known as ‘pilar cyst’ is an adnexal tumour that arises from outer
root sheath of the hair follicle. It is almost always benign but may be locally aggressive.
Malignant transformation is very rare but may lead to distant metastases [77, 79].
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It affects 5-10% of the population with a female preponderance [77, 80]. TC may be sporadic
or they may be inherited as an autosomal dominant trait. It presents as an asymptomatic or
mildly painful firm nodule but frequently they are multiple. The cysts are classically located
in areas bearing hair follicle, mostly on the scalp and rarely the face, trunk and extremities
may be involved. They are usually 1-2 cm in size but can be much larger.

Histopathologic evaluation can confirm the diagnosis. Histopathologically TCs are lined
by stratified squamous epithelial cells and consist homogenous eosinophilic material that
frequently show foci of calcification and abrupt keratinisation without an intervening
granular layer.

TC may be misdiagnosed as epidermal cyst clinically but unlike epidermal cyst, no punctum
is seen. Treatment is by complete excision. Trichilemmal cysts typically can be extracted more
easily than epidermoid cysts [77, 79, 80].

6.2. Proliferating trichilemmal cyst

Proliferating trichilemmal cyst [PTC] also known as proliferating pilar tumour is a rare neo-
plasm arising from the isthmus region of the outer root sheath of the hair follicle. It can be
inherited in an autosomal dominant pattern. It occurs most commonly on the scalp in women
older than 50 years. Most tumours arise within a pre-existing trichilemmal cyst but some
PTCs arise de novo [81]. They have different clinical and histologic features from trichilem-
mal cyst. PCTs may slowly or rapidly grow into a large, solitary, well-circumscribed pain-
less mass overlying alopecia. The size may range from 1 to 10 cm, although there have been
reports of lesions exceeding 25 cm in diameter. Inflammation, ulceration, bleeding and/or
yellowish discharge may occur and may be clinically confused with squamous cell carcinoma.
They usually behave in a benign nature but malignant transformation with local invasion and
metastasis has also been described [82, 83].

Broad anastomosing bands and lobules of squamous epithelium in the cyst wall are the histo-
logic features of PCT. PTC shows features of typical trichilemmal cyst, but additionally shows
extensive epithelial proliferation, variable cytologic atypia and mitotic activity. Complete
excision is recommended for the treatment of PCT owing to their potential for locally aggres-
sive behaviour and malignant transformation [81, 83]. If malignant PTC with multi-nodal
metastasis is identified, wide local excision with 1-cm margins should be performed, followed
by adjuvant chemotherapy and radiation to prevent recurrence [84].

6.3. Nevus sebaceous

Nevus sebaceous [NS] is uncommon hamartomatous lesions that exhibits epidermal, follicular,
sebaceous and apocrine malformation to varying degrees. It was first described by Jadassohn
in 1895. It occurs most commonly on the head and neck while similar lesions elsewhere on the
body are termed verrucous epidermal nevi. It often presents at birth with an incidence of 0.5-1%
[85]. The characteristic clinical feature is a well-circumscribed, flesh-coloured, bald patch on the
scalp at birth. At puberty, lesion grows proportionally with the patient and tends to be slightly
yellow or orange, thick, velvety and verrucous surface. Familial cases have been reported [86].
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Development of benign or malignant adnexal neoplasms may occur in NS, usually in adult-
hood. Syringocystadenoma papilliferum and trichoblastoma are the most common benign
tumours arising in NS [87]. Other benign tumours include trichilemmoma, sebaceous ade-
noma, apocrin adenoma and poroma. Malignant transformation can develop in 10-15% of
lesions in some series and basal cell carcinoma is the most seen malignant tumour. Actually,
this rate is less than 1% of cases. Development of six different tumours has also been reported
in one solitary lesion [88].

Histologically, early lesions show few abnormal features. A few misshapen hair follicles and
small apocrine glands may be identifiable during childhood. At adolescence, as the lesions
clinically thicken, NS looks like an epidermal nevus, with papillated epidermal hyperplasia,
abortive hair follicles and enlarged apocrine glands.

The lesions must be distinguished from aplasia cutis congenita, congenital nevi, epidermal
nevus syndrome and seborrheic keratosis. Although there is no consensus regarding the NS,
increasing to the possibility of malignant tumour outgrowth from a NS with age, it is nec-
essary to prophylactic excision especially in adulthood. Photodynamic therapy with topical
aminolevulinic acid is another treatment option for non-surgical treatment [89].

6.4. Cylindroma

Cylindroma is a benign skin adnexal tumour differentiating towards either the eccrine or
apocrine line. It has two different clinical presentations, solitary and multiple. Solitary cyl-
indroma is a slow growing, benign tumour effecting the scalp especially the capillitium and
neck region. Solitary cylindromas affect middle-aged and elderly persons and female-to-male
ratios are 6:1 and 9:1 [90].

Multiple cylindromas are very rare and inherited in an autosomal dominant pattern by muta-
tions in CYLD], a tumour suppressor gene. They frequently occur on the scalp and rarely
on the trunk. The term turban tumour is used to describe multiple cylindromas. Since the
nodules enlarge and coalesce on the scalp, the patient looks as wearing a turban. Multiple cyl-
indromas should suggest of Brook-Spiegler syndrome, which has been characterised by the
development of multiple skin appendage tumours, such as cylindromas, trichoepitheliomas
and spiradenomas [91, 92].

Histopathology is diagnostic with islands of basaloid cells in a jigsaw puzzle-like pattern
separated by hyaline basement membrane material that is PAS positive. Eosinophilic PAS-
positive hyaline material in globules is also seen within the lobules [93].

Differential diagnosis of cylindroma includes trichilemmal cysts, basal cell carcinoma, spirad-
enoma and dermatofibroma. Under dermatoscopy, cylindromas demonstrates arborising tel-
angiectasia and scattered white globules on a background of white to salmon-pink. Vascular
branches can be seen at the periphery which may extend into the centre of the lesion [94].

For solitary lesions, the treatment option is complete excision. Other treatments include elec-
trodesiccation/curettage, cryotherapy and carbon dioxide laser. The patients with multiple
cylindromas should follow up because of the tendency for new lesions to develop [95].

213



214 Hair and Scalp Disorders

Author details

Filiz Canpolat

Address all correspondence to: filizcanpolat@hotmail.com

Saglik Bilimleri Universitesi Yildirm Beyazit Digkap1 Egitim Arastirma Hastanesi Dermatoloji
Klinigi, Ankara, Turkey

References

[1]

[10]

[11]

Lee AH, Cho SY, Yam TS, Harris K, Ardern-Jones MR. Staphylococcus aureus and
chronic folliculocentric pustuloses of the scalp—cause or association? Br ] Dermatol.
2016; 175: 410-13. doi: 10.1111/bjd.14518

Abeck D. Staphylococal and Streptococcal Diseases. In: Burgdorf WHC, Plewig G, Wolff
HH, Landthaler M, editors. Braun-Falco’s Dermatology. 3rd ed. Italy, Springer; 2009.
p 126.

Quinquaud E. Bull Mem Soc Hop Paris. 1888; 5: 395-8.

Powell JJ, Dawber RPR, Gatter K. Folliculitis decalvans including tufted folliculitis: clini-
cal, histological and therapeutic findings. Br ] Dermatol. 1999; 140: 328-33.

Bunagan MJK, Banka N, Shapiro JJ. Retrospective review of folliculitis decalvans in
23 patients with course and treatment analysis of long-standing cases. Cutan Med Surg.
Vol. 2015; 19: 45-49.

Stefanato C. Histopathology of alopecia: a clinicopathologic approach to diagnosis.
Histopathology. 2010; 56: 24-38.

Sperling LC, Cowper SE. The histopathology of primary cicatricial alopecia. Semin
Cutan Med Surg. 2006; 25: 41-50.

Mihaljevic N, von den Driesch P. Successful use of infliximab in a patient with recalci-
trant folliculitis decalvans. ] Dtsch Dermatol Ges. 2012; 10: 589-90.

Kreutzer K, Effendy 1. Therapy-resistant folliculitis decalvans and lichen planopilaris
successfully treated with adalimumab. ] Dtsch Dermatol Ges. 2014; 12: 74-6.

Meesters AA, van der Veen JP, Wolkerstorfer A. Long-term remission of folliculitis
decalvans after treatment with long-pulsed Nd:YAG laser. ] Dermatolog Treat. 2014; 25:
167-8.

Castano-Suarez E, Romero-Mate A, Arias-Palomo D, Borbujo J. Photodynamic therapy
for the treatment of folliculitis decalvans. Photodermatol Photoimmunol Photomed.
2012; 28: 102-4.



Infections, Infestations and Neoplasms of the Scalp 215
http://dx.doi.org/10.5772/67278

[12] Powell J, Dawber RPR. Successful treatment regime for folliculitis decalvans despite
uncertainty of all etiologic factors. Br ] Dermatol. 2001;144:428-9.

[13] Broshtilova V, Bardarov E, Kazandjieva J, Marina S. Tufted hair folliculitis: a case report
and literature review. Acta Dermatovenerol Alp Pannonica Adriat. 2011; 20: 27-9.

[14] Ekmekci TR, Koslu A. Tufted hair folliculitis causing skullcap-pattern cicatricial alope-
cia. ] Eur Acad Dermatol Venereol. 2006; 20: 227-9.

[15] Triieb RM, Pericin M, Hafner J, Burg G. Tufted hair folliculitis. Hautarzt.1997; 48: 266-9.

[16] Gungor S, Yuksel T, Topal I. Tufted hair folliculitis associated with Melkersson-Rosenthal
syndrome and hidradenitis suppurativa. Indian ] Dermatol Venereol Leprol. 2014; 80: 484.

[17] Farhi D, Buffard V, Ortonne N, Revuz ]. Tufted folliculitis of the scalp and treatment
with cyclosporine. Arch Dermatol. 2006; 142: 251-2.

[18] Ena P, Fadda GM, Ena L, Farris A, Santeufemia DA. Tufted hair folliculitis in a woman
treated with lapatinib for breast cancer. Clin Exp Dermatol. 2008; 33: 790-1.

[19] Petroni¢-Rosi¢ V, Kruni¢ A, Mijuskovi¢ M, Vesi¢ S. Tufted hair folliculitis: a pattern of
scarring alopecia? ] Am Acad Dermatol. 1999; 41: 112—4.

[20] Pranteda G, Grimaldi M, Palese E, Di Napoli A, Bottoni U. Tufted hair folliculitis: com-
plete enduring response after treatment with rifampicin. ] Dermatol Treat. 2004; 15:
396-8.

[21] Brozena S], Cohen LE, Fenske NA. Folliculitis decalvans—response to rifampicin. Cutis.
1988; 42: 512-5.

[22] Rosman IS, Anadkat M]J. Tufted hair folliculitis in a woman treated with trastuzumab.
Target Oncol. 2010; 5: 295-6.

[23] Gloster HM Jr. The surgical management of extensive cases of acne keloidalis nuchae.
Arch Dermatol. 2000; 136: 1376-9.

[24] Ogunbiyi A, Adedokun B. Perceived aetiological factors of folliculitis keloidalis nuchae
[acne keloidalis] and treatment options among Nigerian men. Br ] Dermatol. 2015; 173
[Suppl. 2]: 22-25.

[25] Shah GK. Efficacy of diode laser for treating acne keloidalis nuchae. Indian ] Dermatol
Venereol Leprol. 2005; 71: 31-4.

[26] Okoye GA, Rainer BM, Leung SG, et al. Improving acne keloidalis nuchae with targeted
ultraviolet B treatment: a prospective, randomized, split-scalp comparison study. Br ]
Dermatol. 2014; 171: 1156-63.

[27] George AO, Akanji AO, Nduka EU, Olasode JB, Odusan O. Clinical, biochemical and
morphologic features of acne keloidalis in a black population. Int ] Dermatol. 1993; 32:
714-6.

[28] Ogunbiyi A, George A. Acne keloidalis in females: case report and review of literature. J
Natl Med Assoc. 2005; 97: 736-8.



216 Hair and Scalp Disorders

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Luz Ramos M, Munoz-Perez MA, Pons A, Ortega M, Camacho F. Acne keloidalis nuchae
and tufted hair folliculitis. Dermatology. 1997; 194: 71-3.

Janjua SA, Iftikhar N, Pastar Z, Hosler GA. Keratosis follicularis spinulosa decalvans
associated with acne keloidalis nuchae and tufted hair folliculitis. Am J Clin Dermatol.
2008;9:137-40.

Quarles EN, Brody H, Badreshia S, et al. Acne keloidalis nuchae. Dermatol Ther. 2007;
20: 128-32.

Millan-Cayetano JF, Repiso-Jiménez JB, Del Boz ], de Troya-Martin M. Refractory acne
keloidalis nuchae treated with radiotherapy. Australas ] Dermatol. 2015 Jul 29. doi:
10.1111/ajd.12380. [Epub ahead of print]

Maranda EL, Simmons BJ, Nguyen AH, Lim VM, Keri JE. Treatment of acne keloidalis
nuchae: a systematic review of the literature. Dermatol Ther [Heidelb]. 2016; 6: 363-78.

Bajaj V, Langtry JAA. Surgical excision of acne keloidalis nuchae with secondary inten-
tion healing. Clin Exp Dermatol. 2008; 33: 53-5.

Seebacher C, Bouchara JP, Mignon B. Updates on the epidemiology of dermatophyte
infections. Mycopathologia. 2008; 166: 335-52.

Pomeranz AJ, Sabnis SS, McGrath GJ, Esterly NB. Asymptomatic dermatophyte carriers in
the households of children with tinea capitis. Arch Pediatr Adolesc Med. 1999; 153: 483-6.

Fu M, Ge Y, Chen W, Feng S, She X, Li X, et al. Tinea faciei in a newborn due to
Trichophyton tonsurans. ] Biomed Res. 2013; 27: 71-4.

Zaraa I, Hawilo A, Trojjet S, El Euch D, Mokni M, Ben Osman A. Letter: Tinea capitis
in infants in their first 2 years of life: a 12-year study and a review of the literature.
Dermatol Online J. 2012; 18: 16.

Koussidou-Eremondi T, Devliotou-Panagiotidou D, Mourellou-Tsatsou O, Fotidou
D, Minas A. Tinea capitis in children in northern Greece during the period 1981-1995.
Mycoses. 1999; 42: 319-22.

El-Taweel AE, El-Esawy F, Abdel-Salam O. Different trichoscopic features of tinea capi-
tis and alopecia areata in pediatric patients. Dermatol Res Pract. 2014; 2014: 848763.

Brasileiro A, Campos S, Cabete ], Galhardas C, Lencastre A, Serrao V. Trichoscopy as an
additional tool for the differential diagnosis of tinea capitis: a prospective clinical study.
Br ] Dermatol. 2016; 175: 208-9.

Gonzélez U, Seaton T, Bergus G, Jacobson ], Martinez-Monzén C. Systemic antifun-
gal therapy for tinea capitis in children. Cochrane Database Syst Rev. 2007 Oct 17;[4]:
CD004685. Review. Update in: Cochrane Database Syst Rev. 2016;[5]:CD004685.

Gupta AK, Cooper EA. Update in antifungal therapy of dermatophytosis. Mycopathologia.
2008; 166: 353-67.

IIkit M. Favus of the scalp: an overview update. Mycopathologia. 2010; 170: 143-154.



[45]
[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

(58]

[59]

[60]

[61]

Infections, Infestations and Neoplasms of the Scalp
http://dx.doi.org/10.5772/67278

Vallarelli AFA. Goya and tinea favosa. An Bras Dermatol. 2014; 89: 992—4.

Niczyporuk W, Krajewska-Kulak E, Lukaszuk C. Tinea capitis favosa in Poland.
Mycoses. 2004; 47: 257-60.

Anane S, Chtourou O. Tinea capitis favosa misdiagnosed as tinea amiantacea. Med
Mycol Case Rep. 2012; 28; 2:29-31.

Poppe H, Kolb-Maurer A, Wobser M, Trautmann A. Pitfall scarring alopecia: favus
closely mimicking lichen planus. Mycoses. 2013; 56: 382—4.

Liu ZH, Zhang Y, Zhu ], Dai YQ, Shen H. Successful treatment of severe kerion celsi in
an immunocompromised girl with evacuation of pus, terbinafine and short course glu-
cocorticosteroids. ] Mycol Med. 2016; 26: 42-5.

Feetham JE, Sargant N. Kerion celsi: a misdiagnosed scalp infection. Arch Dis Child.
2016; 101: 503.

Larralde M, Gomar B, Boggio P, Abad ME, Pagotto B. Neonatal kerion celsi: report of
three cases. Pediatric Dermatol. 2010; 27: 361-3.

Tanuma H, Doi M, Abe M, Kume H, Nishiyama S, Katsuoka K. Case report. Kerion celsi
effectively treated with terbinafine. Characteristics of kerion celsi in the elderly in Japan.
Mycoses. 1999; 42: 581-5.

Friedlander SF, Pickering B, Cunningham BB, Gibbs NF, Eichenfield LF. Use of the cot-
ton swab method in diagnosing Tinea capitis. Pediatrics. 1999; 104: 276-9.

Jaspers GJ, Werrijl BG, Jagtman BA, Loza B. Severe kerion celsi due to Trichophyton
mentagrophytes: a case report. Acta Paediatrica. 2011; 100: e181-e183.

Castriota M, Ricci F, Paradisi A, Fossati B, De Simone C, Capizzi R, Guerriero C. Erythema
nodosum induced by kerion celsi of the scalp in a child: a case report and mini-review of
literature. Mycoses. 2013; 56: 200-3.

Bassi N, Kersey P. Erythema nodosum complicating a case of kerion celsi of the scalp
due to Trichophyton mentagrophytes. Clin Exper Dermatol. 2009; 34: 621-38.

Ye Y, Zhang X, Zhao Y, Gong Y, Yang ], Li H, Zhang X. The clinical and trichoscopic
features of syphilitic alopecia. ] Dermatol Case Rep. 2014; 8: 78-80.

Hernandez-Bel P, Unamuno B, Sanchez-Carazo JL, Febrer I, Alegre V. Syphilitic alope-
cia: a report of 5 cases and a review of the literature. Actas Dermosifiliogr. 2013; 104:
512-7.

Pareek SS. Syphilitic alopecia and Jarisch-Herxheimer reaction. Br ] Vener Dis. 1977; 53:
389-90.

Lee JY, Hsu ML. Alopecia syphilitica, a simulator of alopecia areata: histopathology and
differential diagnosis. ] Cutan Pathol. 1991; 18: 87-92.

Cuozzo DW, Benson PM, Sperling LC, Skelton HG 3rd. Essential syphilitic alopecia
revisited. ] Am Acad Dermatol. 1995; 32: 840-3.

217



218 Hair and Scalp Disorders

[62]

[63]

[64]

[65]

[66]
[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

(78]

[79]

[80]

Friedli A, Chavaz P, Harms M. Alopecia syphilitica: report of two cases in Geneva.
Dermatology. 2001; 202: 376-7.

Lee JW, Jang WS, Yoo KH, et al. Diffuse pattern essential syphilitic alopecia: an unusual
form of secondary syphilis. Int ] Dermatol. 2012; 51: 1006-7.

Bi MY, Cohen PR, Robinson FW, Gray JM. Alopecia syphilitica: report of a patient with
secondary syphilis presenting as motheaten alopecia and a review of its common mim-
ickers. Dermatol Online J 2009; 15: 6.

Pareek SS. Unusual location of syphilitic alopecia: a case report. Sex Transm Dis. 1982; 9: 43—4.
Abdul Gaffoor PM. Syphilitic alopecia. Indian ] Sex Transm Dis. 1990; 11: 66-7.

Falagas ME, Matthaiou DK, Rafailidis PI, Panos G, Pappas G. Worldwide prevalence of
head lice. Emerg Infect Dis. 2008; 14: 1493-4.

Wadowski L, Balasuriya L, Price HN, O'Haver J. Lice update: new solutions to an old
problem. Clin Dermatol. 2015; 33: 347-54.

Kokturk A, Baz K, Bugdayci R, Sasmaz T, Tursen U, Kaya TI, Ikizoglu G. The prevalence
of pediculosis capitis in schoolchildren in Mersin, Turkey. Int ] Dermatol. 2003; 42: 694-8.

Akisu C, Aksoy U, Delibas SB, Ozkoc S, Sahin S. The prevalence of head lice infestation
in school children in Izmir, Turkey. Pediatr Dermatol. 2005; 22: 372-3.

Feldmeier H. Treatment of pediculosis capitis: a critical appraisal of the current litera-
ture. Am J Clin Dermatol. 2014; 15: 401-12.

Madke B, Khopkar U. Pediculosis capitis: an update. Indian ] Dermatol Venereol Leprol
2012; 78: 429-38.

Head Lice. Centers for Disease Control and Prevention Web site. http://www.cdc.gov/
parasites/lice/head. 2013 Sep 24; Accessed: August 2, 2014.

Bartosik K, Buczek A, Zajac Z, Kulisz J. Head pediculosis in schoolchildren in the eastern
region of the European Union. Ann Agric Environ Med. 2015; 22: 599-603.

Pavithran K. Plica neuropathica causing traction alopecia. Indian ] Dermatol Venereol
Leprol. 1990; 56: 141-2.

Jahnke C, Bauer E, Hengge UR, Feldmeier H. Accuracy of diagnosis of pediculosis capi-
tis: visual inspection vs wet combing. Arch Dermatol. 2009; 145: 309-13.

Jha AK, Sinha R, Prasad S, Kumar S. Multiple trichilemmal cysts of the scalp in a young
male. Int ] Trichol. 2015; 7: 167-9.

Verma P, Namdeo C. Treatment of pediculosis capitis. Indian ] Dermatol. 2015; 60:
238-47.

Dewanda NK, Midya M. Baker's dozen on the scalp: an interesting case of multiple trich-
ilemmal cyst. ] Cutan Aesthet Surg. 2014; 7: 67-8.

Weiss J, Heine M, Grimmel M, Jung EG. Malignant proliferating trichilemmal cyst. ] Am
Acad Dermatol. 1995; 32: 870-3.



[81]

[82]

[83]

[84]

[85]

[86]

(87]

(88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

Infections, Infestations and Neoplasms of the Scalp
http://dx.doi.org/10.5772/67278

Poiares Baptista A, Garcia E, Silva L, Born MC. Proliferating trichilemmal cyst. ] Cutan
Pathol.1983;10: 178-87.

Ye ], Nappi O, Swanson PE, Patterson JW, Wick MR. Proliferating pilar tumors: a clini-
copathologic study of 76 cases with a proposal for definition of benign and malignant
variants. Am ] Clin Pathol. 2004; 122: 566-74.

Alam K, Gupta K, Maheshwari V, Varshney M, Jain A, Khan AH. A large proliferating
trichilemmal cyst masquerading as squamous cell carcinoma. Indian ] Dermatol. 2015;
60: 104.

Alici O, Keles MK, Kurt A. A rare cutaneous adnexal tumor: malignant proliferating
trichilemmal tumor. Case Rep Med. 2015; 2015: 742920.

Kamyab-Hesari K, Seirafi H, Jahan S, Aghazadeh N, Hejazi P, Azizpour A,Goodarzi A.
Nevus sebaceus: a clinicopathological study of 168 cases and review of the literature. Int
] Dermatol. 2016; 55:193-200.

Happle R, Konig A. Familial naevus sebaceus may be explained by paradominant trans-
mission. Br ] Dermatol. 1999; 141: 377.

Jaqueti G, Requena L, Sanchez Yus E. Trichoblastoma is the most common neoplasm
developed in nevus sebaceus of Jadassohn: a clinicopathologic study of a series of 155
cases. Am ] Dermatopathol. 2000; 22: 108-18.

Gozel S, Donmez M, Akdur NC, Yikilkan H. Development of six tumors in a sebaceus
nevus of jadassohn: report of a case. Korean ] Pathol. 2013; 47: 569-74.

Gaitan-Gaona F, Said MC, Galvan-Linares A, Palafox-Vigil G, Valdes-Rodriguez R.
Rapidly growing pigmented tumor on a scalp nevus sebaceous of a pediatric patient:
observation or excision. Dermatol Online J. 2014; 15; 20[7].

Massoumi R, Podda M, Féssler R, Paus R. Cylindroma as tumor of hair follicle origin.
J Invest Dermatol. 2006; 126: 1182-4.

Manicketh I, Singh R, Ghosh PK. Eccrine cylindroma of the face and scalp. Indian
Dermatol Online J. 2016; 7: 203-5.

Akgul GG, Yenidogan E, Dinc S, Pak I, Colakoglu MK, Gulcelik MA. Malign cylindroma
of the scalp with multiple cervical lymph node metastasis—a case report. Int ] Surg Case
Rep. 2013; 4: 589-92.

Weedon D. Tumors of cutaneous appendages. In: Weedon D, editor. Weedon's Skin
Pathology. 3rd ed. China: Churchill Livingstone Elsevier; 2010. pp. 785-6.

Cohen YK, Elpern DJ. Dermatoscopic pattern of a cylindroma. Dermatol Pract Concept.
2014; 4: 67-8.

Retamar RA, Stengel F, Saadi ME, et al. Brooke-Spiegler syndrome —report of four fami-
lies: treatment with CO2 laser. Int ] Dermatol. 2007; 46: 583-6.

219






Section 7

Psychocutaneous Disorders of Hair







Chapter 12

Trichotillomania and Traction Alopecia

Tugba Kevser Uzuncakmak, Melek Aslan Kayiran,
Burak Tekin and Filiz Cebeci

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/66746

Abstract

Trichotillomania and traction alopecia are chronic habitual disorders characterized by
repetitive pulling of hair that results in alopecia. They are commonly observed in
children and adolescents but may present in adults due to occupational or traditional
behavioral patterns. Trichotillomania (hair-pulling disorder) has been described more
than a century ago, but we still have very limited data about its etiology and
treatment. It is classified under the obsessive-compulsive and related disorders along
with hoarding disorder, skin-picking disorder (excoriation) and body dysmorphic
disorder in the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition
(DSM-5; American Psychiatric Association, May 2013). Traction alopecia is defined as
loss of hair caused by repetitive or continuous and prolonged tension applied to the
hair, usually on the scalp periphery and associated with mechanical traction of hair
due to occupational behavioral patterns such as ballerinas or traditional behavioral
patterns of hairstyles that cause tension. We aim to overview the clinical and
diagnostic features of trichotillomania and traction alopecia and review the therapeu-
tic options of these disorders in this chapter.

Keywords: alopecia, hair loss, psychosomatic disorders, traction alopecia, trichotillo-
mania

1. Trichotillomania

1.1. Introduction

Trichotillomania is the disorder of repetitively pulling out one's hair from different areas of the
body thatresultsinnoticeable hairloss[1]. The name trichotillomania was given to thisbehavior
byaFrenchdermatologist, Francois Henri Hallopeau, in1889;however, the disorderalsoappears
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in the literature in the works of Hippocrates. It is even found in plays by William Shakespeare
such as Romeo and Juliet and The Life and Death of King John. The name is derived from the
combination of Greek thrix for hair; tillein, plucking; and mania, madness.

Trichotillomania is classified under the obsessive-compulsive and related disorders along with
hoarding disorder, skin-picking disorder (excoriation) and body dysmorphic disorder in the
Diagnostic and Statistical Manual of Mental Disorders Fifth Edition (DSM-5; American Psychiatric
Association, May 2013) [2] (Table 1). It is also grouped under obsessive-compulsive disorders
in the eleventh revision of the World Health Organization's International Classification of
Diseases and Related Health Problems (ICD-11) [3].

® Recurrent pulling out of one’s hair, resulting in hair loss
* Repeated attempts to decrease or stop the pulling out of hair

¢ The hair pulling causes clinically significant distress or impairment in social, occupational, or other important areas

of functioning
¢ The hair pulling or hair loss is not attributable to another medical condition

® The hair pulling is not better explained by the symptoms of another mental disorder

Table 1. Diagnostic criteria (DSM-5) [2].

1.2. Epidemiology

Trichotillomania occurs more frequently in females. The lifetime prevalence is 3.4% for women
and 1.5% for men [4]. The typical age of onset is between 5 and 12 years or early childhood to
adolescence, but it may occur in any age.

1.3. Pathogenesis

The onset of trichotillomania often occurs after a stressful event such as the divorce of parents,
loss of a loved one or unemployment [5]. Occasionally, trichotillomania is only seen while
sleeping, a condition known as sleep-isolated trichotillomania [6].

1.4. Diagnosis

1.4.1. Clinical features

Patients may have other problems with self-mutilation such as nail-biting or dermatitis
artefacta. Approximately one-third of the patients chew or swallow the hair they pull out,
which is called trichophagia and some of them develop trichobezoars, which is the accumu-
lation of the patients” own hair in the intestines. These trichobezoars may result in a “tail” that
lies along the duodenum, a phenomenon which is called Rapunzel Syndrome. Around 1% of
trichobezoar patients may need surgical intervention [4].

Symptom severity can be measured by using different validated instruments including
Massachusetts General Hospital Hair Pulling Scale that has seven parameters, rating symptom
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severity from 0 to 4 and assessing various aspects of plucking during the past seven days:
actual pulling, urge to pull, associated distress and perceived control, The Yale-Brown
Obsessive-Compulsive Scale, The Psychiatric Institute Trichotillomania Scale, The Trichotillo-
mania Scale for Children, The Milwaukee Inventory for Styles of Trichotillomania-Child
Version [7]. The MGHHS includes seven parameters, rating symptom severity from 0 to 4 and
assesses several aspects of hair pulling during the previous 7 days: urge to pull, actual pulling,
perceived control and associated distress. The MGHHS and its Dutch adaptation have been
reported to provide good psychometric properties [7].

Three subtypes of hair pulling have been described (Table 2).

¢ Early onset: occurring in young children, mostly under the age of 8; usually does not need any treatment.

* Automatic: occurring when the individual is busy with other activities, such as reading. This type affects 75% of

patients.

¢ Focused: occurs with the patient's attention and is associated with strong impulses to pull hair.

Table 2. Subtypes of trichotillomania.

Any part of the hair may be affected, but the targeted hair is mostly on the scalp (75%). The
eyelashes (53%), eyebrows (42%), pubic region (17%) and beard (10%) may also be involved,
but sometimes there is more than one location (17%) [8, 9]. The most affected scalp areas are
the frontoparietal region and vertex, while the least affected region is the occiput. The lower
eyelid is usually not involved; this is helpful to distinguish trichotillomania from alopecia
areata [10].

Alopecic plaques are usually located on the contralateral side of the dominant hand. There
may be more than one plaque. These plaques of hair loss most often have irregular shapes and
contain many broken hairs of varying lengths. The margins have normal and long hair.

The plucked hairs have fiber fractures and feel rough on examination. There are usually no
signs of inflammation in the plaques, but there may also be signs of excoriation, lichenification
and post-inflammatory hyperpigmentation in some cases.

1.4.2. Dermoscopy

Trichoscopy may also be utilized for differential diagnosis. The trichotillomania plaque
includes broken and irregular coiled hair and hair density is decreased. Black dots, follicular
hemorrhages and V-sign may be seen [11]. Trichoscopy is very useful in the differential
diagnosis of trichotillomania from alopecia areata where exclamation mark hairs, yellow dots
and proximal tapering hairs could be seen, in contrast with trichotillomania where trichopti-
losis, pointed hairs, flame hairs, V-sign, hook hairs, hair powder, follicular microhemorrhage
and tulip hairs are more characteristic. Follicular microhemorrhage meaning a red dot that
corresponds to a follicular ostium stuffed with blood clot, may support local trauma, a clue
for trichotillomania [12].

225



226 Hair and Scalp Disorders

1.4.3. Histopathology

The diagnosis of trichotillomania is usually made by clinical examination and patient history.
However, occasionally especially in pediatric patient group both child and parents may deny
the possibility of pulling or plucking as a cause of hair loss and especially in localized involved
patients the diagnosis may be difficult. Histopathological examination may be necessary in
these patients. Follicules of normal size, increased catagen and telogen hairs (up to 75%) which
is a result of mechanical trauma to the hair frequently propelling anagen follicules into the
catagen phase, pigmentary defects and casts, evidence of traumatized hair bulbs and tricho-
malacia (a complete but distorted, fully developed terminal hair in its bulb) are the most
common findings in histological examination of trichotillomania [13, 14]. Catagen hairs may
be present in areas that have recently been injured and telogen hairs may present after a few
weeks from pulling. Some hair follicles in anagen phase may be present, but they are usually
seen empty because of hair shaft avulsion. If the hair matrix and suprabulbar epithelium are
injured, but not severely disrupted, the follicle may remain in the anagen phase which may
produce a hair shaft. Follicles can show distortion of the bulbar epithelium and sometimes
conspicuous hemorrhage.

Hair shaft avulsion may deposit melanin pigment in the hair papilla and peribulbar connective
tissue [13, 14]. Frequently, chunks of pigmented hair matrix or cortex cells are torn from their
moorings during the plucking process and come to rest in superficial portions of the follicles.
These cells then shrink to form a dark black homogeneous clump called a pigment cast.
Pigment casts which are very characteristic for trichotillomania simply occur as the by-product
of fragmented, ectopic matrix or cortical epithelium and usually seen in the isthmus or
infundibulum. Trichomalacia, which defines shaft abnormalities such as distorted in shape,
smaller than normal and incompletely cornified, is very characteristic for trichotillomania.

These injuries of pulling or plucking to the bulbar portions of follicles do not induce inflam-
mation but may cause follicular microhemorrhage within the lower portion of the follicle. A
few eosinophils may be rarely seen around the lower portion of the traumatized follicule. Also
miniaturization of follicules is usually not seen in trichotillomania and absence of inflamma-
tory infiltrate and loss of miniaturization are usually serve to differentiate it from alopecia
areata [14].

1.5. Differential diagnosis

Tinea capitis, alopecia areata, loose anagen hair, monilethrix, lichen planopilaris and secon-
dary syphilis need to be considered in the differential diagnosis of trichotillomania. Tricho-
scopy, medical history and scalp biopsy can be used to distinguish trichotillomania from other
diseases. Catagen and telogen hair numbers are found to be increased and usually there are
no signs of inflammation unless there is an infection in histologic examination. The number of
catagen hairs exceeds telogen hairs in chronic lesions. Perifollicular hemorrhage may be found
at the circumference of the hair bumbs [1].
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Potassium hydroxide examination, fungal culture and Wood's lamp examination may be
performed to exclude tinea capitis. The hair is weak and may easily be pulled out in tinea
capitis.

Alopecia areata plaques are oval and well-demarked. A hair pull test may be helpful as a
diagnostic test for alopecia areata. Telogenic hairs may be pulled out easily in alopecia areata,
which indicates the activity of the disease in contrast with trichotillomania. Shaving the
involved area and waiting for the regrowth may also be useful for the diagnosis of trichotil-
lomania. Alternatively, a small part of the hair is clipped near the scalp with scissors and the
hairs in trichotillomania display uniform hair regrowth.

Trichoscopy may also be utilized for differential diagnosis. Exclamation mark hairs and yellow
dots may be seen and white hairs are usually not involved in alopecia areata [11]. The tricho-
tillomania plaque has broken and irregular coiled hair and the hair density is decreased. Black
dots, follicular hemorrhages, v-sign may be seen [12].

1.6. Treatment

As mentioned above, trichotillomania is a psychiatric disorder with dermatological findings
which is characterized by compulsive avulsion of hair shafts leading to thin, ragged, broken
hairs on the affected region clinically [15]. The inability to control self-pulling of hair resulting
in hair loss may progress into alopecia in long time.

Treatment procedure must be multidisciplinary including both dermatological but mainly
psychiatric approach to increase the effectiveness of the therapy and prevent relapse.

Cognitive and behavioral therapies (CBT), antipsychotic agents, selective serotonin reuptake
inhibitors (SSRI), tricyclic antidepressants are the main options of treatment [7, 16-18]. The
most appropiate therapeutic approach must be chosen according to the patient's age, medical
status and mental status.

Cognitive and behavioral therapies are the first steps of treatment and must be considered
together with pharmacotherapeutics in treatment [16, 19]. In a randomized controlled trial
with 7-8-year-olds, cognitive-behavioral therapies alone were found to decrease the symptoms
in 75% of the participants [16].

The results about efficacy of SSRIs are conflicting. They were reported to be the safest and well-
established medication choice. However, the clinical results show that medication, which is
usually an SSRI, in addition to CBT, is more successful, if CBT alone fails.

In a meta-analysis which was reported in 2007, in which the efficacies of pharmacologic and
behavioral treatments were evaluated in treatment of trichotillomania, it was found that SSRIs
were not more effective than placebo. In two trials clomipramine was found to be more effective
compared with placebo. In three trials, it was shown that there is a beneficial effect of habit
reversal therapy compared with no intervention [20].

In another systematic review which was published in 2013, similar results were found. In two
included trials, fluoxetine was not more effective than placebo in reducing the mean severity

227



228 Hair and Scalp Disorders

rating of hair pulling. Clomipramine was found to be more effective than placebo, although 3
of 10 participants receiving clomipramine dropped out because of drug-related adverse effects
[21].

At last, in a recent meta-analysis of 11 randomized trials, the efficacy of behavioral therapy
and SSRI for the treatment of trichotillomania; the outcome measure was the standardized
mean difference of change in hair pulling [22]. This publication demonstrated a large effect for
behavioral therapy and only a moderate effect for SSRI. A greater treatment effect was reported
for clomipramine in two included trials [22].

The side effects and limited efficacy of pharmacological treatment, especially in pediatric
population and difficulty in long-term maintenance of behavioral therapies require alternative
options of treatment. The glutamatergic system dysregulation is involved in obsessive-
compulsive disorders etiology and it has been reported that N-acetyl-cysteine (NAC) might
have a therapeutic effect on these entities by acting on the glutamatergic system and reducing
oxidative stress [23]. It was reported as a safe and effective treatment option given 1200 mg/d
per os. The efficacy of the glutamate modulator NAC was evaluated in a small randomized
trial including 50 adults with trichotillomania [24]. N-acetylcysteine was more effective than
placebo in reducing hair-pulling symptoms as measured by the Massachusetts General
Hospital Hair Pulling Scale. A subsequent trial in children and adolescents did not find any
beneficial effect of NAC compared with placebo [24, 25].

2. Traction alopecia

2.1. Introduction

Traction alopecia (TA) is defined as loss of hair caused by repetitive or continuous and
prolonged tension applied to the hair [26-28]. It was first described using the terminology
alopecia groenlandica to refer to the hair loss attributed to tight ponytails which girls and women
wear in Greenland [29]. Although TA is more prevalent among females of African ancestry, it
has been described in a wide range of populations, including nurses, ballerinas, Sikh boys and
men, to name a few [30-34]. Research has convincingly demonstrated that certain habitual
practices of hairstyling are implicated in the pathogenesis of TA [35-39].

2.2. Epidemiology

Most of the population-based studies concerning the prevalence of TA originate from South
Africa [35-37]. Overall, TA was found to be more common in females compared to males and
in women compared to girls, presumably due to a longer history of hairdressing [37]. Impor-
tantly, in a large cohort of African adults in Cape Town, almost one-third of women had
findings consistent with TA on scalp examination [35]. Of note, 17.1% of South African
schoolgirls had TA, with increasing prevalence rates from the first year of school to the last
year of high school [36]. A similar rate (18.4%) was observed in another study examining a
population of 201 African American girls from the United States [38]. In males, TA seems to
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be considerably less prevalent, however, two notable exceptions are Sikh boys and men, who
adhere to the religious practice of tightly knotting their scalp and/or beard hair and boys/men
wearing dreadlocks or cornrows [32-35, 40].

2.3. Pathogenesis

Traction alopecia is typically noncicatricial and reversible in its early stages, whereas it may
progressively result in permanent scarring in the long term [27, 28, 41]. It is well recognized
that traction causes an inflammatory, sometimes subclinical, folliculitis. The exact pathome-
chanism leading from follicular inflammation to follicle damage and hair loss remains to be
elucidated; however, follicular miniaturization is considered to play a possible role [28, 42-44].

2.4. Predisposing factors

The factors predisposing to the development of TA fall into two major categories: (1) traumatic
hairstyling practices and (2) application of chemicals and/or heat to the hair [27]. It has been
shown that the combination of both factors greatly increases the risk of TA, cautioning against
the application of traction on chemically relaxed hair [36-38]. Importantly, hairdressing
practices causing symptoms such as stinging, pain, or crusting are associated with an increased
risk of TA [37, 39]. “Tenting” of the hair follicle, which manifests as elevation of the scalp skin
due to tight pulling, has been interpreted as a sign of excessive tension [27, 39, 43]. A more
recent literature review classified hairstyles into low risk, moderate risk and high-risk [39].
Accordingly, the excessive use of very tight buns or ponytails belongs to the category of high-
risk hairstyles, as do dreadlocks, cornrows and braids [38, 39, 45]. Another well-recognized
factor associated with TA is the use of hair extensions, especially if applied to relaxed hair [39,
46]. According to the aforementioned review, other hairstyles such as braids and/or weaves
are considered high-risk if they are combined with chemical relaxation of the hair [39].
Moreover, hairpins used to fix the nurse's cap to the scalp may be related to hair loss [30].
Alopeciainitially presenting with a traumatic ulcer was described in association with hairstyles
requiring multiple hairpins [47].

2.5. Diagnosis

2.5.1. Clinical findings

Two main categories of TA have been recognized: marginal and nonmarginal [46]. The for-
mer is more common and typically presents as bandlike loss of hair along the temporopar-
ietal margin or frontal hairline (Figure 1) [48]. Marginal TA is usually attributable to
traumatic hairstyles, whereas nonmarginal TA may be caused by hairpins or buns [40, 47,
49]. A peculiar form of TA, termed “horseshoe pattern” by the authors, was described as a
result of weft hair extensions [46]. Hair loss in nonmarginal localizations may sometimes
present a diagnostic challenge and require more detailed history taking and/or histopatho-
logical examination [27, 48].
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Figure 1. Marginal traction alopecia along the frontal hairline (A) and temporoparietal margin (B) in a woman who
applied excessive traction to her hair.

The earliest clinical sign of TA is considered to be perifollicular erythema in the areas of the
scalp exposed to maximum tension, which may progress to folliculocentric papules and
pustules. However, these initial findings may be unrecognized by the patient and physician
alike [22, 28, 31]. The presentation may be acute or more commonly, chronic and progressive.
Patients may provide a history of symptoms such as stinging or tenderness during hairdressing
practices [27]. As noted earlier, the alopecia is typically nonscarring in the early stages, but
may become irreversible later during the disease course, following a “biphasic” course [27].
Correspondingly, follicular markings tend to be decreased in the late stages of TA [27, 31, 43].
Animportant clinical caveat in the diagnosis of TA is the “fringe sign,” defined as the presence
of retained hairs along the frontal and/or temporal margin. This useful finding was observed
in early and late stages of TA alike (Figure 2) [43].

In general, TA is considered to have no systemic associations. Nonetheless, there is an
anecdotal report of a 25-year-old woman with prolonged traction resulting in a combination
of TA, cutis verticis gyrata and intractable headache. Her headache resolved as she was advised
to change her habitual hairstyle, which also stopped further hair loss [50].
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Figure 2. “Fringe sign” demonstrated in a woman with longstanding traction alopecia as a group of retained hairs
along the temporoparietal hairlines and located in front of the alopecic patches bilaterally.

2.5.2. Dermoscopy

Dermoscopy may be utilized as a useful aid to confirm the clinical diagnosis of TA and/or
differentiate it from other entities presenting with hair loss. In a cross-sectional study from
Korea, broken hairs and black dots were observed in 100 and 92% of patients with TA,
respectively. Of these findings, broken hairs were noted in all patients with trichotillomania,
as well (Figure 3). Other dermoscopic findings associated with TA in this study were clustered
short vellus hairs, yellow dots and atypical red vessels, with decreasing frequency [51]. The
presence of hair casts has been emphasized as an important dermoscopic sign of TA, described
as cylindrical structures encircling the proximal hair shafts [52]. It has been demonstrated that
observation of hair casts on dermoscopic examination is an indicator of ongoing traction [53]
and should be interpreted as a warning sign that hairstyle changes should be implemented to
halt the progression of alopecia [52]. More recently, the trichoscopic finding of “flame
hairs”was reviewed in a population of patients with various hair disorders. Of note, flame
hairs were noted in slightly more than one half of the patients with trichotillomania, whereas
they were observed in less than 5% of patients with TA. This disparity was attributed by the
authors to the extent of the acute mechanical damage to the hair follicle being more prominent
in trichotillomania compared to that in TA [54].
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Figure 4. (A) Perifollicular fibrosis on superficial dermis ##SSSE and an anagen follicule with hair shaft avulsion *-
H&EXx100, (B) catagen/telogen hair follicules- H&Ex40, (C) intrafollicular erythrocytes 4SS and perifollicular fibrosis
+ H&Ex400 and (D) an empty follicule with hair shaft avulsion 4 H&E x200.

2.5.3. Histopathology

Histologic findings of TA parallel the biphasic course of the disease mentioned previously [27].
Early stages of TA are considered to resemble trichotillomania, whereas more advanced stages
of TA are similar to “burned-out” forms of cicatricial alopecia [55]. More specifically, early TA
is characterized by increased numbers of telogen and catagen hairs and trichomalacia. In
contrast to primary scarring alopecias, sebaceous glands are generally preserved in TA
(Figure 4). With prolonged traction, terminal follicles tend to decrease in number and are
progressively replaced by fibrous tracts [27, 28, 43]. Furthermore, vellus-sized hairs may be
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observed on histology which are thought to correspond to the aforementioned “fringe sign”
noted on physical examination [27]. Differentiation of late-stage TA from primary scarring
alopecias may be challenging and it has been demonstrated that transverse sections may be
advantageous compared to vertical sections in differential diagnosis [56].

2.6. Differential diagnosis

The clinical differential diagnosis of TA depends on the distribution pattern of hair loss. For
marginal type TA, the most important entities to be considered in the differential diagnosis
are alopecia areata with an ophiasis pattern and frontal fibrosing alopecia [27, 43]. A notewor-
thy caveat is that TA only affects scalp hair exposed to traction, whereas body hair, eyebrows
and/or nails may be involved in alopecia areata or frontal fibrosing alopecia [27]. Another
important differential diagnosis is androgenetic alopecia. These two conditions may also
coexist and in fact androgenetic alopecia is thought to predispose an individual to the
development of TA due to the miniaturized hairs [30, 40, 43]. Nonmarginal TA, on the other
hand, may be considered within the differential diagnosis of a broad range of conditions,
including alopecia areata, trichotillomania, telogen effluvium and discoid Iupus erythemato-
sus [40, 48].

Central centrifugal cicatricial alopecia (CCCA) is another condition mainly seen in females of
African descent [57]. The relationship between traction/TA and CCCA remains controversial
[58]. Ackerman and coauthors categorized CCCA as a form of TA, [59] and a retrospective
comparative study detected a strong association between CCCA and the use of tractional
hairstyles with artificial hair extensions [60]. However, a more recent study failed to reveal an
association between CCCA and tractional hairstyles. Interestingly, among more than 1000
female participants, not a single individual had a concomitant diagnosis of CCCA and TA in
the same study, suggesting that CCCA and TA may not be closely related [58].

2.7. Prevention and treatment

Prevention is an integral part of management of TA, as appropriate measures to eliminate
traction can stop hair loss before it becomes permanent [27, 28, 61]. It is important to recog-
nize that TA most often originates during childhood and adolescence, suggesting that public
education should primarily focus on these at-risk populations [27, 43, 44]. Prevention strat-
egies have been detailed elsewhere [39, 44]. Briefly, management should rely on two main
principles: preferring loose hairstyles and avoiding heat and chemicals [27, 39]. Patients
may be encouraged to switch from high-risk hairstyles to low-risk hairstyles, such as loose
buns and ponytails [39]. An important message is that pain during hairstyling be interpret-
ed as a sign that excessive tension has been applied and that particular hairstyle should bet-
ter be avoided [39, 44].

Medical or surgical treatment should only be considered after traction has been minimized
[39]. There is a paucity of evidence-based literature data with regard to the medical treat-
ment of TA. Topical or intralesional corticosteroids and topical or systemic antibiotics may
be utilized to suppress the inflammation in the early stages of the disease [61].Topical min-
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oxidil was described as effective in an anecdotal report [42] and recommended by some au-
thors [27, 43, 61], although controlled trials are lacking. An interesting study demonstrated

the protective effect of piloerection induced by topical phenylephrine against the develop-

ment of TA, suggesting a potential role of a;-adrenergic receptor agonists in the treatment of

TA [41]. For extensive TA, surgical treatment has been described [45, 62]. Of note, a scoring
system was developed (“M-TAS score”) to evaluate the severity of marginal type TA and
facilitate assessment of treatment effectiveness [63].
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Abstract

Hair loss (alopecia) is a common dermatological condition that affects men and women
of all ages. It can be due to a wide variety of causes including scarring and non-scarring
diseases. Although alopecia is not a life-threatening condition, it has significant
psychological impact on the quality of life. Mental disorders such as anxiety, depression,
social phobia, posttraumatic stress disorder, and suicidal thoughts are increased among
alopecia patients. On the other hand, alopecia frequency increases during the course of
psychological disorders. In this chapter, psychosocial aspects of hair loss and the
relationship between alopecia and psychological disorders are reviewed.

Keywords: alopecia, anxiety, depression, hair loss, psychiatric disorders, psychologi-
cal disorders

1. Introduction

Studies have shown dermatologic diseases to be closely associated with psychological
problems. Psychological diseases have even been suggested to occasionally cause dermato-
logic problems, while the reverse has also been suggested. Psychological/psychiatric disorders
have been detected at rates up to 60% in dermatology patients treated as inpatients and 30%
in those treated as outpatients [1]. Alopecia (hairloss) is an important dermatological condition
due to its common psychological effects. The current role of healthy hair as regards to
perception of power, good looks, charm, and beauty is an indisputable fact. Healthy hair is an
important complement of physical well-being. Therefore, hair loss causes significant psycho-
logical problems, whatever its underlying pathophysiology.

Alopecia can affect women and men of all ages and has significant social and psychological
results [2]. Although the hair loss itself does not cause a functional problem, it is visually an

I m EC H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited. [{(cc) ExgNN



240

Hair and Scalp Disorders

important part of the outer appearance in both women and men. The loss or disruption of this
part can cause several psychological/psychiatric problems such as depression, anxiety, anger,
fatigue, low self-esteem, embarrassment, discomfort with appearance, lower self-regard, self-
consciousness, less sexual activity, decrease in school performance, social withdrawal, and
suicidal ideation [3-5]. Recent studies have shown the stress level experienced by patients with
alopecia to be at a level similar to many severe, chronic, and life-threatening diseases [2-6].

Several factors such as autoimmune and inflammatory diseases, infections, hormonal factors,
physical or chemical factors, neoplasms, and congenital diseases can cause alopecia. Alopecia
is divided into two as scarring and non-scarring alopecia [7]. The psychosocial aspect will be
reviewed according to the common reasons causing hair loss in this section. The common
reasons for hair loss are summarized in Table 1.

1. Non-scarring alopecia

* Androgenetic alopecia

* Telogen effluvium

* Anagen effluvium

* Chemotherapy-induced alopecia
* Alopecia areata

¢ Trichotillomania

* Psychogenic pseudoeffluvium

2. Scarring alopecia

Table 1. Common hair loss causes.

2. Psychosocial impact of non-scarring alopecia

Approximately 50% of women and men experience alopecia at some stage [8]. Most of these
problems consist of (1) androgenetic alopecia (AGA), (2) telogen or anagen effluvium, and (3)
alopecia areata (AA), which develop with different pathophysiologic mechanisms. Certain
specific conditions (4) have also been described.

2.1. Androgenetic alopecia

Androgenetic alopecia is also known as male type hair loss and is seen more commonly in
males. Genetic and hormonal factors play an important role in the development. It is most
frequently observed in middle-aged white men. Roughly 30% of white men at the age of 30,
50% at the age of 50, and 80% at the age of 70 are affected by this condition [9]. Various
results have been obtained in the studies conducted on the psychological effects of AGA,
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which in fact is considered a part of the natural aging process by many men. Men have
stated that AGA disrupts the body image and causes stress without a significant loss of
psychological functionality in a study conducted by Cash some decades ago [10]. The con-
dition has been shown to lead to higher rates of psychological problems especially in men
who are young, who do not have a romantic relationship, who think physical appearance is
essential for self-esteem, and who were insecure even before the development of alopecia
[4, 10-13]. These symptoms increase as the severity of AGA increases [11]. AGA starting
early such as the early 20s has especially been reported to cause the individual to compare
himself with his peers and gradually lead to lack of self-esteem. Such people can also be-
come obsessed with AGA and spend much time and money on its treatment [3, 12, 14].
Normal subjects asked to evaluate bald (with advanced AGA) individuals with those with
normal hair found the first group older, less masculine, and physically and socially less at-
tractive [11]. Young individuals with AGA who are aware of such notions in the communi-
ty suffer increased psychological stress, as reflected in the increased demands for treatment
and hair transplantation. However, the AGA usually observed in males causes less severe
psychological effects than other types of alopecia [15].

The psychological stress in women is usually more severe. Hair is one of the most important
components of the physical appearance in women. A study reported 52% of females and 28%
of males to be very/extremely unhappy with AGA when 96 female and 60 males AGA patients
were compared. When female subjects with AGA were compared with females with another
dermatologic disease, the first group was found to be more stressful, suffers more social anxiety
and has less self-esteem. A significant decrease was recorded in their quality of life compared
to the control group [16]. However, every woman with AGA is not psychologically affected
equally. Female patients with diffuse pattern AGA were observed to be less social in particular
[4,9, 16].

2.2. Telogen effluvium/Anagen effluvium

Losses due to hair cycle disorders can be as telogen effluvium (TE) or anagen effluvium (AE),
depending on the stage the hair is affected [17].

2.2.1. Telogen effluvium

Telogen effluvium develops mainly due to febrile disorders, surgery, accidents, giving birth,
severe diets, thyroid disorders, eating disorders, vitamin and mineral deficiencies, severe
emotional stress, and certain drugs [18, 19].

The ratio of loss in telogen effluvium cases is usually under 50% [19, 20]. Hair loss needs to be
more than 50% to be visible [17]. Therefore, TE is often accepted as a benign process and usually
continues for <6 months. However, the potential hair loss of over 300 hair follicles per day in
these patients can cause emotional distress and significantly reduce the quality of life. Acute
or chronic stress can cause TE development, while TE itself can cause secondary stress, leading
to a vicious cycle [21]. Although the condition is common, studies on the psychosocial effect
of TE are limited in number. However, the TE-stress-TE vicious cycle is thought to lead to
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anxiety and depressive symptoms, especially in women who are more concerned about their
outer appearance [3, 4].

2.2.2. Anagen effluvium

The loss of hair at the anagen stage which is the growth phase isnamed AE. Unlike TE, intense
loss is observed quickly. Since normally 80-90% of the hair on scalp is at the anagen stage, 10—
20% of the hair remains [18, 22].

Alopecia developing due to chemotherapeutic agents can be TE but is commonly AE. In
addition to chemotherapy, AE causes include radiotherapy, protein-energy malnutrition,
heavy metal poisoning, connective tissue disease, pemphigus vulgaris, other drugs (-dopa,
cyclosporine, colchicine, bismuth), and systemic disorders causing peribulbar inflammation
such as syphilis and systemic lupus erythematosus [17]. However, chemotherapy-induced
alopecia (CIA) has been presented in more detail due to the significant psychosocial effect it
creates.

2.2.3. Chemotherapy-induced alopecia

Chemotherapy-induced alopecia develops due to chemotherapy and has several psychosocial
effects such as anxiety, depression, and low self-esteem affecting the quality of life. Although
many improvements have been achieved in side effects related to chemotherapy, especially in
the last three decades, CIA still appears to be an unresolved side effect. It is even possible for
chemotherapy options that are less successful but do not cause CIA to be preferred to more
successful treatments. Even the idea of the development of alopecia in patients after the
diagnosis of cancer can cause traumatic fear and anxiety [23, 24]. CIA has been shown to be
among the main three chemotherapy-related side effects causing distress and to be more
significant in female patients [23-25]. Alopecia was found to be the most burdensome side
effect in a study conducted on female patients with early stage breast cancer [26]. In fact, CIA
was shown to cause more psychosocial effects than mastectomy in certain patients [27]. Loss
of hair, which is another feminine characteristic, in females undergoing mastectomy was
reported to cause more psychological effect than lung cancer chemotherapy-related alopecia
[28]. Once CIA develops, 13% of patients with a gynecological malignancy feel that they are
no longer wanted by their partners [29].

Chemotherapy-induced alopecia is one of the major stress resources because it is the most
visible reminder of the disease, the need for treatment and death [23]. However, although
generally being a major stress resource, CIA does not have the same psychosocial effect on
every patient. There are also those who try to appear normal, make fun of alopecia, shave their
hair without waiting for complete loss, share their baldness on social media, and try to hide
the alopecia with a wig, although the number of people who choose to become asocial is
considerable [23, 30]. Some patients even believe that CIA is a proof of a strong treatment and
will lead to a better survival, perhaps as a defense mechanism. CIA can also cause psychosocial
problems in the family in addition to the person receiving the chemotherapy. Shyness in
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engaging in social environments with the family was shown to develop in school-age children
of patients with CIA [23, 24].

Chemotherapeutics can cause both AE and TE based on the drug used, dose and the patient’s
susceptibility [17]. Many current cytotoxic agents can cause severe alopecia. However, the
degree of alopecia can vary depending on the cytotoxic agents used, and the half-life, dose and
administration route of the agent. For example, taxanes used at more frequent intervals and
atlow doses cause less CIA than those used at longer intervals and higher doses. The CIA rates
are lower with the new cytotoxic agents. However, when combined with other cytotoxic agents,
these new treatment modalities have been reported to also cause CIA at a certain rate [24].
Taking various psychosocial measures against the unavoidable side effect of CIA in many
patients, receiving chemotherapy has been suggested to possibly contribute to the person’s
well-being [23, 24, 31]. It is recommended that the patient is engaged in a conversation on the
importance of hair and the reaction to alopecia before chemotherapy, and the patient told that
the hair will usually grow again after chemotherapy, especially for female patients. It is also
recommended to talk about whether they will cover the scalp after alopecia develops and what
cover they would prefer. This approach may increase compliance with the treatment as well
as the effects such as emotional stress, anxiety, and depression as the patient will prepare
himself/herself for the alopecia [23, 32]. The patients can also be recommended to cut their hair
short as it can minimize the hair loss appearance. However, long hair can be used to cover the
alopecia area when chemotherapeutics that do not cause total alopecia.

2.3. Alopecia areata

Alopecia areata is a chronic disease with a lifetime incidence of 2.1%. It starts suddenly and
causes circular hair loss with sharp borders [33]. Although the etiopathogenesis is unknown,
genetic, immunological, environmental, infectious, and psychological factors are known to
play a role in the development. AA has a significant effect on the quality of life and is actually
the type of alopecia where the relationship to psychological factors has been studied in most
detail. Psychological findings and consequences of AA are summarized in the Table 2.

Social and family problems have been reported to affect AA patients more commonly than
other individuals and their capacity to cope with events tend to be less. They can therefore
encounter psychological problems such as depression, anxiety, and paranoid disorders in long
term. However, variable results have been obtained in the studies. In fact, while some studies
report a significant psychological/psychiatric disease in 93% of AA patients, others have
reported no role of psychological factors in the development [4-6, 34]. The predominant view
at present is that AA is frequently associated with psychological/psychiatric disease [34, 35].

Alopecia areata is related to many psychological/psychiatric disorders as a result of the
decrease in the quality of life. AA patients were diagnosed with one or multiple psychological/
psychiatric disorders at a lifelong rate of 74% in the study by Colon et al. The incidence of
lifetime major depressive symptoms and anxiety disorders in AA patients was estimated as
39% in the same study [36]. Besides, antisocial personality disorder and posttraumatic stress
disorder were observed at a high rate in those patients. AA patients have been reported to be
depressed, anxious, hysterical, hypochondriac, introverted individuals who were unsuccessful

243



244

Hair and Scalp Disorders

Findings of alopecia areata Psychological consequences of alopecia areata
¢ Character and behavioral changes * Antisocial personality disorder

¢ Lowered self-esteem * Posttraumatic stress disorder

* Psychologically painful * Generalized anxiety disorder

* Disturbed mood * Major depression

* Self-evaluation * Adjustment disorders

¢ Feels less attractive * Obsessive-compulsive disorder

* Interpersonal sensitivity * Panic disorder

* Talks frequently about alopecia * Social phobia

* Compares own hair with others
¢ Discomfort in front of others
¢ Anger, hostility, stress

¢ Obsessive, anxious, asocial, ashamed, and dependent
personalities

* Reduced social freedom and quality of life

* Significant increased psychological distress in patient
and the family

* Suicidal intent

Table 2. Psychological findings and consequences of alopecia areata.

in their social relationships in later studies [4-6, 34, 37-39]. The rate of suicide attempts has
been reported to be higher and their characteristics to be more commonly associated with
alexithymia [40, 41]. Alexithymia is a cognitive disorder of the identification and expression of
emotions. Impairment of emotional awareness, social cohesion, and interpersonal relationships
is among the main features. It has therefore been suggested that considering alexithymia could
be useful while evaluating the psychological condition of AA patients [4]. AA was found to be
less common in schizophrenia compared to other psychiatric disorders in a study conducted
on 5117 patients and control group subjects. This has led to speculation on how schizophrenia
provides some kind of protection against AA [42].

Alopecia areata has been shown to affect the quality of life at higher rates and also cause higher
anxiety and depression scores in children, adolescents and women in evaluations conducted
by age group and gender [37]. The rate of suffering from at least one psychiatric disorder was
found to be 78%, the major depression rate to be 50%, and the obsessive-compulsive disorder
(OCD) rate to be 35.7% in a study on the psychological/psychiatric effects of AA on children
[43]. AA developing in the childhood period was observed to cause concentration difficulties
and lead to a decrease in school success [35].

Although the prevalence of psychological/psychiatric disease is observed to have increased
greatly in patients with AA, another point of view is that psychological/psychiatric diseases
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may actually trigger AA. It was shown in a case-control study that the psychological/psychi-
atric disorder rates in AA patients were higher but the psychological/psychiatric disorder had
started before AA in 50% of these patients. Besides, one in four patients was reported to lead
a stressful life before the start of the disease. Since AA and psychologic/psychiatric diseases
are interrelated and the one that starts first can vary, it may be best for psychologists and
psychiatrists to treat AA patients together with dermatologists [42].

2.4. Special considerations

2.4.1. Trichotillomania

Trichotillomania is an impulse control disorder characterized by chronic hair pulling and has
a negative effect on the quality of the life of both the patients and the families. In addition to
pulling scalp hair, patients can also pull hair in other body areas such as the eyebrows,
eyelashes, beard, mustache, arms, and groin to a smaller extent. Trichotillomania is primarily
included among psychiatric disorders in the obsessive-compulsive spectrum due to its
similarity to OCD [44]. It mainly starts in childhood and adolescence with a mean age of onset
of 12 years although it can be seen in adults even in elderly people. It can start in childhood
and become chronic with fluctuating episodes. Trichotillomania is more common in females.
It can be confused with AA, especially in adult patients and in the initial phase of the disease
[45-47]. It has been reported that 40% of trichotillomania patients were never diagnosed and
58% never received treatment [48].

Trichotillomania is considered to occur mainly through a learning process similar to habit
development [49]. It had been suggested to emerge as a major coping behavior in response to
stress and to become solidified in time [47]. The main characteristic of trichotillomania is that
the person pulls the hair at a level that can cause baldness. The patients mention a feeling of
stress before pulling the hair and feeling relief afterward [4, 47]. However, this “stress-relief”
feeling is not described by the majority of pediatric and adolescent patients. Certain rituals
such as “pulling the hair with a special gesture, symmetrical pulling, putting the hair into the
mouth after pulling” are usually present in these patients. One of these rituals, hair swallowing
(trichophagy), has been reported in 5-18% of the patients [47]. Trichophagy can lead to serious
complications such as vomiting, weight loss and ileus by causing trichobezoar formation [47,
50]. Association with nail biting, thumb sucking, nose picking, masturbation, bad friendships,
and school problems can be especially present in pediatric patients [4]. Besides, at least one
more psychiatric disorder such as anxiety disorder, attention deficit-hyperactivity disorder,
depression and OCD have been found in more than a third of pediatric patients with tricho-
tillomania [47]. The incidence of other psychiatric/psychological disorders and especially
mood and personality disorders, anxiety, and substance use is increased in adult patients with
trichotillomania compared to normal individuals. Avoiding daily activities is more common
in adult patients, and avoiding social and sexual intimacy, negative mood, and decreased
professional productivity can be present. Although the cases are often sporadic, familial cases
have also been reported. Higher rates of anxiety disorder, alcoholism, drug addiction,
antisocial personality disorder, attention deficit-hyperactivity disorder, OCD, depression, and
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suicidal behavior have also been found in the first-degree relatives of patients with trichotil-
lomania compared to healthy individuals [45, 50, 51]. Psychological findings and disorders
associated with trichotillomania are summarized in Table 3.

Pediatric trichotillomania ~ Adult trichotillomania First-degree relatives
Psychological findings * Nail biting * Antisocial personality * Antisocial personality
* Thumb sucking * Avoiding social and * Alcoholism
sexual intimacy o
* Nose picking * Drug addiction
* Negative mood L )
o Masturbation * Suicidal behavior

* Substance use

* Bad friendships
* Decreased professional

* School problems productivity
Psychological disorders ¢ Anxiety disorder ¢ Anxiety disorder * Anxiety disorder
* Attention deficit- * Mood and personality * Attention deficit-
hyperactivity disorder disorders hyperactivity disorder
* Depression * Depression
* Obsessive-compulsive * Obsessive-compulsive
disorder disorder

Table 3. Psychological findings and disorders associated with trichotillomania.

Although the diagnosis can usually be made with the history and examination, patients may
not report their problem due to shame, and fear of being mocked or being labeled as a lunatic.
The physician should therefore not approach the behavior in an incriminating or condescend-
ing manner and should be careful while referring these patients to psychiatry.

2.4.2. Psychogenic pseudoeffluvium

A substantial number of patients with normal scalp hair and without any sign of alopecia
complain of alopecia at dermatology outpatient departments. This condition is identified as
“imaginary hair loss” or “psychogenic pseudoeffluvium” and can be a symptom of an underly-
ing psychological disease. Depression and anxiety disorders are common in these patients.
Problems about marriage and the prevalence of depression are believed to be increased in
married female patients thought to be suffering from psychogenic pseudoeffluvium. One
must also consider that “body dysmorphic disorder” or “delusion of alopecia,” which can be in-
cluded among psychotic disorders, could be present in these patients. Obsessive-compulsive
behavior such as looking at the mirror for hours to check the hair can be present in these
patients [47, 52]. These patients are among the most grueling cases for dermatologists and
should be directed to psychiatrists/psychologists in an appropriate manner.
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3. Psychosocial effects of scarring alopecia

Scarring alopecia is a condition characterized by loss of hair as a result of replacement of the
follicular structure by fibrous tissue [53]. Scarring alopecia is more common in women. It
develops mainly due to lichen planopilaris, discoid lupus erythematosus, frontal fibrosing
alopecia, dissecting cellulitis, folliculitis decalvans, central centrifugal alopecia, tufted follicu-
litis, perifolliculitis abscedens et suffodiens, and pseudopelade (Brocq) [54]. However, non-
follicular conditions (traumatic, burn-induced, inflammatory, infectious, neoplastic, and
genetic conditions) can also affect the scalp and cause secondary scarring alopecia. Whatever
the underlying reason, scarring alopecias usually create more psychosocial effect than non-
scarring alopecias. Pradhan et al. have recently reported moderate-severe psychosocial stress
in almost 75% of their patients with scarring alopecia. Although worry about the outer
appearance is more prominent in female patients, the psychological effect of scarring alopecia
has been reported to be equally severe in both genders. Aesthetic concerns have been found
to be higher in younger patients with these patients feeling older due to scarring alopecia. The
condition leads to feeling physically unattractive, loss of confidence, and embarrassment in
this age group. However, the duration of the disease has been shown not to be proportional
to the psychosocial effect it creates and the psychological stress not to decrease even if the
disorder becomes chronic [53]. Although it was thought that individuals who were single
would experience more stress with the disorder, no difference was found between married
and single subjects. This could be related to the condition being more common in women and
women receiving less psychological support from male spouses in a male-dominated world.
Patients with more localized scarring alopecia were also found to experience less stress than
patients with diffuse scarring alopecia because they can cover these areas with their normal
hair [38, 53, 54].

The quality of life of female patients with scarring alopecia was shown to be more affected and
consequently anxiety and depression to be more common in a study where female patients
with and without scarring were compared [54].

It has also been suggested that patients spend a lot of time and effort to normalize their
appearance leading to decreased success in friendship, work, and school life in scarring
alopecia with a destructive and progressive course [53].

Early diagnosis with clinicopathological correlation and starting treatment at an early stage is
essential to prevent irreversible hair loss in scarring alopecia. Starting psychological support
from the early stage is also essential in terms of a holistic treatment approach.

4. Conclusion

Hair is the most visible and striking characteristic of the body. It is a very important component
for the psychologically healthy development of the individual from childhood to adulthood
and even till death. Mental disorders associated with hair loss present with many different
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psychological/psychiatric symptoms. However, many psychological/psychiatric disorders can
also cause hair loss. These two interconnected groups are now identified as psychotrichological
disorders. The psychosomatization basis of these patients who usually present to dermatology
outpatient departments should be investigated and if necessary they should be referred to a
psychiatrist and/or psychologist for proper psychopharmacotherapy with behavior therapy,
depth psychology, and antidepressants or anxiolytics as required.
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Abstract

Hair loss in children is a common and important complaint in dermatology and pediatric
clinics and can be considered as a difficult and challenging problem in some cases. Early
management is needed as this has its effect on development of normal mental and physi-
cal growth of children. Alopecia or hair loss is of particular concern in pediatric group,
as it is associated with more significant psychological consequences in this growing age
group and has patterns that are different from that seen in adults. There are common
and uncommon causes for this complaint, and this usually covers a broad differential
diagnosis. This chapter has been written in an attempt to distinguish the types of hair loss
(acquired and congenital, common and uncommon), to facilitate the diagnostic causes of
this problem, and finally to reach a proper treatment.

Keywords: children, hair loss, etiology

1. Introduction

Hair loss in children is a common and important complaint in dermatology and pediatric clin-
ics and can be considered as a difficult and challenging problem in some cases. This problem
of irreversible hair loss can be a worrying one for parents and kids. In addition, the diagnosis
may be a challenge for the doctors to reach a proper diagnosis and therapy for their patients.
Early management is needed as this has its effect on development of normal mental and phys-
ical growth of children.

Alopecia or hair loss is of particular concern in a pediatric group, as it is associated with more
significant psychological consequences in this growing age group and has patterns that are
different from that seen in adults.
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Similar to hair loss in adults [1], this problem can be caused by a number of conditions, but in
patterns that are different in frequencies and presentations from those seen in adults. There
are common and uncommon causes for this complaint, and this usually covers a broad dif-
ferential diagnosis [2]. This chapter has been written in an attempt to distinguish the types
of hair loss (acquired and congenital, common and uncommon), to facilitate the diagnostic
causes of this problem, and finally to reach a proper treatment.

2. Normal hair growth

To fully understand hair loss during childhood, a basic comprehension of normal hair growth
is necessary [3, 4]. Generally, at 22 weeks of intrauterine life, the developing fetus has all of its
hair follicles formed. At this stage, there are nearly about one million of hair follicles on the
head. Hair on the scalp grows about 0.3-0.4 mm/day or about 6 inches/year.

At any given time, a random number of hairs will be in one of three stages of growth and
shedding: anagen, catagen, and telogen. Each phase has specific characteristics that determine
the length of the hair. All three phases occur simultaneously; one strand of hair may be in the
anagen phase, while another is in the telogen phase.

Essentially, there are three basic groups of hair based on hair follicle size [5].

(A) Lanugo hair is long, unpigmented, and very fine, and the very first hair fiber to be pro-
duced is by a hair follicle. As an embryo develops, the hair follicles form and begin to produce
this type of hair. This first wave of growth is normally shed by the embryo at around 8 months
gestation and replaced by terminal or vellus hair ready for birth. However, sometimes babies
can be born with this coat of lanugo hair (called “congenital hypertrichosis lanuginosa”).

(B) Vellus is short, fine, unpigmented hair. This type of hair is commonly seen on the nose and
over the cheeks.

(C) Terminal, it is long, coarse, pigmented, and frequently contains a medulla. During puberty,
many hair follicles around the genitals, armpits, beard, and chest in men transform from vel-
lus hair to terminal hair under the direction of hormones. Equally, hormones can cause termi-
nal hairs to revert to vellus hair production as in androgenetic alopecia.

3. Congenital causes of hair loss

Congenital hair loss is a loss of hair that is present at birth; the following conditions are some
of possible causes of congenital hair loss.

3.1. Nevus sebaceous of Jadassohn

Nevus sebaceous of Jadassohn (Figure 1) (also known, as sebaceous nevus) is a yellow-
orange, waxy, and hairless plaque that typically occurs on the scalp [6]. Such nevi are present
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Figure 1. This is a 5-year-old male patient presented with yellow plaque, waxy on the scalp without hair growth. This
plaque was since birth.

at birth or early childhood as a congenital plaque without hair but at the age of puberty show
remarkable overgrowth (due to the activity of sebaceous glands at this age). Hair follicles are
not present within the lesion itself, but lesions on the scalp may be covered over by surround-
ing hair, so careful examination is important. Skin growths such as benign tumors and basal
cell carcinoma can arise in sebaceous nevi, usually in adulthood. Rarely, sebaceous nevi can
give rise to sebaceous carcinoma.

3.2. Aplasia cutis congenita

Aplasia cutis congenita (also known as “Cutis aplasia,” “Congenital absence of skin,” and
“Congenital scars”) is a heterogeneous group of disorders characterized by the absence of a
portion of skin in a localized or widespread area at birth [7, 8]. The defect may involve only
the epidermis and upper dermis (localized and noninflammatory defect) resulting in minimal
alopecia, or it may extend into the deep dermis, subcutaneous tissue, or rarely periosteum,
skull, and dura (especially in the deeper and lager one). This deep and severe form of aplasia
cutis can be associated with a neural cranial tube defect (encephalocoele or meningocoele),
which can be demonstrated by an ultrasound scan showing misplaced brain tissue outside the
skull. It is the most common congenital cicatricial alopecia and manifests as a solitary defect
on the scalp in 70% of cases, but it may sometimes occur as multiple lesions. Most lesions of
aplasia cutis congenita occur on the scalp vertex just lateral to the midline, but defects may
also occur on the face, trunk, or limbs, sometimes symmetrically.

3.3. Ectodermal dysplasia

Ectodermal dysplasias are described as “heritable conditions in which there are abnormali-
ties of two or more ectodermal structures such as hair, teeth, nails, or sweat gland function, in
addition to another abnormality in a tissue of ectodermal origin, e.g., ears, eyes, lips, mucous
membranes of the mouth, or nose, central nervous system” [9]. It is not a single disorder, but
a group of syndromes. The signs and symptoms of ectodermal dysplasia differ markedly
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between the different types of the condition and depend on the structures that are affected.
Signs and symptoms are not usually apparent in newborns and may not be picked up till
infancy or childhood. The affected individuals have abnormalities of the hair follicles (the
scalp and body hair may be thin, sparse, and very light in color). The hair may grow very
slowly or sporadically, and it may be excessively fragile, curly, or even twisted (Figure 2).

Figure 2. A child presented with fragile, curly hair since birth; the main complaint was persistent short and fragile hair.
This child had also cone-shaped teeth and scanty eyebrows.

3.4. Hair shaft defects

Hair shaft abnormalities are characterized by changes in color, density, length, and structure
[10]. Hair shaft alterations often result from structural changes within the hair fibers and
cuticles, which may lead to brittle and uncombable hair.

Figure 3. A female child with loose anagen hair syndrome. It is prominent that the hair was relatively sparse and does
not grow long. Hair is of fair color, and hair shafts were of reduced caliber.
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Hair shaft defects may result in dry and lusterless hair, coarse or fizzy hair, uncombable hair,
and fragile hair. Hair shaft diseases may occur as localized or generalized disorders.

3.5. Loose anagen hair syndrome

Loose anagen syndrome is a benign, self-limiting condition where anagen hairs are easily and
painlessly extracted and mainly reported in childhood [11]. It can be seen in normal popula-
tion and in alopecia areata. The hair is relatively sparse and does not grow long. Hair is of fair
color and hair shafts of reduced caliber, and an early age of onset are features. Usually, the
hairs are not fragile, and there are no areas of breakage (Figure 3).

4. Acquired causes of hair loss

Common causes [12-15] of hair loss in children include telogen effluvium, tinea capitis, bac-
terial infections, traction alopecia, trichotillomania, and alopecia areata. In addition to the
previous, other less common causes of hair loss can be seen including thyroid disorders and
illnesses, such as systemic lupus erythematosus, diabetes mellitus, or iron deficiency ane-
mia, malnutrition, structural abnormalities of the hair shaft that usually result in easy break-
age and dry brittle hair. Hair types are influenced by ethnic groups that vary from region to
region, and subsequently, this may reflect itself on the variation of common and uncommon
causes of hair loss. This usually covers a broad differential diagnosis, and correct diagnosis,
specific environmental and cultural factors may reflect itself on the prevalence of specific
types of hair loss in children.

4.1. Common causes

There are five common types of hair loss in children: alopecia related to tinea capitis, alopecia
areata, traction alopecia, telogen effluvium, and trichotillomania/trichotillosis.

4.1.1. Tinea capitis

Tinea capitis (ringworm of the scalp) is one of the more common causes of hair loss [16]. Itis a
disease caused by superficial fungal infection (superficial mycosis or dermatophytosis) of the
skin of the scalp, with a propensity for attacking hair shafts and follicles. Tinea capitis is the
most common pediatric dermatophyte infection worldwide [15].

Tinea capitis may present in several ways such as:
1. Dry scaling—resembling seborrheic dermatitis, but usually with moth-eaten hair loss
(Figure 4).

2. Black dots—the hairs are broken off at the scalp surface, which is scaly, smooth areas of
hair loss (Figure 5).
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3. Kerion—severely inflamed deep abscesses.
4. Favus—yellow crusts and matted hair.
5. Carrier state with no symptoms and only mild scaling (Trichophyton tonsurans).

The potential of scarring and permanent alopecia is common in tinea capitis if left untreated
(Figure 6).

Regarding the in vivo hair invasion in tinea capitis, there are three recognized types:

1. Ectothrix invasion is characterized by the development of arthroconidia on the exterior of
the hair shaft and usually fluoresces a bright greenish-yellow color under a Wood lamp
ultraviolet light. Common agents include Microsporum canis, Microsporum gypseum, Tricho-
phyton equinum, and Trichophyton verrucosum.

2. Endothrix invasion results from infection with T. tonsurans, Trichophyton violaceum and
Trichophyton soudanense. The hair shaft is filled with fungal branches (hyphae) and spores
and usually does not fluoresce with Woods light. All endothrix-producing agents are an-
thropophilic (e.g., T. tonsurans, T. violaceum).

3. Favus, usually caused by Trichophyton schoenleinii, produces favus-like crusts or scutula
and corresponding hair loss.

4.1.2. Alopecia areata

It is an autoimmune disease in which hair is lost from the scalp (Figure 7) or other hairy areas
such as eyebrows, eyelashes, and other hairy areas in the body. It often results in bald spots on
the scalp, especially in the first stages [17]. Rarely, the condition can spread to the entire scalp
(alopecia totalis) or to the entire skin (alopecia universalis) (Figure 8). This type of alopecia is
characterized by nonscarring alopecia (no fibrosis or inflammation), where the hair shafts are
gone, but the hair follicles are preserved, making this type of alopecia reversible. Typically,

Figure 4. Tinea capitis in child presented as seborrheic dermatitis.
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Figure 5. Tinea capitis in child with black dots presentation. There is no inflammation or no scales.

Figure 6. A child with scarring alopecia secondary to untreatable tinea capitis.

the patient first presented with small bald patches. The underlying skin is unscarred and
looks superficially normal. These patches can take many shapes but are most usually round or
oval. The disease may also go into remission for a time or may be permanent. It is common in
children. Exclamation point hairs, narrower along the length of the strand closer to the base,
may present and represent an activity of the disease.

4.1.3. Traction alopecia

Traction alopecia is a gradual hair loss, caused primarily by frequent and chronic hair pulling
(Figure 9), and this is usually due to habit of hair styling [18]. It is also seen occasionally in
longhaired people who use barrettes to keep hair out of their faces. There is a large variation
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Figure 7. Small patch of alopecia areata; the skin is normal with no scales or no erythema.

Figure 8. Alopecia totalis with prominent exclamation marks.

in the pattern of clinical presentation of traction alopecia. If there is no suspicion of traction,
it can be difficult to diagnose. Patients may present with (itching, redness, scaling, folliculitis
or pustules, multiple short broken hairs, thinning, and hair loss). At a later stage, vellus hairs
(fine short hairs) develop and terminal hair follicles reduce and are replaced by fibrotic fibrous
tracts (scars).

4.1.4. Telogen effluvium

This is not an uncommon cause of hair loss in children; it refers to an abnormality of the nor-
mal hair cycle leading to excessive loss of telogen hair [19]. In telogen effluvium, many factors
happen to interrupt the normal life cycle of hair and to throw many or all of the hairs into the
telogen phase. After few weeks of the insult, partial or complete baldness appears. Frequent
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Figure 9. Traction alopecia.

triggers include physiologic effluvium of the newborn, in this type; babies often lose their hair
during the first 6 months. Similar to adult type of telogen effluvium, many different events
can cause telogen effluvium, including extremely high fevers, severe previous illnesses, sur-
gery under general anesthesia, severe prolonged emotional stress, severe injuries, and the use
of certain prescription medication.

4.1.5. Trichotollimenia

Trichotollimenia (Figure 10) is defined as a child or a teen that compulsively pulls out her
hair and is thought to be related to obsessive-compulsive disorder [20]. These children
have noticeable hair loss and often need treatment from a child psychiatrist and/or a child
psychologist who specializes in trichotillomania. The hair loss is patchy and character-
ized by broken hairs of varying length. Patches are typically seen on the side of the child’s
dominant hand.

Figure 10. Trichotollimenia. The hair loss is patchy and characterized by broken hairs of varying length.
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4.2. Uncommon causes

Rarer reasons for alopecia in children include pressure-induced alopecia, alopecia related
to nutritional deficiency or toxic ingestion, and androgenetic alopecia. Other causes such as
lichen planopliaris, chronic skin inflammation, universal pruritus, and severe dehydration.

5. Diagnosis of hair loss in children

In an attempt to facilitate the diagnosis of hair loss in children, it is helpful to have a proper
history from the parents; the key points in patient’s history are age of onset of the patient;
onset of hair loss: sudden or gradual; extent of alopecia: patchy or diffuse; associated symp-
toms; mental development; emotional triggers in the previous few months; and any accompa-
nying complaints (e.g., fatigue, weight changes, and nail or skin abnormalities); past medical
history (including chronic illnesses, surgeries, medication, autoimmune); family history of
alopecia, autoimmune disease, dermatologic or psychiatric disorders; hair-grooming prac-
tices (chemicals, tight braiding) [21, 22]. Thorough examination of scalp as well as other hair-
bearing areas of the body is another key factor in diagnosis of hair loss. The examination
should have the following components: type of hair loss: localized or diffuse; scarring or
nonscarring; any hair shaft abnormalities; exclamation marks; hair texture and fragility; pres-
ence of pustules, scales, and erythema. Clinical examination of the entire body is necessary to
evaluate hair loss, including teeth, skin, and mucous membranes.

The activity of hair shedding can be evaluated by hair pull test in which approximately 20
hairs are grasped and firmly tugged away from the scalp and then the number of extracted
hairs is counted. Normally, fewer than three hairs per area should come out with each pull. If
more than 10 hairs are obtained, the pull test is considered positive. The root of the plucked
hair can be examined under a microscope to determine the phase of growth and is used
to diagnose a defect of telogen, anagen, or systemic disease. Telogen hairs have tiny bulbs
without sheaths at their roots. When the diagnosis of hair loss is unsure; a biopsy allows
for differing between scarring and nonscarring forms. Skin biopsies are taken from areas of
inflammation, usually around the border of the bald patch.

Further investigations are needed according to the suspected cases of tinea capitis, alopecia
areata, or telogen effluvium. In tinea capitis, the diagnosis should be confirmed by micros-
copy and culture of skin scrapings (a potassium hydroxide preparation); woods lamp exam-
ination: as screening to detect flourescing species. When telogen effluvium is suspected, and
there is no obvious trigger of telogen effluvium, blood tests are needed and include complete
blood count; serum ferritin; serum zinc, antinuclear antibody; and thyroid function test.

Newly, dermoscope (trichoscope) [23, 24] is a noninvasive method of examining hair and
scalp. It allows differential diagnosis of hair loss in most cases, especially in cases of heredi-
tary hair shaft abnormalities. In the last few years, many studies have been published in this
field. It may be performed with a manual dermoscope (x10 magnification) or a videoder-
moscope (up to x1000 magnification). In particular, trichoscopy enhances the diagnosis of
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androgenetic alopecia, alopecia areata, telogen effluvium, trichotillomania, and congenital
triangular alopecia, scarring alopecia, tinea capitis, and hair shaft disorders.

6. Treatment

For the majority of the cases of hair loss in children, a dermatologist would be able to
diagnose these conditions and prescribe the appropriate treatment. But some hair distur-
bances have no effective treatment, and for others, no single treatment is 100% success-
ful. Congenital and hereditary hypotrichosis and hair shaft abnormalities often have no
effective treatment.

For tinea capitis, treatment usually involves systemic antifungal therapy, such as griseo-
fulvin, which is taken by mouth for 8 weeks. Tinea capitis is also treated with antifungal
shampoo to decrease shedding of fungus, which is used to wash the scalp 2-3 times a week.
It is very important to continue the use of the oral medication and shampoo for the entire
8 weeks. Children who have tinea capitis are not required to leave school if treatment is
used as directed but should be careful not to share any objects that touch the heads such
as hats and pillows. Most children are not contagious when using the oral medication and
shampoo.

Alopecia areata is an unpredictable disease, and even with complete remission, it is possible
for it to occur again throughout your child’s lifetime. While there is no cure, and unfortu-
nately since there is no FDA-approved drugs specifically designed to treat the disease in
some children. Many have their hair back within a year, although regrowth is unpredictable
and many will lose hair again. The treatment of alopecia areata [25] depends on the severity
of involvement. If the disorder is mild and does not cause the patient very much distress,
waiting for a spontaneous remission is a sensible option. Treatment with zinc as a putative
immunemodulator generally has no side effects and is, therefore, suitable for use in chil-
dren. Topical and systemic immunomodulators are currently being employed for treating
alopecia areata, but their efficacy against alopecia areata has not been established. Children
with permanent hair loss can be offered surgical hair transplantation or camouflage devices,
such as wigs.

In trichotillominea [26], counseling and psychotropic drugs such as clomipramine or sertra-
line, N-acetyl cysteine, and behavior modification techniques (e.g., habit-reversal therapy)
are effective treatment options. These are novel therapeutic agents found to be effective in
trichotillomania.

Traction alopecia [27] is a reversible alopecia and cessation of the offending hair practice is
the treatment. But if the traction is continued over years, mechanical damage to hair follicles
may result in permanent hair loss.

In telogen effluvium, assuming there is no intervening pathological process, the loss is
usually replaced in 6-12 months. Treatment revolves around addressing the underlying
cause
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Abstract

Throughout the world, over 60% of men and 50% of women suffer from androgenetic
alopecia and irreversible hair loss. This type of hair loss is a seminatural process, and
medication can only temporarily inhibit it. At the moment, the solution for either andro-
genetic alopecia or other irreversible hair loss problems is the hair transplantation.
Besides androgenetic alopecia, the many irreversible hair losses are being applied suc-
cessfully by hair transplantation. In the past 10-15 years, a new hair restoration technique
was introduced. This method is called follicular unit extraction (FUE) technique. FUE is
an alternative which allows for quick extraction of follicular unit grafts. The hair trans-
plantation can be used in various problems such as alopecia areata, congenital alopecia,
burn sequelae, eyelash-eyebrow loss, beard loss, and mustache loss. In addition, it can
camouflage the scars. The main objective of hair transplantation is to restore hair loss. We
may not be able to recreate the appearance that the patients had in their early twenties;
however, realistic expectations can be met with the help of technology. Based on our
experience, FUE is the method that gives us the opportunity to best meet all patients” hair
transplantation expectations.

Keywords: hair loss, baldness, hair transplantation, hair loss treatment, fue, fut,
alopecia

1. Introduction

In recent years, hair loss has progressively increased because of the use of various chemical
agents, environmental conditions, drugs, and inorganic foods [1, 2]. Androgenetic alopecia
affects nearly half of the women and men around the world [3-5]. Hair loss at an early age
can be quite traumatic, particularly among young men and women. Baldness can be also
problematic in advanced ages, even over 50 years of age. Although there are many causes of
hair loss, the most common is androgenetic alopecia. Patients and physicians primarily prefer
medical treatment. However, medical treatment reveals successful results in a limited number
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of patients. In many cases of hair loss, particularly in androgenetic alopecia, hair transplanta-
tion may be the single method to solve this problem. Hair transplantation is also successfully
applied for the treatment of many types of hair losses other than the androgenetic alopecia.
The hair transplant can be used in cases such as various cicatricial alopecias, alopecia areata,
congenital alopecias, postburn sequelae and to camouflage various skin marks [6, 7]. Both
inherent and acquired losses of the beard, mustache, and eyebrow can also be successfully
treated with hair transplantation [6, 7]. As hair loss has progressively become a great problem
in all populations, patients truly desire to regain their hair and therefore, they may be abused
by individuals who are not physicians and who use paramedical methods, particularly topi-
cal and herbal treatments.

2. Hair transplantation

Hair transplantation has been applied for many years, and it has gained great progress
within the past decade. The duration of operation has shortened, and the number of grafts
transferred in one session has substantially increased. Consequently, it is currently possible
to obtain excellent outcomes by transferring tremendous amounts of grafts in one session
(Figures 1-5).

2.1. FUT (follicular unit transfer)

Nearly a decade ago, skin patches were obtained from the occipital region, manually separat-
ing it to grafts and then transferring them to the recipient area. This method is called follicular
unit transfer (FUT), although it is not the most proper definition. In this method, a linear scar
remained at the occipital region (Figure 6a), healing duration was prolonged, and the patients
felt pain, particularly while lying on the side of the donor area [8, 9]. Moreover, with the FUT
method, approximately 1000-1500 graft transplantations were able to be done at one session,
which is insufficient for satisfactory outcomes in most patients. The main disadvantages of
the FUT method were eliminated with the wide application of the follicular unit extraction
(FUE) method within the past one decade [10].

Figure 1. (a) Preoperative photos of androgenetic alopecia, (b) Postoperative photos.
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Figure 2. (a) Preoperative photos of androgenetic alopecia, (b) Postoperative photos.

2.2. Follicular unit extraction (FUE)

With the current frequent use of the FUE method, almost none of the patients receive the FUT
method for hair transplantation. In particular, the use of a micromotor (Figure 7) for graft
extraction within the past 5-6 years has made a breakthrough in hair transplantation [8, 9].
Before micromotor use, the grafts were only extracted by manual punches. Approximately
2000 grafts could be extracted in 3—4 h with the manual method, and the extraction of grafts
greater than this number was difficult to achieve for the operators. With the wide applica-
tion of the micromotor method, the number of transplanted grafts in 1 h has increased up to
5000-6000 [6]. The micromotor method has made the application of hair transplantation quite
easy for the operators [6]. The ideal age is 30-35 years for hair transplantation. Nevertheless,
in patients with hair loss at younger ages, hair concentrating transplantation procedures can
be applied before the development of complete baldness. We consider that waiting for total
hair loss is not absolutely essential, since individuals do not desire several radical changes
to their image. In young men, frontal hair transplantation, particularly in the range of 20-25
years of age, is quite important for the patient’s psychology. If the remaining hair is lost in

Figure 3. (a) Preoperative photos of androgenetic alopecia, (b) Postoperative photos.
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Figure 4. (a), Preoperative photos of androgenetic alopecia. (b), Postoperative photos.

the following years, transplantations can be applied in second and third sessions. It is not
essential to wait for the advanced ages under these circumstances. It would also be useful to
mention the surgical technique.

2.3. Surgical technique

Except for some unusual situations, the hair transplantation is applied under local anesthesia.
It can also be performed under general anesthesia in children and in patients not accept-
ing local anesthesia. Since the duration of the transplantation procedure is long, the patient
must rest prior to the operation, must not drink alcoholic beverages several days prior to the
procedure, must quit smoking if possible, and must not fast the morning before the opera-
tion, which are all important points. The hemoglobin analysis, and PT, PTT, INR, and ELISA
tests, and other biochemical tests must absolutely be conducted preoperatively. In particular,
local anesthetics may lead to hypotension and syncope in fasting state [11]. Lidocaine includ-
ing adrenaline is used as a local anesthetic. A special care must be taken in the application
of large numbers of graft transplantations with wide donor and recipient areas, since toxic
doses of lidocaine can be reached in these situations. The dose must not exceed 5 mg/kg in the

Figure 5. (a) Preoperative photos of androgenetic alopecia, (b) Postoperative photos.
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Figure 6. (a) After FUT hair transplant donor area seen, (b) After FUE hair transplant donor area seen.

Figure 7. Micromotor for hair transplant.
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administration of preparations including adrenaline. The most serious side effect of lidocaine
is confusion due to central nervous system toxicity [11-13]. Moreover, hypotension, nausea,
vomiting, dizziness, and tinnitus are among the common side effects. The risk of toxicity
would be decreased, if the grafts are extracted by initially anesthetizing the donor area, and
when the graft extraction is completed, by administering local anesthetic to the recipient area
after waiting for a certain time period. If the signs of toxicity appear despite this application,
the administration of a 100 cl feeding solution (a solution of 10% lipid + 20% glucose + 5.5%
amino acids) by IV pouch, followed by the infusion of the same solution for a certain dura-
tion, would eliminate the signs of toxicity immediately. The risks of hypotension and syncope
would be lower, if all administrations of local anesthetics are done on the supine position.

The grafts are extracted with punches measuring approximately 0.8-0.9 mm in width. The
punches are 5-6 mm in length. These punches are disposable materials assembled at the tip of
the micromotor. The velocity of the micromotor is 5000/min. The punches used must always
be sharp, since the blunt punches damage the tissue. The number one haircut would make
the application quite easy. The hairs at the donor area must be visible at a length of 1 mm on
the scalp. The punches internalize the hair over the scalp in a proper slope with the angle of
hair growth, cut respectively the skin, connective tissue, and aponeurosis, and stop when the
distance to the follicle is 1 mm. They are inserted into the skin in a depth of about 3-3.5 mm, as

Figure 8. In FUE method, 500 hair graft ready for transplant.
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deeper insertions may cause follicular damage. After the grafts are freed, they are collected by
the aid of special collets. The collected grafts must be kept in isotonic saline solution (Figure 8).

The first extracted graft must initially be placed in the recipient area, and the last extracted
graft must be transplanted at the final stage (Figure 9). Although it is reported that the grafts
can be kept for longer times under suitable conditions, they should not be kept for longer than
4-5 h, if possible, as it would increase the possibility of their viabilities [6]. The depth of the
follicles from the skin surface varies between 3.5 and 7 mm. The length of a graft is approxi-
mately 5 mm. Grafts shorter than 4 mm and those longer than 6 mm are both difficult to
extract and to transplant [6]. The graft extraction is applied in prone position, while the trans-
plantation has to be applied in a semi-seated position. This would lead to a lesser amount of
bleeding, and the patient would also feel more comfortable.

Although it varies according to the patients and the number of hairs being transplanted, nearly
1-1.5 units of blood is lost during hair transplantation. Therefore, essential fluid support must
be provided. Supratrochlear and supraorbital blocks must be done initially, after the patient is
kept in the semi-seated position, and then, all the recipient area must be infiltrated with local
anesthetic. Swelling the scalp slightly with a certain amount of physiological saline, after the
local anesthetic infiltration, will decrease bleeding and would also make it easy to recognize
the opened channels. For the procedure to open channels in the recipient area, razor blades
of 1 mm in width and 5-6 mm in length are prepared by cutting. Opening a channel with a
sharp razor blade is more advantageous compared to a scalpel blade No. 11. For a natural
appearance, some degree of angulation must be formed, particularly when opening channels
in the frontal and temporal regions. The grafts are placed at the recipient area one by one
after channel opening. The epidermis must be kept outside during graft placement, in order
to prevent a reaction. The graft should not be completely inserted into the channel. It takes 48
h for the grafts to be stabilized at the recipient area, by adhesion to the fibrin. Thus, the grafts
may be removed from their places within the first 48 h, and therefore, they have to be pro-
tected carefully in this period. Since the hair transplantation is a composite tissue transfer, the
duration of holding (penetration) is approximately days. After penetration, the grafts begin
to grow soon, thereafter. The tissue growth usually takes place over 3—4 weeks; following the
third week, the follicles remain within the skin, and the hair tips would be lost. Hair loss may

Figure 9. (a) photo of 14 years old boy Preoperative scatricial alopesia, (b) intraoperative photo after transplant.
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never occur in a very small number of patients. Even when there is no hair loss, 4-6 months
are required for hair elongation. The transplanted hairs grow in approximately 6 months, and
they gain volume within the following 1 year. The number of growing hairs in the frontal
region is equal to the number of graft transplants, while only the 70% of transplanted hairs
grow in the vertex. A great number of transplanted hairs do not grow sometimes, at a rate of
one in 200 patients, and the cause is unknown. The grafts are very easily extracted in some
patients, while this procedure is quite difficult in some cases. These patients are considered
as not appropriate for the FUE method; nevertheless, a meticulous operation might reveal the
extraction of a required number of grafts. What is the optimal number of graft transplants
in one session? Our experiences reveal that the patients tolerate this operation well within
the first 5-6 h; after 6 h, complaints frequently arise such as boredom, fatigue, dizziness, and
nausea. Consequently, the hair transplantation procedure should be completed within 6 h, if
possible. In other words, the number of graft transplants is based on the number that can be
achieved in 6 h.

2.4. Hair transplantation in women

Androgenetic alopecia cases have been progressively increasing particularly in women [3].
Hormonal analyses usually reveal no pathological results. Hair transplantation within an area
of 8-10 cm from the frontal hairline toward the vertex yields an excellent outcome in female
patients with androgenetic alopecia (Figure 10). The main problem of hair transplantation in
women is the obligatory “number one haircut.” Women can more easily camouflage it with
the aid of accessories such as hair bands and toupees. The ratio of women to men is nearly
3/100 in hair transplantation [6].

Figure 10. (a) frontal view; Preoperative photo of 35 years old woman has androgenetic alopesia, (b) top of head view
Preoperative photo of 35 yeasr old woman has androgenetic alopesia, (c) postoperative 1 year later, (d) postoperative 1
year later.
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Figure 11. (a) Preoperative 30 years old women has large forehead, (b) 1 year later after hair transplant.

In women with genetically wide foreheads, the forehead can be narrowed with hair transplan-
tation procedure (Figure 11). Deformities of the frontal bone and burn sequelae near the hair-
line can also be masked with hair transplantation (Figure 12). Since the women inherently have
thinner hair, hair transplantation in women yields more natural outcomes than that in men [6].

2.5. Hair transplantation in adolescents

Hair loss due to alopecia areata and cicatricial alopecia is common at the ages of 14-15 years
(Figure 9). Patchy areas of multiple alopecia exist as a result of burn sequelae, particularly in
developing countries. The hair transplantation yields considerably successful results in these
patients [6]. The subdermal soft tissue is quite insufficient in some of these patients. Despite
this fact, the rate of graft penetration is substantially high. Expanders were previously used in
these patients [14], while recently hair transplantation has become much more advantageous
[6]. Although there is an insufficient number of studies about hair transplantation in children,
this procedure can also be successfully applied in children, as in adults. The phases of hair
transplantation, which are the penetration (holding) and hair growth, and their durations, are
similar to those in adults [6]. Since the scalp is thin and the follicles are more superficial, hair
transplantation in children requires a more meticulous operation.

2.6. Beard transplantation

Most patients admitted for beard transplantation often complain about a sparse beard. The
burn sequelae rarely exist. Whatever the cause may be, the method in beard transplantation
is similar to that of hair transplantation. The duration of beard growth is 6 months, as it is for
hair. Due to the properties of subdermal soft tissue, the placement of grafts in beard trans-
plantation is more difficult compared to that in hair transplantation (Figures 15 and 16).

Figure 12. (a) 30 years old women; insufficient subcutan tissue due to burn Preoperative photos, (b) 2 years later hair
transplant, (c) 2 years after hair transplantation.
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Figure 14. (a) Preoperative photo beard transplant, (b) 2 weeks later beard transplant.

2.7. Mustache transplantation

Mustache transplantation is sometimes applied in combination with beard transplantation,
while it is also performed as an isolated mustache transplantation in some cases Hair trans-
plantation is also the almost single treatment of cicatricial alopecias characterized by burn-
induced multiple patches (Figure 17). The general procedural principles are identical.

2.8. Eyebrow transplantation

Eyebrow transplantation was previously applied due to eyebrow losses resulting from burns
and cicatricial tissue. Hair transplantation is also the almost single treatment of cicatricial
alopecias characterized by burn-induced multiple patches (Figures 18 and 19), while it is
mostly preferred today by women desiring more thick, wide, and bushy eyebrows. The out-
comes of hair transplantation are more natural in women, while those of the eyebrow trans-
plantation are more natural in men. Eyebrow intensifying transplants may require a second
session in women. The problems in eyebrow transplantation are as follows: the rapidly grow-
ing eyebrows hairs, difficulty in producing a sufficient eyebrow slope, and rarely, a sparse
eyebrow.
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Figure 16. (a) Preoperative photo brow loss, (b) Postoperative photo brow transplant.

Figure 17. (a) Preoperative photo brow loss, (b) 2 years later brow transplant.

2.9. Cicatricial alopecias

Hair transplantation is also the almost single treatment of cicatricial alopecias characterized
by burn-induced multiple patches (Figures 9, 12, 13, and 14). The hair transplant can be used
in cases such as various cicatricial alopecias, alopecia areata, congenital alopecias, postburn
sequelae, and in the camouflage of various skin marks [6, 7]. Hair transplantation is also the
almost single treatment of cicatricial alopecias characterized by burn-induced multiple patches
(Figure 18). Radiation-induced hair loss can be treated by hair transplantation (Figure 19).
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Figure 19. (a) Preoperative photo: 25 years old man, Radiation induced hair loss, (b) 1 year later hair transplant.

2.10. Unknown benefits of hair transplantation

Hair transplantation may be replaced with gene therapies and stem cell therapies in the
future. However, the most effective method for treating irreversible hair losses is currently
hair transplantation. Hair transplantation has many positive effects compared to the treat-
ment of hair loss. Among these, one of the most important is the marked improvement of
forehead wrinkles in the patients undergoing hair transplantation. The hair transplantation
produces the effect of Botox on the forehead. Hair transplantation is also the almost single
treatment of cicatricial alopecias characterized by burn-induced multiple patches (Figure 13).
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In the patients with migraines undergoing hair transplantation, the migraine attacks improve
markedly and the patients almost stop the use medications. Many unknown useful effects
of hair transplantation will be discovered in the future. Better results can be obtained with
the application of various supportive treatments, such as the mesotherapy following hair
transplantation.

As a result, hair transplantation is perhaps the method that alters the image the most among
all esthetic applications. Patients with baldness appear to be 10-15 years older than their real
ages. Therefore, hair transplantation provides a type of psychotherapy by causing the patients
to regain the images corresponding to their real ages. The positive attitudes of the patients
after transplantation lead to an apparent optimism in their professional and private lives. In
the patients without a sufficient donor area for hair transplantation, even hair transplantation
in only the frontal region is sufficient to make them satisfied.
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Abstract

Recently, hair transplantation has been frequently commonly applied for aesthetic sur-
gical procedures. Hair transplantation has a low complication rate compared to other
aesthetic surgical procedures. However, it can cause serious complications if proper
attention is not given. But there are a wide range of possible complications that are less
severe and manageable. Common postoperative complications include pain, edema,
asymmetry, bleeding, visible scarring, folliculitis, crusting, graft dislodgement, hiccups,
effluvium, pruritus, and hypoesthesia. Other less common postoperative complications
include hypertrophic scarring and keloid, arteriovenous fistula, infection, cobblestoning,
syncope, pigment alteration, necrosis, granulomatous reaction, pyogenic granuloma, and
Kaposi’s varicelliform eruptions. The most serious complication of hair transplantation
is necrosis.

Keywords: complications of hair transplantation, necrosis, hair surgery

1. Introduction

Recently, hair transplantation has been frequently commonly applied for aesthetic surgical
procedures. Hair transplantation has a low complication rate according to other aesthetic
surgical procedures. However, it can lead to serious complications if proper attention is
not given. But there are a wide range of possible complications that are less severe and
manageable. Common postoperative complications of hair transplantation are listed in
Table 1.

I m EC H © 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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Common postoperative complications

Pain

Edema
Asymmetry
Bleeding
Visible scarring
Folliculitis
Crusting

Graft dislodgement
Hiccups
Effluvium
Pruritus
Hypoesthesia

Table 1. Common postoperative complications of hair transplantation.
2. Pain

Postoperative pain in most of the patients occurs after hair transplantation surgery. This pain
occurs especially in hair transplantation performed with FUT (follicular unit transplant). Because
due to the transection of peripheral nerves during strip harvesting. In FUE (follicular unit extrac-
tion) method, an average of 3000 graft transplantation procedures lasts for 6-8 h. Muscle pain
can occur depending on the lying position during this period. Small breaks need to be given
during the process, intraoperative analgesic injection and postoperative NSAID (nonsteroidal
anti-inflmmatory drugs) use to prevent and reduce pain [1].

3. Edema

Postoperative edema is the most common complication in hair transplantation. The average
incidence of postoperative edema in hair transplantations varies from 40 to 50%. Edema can
develop due to tumescent anesthesia and trauma during processing. Tissue edema begins at
the time of surgery, but it is only evident 3-5 days later when it descends over the forehead.
Occasionally, edematous fluid travels into the periorbital tissues and causes periorbital ecchy-
mosis. Additionally, in some cases, this edema is so severe that patients cannot open his/her eyes.

To prevent and minimize edema, patients should be explained in the lying position during
the postoperative period. The use of massage, cold pack, systemic steroids, infiltrative ste-
roids, and NSAID can reduce edema.

4. Asymmetry

Attentive planning and marking of the recipient site will minimize the risk of asymmetry.
Causes of asymmetry include the design of false frontal hairline, density difference between
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the right and left frequency, and previously deformed head. Always check your design
markings in a mirror, viewed from behind the patient’s head and at his eye level and get his
approval as well. You will frequently be surprised how different it looks in the mirror than
when you are standing in front and 2 m away [2].

5. Hemorrhage bleeding

The scalp, whether hair bearing or bald, has an abundant blood supply, but the incidence
of hemorrhage is surprisingly small. Less often, bleeding occurs after the patient leaves the
clinic. Applying pressure for 15 minutes with a clean gauze is very effective for reducing
the risk of hemorrhage.

During the preoperative evaluation, patients should be screened for history of bleeding
diathesis, for intake of aspirin, nonsteroidal anti-inflammatory agents, vitamin E, alcohol,
anabolic steroids, or other anticoagulative agents. Topical minoxidil and smoking must be
stopped at least 2 weeks prior to the surgery. Intraoperative recipient-site bleeding is not
uncommon and can, usually, be minimized by injection with epinephrine-containing tumes-
cent solutions [3-5].

6. Visible scarring

Visible scarring in the donor area is the most common patient complication encountered
in hair transplantation. Hair transplant performed with FUT can leave linear scar at donor
region. In the hair transplantation with FUE, visible scarring may occur due to the frequent
and abreast entrance of the punch. To avoid this situation, frequent and side-by-side entered
punch should not be performed. The treatment for patients with scar includes visible scar
revision, hair transplantation, and micro-pigmentations.

7. Folliculitis

Folliculitis is the term used to describe hair follicle inflammation in response to infection,
physical injury, or chemical exposure. The reported incidence of postoperative folliculitis in
hair transplantations varies from 1.1 to 20% and the severity ranges from a mild, superficial
inflammation with mild erythema, and scattered pustules. The infection can occur in either
the recipient or the donor area. The treatment of folliculitis depends on the underlying cause.
When a mild folliculitis begins 2-3 months postoperatively, hair growth is the probable cause.
In such cases, the initial treatment includes warm compresses for 15 min three times daily,
and a topical antibiotic ointment such as mupirocin [6].
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8. Crusting

Crusting occurs on dry to superficial epidermis of the surrounding graft and bleeding after
24-48 h of hair transplant. Crusting disappears after an average of 7-10 days.

The crusts do not affect the graft survival or the healing process unless they persist for a long
period. A first washing is recommended after 48 h to dissolve early crusts. Applying a moistur-
izer or an emollient is recommended before 30-45 min of washing for softening of crusts. If
crusts are still present after postoperative 9-10 days, wet compress or vapor is applied.

9. Graft dislodgement

Graft dislodgement usually occurs in the initial 3 days after hair transplant operation. Direct
trauma is the main cause of graft dislodgement. Grafts do not survive long time in the external
environment. When trauma or similar reasons occur, graft dislodgement should be replaced
as quickly as possible. Patients can store graft dislodgement for a short period in lens solution,
saline, or brackish liquid, thereby preventing drying of grafts.

10. Hiccups

Hiccups are an uncommon complication of hair transplantation. The reported incidence of
hiccups in hair transplantations is 4.11%. Hiccups are found intraoperatively or shortly after
the operation. Usually, it lasts for 2-3 days in the absence of treatment. They can also result
from excessive air aspiration consequent to the stimulation of diaphragmatic muscle move-
ments by very excited or vocal patients [7].

11. Postoperative effluvium/shock loss

Postoperative effluvium of preexisting recipient area hair occurs after near transplant, but
significant effluvium is far less common. Postoperative effluvium causes recipient site cre-
ation, vascular disruption, or edema. It usually presents 2—4 weeks after surgery. However,
the majority of the affected hairs begin to regrow after 2-3 months. To reduce postoperative
effluvium, protection of existing hair during the recipient site creation should be noted, lim-
iting recipient site size and density to prevent excessive vascular disruption and reducing
postoperative edema. Postoperative minoxidil may reduce the incidence of this problem [8].

12. Donor hair effluvium

Hair effluvium is a relatively common occurrence in recipients, especially in females, whereas
in donors, it is significantly less common. It usually presents within 6 weeks of surgery as
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temporary hair loss along the inferior and superior margins of linear wounds, or as diffuse
hair loss in the case of FUE. Most likely, it is a consequence of anagen effluvium, in response
to interrupted blood supply. Patients should be reassured that the problem spontaneously
resolves within 3-4 months, but minoxidil can hasten hair regrowth.

13. Pruritus

Pruritus can be seen after hair transplantation in the donor and the recipient areas. Wound
healing process may be the cause. Other reasons may be the use of minoxidil after hair trans-
plantation. Scalp irritation can be caused depending on the frequency of use and the con-
centration of minoxidil. Topical steroids or and antihistamines are recommended for the
treatment of many patients.

14. Loss of sensation

Temporary loss of sensation nearly always occurs in the donor and recipient areas, and is
the result of the severing of nerves by the punch as it bores out donor and recipient sites.
Patients usually notice this, but rarely complain about it. Sensation returns over a period of
6-12 months after the procedure is completed [9]. Less common complications of hair trans-
plantation are listed in Table 2.

Less common postoperative complications

Hypertrophic scarring and keloid
Arteriovenous fistula

Infection

Cobblestoning

Syncope

Pigment alteration

Necrosis

Granulomatous reaction
Pyogenic granuloma

Kaposi’s varicelliform eruption

Table 2. Less common complications of hair transplantation.

15. Hypertrophic scar or keloid

Keloid and hypertrophic scarring are rare occurrences in hair transplant complications. The
reported incidence of keloid and hypertrophic scarring in hair transplantations is 0.1%. They
represent an abnormal response to dermal injury, characterized by exuberant collagen deposi-
tion. Keloid scaring usually develops months or years after surgery and persists indefinitely.
Individuals with a history of keloid scarring are not candidates for hair restoration surgery. Those
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with a high risk of developing keloids, due to ethnicity and age, or with a personal history of
hypertrophic scarring, should be informed of the potential for abnormal scarring [9, 10].

16. Arteriovenous fistula

The postoperative complication of arteriovenous fistula is a rare complication of punch-graft
hair transplantation. This complication has been observed after large punch-graft hair trans-
plantation is done especially to the temporal region in the 1970s.

A pulsatile subcutaneous mass with an associated thrill or bruit and symptoms including pain or
headache is a common presentation. Angiography is required for complete diagnostic evaluation.

Clinical findings usually resolve spontaneously within 6 months, but superficial vessels can
be ligated if the surgeon is concerned about vessel rupture or cosmetic appearance [11-13].

17. Infections

Infections of the scalp are very rare because it is well vascularized. Serious infections occur
in less than 1% of cases and are, usually, associated with poor hygiene, excessive crust for-
mation, or preexisting medical risk factors. There are several measures to be followed for
prevention and infection control after hair transplantation: clean and decontaminated operat-
ing room, use of sterilized material, donor area asepsis, use of disposable instruments, and
antibiotic prophylaxis [14, 15].

18. Cobblestone appearance

The cobblestoning occurs when follicular units are implanted into hole or slits that are too
small or implanted at the incorrect depth.

19. Syncope

Occasionally, very nervous patients faint or feel faint during the procedure, but this can be
managed by simple measures such as lowering the head between the knees or laying the
patient in a prone position [16].

20. Pigment alteration

Pigment alterations of the skin can appear after a hair transplant. The transplanted area
should not be subjected to the sun for at least 1 month after hair transplant procedure. A hat
(men) or a scarf (for women) is recommended.
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21. Necrosis

Recipient area necrosis is a rare but dangerous complication that arises when an increased
number of recipient grafts are utilized and de-vascularization of the scalp occurs as a result of
dense splitting of the recipient skin that results in large wound areas.

Predisposing factors of skin necrosis: Recipient-site necrosis is a result of vascular com-
promise. Predisposing influences composed of patient’s factors and technical factors are as
follows:

* Patient’s factors: Smoking, atrophic skin damage, diabetes mellitus, scarring of the recipi-
ent site, or a history of scalp surgery.

¢ Technical factors: Dense packing, megasessions, large openings, use of anesthetic or tumes-
cent solutions with high epinephrine concentration, and deep recipient incisions.

The treatment of central recipient area necrosis focuses on wound debridement and the culti-
vation of a viable wound base. Extensive sharp debridement is not recommended, and limited
sharp debridement of the hyperkeratotic edge of the wound will stimulate reepithelialization.
The application of mupirocin ointment is recommended twice daily. Occasionally, for exten-
sive areas of necrosis, scalp expansion may be required for repair. In the treatment of tissue
necrosis, hair transplantation can be performed after recovering tissue necrosis [16].

Other less common postoperative complications include granulomatous reaction [17], pyo-
genic granuloma [18], epidermoid cysts or cysts, and Kaposi's varicelliform eruption [19].
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Abstract

Alopecia areata (AA) is a common and complex T-cell-mediated inflammatory disorder.
It may be patchy (localized), involve the entire scalp (alopecia totalis) or entire body (alo-
pecia universalis). Alopecia totalis and universalis are often difficult to treat. Although
many therapeutic options currently exist in alopecia areata, none of them are curative
or preventive. Besides, none of them are approved by Food and Drug Administration
(FDA). The disease unfortunately has an unpredictable course. The factors indicating a
poor prognosis are the extent of hair loss at the presentation, long duration of the disease,
and ophiasis pattern of hair loss. There are only a few randomized controlled studies
conducted on recalcitrant AA. Recent research on immunology of hair follicle and recent
developments in immunopathogenesis, together with the shared pathways of the disease
with other autoimmune disorders, led investigators to focus on novel therapies that tar-
get specific immunological pathways. Herein, we will review shortly the current treat-
ment options in recalcitrant alopecia areata based on recently published studies and then
will focus on the recently developed broad-spectrum and targeted therapeutics.

Keywords: alopecia areata, refractory, treatment, new, biological treatment

1. Introduction

Alopecia areata (AA) is a common immune-mediated disorder [1]. It affects 0.1-0.2% of the
general population and accounts for 0.7% to 3.8% of all patients attending to dermatology
clinics [1, 2]. It affects both genders equally. Although onset may occur at any age, 60% of new
cases had their first diagnosis before 20 years age [1, 2].

Despite its high prevalence, the exact cause and triggering factors of AA are still
unknown [1-3]. It is considered to be a complex genetic, immune-mediated disease [1-5]. It
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targets primarily hair follicles and characterized by dense peribulbar lymphocytic infiltrate
[4, 6]. Hair follicle is a dynamic immune privileged “miniorgan” with unique immune and
hormone microenvironments. This means that hair follicles are immune-protected sites With
deficient major histocompability complex (MHC) expression [7, 8]. Evidence suggests that
AA results from the loss of immune privilege with presentation of autoantigens, triggered by
environmental factors in genetically susceptible individuals [1, 3, 7-9]. Many genes that are
found to be associated with AA are also related to the immune system [3, 9]. Cytotoxic CD8+
NKG2D+ T cells are key players in the pathogenesis of AA that produce interferon-y (IFN-y)
[5, 10]. Interleukin (IL)-2 and IL-15 are well known drivers of cytotoxic activity by IFN-y-
producing CD8+ Tcells and natural killer (NK) cells [10]. Besides, recently published studies
investigating the cytokine profile in lesional AA scalp indicates concurrent activation of Th1l
and Th2 immune axes, as well as interleukin (IL)-23 and IL-32 cytokine pathways [11-13].
Also, in another recent study, it was supported that Th1l-type cytokine profile is related to dis-
ease activity of AA, whereas Th2-type cytokines may be associated with the persistence of AA
[14]. It is significant to understand both the pathomechanism of AA and responsible cytokines
in order to develop new treatments for recalcitrant AA [3, 6,7, 13].

In AA, most commonly affected area is the scalp [1, 2]. On scalp, it usually presents with well
demarcated, one or more hairless patches with preserved follicular ostia and without ery-
thema [1]. If 100% of the scalp hair is lost, it is named as alopecia totalis (AT). Any hair-bearing
area such as beard, eyebrows, eyelashes, body, armpits, and pubic region may also be affected
in AA, as well as the entire body, alopecia universalis (AU) [1, 2, 15]. Depending on the extent
of involvement, AA can be associated with a dramatic reduction of quality of life [1, 2, 16, 17].

The association with other autoimmune diseases such as thyroid diseases, vitiligo, diabetes
mellitus, pernicious anemia, rheumatoid arthritis may be seen with AA [2, 6, 17-19]. Atopy is
twice as common in AA patients as it is in the general population [2, 16]. Other diseases and
genetic disorders reported to be associated with AA include Down syndrome, Addison’s dis-
ease, autosomal recessive autoimmune polyglandular syndrome, psoriasis, lupus, ulcerative
colitis, and multiple sclerosis. These less common disorders are more likely to be associated
with AT and AU [2].

AA has an unpredictable outcome [1, 2, 16]. Up to 50% of patients with limited patchy AA will
recover within 1 year even without treatment [16, 17]; while 7-10% of patients can eventually
develop the severe chronic form of the condition, which is refractory to most of the treatments
[20]. The factors indicating a poor prognosis are the extent of hair loss presentation (extensive
AA/AT/AU), an ophiasis pattern of hair loss, onset in childhood, a long duration of hair loss,
associated atopy or autoimmune disease [1, 16, 17, 19]. The chance of full recovery is less than
10% in AT/AU [2].

2. Treatment

2.1. Conventional therapies

For the disease of AA, there exists currently neither a universally proven therapy that induces
and sustains remission, nor a cure [21]. Various treatments are available; however, only a few
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randomized controlled studies in AA have been published [22]. Current treatment options
include a variety of topical, intralesional, and systemic agents with the choice and recom-
mendation based on the disease extent, duration of disease, associated disorders, and age of
the patient [15, 23-25].

For recalcitrant AA, and particularly the AT and AU forms, finding appropriate therapeu-
tics among currently available options is very challenging [13]. Current systemic treatment
options mostly show limited efficacy and are often associated with major adverse effects in
these cases [15, 24].

In this chapter, different treatment modalities in AA will be reviewed. As discussion of all the
treatment modalities for AA is beyond the scope of this chapter, instead we rather focused
our attention on current treatment regimens for recalcitrant and extensive AA, and on novel
treatment modalities, which are still being under investigation.

2.1.1. Corticosteroids
2.1.1.1. Topical corticosteroids

Midpotent and potent topical corticosteroids (CSs) are usually used to treat AA, especially
patchy type AA, but the evidence for their effectiveness is limited in recalcitrant AA [23-26].
CSs are thought to affect peribulbar lymphocytes and decrease inflammation around the bulb
region, thereby allowing follicles to enter a normal hair cycle [25, 26].

2.1.1.2. Intralesional corticosteroids

For adult patients characterized with limited scalp involvement or in cases with involvement
of eyebrows, intralesional corticosteroids (ILCSs) are considered as a first-line therapy [15, 21,
23]. Although, ILCSs have been used for about 50 years, no published randomized controlled
trials have been found about this treatment in AA [22, 27].

2.1.1.3. Systemic corticosteroids

Systemic CSs are the most useful immunosuppressive therapy for patients with active AA
[21, 23]. The suggested dosages for AA in adults are 1 mg/kg/day and 0.1-1 mg/kg/day for
children. The dosages necessary to maintain hair regrowth in AA are daily between 30 mg
and 150 mg [15]. However, there is little information available on the role of long-term use
of systemic corticosteroids in chronic refractory AA [16, 24]. Combination with methotrexate
(MTX) in the treatment of severe long-term AA might be more effective [28].

2.1.1.4. Systemic pulse corticosteroids

Systemic pulse corticosteroid therapy (PCT) is another choice in the treatment of recalci-
trant and extensive AA [17, 23, 29]. The use of PCT was introduced to minimize the side
effects associated with prolonged systemic corticosteroid therapy. However, placebo-con-
trolled randomized studies with varying dosage schedules are required to standardize the
treatment regimen, optimize the therapeutic efficacy, and evaluate the long-term outcomes
[22, 24].
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2.1.2. Topical anthralin (dithranol)

Although the mechanism of anthralin (dithranol) is unknown, the interaction of the drug
with different cytokines such as IFNs, tumor necrosis factor (TNF), IL-1, and IL-10 points to
a nonspecific immunomodulatory effect, which is responsible for regrowth [30]. There are a
small number of uncontrolled case series [22, 30], in which, no randomized controlled study
was found in recalcitrant AA.

2.1.3. Topical immunotherapy (topical sensitizers)

Topical immunotherapy (TI) with diphenylcyclopropenone (DPCP) or squaric acid dibutyl-
ester (SADBE) is recommended as a first-line therapy in adult patients with AA having more
than 50% scalp involvement [23, 30]. No randomized controlled trials have been found to
evaluate the effectiveness of TI in recalcitrant AA [22, 31]. A review of all articles published
on TI concluded that 50-60% of the patients experienced worthwhile regrowth, although the
range of response was very broad (9-87%) [31-34].

2.1.4. Topical minoxidil

Minoxidil is a topical preparation, of which the mechanism of action is not fully understood.
Vasodilatation, angiogenesis, enhanced cell proliferation at the base of the bulb and differen-
tiation above the dermal papilla, and potassium channel opening have all been proposed [23].
It was confirmed that topical minoxidil may induce new hair growth in AA but less likely to
do so in more severe and extensive diseases [23, 24, 35].

2.1.5. Topical prostaglandin analogues

Prostaglandin (PG) F2a and its analogues have been shown to have stimulatory effects on
murine hair follicles and follicular melanocytes in both telogen and anagen phases and also
on the stimulation of conversion from telogen to anagen phase [24].

Although reports about effective clinical response have been found [36], two randomized
controlled studies demonstrated an efficacy of topical latanoprost in the AA [37-39].
2.1.6. Topical bexarotene

Bexarotene is a retinoid X receptor agonist that induces T-cell apoptosis and effects as an immu-
nomodulator [23]. In a randomized half-head trial study including patients of recalcitrant AA
treated with topical bexarotene, no difference was demonstrated between the two sides [40].

2.1.7. Calcineurin inhibitors

2.1.7.1. Cyclosporine

Cyclosporine (Cyc) is an immunosuppressive agent that inhibits helper T-cell activity and
suppresses the IFN-y production. The treatment with Cyc alone or in combination with sys-
temic steroids demonstrated variable clinical results with a response rate between 25% and
88.4% [17, 41-43].
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Despite these effective results, side effects of Cyc make this therapy not appropriate for the
long-term use [21]. Neither pimecrolimus nor tacrolimus was shown to be effective in AA
[44-46].

2.1.8. Methotrexate

Methotrexate (MTX) is an immunosuppressive agent and a folic acid antagonist, which exerts
its effect by inhibiting DNA synthesis and has anti-inflammatory properties [23].

Although no randomized controlled study has been found, MTX and low doses of oral cor-
ticosteroids might be an effective treatment for resistant AA, which should be evaluated in
larger series [28, 47, 48].

2.1.9. Azathioprine

Azathioprine (AZT) is a cytotoxic and immunosuppressive drug and has selective effects on T
lymphocytes [17, 23]. An open-label uncontrolled study and a recently published prospective
study suggested that AZT Might be an alternative [49, 50].

2.1.10. Sulfasalazine

Sulfasalazine is an immunomodulatory and anti-inflammatory drug that inhibits the release
of IL-2 and PGE2 and reduces the inflammatory cell chemotaxis and antibody production [51].
Several uncontrolled studies have interrogated the efficiency of the drug [51-53]. Although
there are conflicting results and there is no randomized controlled study, sulfasalazine may
be a hope for resistant and extensive cases. Additional larger studies should be conducted on
this subject.

2.1.11. Simvastatin/ezetimibe

Statins are lipid-lowering drugs that also inhibit T-lymphocyte activation, downregulate
expression of adhesion molecules, and have immunomodulatory effects [54]. Case series were
reported demonstrating the efficiency of daily dosage of simvastatin 40 mg and ezetimibe
10 mg in AA [55-57]. Contrarily, Loi et al. reported a study of 20 patients (17 patients were
evaluated) with recalcitrant AA, in which 14 of 17 were unresponsive [58]. All of these reports
suggest that simvastatin/ezetimibe might be a promising agent in AA. Further randomized
controlled studies are needed in recalcitrant AA.

2.1.12. Phototherapy

Having effects on Langerhans cells, cytokine profile, inducing apoptosis and promotion of
immunosuppression make phototherapy a choice of treatment in AA [59]. There are several
uncontrolled studies of psoralen plus ultraviolet A (PUVA) light with either oral or topical
psoralens and either with local or whole body irradiation with response rates up to 60% in
AA [60-62]. However, two retrospective reviews reported that PUVA is not an effective treat-
ment method in AA [63, 64]. No randomized controlled trials for neither PUVA nor narrow
band ultraviolet B (nbUVB) treatments have been found. A recent study suggested that the
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combination therapy with topical Cyc and PUVA may be an additional choice for severe and
recalcitrant AA [65]. Four patients were reported responding by both clinically and histo-
pathologically to UVAL1 therapy [66].

2.1.13. Laser therapy

Recently, there has been a great interest in the potential treating role of laser and light-based
therapies in various disorders including AA [67-69]. A study which investigated the efficacy
of pulsed diode laser (904 nm) in the treatment of resistant patchy AA reported a regrowth
rate in 94% of the patients, while no response was shown in control patches [68].

The efficacy of excimer laser was investigated in various reports with a failure of regrowth
[69-72].

2.1.14. Miscellaneous treatments

Inosiplex (Isoprinosine): Inosiplex, an immunomodulator, was tried in a randomized controlled
study with recalcitrant AA and significant regrowth was observed in the group treated with
inosiplex [73].

Platelet-rich plasma (PRP): There are reports showing the efficacy of PRP in extensive AA [74-
76]. A case with ophiasis type AA was reported to be treated successfully with PRP [74].
A recently published randomized controlled study suggested that PRP might be a safe and
effective treatment for AA [75].

2.2. Targeted therapies

In recent years, various biological agents that target pathogenesis have been introduced for
the treatment of various diseases. Understanding the pathomechanism of AA has led inves-
tigators to do research about the efficacy of new biological treatments in AA. There are still
multiple possible therapeutic targets being explored. After going through the above men-
tioned current treatments, the below section will focus on the recent broad-spectrum and
targeted therapeutics, centering upon suggested AA immune pathways.

2.2.1. Tumor necrosis factor (TNF)-a inhibitors

TNF-a is a proinflammatory cytokine that mediates inflammation and has a role in cell prolif-
eration and differentiation [77]. TNF-a was shown to be elevated in the serum of patients with
AA [78] and in lesional AA skin than nonlesional skin [12]. Although this evidence suggests
that blocking TNF activity may improve AA, a clinical trial of 17 individuals was performed
to investigate the effect of etanercept in AA. As a result of the study, it was found as ineffec-
tive [79]. Several reports have been published indicating the development of AA during a
treatment of anti-TNF-a for another disease [80-86]. Gorcey et al. reported a patient with AU,
refractory to various treatment modalities, who was successfully treated with adalimumab,
while being treated for the flare of atopic dermatitis [87].

Pharmacogenetics and the inherent physiologic levels of TNF may explain why TNF inhibi-
tors cause AA in some individuals, while treating AA in others. These conclusions warrant
further investigation on this subject.
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2.2.2. IL-23 pathway antagonism
2.2.2.1. Ustekinumab

Ustekinumab is a human monoclonal IgG1 antibody that binds with the p40 subunit of IL-12
and IL-23 and inhibits their activity [88].

The Th17 immunologic pathway and associated cytokines including IL23 and IL17 are important
in the pathophysiology of psoriasis, psoriatic arthritis, and other spondyloarthropathies [13, 89].

Many studies have demonstrated that IL-23 has an important role by driving the expansion
and functional maintenance of Th17 development [90].

Suarez-Farifias et al. performed a study on microarray and RT-PCR profile of 27 lesional and
17 nonlesional scalp samples from patients with AA and compared them with normal scalp
samples (n=6). Genes associated with T-cell migration/activation were found to be signifi-
cantly induced in lesional vs. nonlesional AA tissues. IL-12/23p40 showed the highest increase
in mRNA expression of all measured inflammatory markers in lesional scalp of AA compared
with normal scalp from healthy subjects [12]. As increased Thl serum cytokine levels have
been associated with extensive AA, IL-12 inhibitors (ustekinumab) would be expected to treat
or at least to prevent hair loss [11, 91].

Guttman-Yassky et al. demonstrated hair regrowth in three extensive AA patients (one had
AU) treated with 90 mg subcutaneously. At the 20th week, all patients exhibited varying
degrees of hair regrowth. The patient with AU, with the highest baseline inflammation and
lowest expression of hair keratins, exhibited the highest regrowth [92].

On the other hand, case reports of AA developing during treatment with ustekinumab for
psoriasis have also been published [93-95].

Future clinical trials including larger samples are needed to clarify the clinical efficacy of
usteukinumab in AA.

2.2.3. Th17/IL-17 antagonism
2.2.3.1. Secukinumab

Secukinumab is a recombinant, high-affinity, fully human IgG1lx monoclonal antibody that
selectively inhibits IL-17A [12, 96, 97].

IL-17A is known to induce the expression of T-cell and dendritic cell chemokines, which lead
to the migration of memory T cells and dendritic cells to the inflammation area [97].

Tanemura et al. found the infiltration of CD4(+)IL-17A(+) Th17 cells in the dermis, particularly
around hair follicles, in all 4 cases in their study [98].

A recent study by Atwa et al. examined IL-17, IL-21, IL-22, IL-6, and TNF-a levels in the
serum of patients with AA and studied their association with the clinical type and severity of
AA. All of these cytokines were found to be significantly higher in the AA group than in the
control group. Significant positive correlations between the serum IL-17 and disease severity,
between the serum TNF-a and disease severity were detected. Also significant positive cor-
relation between serum IL-22 and duration of AA was detected [99].

301



302

Hair and Scalp Disorders

Lew et al. conducted a case-control association study of 238 AA patients, in which, IL17A and
IL17RA (IL-17A receptor) gene polymorphisms were detected [100].

These studies support a possible role for an anti-IL-17 treatment in AA. Secukinumab is being
tested in a double-blind, randomized, placebo-controlled clinical trial for AA (ClinicalTrials.
gov NTC02599129).

2.2.4. Broad T-cell inhibition
2.2.4.1. Apremilast

Apremilast is an orally available molecule that inhibits phosphodiesterase 4 (PDE4) [13, 101].
It is approved in the treatment of psoriasis, psoriatic arthritis, and currently tested in trials for
atopic dermatitis, and other inflammatory and dermatological conditions [102].

Inhibition of PDE4 leads to reduced production of proinflammatory mediators, such as TNF,
IFN-y, IL-12/23p40, IL-17A, and IL-22 [101, 102]. On the other hand, apremilast has been
reported to increase the production of IL-6 and IL-10 [101-104]. This is of interest, since IL-10
is a cytokine with potent anti-inflammatory properties, while IL-6 is a cytokine with pro-
and anti-inflammatory features [101]. Apremilast also exerts its effects by hydrolyzing cyclic
adenosine monophosphate (cAMP) and thus affects various inflammatory mediators. PDE4
antagonism results in elevated intracellular cAMP [101-103].

In a study by Keren et al. PDE4 was found highly elevated in the lesions of AA in a mouse
model of AA; apremilast was shown to be effective with almost complete preservation of hair
follicules and resulted significant in reductions in inflammatory cytokines, such as PDEe,
IFN-vy, and TNF-a [105]. Sudrez-Farifias et al. reported a highly increase of PDE4 in human
AA lesions in their study [12]. In a furher study by Guttman-Yassky et al., levels of PDE4 were
found to decrease after treatment with IL-12/IL-23 antagonist [92].

Apremilast might be an appropriate therapeutical option for AA and is under being investiga-
tion as a clinical trial (ClinicalTrials.com NCT02684123).

2.2.4.2. Janus kinase inhibitors

Janus kinase (JAK) inhibitors are potent antiinflammatory and antiproliferative agents [13,
106]. Tofacitinib is a pan-JAK inhibitor that is approved by the FDA for the treatment of
rheumatoid arthritis and ruxolitinib is a JAK1/2 inhibitor that is approved for the treatment of
polycythemia vera and myelofibrosis [107].

JAK family of protein-tyrosine kinases is made of four members: JAK1, JAK2, JAK3 and TYR2
(Tyrosine kinase2). The JAK/STAT pathway transduces extracellular signals from a variety of
cytokines, growth factors and hormones to the nucleus and is responsible for the expression
of thousands of protein-encoding genes [107, 108]. Targeting JAK1 or JAK2 was thought to be
helpful for interfering with the signaling pathways implicated in the generation of pathogenic
Th1 and Th17 cells in autoimmunity [106].

The possibility of reversal of AA by JAK inhibitors was successfully shown in murine
model by blocking IFN-y and interleukin-2 (IL-2) or IL-15 receptor  and by reducing the
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accumulation of CD8 + T cells [10, 109, 110]. Both JAK1 and JAK2 (ruxolitinib, baricitinib)
and JAK3 (tofacitinib) inhibitors have been reported to effectively treat AA in various case
reports [109-112].

Craiglow and King reported a patient with psoriasis who also had long standing AU. After
8 months of treatment with tofacitinib, the patient had full regrowth of hair on scalp along
with significant regrowth on eyelashes, eyebrows and other body sides [111].

Jabbari et al. studied the effect of tofacitinib by clinically and by the changes in expression of
AA- associated genes in skin as well as circulating CXCL10 levels with result sof significant
hair growth along with change in skin and biochemical markers [109].

Gupta et al. reported two cases of recalcitrant AU treated with tofacitinib. Both cases showed
full regrowth of hair on the body at the end of 8 months of treatment [112].

A case with AU treated with tofacitinib with a transient efficacy has also been reported [113].

Today, there are ongoing clinical trials for tofacitinib (ClinicalTrials.gov NCT02312882,
NCT02197455, NCT02299297 and NCT02812342), ruxolitinib (NCT01950780), and baricitinib
in the treatment of AA and in various inflammatory diseases, which will make us understand
the exact effect of these treatments [13].

Topical JAK inhibitors have also been shown as effective in AD, psoriasis, dry eye disease and
in allergic contact dermatitis model [114-117]. Topical JAK inhibitors may offer a good treat-
ment option for especially for limited AA [13].

JAK inhibitors may replace some immunosuppressive treatments. Further clinical trials are
warranted to clarify the exact effects of JAK inhibitors in AA.

2.2.4.3. Abatacept

Abatacept is a fusion protein of cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4) with
a portion of IgG1l (CTLA-4Ig) that selectively modulates T-cell co-stimulation. It binds to
CD80/CD86 receptors on antigen-presenting cells and by this way blocks the interaction of
CD80/86 with CD28 which is found on T-cells and inhibits full T-cell activation [118, 119].
In vitro, abatacept decreases T-cell proliferation, the production of inflammatory cytokines
such as IFN-y, TNF-a and IL-2 and B-cell immunological response [118]. Also, it was found
to increase Treg cells, which was linked to downregulation of activation-associated marker
molecules [120]. Abatacept is currently being used in rheumatoid arthritis with FDA approve-
ment [13]. Since T-cell activation is crucial in the development of AA [9], there is a poten-
tial chance for abatacept in the treatment of AA. There is an ongoing study for abatacept
(ClinicalTrials.gov NCT02018042).

2.2.5. IL-2 modulation as a modifier of regulatory function

2.2.5.1. Aldesleukin

Aldesleukin is a recombinant interleukin-2 (IL-2) molecule and a biological response modifier
having various immunomodulatory properties [121]. Aldesleukin is currently approved only
for treatment of renal cell carcinoma and metastatic melanoma and is usually used in high
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doses in these indications [122, 123]. It can be applied via intravenous or subcutaneous admin-
istration. In high intravenous bolus regimen, it has been reported to be highly toxic [121]. IL-2
is a key cytokine for T regulatory (reg) cell differentiation, homeostasis and functions [124]. In
AA, an imbalance in the immune state of patients has been detected with altered T-helper cell
and Treg cell functions [125, 126]. A study by Shin et al. revealed impaired function of CD4 T
reg cells [127]. A study by Castela et al. evaluated the efficacy of low dose recombinant IL-2
treatment on five AA patients. Four of five patients had partial regrowth and the improve-
ment continued up to 6 months after drug cessation. Pre and posttreatment biopsies were
taken to compare the level of T reg cells and an increase was detected in posttreatment group
[128]. Aldesleukin is now being under investigation and clinical studies with larger samples
are needed to assess the exact efficacy of the drug (ClinicalTrials.gov NCT01840046).

2.2.6. Th2 pathway inhibition
2.2.6.1. Dupilumab

Dupilumab is a fully human monoclonal antibody directed against the a subunit of IL-4
receptor. It blocks the signaling of IL-4 and IL-13, both of which are the key cytokines in Th2-
mediated pathways [13, 129]. The efficacy of dupilumab has been studied in atopic dermatitis
(AD) and asthma with a rapid, significant clinical improvement [129-133]. Also, decreasing
in the levels of serum and skin Th2 markers and Th17/IL-23 associated markers have been
demonstrated [129].

Several studies support a shared genetic background between AA and AD, besides both dis-
eases were shown to have upregulation of Th2 component and an IL-23 [12, 134, 135]. The
history of atopy and autoimmune disease was also found to be associated with an increased
risk of AA [2, 16, 136].

Suarez-Farinas et al. reported a study of 22 patients who also had AD. They sought a detailed
molecular profile of the lesional and nonlesional AA transcriptomes with AA. A significant
upregulation of Th2 cytokine IL-13 was found similar to AD lesions. A possible pathogenic
role of Th2 axis in patients with AA was supported as a result of this study [12].

Fuentes-Duculan et al. studied pre- and posttreatment lesional biopsies of 6 patients with
patchy AA and performed immunohistochemistry and gene expression analysis. They found
a significant expression of inflammatory markers of IL-2, IL-15, Th1 and Th2 (IL-13, CCL17
and CCL18), IL-12/IL-23p40 before treatment. After treatment with intralesional corticoste-
roid injection, a significant downregulation was observed in IL-12/IL-23p40, CCL18 [11].

Sharing possible common pathways both in AA and AD make dupilumab also worth triable
in AA.

2.2.6.2. Tralokinumab

Tralokinumab is an IgG4 humanized monoclonal antibody that targets neutralising IL-13
[13,137]. IL-13 is a Th2 cell cytokine and has an important role in atopy [137]. Tralokinumab
is under investigation for asthma and AD (ClinicalTrials.gov NC). As mentioned above,
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Sudrez-Farifias et al. found the highest levels of IL-13 and IL23p40 mRNA expressions in
lesional vs. nonlesional AA and in lesional AA vs. healthy subjects [12]. Tembhre et al.
found significant high levels of IL-13 and IL-17A which suggested altered Th cell function
[125].

These findings support a possible role of tralokinumab in AA which is now being under
investigation (ClinicalTrais.gov NCT02684097).

3. Conclusions

Currently, many therapies are available and the treatment depends on many factors, such as
the severity, extent, duration of the disease, and age of the patient.

Although many treatments are shown to be effective in extensive recalcitrant AA, the most
important problems of the present studies include the limited number of randomized con-
trolled studies, lack of evaluating the long-term efficacy and follow-up, small number of par-
ticipants, and significant disease heterogeneity in patient selection.

Better understandings of the immunopathological mechanisms responsible in AA have led
the clinical researches to develop better therapeutic options for AA. However, future larger
studies are needed to clarify the immunological pathways responsible in AA, which will lead
to further therapeutic developments.
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Abstract

Alopecia has a significant negative impact on the quality of life. Unfortunately, there is
no satisfactory cure for most types of alopecia. Alopecia is divided into cicatricial and
noncicatricial types. Androgenetic alopecia, alopecia areata, and telogen effluvium are
common forms of noncicatricial alopecias. In order to treat or improve the appearance,
various procedures that are being applied for different types of alopecia including meso-
therapy, microneedling, platelet-rich plasma, low-level light therapy, and stem-cell ther-
apy with variable outcomes are reviewed in this chapter.

Keywords: alopecia, hair loss, mesotherapy, microneedling, platelet-rich plasma, low-
level light therapy, stem-cell therapy

1. Introduction

Alopecia (hair loss) is a common problem in dermatology setting and it has a significant neg-
ative impact on the quality of life. Therefore, most patients seek for treatment in order to
improve their appearance although there is no satisfactory cure for most types of alopecia.
Alopecia is divided into cicatricial and noncicatricial types. Androgenetic alopecia (AGA),
alopecia areata (AA), and telogen effluvium are common forms of noncicatricial alopecias.
Telogen effluvium is the diffuse hair shedding caused by physiological, hormonal metabolic
stress, or by drugs. AGA is caused by the effect of dihydrotestosterone (DHT) on hair follicles
leading to their miniaturization. It is seen in different appearances in males and females. In
males, AGA presents as hairline recession and vertex balding. Unlike in men, female pattern
hair loss (FPHL) is characterized by diffuse hair thinning over the crown with retention of the
frontal hairline. AA is caused by autoimmune destruction of hair follicles involving cell-based
and humoral immunity [1].
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Various cosmetic procedures are being applied for different types of alopecia including meso-
therapy, microneedling, platelet-rich plasma (PRP), low-level light therapy, and stem-cell
therapy with variable outcomes [2, 3].

In this chapter, the above-mentioned cosmetic treatments for alopecia are briefly described.

2. Mesotherapy in alopecia treatment

2.1. Introduction

Mesotherapy is a noninvasive technique in which active substances are delivered just below the
epidermis via superficial microinjections. Various substances including vitamins, medications,
plant extracts, and other bioactive compounds including vasodilators, finasteride, and minoxidil
can be injected intradermally or subcutaneously to reach the target tissues in mesotherapy [4].

There is evidence regarding the clinical efficacy of mesotherapy in the treatment of thermal
burns, local pain, local fat contouring, and skin aging [5-8].

Although evidence-based studies regarding the efficacy of mesotherapy in different types of
alopecia are lacking, in recent years, mesotherapy is increasingly being used in the treatment
of telogen effluvium, androgenetic alopecia, and alopecia areata [9-11].

2.2. Method

Before starting hair mesotherapy, informed consent should be taken from the patient. After
cleaning the scalp with antiseptic solution, the substances can be given by intraepidermal, papu-
lar, nappage, or point-by-point technique. In hair mesotherapy usually 4-6 mm, 27-32 G special
mesotherapy needles are applied a depth of 4-6 mm about 1-2 cm apart. Although superficial
intradermal technique is most commonly used, nappage technique can also be used manually or
by mesotherapy gun. Hair mesotherapy can also be applied by using mesoroller device [9-11].
Each session lasts for 10-30 min [9]. There is no standardized protocol for the frequency of ses-
sions and it depends on the decision of the applier and the indication it is done for. Hair meso-
therapy is commonly applied at intervals of 1-4 weeks [10, 11]. Frequently accepted schedule is
once a week for the initial weeks then with longer intervals and maintenance treatment in every
2-3 months [12]. Some clinics prefer to apply mesotherapy once in two weeks for at least 10 ses-
sions and then once a month for 5 months [10].

2.3. Mechanism of action

Although the exact mechanism how the mesotherapy works is not known, several theories
have been speculated. According to Pistor, skin may be a point for stimulation which is trig-
gered by mesotherapy that sends inhibitory signals reaching to the lateral medullary center
of the spinal cord. These inhibitory signals have been suggested to be either produced by
the needling itself or the pharmacologic substances given during mesotherapy. The nega-
tive signals are suggested to restore the pathologic mechanisms causing alopecia [13]. The
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target tissue of hair mesotherapy is mostly the dermis including the circulatory, neuronal, and
immune component. Also, epidermis and subcutaneous tissue are affected by the procedure
of diffusion of substances. According to mesodermic theory, mesotherapy acts on the tissues
derived from mesoderm including capillary and venous spaces, neuronal components, and
immune cells of the skin [13, 14]. Another explanation is the third circulation theory that, after
blood (first) and the lymphatic (second) circulation, interstitial compartment between skin
cells are considered as the third space of circulation. Mesotherapy is suggested to target the
interstitial compartment that the substances administered via mesotherapy diffuse through
interstitial compartment to the deep target tissues without being rapidly washed out by ves-
sels [13].

The aim of hair mesotherapy is to restore the abnormal physiology causing alopecia by stimu-
lating various biological responses via injecting the active substances into scalp. Additionally,
mechanical stimulation by needling itself creates a biologic response that is expected to
stimulate mesodermal changes [10, 15]. Hair mesotherapy offers the prevention of hair loss,
activation of new hair growth, and the improvement in the quality of existing hair. By hair
mesotherapy, local microcirculation is increased, which improves the environment of hair
follicle for better growth. Additionally, nutritional supply is provided to the hair follicle and
the excess of dihydrotestosterone (DHT) is suggested to be neutralized [16].

2.4. Solutions and substances

There is no standardized formulation used in hair mesotherapy and the various ingredients
can be given depending on the indication. Generally, cocktails containing mixture of differ-
ent ingredients used in hair mesotherapy and they can be applied in alternation depending
on the clinical response. It is important to remember that there may be interactions between
the injected substances that interfere with the efficacy. However, there is no definite proto-
col for the compounds and the concentrations [9-11, 15]. Commonly used substances in hair
mesotherapy include minoxidil, finasteride, dutasteride, biotin, tretinoin, pantothenic acid,
pyridoxine, procaine, dexpanthenol, azelaic acid, T3/T4, and other vitamins and minerals
[9-12]. These compounds have different biologic effects. Especially, buflomedil, minoxidil,
finasteride, dutasteride, biotin, vitamins, and organic silicium are proposed to stimulate new
hair growth [10]. Many of these substances have vasodilator effect. The main effects of the
commonly used substances in hair mesotherapy are as follows:

Buflomedil is an a-2 receptor antagonist and a weak calcium channel blocker. It has vaso-
dilatory effect [10, 17]. Minoxidil also has vasodilatory effect. It is the only drug that is
proven to increase hair growth by prolonging the anagen phase [10, 11]. Some authors do
not use minoxidil more than 1/2 cc in the cocktail since it may be painful for the patient
[10]. Procaine is a well known anesthetic that provides patient comfort. It has vasodilator
activity and enhances the absorption of other drugs [10, 11]. Ginkgo biloba increases perifol-
licular blood flow. It also has antiedema and antioxidant effect. It contains diterpene which
inhibits platelet activating factor and decreases platelet aggregation [10, 11]. Conjoctyl
(organic silicium, salicylate of monometilsilanotriol) has an antioxidant and vasodilatory
effect [10]. Dexpanthenol (Vitamin B5) is involved in the hair development. It is converted
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into pantothenic acid which is a precursor for the synthesis of coenzyme A, important in
the carbohydrate metabolism [10, 11]. Biotin acts as a coenzyme and growth factor. It has a
role in the carboxylation and fatty acid metabolism [10, 11]. Vitamin C acts as an antioxidant
and helps in collagen production [18]. Vitamin A (retinoic acid) has a regulatory role in the
growth of epidermal cells and keratinization process. It induces dermal fibroblastic activ-
ity and collagen production [18]. Pyridoxine (Vitamin B6) stimulates hair growth and aug-
ments the effects of zinc [11]. Cobalt, copper, lithium, magnesium, manganese, phosphorus,
selenium, sulphur, and zinc can be used as trace elements [10]. Zinc acts as a 5-a reductase
inhibitor [11]. Recently intradermal injection of copper has been suggested to be beneficial
in AGA most likely by balancing the steroid-converting enzyme activity, enhancing the
anagen phase of hair cycle, simultaneous transition to the telogen phase, and stimulation
of the proliferation of dermal papilla cells [19]. Finasteride is an inhibitor of 5-a reductase
enzyme and selectively interfere with the androgen activity on skin [18]. Dutasteride is a
second generation 5-a reductase inhibitor. While finasteride inhibits type II enzyme, dutas-
teride inhibits both type I and type II [18]. Heparin and heparin-like mesoglycan acts as
vasodilator [11]. X adene contains vitamin B complex and increases blood flow [11]. Azelaic
acid inhibits 5-a reductase activity [11]. Calcitonin and cyproterone acetate can also be used
in hair mesotherapy [10].

A test trichogram should be performed one year after to evaluate the clinical efficacy of hair
mesotherapy. Additionally, mesotherapy injection technique has been suggested to decrease
the pain and provide the distribution of drug more evenly during intralesional corticosteroid
therapy for AA [20]. Shulaia et al. have reported successful results in AA patients treated with
mesotherapy using nicotinic acid, vitamin C, pentoxifylline, and trace elements (Zn, Se, and
placentex) over a period of 28 weeks [21].

2.5. Contraindications and side effects

The contraindications of hair mesotherapy are as follows: allergy to the substances used in
mesotherapy, diabetes, liver, renal and cardiac failure, pregnancy, lactation, use of medication
for anticoagulation, infection, or lesion on the area [11, 22]. Side effects of hair mesotherapy are
edema, bruising, itching, pain, and headache [10, 23]. Also, side effects related to the systemic
absorption of substances may be observed [11]. Contrarily, alopecia has been reported as a
side effect following hair mesotherapy. In one case report, one patient developed cicatricial
alopecia after heparinoid vasodilator mesoglycan and reversible alopecia has occurred in the
second patient due to homoeopathic agents [24]. Additionally, cutaneous infections caused by
nontuberculous mycobacteria have been observed after mesotherapy. Although these infec-
tions are mostly reported after mesotherapy for lipolysis, physicians should keep in mind that
they can be seen after hair mesotherapy [11, 25-27]. Moreover, multifocal scalp abscesses with
subcutaneous fat necrosis and scarring alopecia have been reported as a complication of hair
mesotherapy. This complication has been attributed to the improper application technique
[28]. Recently, frontal edema due to %5 minoxidil solution after hair mesotherapy has been
reported [29].
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2.6. Evidence for efficacy

Unfortunately, there is scanty scientific data on the role of mesotherapy in the treatment
of alopecia. Abdallah et al. have found hair mesotherapy more effective than placebo in 28
male AGA patients by using a dutasteride containing solution (dutasteride 5 mg, D-pan-
thenol 500 mg, biotin 20 mg, and pyridoxine 200 mg) after 11 weeks of treatment. They
also observed a negative correlation between the duration of AGA and response to treat-
ment which is suggested to be associated with the replacement of terminal hair follicles
with epithelial remnants of telogen follicles [30]. In another study, 90 male AGA patients
were divided into three groups as group A (30 patients) receiving pure dutasteride, group
B (30 patients) receiving dutasteride containing solution (dutasteride 5 mg, dexpanthenol
500 mg, biotin 20 mg, and pyridoxine 200 mg), and group C (30 patients) receiving saline.
According to the results, there was no statistically significant difference between groups,
however, dutasteride containing solution was found to be superior according to trichogram
results [31]. Ozdogan et al. have treated 15 male and 8 female AGA patients with meso-
therapy using 2% minoxidil, biotin, dexpanthenol, herbal complex, and procaine once a
week. Hair mesotherapy was found to be significantly effective in the improvement of hair
quantity and hair thickness after 10 weeks [32]. A mesotherapy solution containing dutaste-
ride 0.5 mg, biotin 20 mg, pyridoxin 200 mg, and D-panthenol 500 mg was used in 86 female
AGA patients and the results were compared with control group receiving saline solution.
A decrease in hair loss and improvement in both photographic assessment and hair density
after 12 sessions were observed [23]. Topical application of minoxidil 2% (30 patients) was
compared with the intraepidermal injection of the drug (30 patients) on 60 females with
FPHL and it was concluded that the mesotherapeutic application of minoxidil revealed sig-
nificantly better results compared to topical application of the drug in both self assessment
and trichogram tests [33]. Freund et al. have treated 40 male AGA patients with mesother-
apy using botulinum toxin. They have applied two injections at 24-week intervals after a
12 weeks period without treatment. After 48 weeks of first injection, statistically significant
increase in mean hair counts was observed. They suggested that botulinum toxin relaxes the
scalp muscles and reduces the pressure on the perforating vessels resulting in the increase of
blood flow and oxygen concentration. Furthermore, they reported that there is an increased
oxygenation of the scalp so the hair follicles may be associated with enhanced conversion of
testosterone to estradiol which favors high oxygen concentrations [34].

Recently, inasystematicreview, twounpublished trials (NCT01655108, EUCTR2013-002740-85-
ES) have been reported on the efficacy of mesotherapy for the treatment of FPHL. First trial
(54 patients) has compared the application of minoxidil 0.5% (27 patients) with saline 0.9%
(27 patients) using mesotherapy technique. Although the study is ongoing, the results regard-
ing the increase in hair volume and decrease in the extent of hair loss were better in min-
oxidil group. The second was a randomized, double-blind, and placebo-controlled clinical
trial evaluating the efficacy of plasma rich in growth factors (PRGF-Endoret) on 24 male and
female AGA patients by comparing with saline solution. The results of the study are awaiting
publication [35].
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3. Microneedling in the treatment of alopecia

3.1. Introduction

Microneedling is a medical procedure done by a drum-shaped roller device with hundreds of
micron-sized microneedles (0.5-1.5 mm in length) projecting on it. Before the treatment, local
anesthetics should be applied to the area.

3.2. Method

Roller device is applied in vertical, horizontal, and diagonal directions. By rolling the device
across the skin, these microneedles pierce the stratum corneum and create numerous tran-
sient microchannels over the applied surface without damaging the epidermis [36, 37].
Microneedling provides direct entry to viable epidermis where it acts on, and does not contact
with the dermal nerves and capillaries [37].

Generally, microneedling is applied at 4-6 week intervals in order to wait for new collagen
synthesis. For acne scars, 3-4 treatment sessions may be required [36]. However, there is no
standard protocol for the application of microneedling in alopecia treatment.

3.3. Mechanism of action

Microtrauma caused by puncturing of the skin induces the collagen synthesis and neo-angio-
genesis through the wound healing response [36, 37]. Microneedling leads the stimulation of
stem cells and activation of growth factors [38—40]. It increases the blood flow to the hair folli-
cles [40]. Also, it was reported that the expression of hair growth related genes are induced after
microneedling [41]. Additionally, transient micropores formed through the procedure allow
the delivery of molecules into the epidermis. Therefore, after microneedling many cosmeceu-
tical agents have been suggested to be delivered deep to the skin [37, 42, 43]. Accordingly, in
mesotherapy, substances can be given with mesoroller device, as mentioned above [11].

3.4. Side effects

Erythema is rapidly recovered in 24-48 hours of treatment. No serious side effects have been
associated with microneedling [37, 43]. Patients can complaint from mild pain [42]. As the
microchannels close immediately after the application, infection is not expected after the pro-
cedure [36]. In order to avoid potential side effects, appropriate sterilization of the device and
the use of only fully licensed and tested agents together with microneedling are important [37].

3.5. Evidence for efficacy

The effect of microneedling has been investigated on 100 men with AGA. Authors random-
ized the patients into two groups. First group (50 men) treated with weekly microneedling
and 5% minoxidil twice daily (except the day of microneedling) and second group only
treated with 5% minoxidil twice daily. After 12 weeks of treatment, the results regarding
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mean change in hair count were statistically better in the microneedling plus minoxidil group
[38]. Additionally, the authors evaluated the supplementary effect of microneedling on four
men with AGA who were on oral finasteride and topical 5% minoxidil therapy. New hair
growth was seen after 8-10 sessions. Patients treated weekly for the first four weeks, then 11
sessions were applied at 2-week intervals. After 6 months of treatment grade +2 to +3 response
was seen in all patients on photographic assessment. Regarding the patient's subjective
assessment scale three patients showed more than 75% satisfaction and one patient showed
more than 50% satisfaction. After 18 months of follow up, the results of microneedling were
reported to be sustained [44].

Lee et al. applied microneedling in conjunction with topical growth factors on eleven FPHL
patients. In their scalp-split, single-blinded, and placebo-controlled trial, they treated patients
weekly for five sessions. One half of the scalp was treated with a solution containing growth
factors (basic fibroblast growth factor, insulin-like growth factor-1, vascular endothelial
growth factor, stem cell factor, keratinocyte growth factor-2, superoxide dismutase-1, and
Noggin) plus microneedling, whereas the other half was treated with saline plus micronee-
dling. The increase in hair shaft density and hair count was significant in growth factor plus
microneedling group. Also patients’ satisfaction was reported to be higher in the same group
compared to saline group [42].

Other than AGA, the effect of microneedling was also assessed in resistant AA. Deepak et al.
reported three cases of AA (one patchy AA, two alopecia universalis) that were previously
unsuccessfully treated with contact sensitizers, topical tacrolimus, minoxidil, and corticosteroids
and oral mini pulse betamethasone. Authors applied microneedling with a solution containing
triamcinolone acetonide, mesotherapy cocktail (growth factors, copper tripeptide-1, multivita-
mins, amino acids, and minerals), and minoxidil 2-5%. Marked clinical response was seen in all
the three of cases after 4-6 sessions. The authors suggested that scalp roller therapy might be an
effective and safe complementary intervention for the treatment of resistant AA [43].

In another study, two cases of patchy AA were successfully treated with microneedling plus
topical triamcinolone. After three sessions which were applied at 3-week intervals, both
patients showed marked response and no recurrence was seen after 3 months follow up [40].

The role of photodynamic therapy (PDT) with methyl 5-aminolevulinic acid (MAL) has been
studied for the treatment of AA with variable results. The lack of response has been attributed
to the inadequate transepidermal penetration of the drug. With regard to facilitator effect of
microneedling in drug delivery, the efficacy of roller therapy in the penetration of MAL in
PDT of AA has been evaluated in two studies. Patients are treated with PDT with MAL with
only half scalp application of microneedling. In both study, as none of the patients showed
hair growth, authors concluded that PDT with MAL may not be an effective strategy for AA,
regardless of adjunctive microneedling to enhance the drug passage deep into the skin [45, 46].

Recently, an animal study has demonstrated that micro injury caused by microneedling
induced hair regrowth in two pomeranian dogs with alopecia X (hair cycle arrest) [47]. In
another animal study assessing the hair growth effect of mycophenolic acid (MP), micronee-
dling was found to accelerate the stimulatory growth of topical MP on anagen follicles [48].
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4. Platelet-rich plasma in the treatment of alopecia

4.1. Platelets

Platelets are one of the shapely structured elements of the peripheral blood and do not have
cell nuclei. The number of platelets ranges from 150,000 to 350,000/mm?® in peripheral blood
and they are functioning primarily in hemostasis [49]. They take active role in wound healing,
angiogenesis, and inflammation owing to the numerous proteins, cytokines, and bioactive
factors they contain [49, 50]. In addition, they induce the migration and adherence of bone
marrow-origin cells into angiogenesis territory and the differentiation of endothelial cell pro-
genitors to the mature endothelial cells [51].

The platelets have three main storage sites; o granules, dense granules, and lysosomes [52].
The major growth factors (GF) and cytokines already stored in a granules are; transform-
ing growth factor- (TGF-f), platelet-derived growth factor (PDGF), insulin-like growth fac-
tor (IGF-1, IGF-II), fibroblast growth factor (FGF), epidermal growth factor (EGF), vascular
endothelial growth factor (VEGF), and endothelial cell growth factor (ECGF) [49, 53, 54]. The
activation of platelets induces degranulation of GFs which are already restored. The secreted
GFs bind to the transmembrane receptors on mesenchymal stem cells, osteoblasts, fibroblasts,
endothelial cells, and epidermal cells and then induce the internal signal transduction path-
way. They initiate the healing process such as cell proliferation, differentiation, chemotaxis,
angiogenesis, matrix formation, osteoid production, and collagen synthesis [49, 53].

The dense granules of the platelets have bioactive factors such as serotonin, histamine, dopa-
mine, calcium, adenosine triphosphate (ATP), adenosine diphosphate (ADP), and catechol-
amine. These substances have significant effects in wound healing. They have effects such
as boosting the capillary permeability, vasoconstriction, hauling and activating the macro-
phages, tissue modulation, and regeneration [49, 54].

4.2. Platelet-rich plasma

PRP is an autologous, biologically active concentration, composed of many growth factors
(GF), cytokines, and plasma proteins [55]. It came into use since 1970s owing to its effects to
promote the wound healing to a cellular level [54]. Platelet concentration in PRP is at least
1,000,000/pug/L in 5 mL and the growth factor concentration is 3-5 times higher than periph-
eral blood [49]. Platelet gel concentration which is higher or lower than 1,500,000 was associ-
ated with decreased angiogenic features of endothelial cells [56].

There are four different PRP subgroups available; pure PRP, leukocyte and PRP (L-PRP), plate-
let-rich fibrin matrix (PRFM), and leukocyte- and platelet-rich fibrin matrix. Clinically, pure PRP
and L-PRP are widely used. The one widely used in cosmetic dermatology is the pure PRP [57].

Invitro studies indicate a dose-dependent positive correlation between the platelet concentration
and human mesenchymal stem cells and fibroblast proliferation and type 1 collagen production
[58]. It is reported that PRP increased the proliferation of fibroblasts and their transformation
into myofibroblasts as well as the synthesis of collagen and matrix remodeling proteins [59, 60].
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4.3. Preparation of platelet-rich plasma

PRP is prepared with 20-60 mL of plasma [61] by means of automatic devices under aseptic
conditions at 20-22°C. It must be prepared using anticoagulants containing citrate dextrose
solution formula A (ACD-A) or sodium citrate in order to inhibit PRP aggregation [53]. The
blood elements are separated according to their molecular weights by means of centrifugal
method in manual double spin method. Respectively, red blood cells (RBC) are the heaviest,
white blood cells (WBC) are moderate, and the platelets are the lightest ones. The platelets are
first separated from RBC and WBC by means of light-spin centrifuge that they become avail-
able in concentrated form in the top part of buffy coat layer. Subsequently, heavy-spin centri-
fuge separates the supernatant plasma and more concentrated platelets are obtained. Bottom
part of the tube holds the platelets and the upper part retains the platelet-poor plasma (PPP).
Thrombin is used as an activator to obtain coagulation and thus “activated PRP” is extracted
by means of GF degranulation [49, 53]. Approximately, 70% of GFs is released in 10 min and
almost 100% is released in an hour and a small amount of GF continues to be produced for
up to 8-10 days during the life of platelets [62]. For this reason, PRP should be administered
soon after it is prepared.

The platelet-rich fibrin matrix (PRFM) is developed to retard GF secretion from the platelets,
which is a dense fibrin matrix generated by adding CaCl, during the secondary centrifuge
that induces the conversion of autogenous thrombin from prothrombin. Platelet activation
decreases as the thrombin amount reduces, so the platelets secrete their GFs slowly in a period
of 7 days. Therefore, it is used in fat grafting and soft tissue augmentation. At the same time,
fibrin matrix serves as a building block in wound healing [49, 57].

L-PRP is a subtype of PRP consisting of the platelet, leucocyte, and red blood cells. It is pro-
duced by the collection of PPP and all buffy coats following the centrifuge of anticoagulant
blood. Whereas Leukocyte-PRFM is a subform made up of platelet and leucocyte-rich fibrin
polymerized clot. It is produced without using anticoagulant and activator [57].

Another platelet activation type is the method which stimulates PDGF and VEGF secretion
and enables collagen-PRP gel formation, performed by using type I collagen [63].

A great number of commercial kits came into use in addition to manual PRP preparation.
However, different technologies introduce products with different biology and unclear effect
profile. There are various PRP preparation methods in the literature, which contain different
protocols, different centrifugal techniques, and different cellular components [61].

4.4. Indications

Various indications of PRP in dermatology are outlined in Table 1 [53, 57, 64].

4.5. Method

The patients should be informed and a signed consent form should always be obtained prior
to the application. The patient is required stop taking anticoagulants such as aspirin and
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Alopecia; androgenetic alopecia, and alopecia areata
Skin rejuvenation

Dermal volume augmentation

Scar revision; acne, and traumatic scars

Striae distensae

Chronic wounds

Fat grafting

Laser resurfacing

Lichen sclerosus

Table 1. Dermatological indications of PRP.

other nonsteroidal antiinflammatory medications at least 2 weeks before the application.
Local anaesthesia should be given, if required, under aseptic circumstances. Different appli-
cation methods are available, which may be preferred by the clinicians and for the comfort
of the patient. First method is the retrograde injection of PRP deep-to-surface at a rate of
0.05-0.1 mL/cm? per each centimeter. The second one is the administration of PRP either by
puncturing holes over the scalp by means of 1 mm microneedle roller or by means of meso-
therapy gun. The third method is the application of PRP before or after the implantation in
order to assist the hair transplantation, keeping the follicular grafts in PRP for 15 minutes
prior to implantation or the application in order to speed up the wound healing in donor's
excision line [53].

There is no consensus on the parameters such as the frequency, depth (interfollicular, intra-
dermal, or subcutaneous), and the dose of the application.

4.6. Contraindications

Contraindications of PRP are listed on Table 2 [63-65].

Pregnancy and breastfeeding period
Acute and chronic infections
Autoimmune disorders

Sensitivity to blood and blood products
Hepatopathy (liver disease)
Malignancies

Thrombocytopenia and hypofibrinogenemia

Table 2. Contraindications of PRP.
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4.7. Side effects

The incidence of adverse effects is quite low since PRP application is an autologous one. Local
side effects due to injection such as rash, ecchymosis, pain, and infection are mild and tempo-
ral. It does not have any risk of transmitting infections such as hepatitis B (HBV), hepatitis C
(HCV), and human immunodeficiency virus (HIV). Risk of allergy is low as the patient's own
blood is used [53, 65].

4.8. Evidence for efficacy of platelet-rich plasma in various conditions
4.8.1. Androgenetic alopecia

AGA is characterized by progressive hair follicle miniaturization and its treatment is quite
challenging [66, 67]. The two medications approved by Food and Drug Administration (FDA)
are minoxidil and finasteride. Dermatologists and plastic surgeons tend to prefer new treat-
ment methods due to limited effects and adverse effect profile of these agents. In recent years,
a good number of studies have been carried out on the effectivity of PRP in an AGA treatment.

4.8.1.1. The mechanism of platelet-rich plasma in androgenetic alopecia

PRP enhances the proliferation of dermal papilla (DP) cells and protect the cells against apop-
tosis by increasing Bcl-2 protein level. Moreover, it stimulates the Akt signalization which has
antiapoptotic effects on cell survival and also stimulates extracellular signal-regulated kinase
(ERK) that regulates the cell growth. In this way, it promotes cell growth and extends the
survival of hair follicles. B-catenin is expressed in the external root sheath in the bulge area of
human anagen hair follicle and ensures the differentiation of stem cells into the hair follicle
cells and other adult cells. B-catenin activity in DP cells of the patients treated with PRP is
upregulated, inducing the differentiation of stem cells into hair follicle cells and stimulating
the hair growth. In addition, FGF-7 expression in DP cells increases, ensuring that the anagen
phase of hair growth cycle is extended. Enhanced VEGF and PDGF boosts the perifollicular
vascular plexus with proangiogenic effect. Active PRP injected to the mice in vivo is indicated
to induce the acceleration of telogen-to-anagen transition [68].

The first study performed on PRP indicated that both the survival of follicular units are
increased and follicular density is augmented in the patients of hair plantation since the fol-
licular grafts were soaked in PRP for 15 minutes prior to implantation [69]. Various studies in
the literature indicated that PRP stimulates a number of active features such as growth rate,
hair count, hair density, hair shaft diameter, hair root strength, anagen hair, telogen hair,
terminal hair density, epidermal keratinocytes, hair follicular bulge cells, and lead to increase
in small blood vessels in hair follicle, prevents dermal papilla apoptosis, extent anagen phase,
and enhances hair regrowth [70-74]. The carrier which contains dalteparin/protamine micro
particles (DP MP) (low-molecular-weight heparin) was used to enhance the efficiency of PRP.
DP MP ensures adsorption, stabilization, and slow secretion of GFs. PRP containing DP MP
is observed to increase the hair thickness significantly compared to PRP alone [75]. In another
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study, PRP containing CD34" cell has been tried on patients with AGA and a significant
increase has been observed in hair thickness [76].

4.8.2. Alopecia areata

AA targets the anagen hair follicles in which spontaneous remission may be observed
[77-79]. Although immunosuppressive agents can generally be used in the treatment of
AA and regarded as an organ specific autoimmune disease, there is not any curative or
preventive treatment of the disease [80]. Therefore, PRP has been introduced in recent
years as an alternative treatment.

4.8.2.1. The mechanism of platelet-rich plasma on alopecia alopecia

PRP has also an antiinflammatory effect in addition to its effect on the induction of prolifera-
tion. Endogen lipid molecules called “lipoxin” derived from cellular arachidonic acid serve
in the resolution of the inflammation. Lipoxins retard the arrival of new neutrophils into the
inflammation area and support the neutrophil apoptosis to organize the resolution. PRP pro-
motes lipoxin A4 (LXA4) secretion and suppresses the cytokine secretions to limit the inflam-
mation [81]. The fact that inflammatory cytokines play a part in the etiopathogenesis of AA
led to an argument that PRP could be effective in AA treatment with antiinflammatory effect.

There is limited number of studies in the literature on the use of PRP in the treatment of AA.
A recent study indicated a significant increase in hair growth, an increase in Ki-67 which
is the cellular proliferation marker and a degradation in the rate of relapse, in AA patients
treated with intralesional PRP, compared with the patients treated with both placebo and
intralesional triamcinolone acetonide (TrA). Furthermore, it has been observed that both
groups taking PRP and TrA had less rash and irritancy as well as reduced dystrophic hair in
dermoscopy. A complete remission rate of 60% has been achieved in the group treated with
PRP at the end of the treatment [79].

In another study carried out with 20 AA patients, PRP was well tolerated, no adverse effect
was observed and improvement in hair growth was seen. Minimal response to treatment and
relapse was observed in only one patient [82].

PRP treatment applied on an ophiasis-type alopecia areata patient, resistive to corticosteroid
treatment, yielded a successful result and hair regrowth was observed. PRP is suggested to
be an alternative treatment in AA patients resistive to corticosteroid treatment and in the
patients with side effects of steroid injection [83].

5. Laser and light sources in the treatment of alopecia

Laser (light amplification by stimulated emission of radiation)/light sources have become
popular in dermatology practice on various disorders. Recently, these devices have been tried
for the treatment of male and female pattern hair loss and alopecia areata with variable suc-
cess rates. The laser beam having the coherent, monochromatic, and polarized characteristics
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that differs it from the ordinary light. The low-energy laser light penetrates the surface in
a defined position and does not damage the skin [84]. There is a consensus among many
authors that current laser/light sources are safe methods if they can be used properly and also
these treatment modalities can be used alone or in combination with other treatments. The lit-
erature reveals that the texture and quality of hair improves even if there is no hair regrowth
by the use of laser/light sources [85].

5.1. Androgenetic alopecia

AGA is the most common form of hair loss that may affect up to 70% of men and 40% of
women in their lifetime [86, 87]. The aim of the treatment is to stop miniaturization and
induce hair thickening and regrowth [88]. Finasteride and minoxidil are the most common
therapeutic drugs used for AGA [87]. But new treatment modalities are under investigation.
Laser/light sources for AGA have become popular in the last few years.

Photobiomodulation is a term that is used to describe the effects of lower level light energy
(650-900 nm) on the cellular level. The exact mechanism of photobiomodulation that stops
or reduces hair loss in patients is not well known [85, 89]. Low-level visible light treatment
(LLLT) modulates the gen expression of 5a-reductase and vascular endothelial growth factor
(VEGF) and consequently stimulates hair growth through androgen metabolism and angio-
genesis [90]. It was previously reported that helium-neon (He-Ne) laser (632.8 nm) irradiation
stimulates cellular activities like deoxyribonucleic acid (DNA) and protein synthesis, mito-
chondrial electron transport, and adenosine triphosphate (ATP) generation [91]. Low-level
laser irradiation prolonged the duration of anagen phase and caused the catagen and telogen
follicles to reenter into the anagen phase in a study in mice treated with He-Ne laser. It was
revealed that He-Ne laser with a dose of 1 J/cm? shows stimulatory effects on hair growth with
a significant increase in percentage of anagen, but a suppression of hair growth was observed
ata dose of 5 J/cm?. Cells with low growth rate or under stress conditions, give better response
to low-level laser irradiation [90]. Low level of reactive oxygen species (ROS) occurred due to
low doses of irradiation show stimulatory effects on cell metabolism, while high level of ROS
due to high doses of irradiation show inhibitory effects [92-94].

Subsequently, paradoxical hypertrichosis was reported for many times after using laser and
intense pulsed light (IPL) photoepilation therapy for hair removal [95-99]. It is not exactly
known, how these light sources can induce hair growth. One possible mechanism is the acti-
vation of silent hair follicles or the synchronization of hair growth cycles by direct light stimu-
lation [89]. Radmanesh et al. identified different mechanisms for developing hypertrichosis
after the IPL. First, certain wavelengths of IPL show photostimulator effects on hair follicle
germinative and stem cells, directly or indirectly and facilitate hair regeneration and growth.
The stem cells in the bulge area of the hair follicle are usually inactive. The second mechanism
is the stimulation of the secretion of the mediators and cytokines that stimulate hair growth
by IPL. Keratinocyte growth factor and fibroblast growth factor are two well known tricho-
stimulatory cytokines and they have stimulatory effects on hair follicles and epidermal cells.
They maintain epidermal proliferation and hair growth. The individual differences and the
properties of the devices may also affect the paradoxical hypertrichosis [98].
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There are various studies showing the positive effects of laser/light treatments in AGA. In
a previous study, the effects of laser on cancer were investigated in mice. The dorsal hair of
mice was shaved and the low-powered ruby laser (694 nm) therapy was given toward this
area. They did not find any evidence of cancer but observed accelerated hair growth in laser-
treated sides [100]. In a clinical study, seven patients with a diagnosis of AGA were exposed
to LLLT twice weekly for 20 min for 3-6 months. An increase in the number of terminal hair, a
decrease in the number of vellus hair, and an increase in shaft diameter were observed in this
study but these changes were not statistically significant [89].

To assess the effect of a 1550 nm fractional erbium-glass laser in a female pattern hair loss, 28
patients received 10 treatments at 2-week interval. At the end of the study, a marked increase
in hair density and hair shaft thickness and significant improvement at the frontal hair recess
were seen in patients. It was revealed that 1550 nm fractional erbium-glass laser may be a safe
and effective treatment option for female pattern hair loss (FPHL) [101]. In a clinical study,
the effects of a 1550 nm fractional erbium-glass laser on the hair cycle in an alopecia mouse
model and on the treatment of male pattern hair loss were investigated. In the human pilot
study, an increase in hair density and an improvement of growth rate were observed. In the
animal study, the effect on hair stimulation was dependent upon the energy levels, densities,
and irradiation intervals. Fractional laser irradiation can promote anagen hair growth and
induce transition from the telogen phase to the anagen phase. It was shown that Wnt 5-«
and {3-catenin expressions play a role in hair growth were induced by laser irradiation [102].

In a study of 32 patients with male and female androgenetic alopecia, the efficacy and safety
of LLLT were evaluated. A Laser comb (655 nm) was used as monotherapy or as a concomi-
tant therapy with minoxidil and finasteride. Eight patients showed significant improvement,
20 patients showed moderate improvement while no improvement was observed in four
patients. Improvement was observed in both monotherapy and the dual therapy group [103].
Previously, a Laser comb has been tested in 110 patients with AGA in a double-blind, sham
device-controlled, multicenter, and 26-week trial. Significant increase in mean terminal hair
density was observed in patients in the LLLT group when compared to patients in the sham
device group [104]. Jimenez et al. reported a statistically significant increase in terminal hair
density after 26 weeks of low-level laser comb device treatment compared with sham treat-
ment in patients with FPHL and male pattern hair loss (MPHL) [105].

5.2. Alopecia areata

As there is no cure for alopecia areata which is an autoimmune disease and may improve
spontaneously in 34-50% of patients, clinicians search for new treatment modalities such as
laser/light sources [86, 106, 107].

There are limited studies about laser irradiation for alopecia areata. In a study, clinicians
used 308 nm xenon chloride excimer laser (XeCl) for two patients with alopecia areata for
11-12 sessions within a 9-11 weeks period. They observed homogeneous and thick hair
growth. The exact mechanism was not clear, but immunosuppressive effects of laser irra-
diation by inducing T-cell apoptosis and interrupting autoaggressive immune cascade were
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held responsible [108]. In a study with nine patients with AA, 308-nm excimer laser was used
for lesions twice a week for 1224 sessions. They observed hair regrowth in patients with AA
partialis [109].

In a previous study, researchers chose a single representative lesion that was unresponsive to
the other treatments. One half of the lesion was exposed to the 308-nm laser while the other
part was not treated. After 27 sessions, only the treated area showed hair regrowth, suggest-
ing it was not a spontaneous recovery [110].

The 308-nm excimer laser was used for patients with AA twice a week for 24 sessions. And it
is reported as an effective treatment for patchy AA of the scalp and in some cases with AA of
the beard area, but patchy lesions of the extremities and alopecia totalis were unresponsive
[111]. It was also used for children with patchy AA successfully. Atopic diathesis was consid-
ered as a poor prognostic factor in this study [112].

Waiz et al. used pulsed infrared diode (904 nm) laser on 16 patients with 34 resistant alopecia
areata patches. They observed hair regrowth with a rate of 94%. They suggest that laser may
alter the cellular membrane or change the exposed antigen which was previously hidden to
become hidden again [84].

Yoo et al. treated a patient with recalcitrant AA with fractional laser therapy weekly for
24 weeks. Hair regrowth was observed after 1 month treatment. After 3 months 30-40% of
lesions were covered with terminal hair. Complete recovery occurred after 6 months of frac-
tional laser therapy. One of the possible mechanisms of fractional laser induced hair regrowth
is inducing T-cell apoptosis or decreasing inflammation. Another mechanism is about micro-
scopic thermal columns in the dermis that were made by laser therapy. A healing process
starts including lymphocyte infiltrations. It may scatter perifollicular lymphocyte infiltration
and cause a decrease in perifollicular lymphocytic infiltration. Fractional laser may stop dis-
ease progression by increasing anagen phase. Furthermore, minor trauma and wound heal-
ing induced by fractional laser therapy may facilitate hair growth [113].

Three patients with ophiasis, a special pattern of AA, were enrolled in a study. Two of the
patients were treated with nonablative 1550 nm erbium glass fractional laser (NAFL) and one
of the patients treated with both NAFL and ablative 10,600 nm carbon dioxide fractional laser
(AFL). The clinicians observed that patients who have AA for 1 year or less respond to treat-
ment better than patients with long-term disease. They considered NAFL treatment may have
beneficial effects on early ophiasis lesions [114].

6. Stem-cell therapy in alopecia

6.1. Hair follicle, stem cells, and dermal papilla

Hair follicle (HF) is a complex structure that contains important units in the development of
hair shaft including dermal papilla, matrix, and bulge region [3].
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The HF undergoes cycles of growth and degeneration that a new hair shaft is formed in each
cycle [115]. The signaling in this cycling is not completely understood. Fundamentally, there
is a bidirectional communication between the mesenchymal and stem cells within the hair
follicle that controls the formation, growth, and cycling of hair follicle [3, 116, 117].

Dermal papilla (DP) is located at the bottom of hair follicle (hair bulb) and consists of special-
ized mesenchymal cells which produce signals regulating the hair cycling of follicular epi-
thelium and also driving the formation of hair follicle [116, 117]. Bulge region of hair follicle
houses epithelial stem cells that become progenitor cells forming the hair follicle. Upon the
stimulatory signals from DP cells, progenitor cells move down to the deep dermis where they
turn into matrix cells which differentiate to form different parts of hair follicle [3, 117, 118].
It can be understood from these information that although the immediate formation of hair
shaft and follicle is achieved by the matrix cells in the DP, reservoir stem cells reside in the
upward bulge region that maintain the follicle regeneration [115].

Stem cells are characterized by the capacity of self-renewal and ability to differentiate into
various cell lineages. Hair follicle stem cells (HFSCs) which are found in hair bulge are qui-
escence cells that divide infrequently [3]. HFSCs are multipotent that they can give rise to all
cells of a hair follicle, sebaceous gland, and interfollicular epidermis [3, 115, 118]. In addition,
hair follicle bears other types of stem cells including interfollicular epidermal stem cells, seba-
ceous gland stem cells, follicle nestin + pluripotent stem cells, etc. [3, 115].

The induction of hair cycling and hair follicle regeneration from the HFSCs is a complex pro-
cess which starts with the signals from DP cells. This interaction involves several signaling
pathways, growth factors, specific protein ligand-receptor binding, upregulation of various
hair-related genes and activation of different transcription factors [3, 116, 118].

6.2. The rationale behind the stem-cell therapy in the treatment of alopecia

As the current treatment options for most types of alopecia including AGA and AA are not
satisfactory, new therapies are still being under investigation for various types of alopecia.
Development of bioengineering technologies has provided the use of HFSCs as a promis-
ing treatment in the management of alopecia. Since the conventional drugs for alopecia are
unable to target all the pathophysiologic factors, stem-cell therapy is considered as a potential
solution to correct the main pathology in various types of alopecias [3, 115, 117, 118].

It has been suggested that the distinct pathophysiologic pathways may be targeted by stem
cell therapies in different diseases. An important point is that in order to specifically manage
the alopecia, it is important to clarify the exact etiologic mechanism underlying various types
of alopecias [3, 118]. For example, in AGA, the main etiology is that the HF is miniaturized by
the effect of 5-DHT and the signaling that drives the HF regeneration is impaired. Although
the stem cells in bulge region are undamaged, the production of new hair formation is inter-
rupted in AGA [3, 116]. Another example for the impaired induction of hair formation by the
destruction of DP region is the chemotherapy induced alopecia. Induction of hair generation
by DP cells has been suggested to be achieved by stem-cell therapy in this type of alopecia
[116]. In AA, DP (bulbar region of HF) is attacked by the immune cells [3, 115]. Stem-cell
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therapy has been suggested to be effective in the suppression of autoimmune destruction and
recovery of immune balance in AA patients [119]. In cicatricial alopecia, inflammation leads
to the destruction of the bulge region where the normal immune privilege has been lost by
pathologic triggers and stem cells are destroyed [115]. Producing a new hair follicle unit via
transplantation of stem cells has been suggested as a major innovation for the treatment of
most forms of alopecias including scarring alopecia [3, 115, 117, 118].

6.3. Preliminary hair follicle generation studies and obstacles in stem cell therapies

As the epithelial-mesenchymal interaction is crucial in the development of HF, it is essential
to coculture DP cells with stem cells in order to generate a complete HF in laboratory condi-
tion. However, it has to be in mind that it is not easy to obtain and grow stem cells in labora-
tory experiments and their turnover is low [115, 117].

Marazzi et al. have isolated human follicle DP and bulge cells and cultured them in human
skin sample (organotypical culture). After injection of the cultured bulge and DP cells into
deep dermis, epidermis forming ability of the cells was assessed. The authors suggested their
methodology as a relevant source of bioengineered hair follicles for hair transplantation ther-
apies in alopecia [120].

In a previous report, mouse embryonic skin-derived stem cells were used to form a hair germ
and the resultant bioengineered follicle germ was intracutaneously transplanted to create a
structurally correct hair follicle. On the back skin of a nude mouse, the transplanted follicle
germ was able to form hair shaft, construct appropriate connection with surrounding tis-
sue, and undergo cycling [121]. As the transplantation of a mature bioengineered hair follicle
rather than follicle germ is considered to be more favorable in hair regeneration, Asakawa
et al. in their animal study, have shown that ectopic transplantation of bioengineered hair
follicles (created by follicle germ cells from embryonic pelage skin and regenerated in vitro
culture) could develop a fully functional hair follicle in host. Authors reported that the results
of the study have indicated transplantation of the bioengineered hair follicles could replace
the conventional FUT therapy in alopecia treatment [122].

An important problem in the hair follicle regeneration studies is that cultured DP cells lose
their inductive capacity after a few passages. Attempts including co-culturing with keratino-
cytes and adding growth factors to the medium have been done to effectively expand DP cells
in vitro culture [117]. As the laboratory conditions and in vitro assays are far from the in vivo
ambience of DP cells, to better simulate the real hair follicle, three-dimensional (3D) dermal
spheric cultures have been generated [123]. To further increase the inductive capacity of DP
cells and to enhance the reproducibility of assays, novel membranes for spheric culturing
have been used [124]. One of the most important obstacles in hair regeneration studies is the
results of animal or in vitro studies differ from those on human. Despite an intact HF can be
formed in murine and embryonic cell experiments, incomplete HF are formed with human
DPCs. Subcutaneous implantation of isolated human HFSCs and human scalp DPCs resulted
in the formation of hair follicle-like structures in nude mice [125]. To overcome this problem
strategies such as culturing DPCs with keratinocytes have been formulated [126]. Recently
an acellular dermal matrix has been used to grow human epithelial and dermal cells from
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scalp tissue with promising results [127]. Recently, human DP cells from scalp tissue have
been embedded into dermal-epidermal composites (DECs) and formation of complete HF
has been observed [128].

By ongoing studies, it was realized that not only the close environment of HF but also the
macro environment of HF is important in the growth induction of HF. As the adipocyte stem
cells (ASCs) secrete growth factors and stimulate hair growth pathways and the activation of
hair follicle stem cell by adipocyte lineage cells has been shown, ASCs and ASC-conditioned
medium (ASC-CM) have been investigated in hair regeneration studies. DPCs which are cul-
tured in ASC-CM showed increased proliferation. These studies suggested a role for ASCs in
alopecia treatment [117, 129].

Bone marrow mesenchymal stem cells (BM-MSCs) have also been used to induce hair induc-
tion in vitro assays and tested for HF formation capacity in mouse models [116].

6.4. Studies on the stem-cell therapy in alopecia

In a randomized placebo-controlled trial, topical application of a commercially available solu-
tion containing HFSCs in male patients with AGA was found to be effective in the induction
of hair growth and reduction of hair loss [130]. Supernatant of BM-MSC culture overexpress-
ing Wntla has been shown to increase hair producing ability of DP cells. Additionally, intra-
dermal injection of concentrated solution of the above mentioned supernatant enhanced the
transition from telogen to anagen in mouse. Also, negative effect of a 5-DHT on hair related
genes was restored with the addition of Wnt-CM. Study indicated a role for Wntla from
MSCs in hair regeneration therapies for alopecia [116].

The effect of intradermal injection of commercially available ASC-CM product (containing
hepatocyte growth factor, fibroblast growth factor-1, granulocyte colony-stimulating fac-
tor, granulocyte macrophage-colony-stimulating factor, interleukin-6, vascular endothelial
growth factor, and transforming growth factor (3-3) to 22 AGA patients (11 males, 11 females)
has been studied. Patients were treated in six sessions at 3-5- week interval. Six male patients
were also on finasteride treatment. Half-side comparison study has been undertaken in 10
patients. Hair counts were increased in all patients according to trichogram assays. In com-
parison study, hair count was increased in both side of the scalp, however, the increase was
higher in the treatment side compared to the placebo side. The response in the placebo side
is suggested to be related to the effect of injection itself or the diffusion of the solution to the
other side [131].

In another study with the same product, 27 patients with FPHL were treated with the solution
(ASC-CM) weekly with concurrent use of microneedling roller. Retrospective assessment of
the results revealed significant increment in the hair density and thickness after 12 sessions
[129].

An evidence to the alternative mechanisms of stem-cell therapy is the “stem cell educator
therapy” which has been used for its immune modulation effect in nine AA patients. Cord
blood stem cells (CB-SCs) have been used to be introduced to patient's blood in a closed loop
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system. Patient's lymphocytes are separated and cocultured with CB-5Cs in vitro and returned
to patient's circulation after “education.” A significant suppression of CD8Tcell attacking and
upregulation of the co inhibitory molecules resulted in the diminishment of autoimmune
destruction and reversal of immune balance by shifting the immune response toward Th2. As
only a small portion of lymphocytes encounter with CB-SCs, the educated immune response
has been suggested to be expanded systemically leading a generalized outcome [119].

In a recent review, an unpublished study (NCT01286649) has been reported investigating the
efficacy of injecting human autologous HF dermal sheath cup cells which have been taken by
punch biopsy from the scalp of patients with AGA. The results of the study await publication
[118].

6.5. Contraindications and side effects of stem-cell therapy in alopecia treatment

The presence of skin disease, inflammation or infection, having an allergic, autoimmune dis-
ease or cancer, pregnancy, and the usage of anticoagulant therapy are reported as contra-
indications of stem-cell therapy [131]. Most of the studies on stem-cell therapy in alopecia
treatment reported no severe adverse effects [119, 129, 132]. Patients can feel pain when injec-
tion technique is used which can be overcome by nerve blockages, local anesthesia, cooling,
or prescription of nonsteroidal antiinflammatory drugs [131].

7. Conclusions

Although the scientific data to support the validity of mesotherapy as a treatment option in
alopecia is still lacking, there is an increasing interest in its use. Hair mesotherapy is not yet
approved in the treatment of alopecia and the existing studies give variable results. Therefore,
long-term studies on a large cohort of patients are necessary to document its efficacy and
safety in alopecia treatment and to standardize the treatment protocols. Hair mesotherapy
can be used as an alternative intervention in the treatment of AA, AGA, and telogen effluvium
in patients without systemic diseases.

Despite the increasing interest in microneedling in the treatment of different types of alopecia,
further randomized controlled trials are required to assess the efficacy of microneedling on
alopecia.

Literature suggests PRP as an effective tool in AGA patients. PRP can be considered as an
alternative treatment in AA patients not responsive to corticosteroid treatment or in the
patients developing side effects due to steroid injections.

LLLT seems to be a safe and effective treatment option for patients with AGA, but more
long-term placebo-controlled studies are needed to define the beneficial effects of laser/light
sources for the management of this disease. The effects of laser/light sources are shown in
many studies as mentioned above in AA. However, larger placebo-controlled studies should
be performed to evaluate the beneficial and adverse effects of these devices.
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There is no conclusive data regarding the efficacy, applicability, and method of stem-cell ther-
apy in the treatment of alopecia, however, it still remains as a potential intervention. Further
studies are required with improved techniques to overcome challenges in regenerating intact
HFs before clinical use. Also the cost and availability of such bioengineering therapies must
be taken into consideration. Similar to the current follicular unit transplantation (FUT) ther-
apy, in future, it is expected to transplant a complete HF created by stem cell technology and
be able to treat various types of alopecia.
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Abstract

In recent years, people have begun to give further emphasis to the external beauty, espe-
cially for their hair. Except drugs with proven effectiveness, complementary and alterna-
tive treatment options that have not yet been clarified of their effectiveness and side effect
profiles have been used for centuries. Many plants or their extracts are widely used to
prevent hair loss and treat alopecia (e.g., androgenetic alopecia, alopecia areata, or trac-
tion alopecia) worldwide, especially in Far Eastern countries. The mechanisms of action
of these plants are still unknown. Although there are little randomized-controlled studies
investigating the effectiveness in the treatment of hair loss, reported results have demon-
strated that complementary and alternative medicine will become much more popular
in the near future.

Keywords: hair loss, complementary, alternative, medicine, herbal, acupuncture,
hypnosis

1. Introduction

The social and sexual communication roles of hair as well as its protective function have
absolutely undeniable for both sexes for many years [1, 2]. Although the loss of hair is not a
life-threatening condition, the loss of hair at an early age or sudden onset hair loss may cause
serious psychological distress, thus it may directly affect the quality of life negatively [1, 3].
For this reason, patients with suffering from hair loss should be considered finically in order
to distinguish ordinary hair shedding from pathologic hair loss. A loss of 100 or less hair fall-
ing per day should not be considered as pathological hair loss. But in case of hair loss more
than 100 per day, a pathological condition should be mentioned [3].

Hair loss is a common dermatological problem that has been estimated to affect between 0.2
and 2% of the world’s population. There are several factors leading to hair loss including
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major physical-emotional stress, chemotherapy, genetic predisposition, dihydrotestosterone
(DHT), excessive sebum, cardiovascular diseases, smoking, and endogenous substances [3].
The common hair diseases that dermatologists are often faced in daily practice are andro-
genetic alopecia (AGA), alopecia areata (AA), telogen effluvium, anagen effluvium, and
traumatic alopecia such as trichotillomania and traction alopecia [1]. AGA, known as male
pattern hair loss in men and as female pattern hair loss in women, is the most common form
of hair loss in adults [1, 4, 5]. Approximately 60% of males between the ages 30 and 50 years
and 17% of women under 50 years of age suffer from AGA [4]. The role of DHT which is
reduced from testosterone by enzyme 5a-reductase is clearly known in the mechanism of
AGA [6]. In early stage, the process begins with shortening of the anagen phase and continu-
ous miniaturization of sensitive follicles [1]. During this process, terminal hairs are replaced
by vellus hairs which are shorter, finer and nonpigmented in the frontal and vertex regions of
the scalp [3, 4]. Year after year, permanent baldness occurs at the site of miniaturized hair [1].
AA is a common, chronic inflammatory disease that is characterized by non-scarring alopecic
patches on the scalp. It affects approximately 2% of the United States (US) population [7, 8].
Although the mechanism of AA is exactly unknown, it is thought that a necessary secondary
event or cofactor such as febrile illness, pregnancy, or a major life crisis in addition to genetic
predisposition [8, 9]. Even though AA may regress spontaneously, the disease may remain
stable or even may spread to the entire scalp (known as alopecia totalis) or body (known as
alopecia universalis). Telogen effluvium is a disease that occurs as a result of passing of a
portion of hair from anagen phase to telogen phase. It is characterized by diffuse hair shed-
ding. While trichotillomania is an impulse control disorder, traction alopecia is association
with patients’ hairstyle. These two diseases that occur after recurrent and chronic trauma are
frequently seen in females than males. Both of them can result with permanent scarring [9].

In recent years, complementary and alternative medicine (CAM) is becoming increasingly
popular all over the world. In fact, CAM is still the only option to cure and treat some dis-
eases in some regions of Africa, Asia, and South America [10]. Alternative medicine refers to
the use of CAM in place of conventional medicine, while complementary medicine refers to
the use of CAM along with conventional medicine [11]. According to The National Center for
Complementary and Alternative Medicine (NCCAM) in the United States, CAM is defined as
‘a group of diverse medical and health-care system, practices, and products that are not pres-
ently considered to be a part of conventional medicine’ [12]. In some countries like Korea, ori-
ental medicine has been officially approved and has gained support from legal system using
the licensing system [13]. The number of visits to alternative care practitioners increased by
about 1.5 times in 7 years (from 427 billion in 1990 to 629 billion in 1997) in the United States
[14]. The National Health Interview Survey estimated that in 2007 alone, 38% of adults in the
United States used CAM [15].

CAM is separated by NNCAM into four categories: alternative medical systems, biologi-
cally based therapies, manipulative and body-based therapies, and mind-body therapies. The
details of these therapies are shown in Table 1 [16]. In a survey study conducted in the United
Kingdom (UK) in 2010, the most popular CAM therapies were reported as acupuncture, hyp-
notherapy, and chiropractic, while the least preferred CAM were noted as aromatherapy,
reflexology, and medical herbalism [17]. The annual expenditure on CAM is about $30 billion
in the United States and £1.6 billion in the UK [18, 19].
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Alternative medical system Acupuncture
Ayurveda
Homeopathy
Naturopathy

Biologically based therapies Chelation

Folk medicine
Nonvitamin nonmineral natural products

Diet-based therapies

Megavitamin therapy
Manipulative and body-based therapies Chiropractic care
Massage
Mind-body therapies Biofeedback

Relaxation techniques
Hypnosis

Yoga

Tai Chi

Qi Gong

Healing rituals
Energy healing

Reiki

Table 1. Various treatments used in complementary and alternative medicine.

Similarly, using of CAM is quite often among patients suffering from dermatologic disorders
such as acne, atopic dermatitis, psoriasis, dermatophytes, actinic keratosis, vitiligo, hair loss,
cosmetic indications, melanoma, and lupus erythematosus [20-27]. A survey data from UK
indicated that 35-69% of patients who have various skin diseases have used CAM in their
lifetime [27]. The prevalence of CAM use by dermatology patients were 25.7 and 41% in
Singapore [28] and Taiwan [29], respectively, while it ranges from 33.5 [30] to 43.7% in Turkey
[31]. As the most frequently complementary medicines used by patients to treat their der-
matological diseases have been reported as homeopathy, herbalism, diets, and food supple-
ments in the UK [19, 27], the most used types of CAM have been recorded as herbal remedies,
special diet, and megavitamin in Taiwan [29]. In one study, positive feedbacks from patients
using CAM, especially herbal therapies, were noteworthy for both skin-related and non-skin-
related conditions. Approximately 85% of patients with skin-related conditions, many of
those with chronic diseases such as acne and eczema, noted improvement with CAM use [32].
To treat hair loss, the first two groups shown in Table 1 are more preferred than the others.

Ideal treatment of hair loss should include the drugs that have both 5a-reductase inhibition
effect and hair growth promoter substances, together. The most used conventional treatments
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are topical minoxidil, finasteride, dutasteride, combination of cyproterone acetate and estrogen,
spironolactone, flutamide, topical progesterone, cimetidine, zinc sulfate, topical niacin, topical
aminexil, topical ketoconazole, and cyclosporine-A [2]. In particular, minoxidil and finasteride
are widely used for treating hair loss. But adverse effects of all of these agents have limited to
their usage [1, 2]. Hence, patients suffer from hair loss have begun to turn to alternative thera-
pies, even though there is little scientific evidence to prove their effectiveness.

2. Complementary and alternative medicines for hair loss

2.1. Herbal drugs

Herbal medicine is extremely popular since ancient times in Ayurveda, Siddha, Chinese, and
Unani systems of medicine [3, 33]. Many plants and/or their extracts have been used to pre-
vent hair loss and treat alopecia. These plants and their properties are summarized in Table 2.

2.1.1. Thuja orientalis

Thuja orientalis (T. orientalis, family Cupressaceae), also known as T. occidentalis in Eastern or
Arbor vitae or white cedar, is a plant that is widely distributed in East Asia [34, 35]. In addition
to grown as an ornamental tree in Europe, it has been used to treat various diseases concerning
respiratory system, skin disorders, and urinary system. Nowadays, it is often used in home-
opathy and evidence-based phytotherapy [35]. It has also been traditionally used to promote
hair growth in the oriental medicine. Although T. orientalis has a strong 5a-reductase inhibitor
effect, the exact mechanism of hair-promoting effect of T. orientalis is still unknown. In the litera-
ture, there are few studies investigating the association between T. orientalis and hair growth. In
animal studies, it was demonstrated that topically application of T. orientalis extract induced an
earlier anagen phase and prolonged the mature anagen phase. In immunohistochemistry anal-
ysis, it was also shown that the expression levels of (3-catenin and sonic hedgehog (Shh) were
upregulated in T. orientalis extract-treated group at 14 days, compared to those in the control or
1% minoxidil-treated group. In mice treated with T. orientalis, authors observed an increase in
both the number and size of hair follicles [34, 36]. Even, cubosomal suspension of T. orientalis
extract was found to be more effective due to increased skin penetration of the T. orientalis [37].

2.1.2. Citrullus colocynthis

Citrullus colocynthis (C. colocynthis) Shrad (family Cucurbitaceae), known as Indrayan, is one of the
numerous herbal drugs recommended by the traditional system of medicine for hair growth
promotion in India [38, 39]. It contains f-sitosterol, campesterol, stigmasterol, a-spinasterol,
and cucurbitacin glycosides. It has several pharmacological effects such as immunostimulat-
ing, antiandrogenic, antibacterial, and hypoglycaemic in addition to hair-promoting effect
[39]. There are few animal studies evaluating hair growth-promoting activities of the C. colo-
cynthis. Roy et al. reported that topical application of C. colocynthis plant, especially petroleum
ether extracts, had an astonishing effect on hair growth initiation time, complete hair growth,
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Botanical name

Family

Possible mechanisms of action

Thuja orientalis
Citrullus colocynthis
Rosmarinus officinalis
Camellia sinensis
Asiasari radix

Allium cepa L.

Polygonum multiflorum

Allium tuberosum Rottler ex Spreng
Cucurbita pepo

Serenoa repens

Panax ginseng C.A. Meyer

Eclipta alba

Zizyphus jujuba
Allium sativum
Avicennia marina
Phyllanthus niruri
Oryza sativa

Sophora flavescens Aiton

Chrysanthemum zawadskii var. latilobum

Scutellaria baicalensis

Cuscuta reflexa Roxb
Pueraria thomsonii
Curcuma aeruginosa
Hura crepitans
Tobacco leaves
Tectona grandis Linn

Boehmeria nipononivea

Cupressaceae
Cucurbitaceae
Lamiaceae
Theaceae
Aristolochiaceae
Liliaceae

Polygonaceae

Liliaceae
Cucurbitaceae

Arecaceae

Araliaceae

Asteraceae

Rhamnaceae
Liliaceae
Acanthaceae

Euphorbiaceae

Leguminosae

Asteraceae

Lamiaceae

Convulvulaceae
Leguminosae
Zingiberaceae
Euphorbiaceae
Solanaceae
Verbinaceae

Urticaceae

Inhibition of 5a-reductase enzyme
Antiandrogenic effect

Increasing the circulation of the scalp
Inhibition of 5a-reductase enzyme

Inducing early telogen-to-anagen conversion
Unknown

Proliferation of dermal papilla cells, expression
of FGF-7, up-regulating Shh and -catenin
expression

Stimulating expression of IGF-1
Inhibition of 5a-reductase enzyme

Inhibition of 5a-reductase enzyme, decreasing
DHT uptake by hair follicle, decreasing the
binding of DHT to androgenetic receptors

Expression of VEGF, antiapoptotic activity

Anagen phase induction, reducing level of
TGF-p1

Unknown
Unknown
Inhibition of 5a-reductase enzyme
Inhibition of 5a-reductase enzyme
Inhibition of 5a-reductase enzyme

Inhibition of 5a-reductase enzyme, vasodilator
and antiandrogen effects

Anti-inflammatory effect

Inhibiting nuclear translocation of the
androgen receptor, enhance proliferation of
human dermal papilla cells

Inhibition of 5a-reductase enzyme

Inhibition of 5a-reductase enzyme

Inhibition of 5a-reductase enzyme

Inhibition the neurotrophin (NT)-4 activation
Inhibition of 5a-reductase enzyme

Unknown

Inhibition of 5a-reductase enzyme

Table 2. Some plants used for hair loss and their properties.
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and the length of hair follicle in albino rats. In qualitative studies, hair growth was initiated
in the denuded area on the 4th day and 5th day with 5 and 2% ointment of petroleum ether
extract of C. colocynthis, respectively. But, hair growth initiation was noted on the 6th day
and the second week in minoxidil-treated standard group and in control group, respectively.
Complete hair growth was recorded on the 16th, 18th, 19th, and 24th days in the 5% petro-
leum ether extract group, 2% petroleum ether extract group, minoxidil group, and control
group, respectively. In quantitative studies, at 30 days after treatments with extracts of C. colo-
cynthis, anagenic population were recorded as 67 and 47% in the minoxidil group and control
group, whereas it was noted as 75 and 72% in the 5 and 2% petroleum ether extract groups,
respectively. In both 2 and 5% petroleum ether extract groups, approximately 50% of hair
population had length of 0.5 mm and above at 30 days after treatment [38]. In another study,
Dhanotia et al. evaluated the hair growth-promoting activities of the petroleum ether extract
from the fruit of C. colocynthis on albino mice using a testosterone-induced alopecia model. As
a result of both qualitative and quantitative studies on hair growth, they suggested to present
the inhibition of androgenic activity and altered anagen/telogen ratio and follicular density
[39]. Polyherbal formulation including C. colocynthis was also shown to present hair growth-
promoting activity on rats. Hair growth initiation time was markedly reduced to one-third on
treatment with the prepared formulation compared to control group. The time required for
complete hair growth was also reduced by 32%. Quantitative analysis of hair growth cycle
after treatment with formulations and 2% minoxidil solution (positive control group) exhib-
ited greater number of hair follicles in anagenic phase compared with control [40].

2.1.3. Rosmarinus officinalis

Rosmarinus officinalis (R. officinalis), commonly known as Rosemary, is a plant that belongs to
family Lamiaceae and naturally grows in all Mediterranean countries [41, 42]. It has antiandro-
genic effect and hair growth-promoting activity apart from antioxidative, anti-inflammatory,
antibacterial, and antitumor effects [43]. In CAM, R. officinalis is often used in aromatherapy
to treat anxiety-related conditions and increase alertness, although it has occasionally been
used to stimulate hair growth [41]. The exact mechanism of hair growth is still unclear, but it
is believed to act by increasing the circulation of the scalp. Murata et al. showed that topical
administration of R. officinalis extracts solution (2 mg/day/mouse) improved hair regrowth
in the testosterone-treated C57BL/6NCrSIc mice. They also showed significant promotion of
hair growth after 16 days of topical administration. Among the some constituents of R. offi-
cinalis [i.e., rosmarinic acid, ursolic acid, 12-methoxycarnosic acid (12-MCA)], it was demon-
strated that inhibitory activity of 12-MCA on 5a-reductase was higher than rosmarinic acid
and ursalic acid (82.4, 14.2, and 2.5% inhibition at 200 pg/ml, respectively) [43].

2.1.4. Green tea

Green tea (Camellia sinensis, family Theaceae) is a well-known plant since ancient times, espe-
cially in China. It has been regarded to possess numerous pharmacological effects such as
antimetastatic, anticancer, hepatoprotective, antidiabetic, antiobesity, anti-atherosclerotic, anti-
bacterial, antiviral, anti-inflammatory, and antioxidant effects. It has been preferred in various
dermatological diseases due to its mentioned beneficial effects worldwide. Human papilloma
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virus (HPV)-induced cervical cancer, genital warts, acne, rosacea, wound healing, atopic der-
matitis, and keloids are diseases that green tea is commonly used. Apart from these diseases, it
can be used to prevent or treat AGA by selectively inhibiting 5a-reductase activity. Catechins,
a group of very active flavonoids, are a major component of green tea representing 60-80% of
all polyphenols [44, 45]. There are four major catechins in green tea: epigallocatechin-3-gallate
(ECGC), epigallocatechin (EGC), epicatechin gallate, and epicatechin [46, 47]. ECGC is the
most highly bioactive catechin among these constituents [45]. In a study, EGCG was found to
cause significant human hair follicle elongation ex vivo. Indeed, it was also shown prolifera-
tive and antiapoptotic effects of ECGC on dermal papilla cells through the upregulations of
phosphorylated Erk and Akt and by an increase in the ratio of Bcl-2/Bax ratio [48]. Esfandiari
et al. also reported that 33% of the mice that received 50% fraction of polyphenol extract from
dehydrated green tea in their drinking water had significant hair regrowth within a period of
6 months compared with control group received regular drinking water [49].

2.1.5. Asiasari radix

Asiasari radix (A. radix, family Aristolochiaceae) or the radix of Asiasarum heterotropoides var.
mandshuricum F. Maekawa usually grows in Korea, Japan, and China. A. radix is also called
as ‘seshin’ in Korea, as ‘saishin’ in Japan, or Chinese wild ginger in English [50, 51]. It is used
to treat various oral mucosal diseases such as aphthous stomatitis, gingivitis, local pain, and
toothache apart from hair loss. A study from Korea showed its potent hair growth effect in
mice. Though A. radix had not inhibitory effect on 5a-reductase enzyme, authors suggested
that the extract of the plants induced early telogen-to-anagen conversion. They also demon-
strated expression of vascular endothelial growth factor (VEGF) in human dermal papilla
cells cultured in vitro [52].

2.1.6. Allium cepa L

Onion juice (Allium cepa L., family Liliaceae) may be used in patients with AA because of
garlic-like activity. Both herbal medicines have similar chemical constituents, especially
Allicin. The exact mechanism of onion juice in the treatment of AA is still unknown [53, 54].
In the study by Sharquie and Al-Obaidi, at 4 and 6 weeks after topical application of onion juice
twice a day, hair regrowth was observed as 73.9 and 86.9% of patients with AA, respectively.
Patients should be informed about skin irritation on the skin surface in contact with the onion
juice [53].

2.1.7. Polygonum multiflorum

Polygonum multiflorum (P. multiflorum, family Polygonaceae) is a very popular plant that has
been widely used to treat various diseases in traditional Chinese medicine due to its dif-
ferent pharmacological effects such as antiaging, immunomodulating, antihyperlipidemia,
hepatoprotective, anticancer, and anti-inflammatory. Besides these pharmacological effects,
some studies have been reported related to hair growth promotion activity and hair-blacking
effect [55, 56]. An active component of P. multiflorum, known as 2,3,5,4'-tetrahydroxystilbene-
2-O-B-p-glucoside (THSG), has melanogenesis-stimulating effect in melanocytes [55]. A new
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compound isolated from P. multiflorum, known as torachrysone-8-O-f3-p-glucoside, induces a
strong increase in the proliferation of dermal papilla cells and significantly increases the hair-
fiber length of rat vibrissa follicles [57]. Li et al. investigated hair growth promotion activi-
ties and their possible mechanism of P. multiflorum Radix (PMR) and P. multiflorum Radix
Preparata (PMRP), both of them originated from P. multiflorum, in C57BL/6] mice. While hair
covered skin ratio was higher in oral PMR groups than in PMRP groups, hair covered skin
ratio was lower in topical PMR groups compared with topical PMRP groups. It was also dem-
onstrated that the most possible cytokines regarding hair growth-promoting activity were
fibroblast growth factor-7 (FGF-7) and Shh [58]. Another animal study suggested that anagen
phase was induced in resting hair follicles through upregulating Shh and (3-catenin expres-
sion after topical application of P. multiflorum [55].

2.1.8. Allium tuberosum Rottler ex Spreng

Allium tuberosum Rottler ex Spreng (ATRES, family Liliaceae) is one of the Allium species like
Allium tuberosum and Allium cepa L. It is widely distributed in East Asia and has been used for
treating abdominal pain, diarrhea, hematemesis, and asthma in traditional medicine. Choline
acetyltransferase activity of ATRES was also reported [54, 59]. In the first study, evaluating
the hair growth-promoting activity and its mechanism of action, ATRES has strong hair-
promoting activity through stimulating expression of insulin-like growth factor-1 (IGF-1).
Especially, the n-butanol extract of ATRES was found to have most hair growth-promoting
activity among the other compared groups including minoxidil, ethanol, n-hexane, distilled
water groups on telogenic C57BL6/N mice [59].

2.1.9. Pumpkin seed oil

Pumpkin seed oil (PSO, family Cucurbitaceae) has been used for treating symptomatic benign
prostatic hyperplasia through its inhibitory effect on 5a-reductase and antiandrogenic effect
[60, 61]. In a randomized, double-blind, placebo-controlled study, self-rated improvement
score, and self-rated satisfaction scores in the PSO-treated group were higher compared with
the placebo group after oral administration of PSO at dosage of 400 mg/day for 24 weeks. At
24 weeks, mean hair count was recorded as increase of 40 and 10% in the PSO-treated group
and placebo group, respectively. But, there was no significant difference in hair thickness
between groups [60].

2.1.10. Serenoa repens

Serenoa repens (S. repens, family Arecaceae) is a native plant in West India and is grown in
large quantities on the Atlantic southeast coast of North America. Saw palmetto is extracted
from the berries of this plant. It is one of the herbal medicines that have inhibitory effect on
both types 1 and 2 of 5a-reductase enzyme. In addition to inhibitory effect on 5a-reductase,
S. repens may also decrease DHT uptake by hair follicle and decrease the binding of DHT
to androgenetic receptors [62, 63]. Anti-inflammatory effect has been demonstrated with a
composition containing saw palmetto, carnitine, and thioctic acid in hair follicle keratinocytes
[64]. Both oral and topical use of S. repens could be effective for treating androgen-induced
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alopecia in both sexes [63]. In an open label study, 50 male patients with mild to moderate
AGA were treated with S. repens 320 mg/day for 24 months. After this period, only 38% of
patients had an increase in hair growth. But, this improvement was lower than the group
treated with finasteride (68% of patients) [62]. Satisfactory results were also observed after
application of topical products containing S. repens extract for 24 weeks in male patients with
AGA [65]. Recommended dose is 320 mg/day orally [63]. Side effects of S. repens are mini-
mal. The most known side effects are related to gastric symptoms, although contact derma-
titis, feeling of coldness, mild burning sensation, undesirable smell, itching, and acne are the
reported adverse events after topical application [63, 65, 66].

2.1.11. Ginseng

Ginseng (family Araliaceae) is traditionally used as an important herbal medicine in East Asian
countries such as China, Korea, and Japan. It is divided into three categories: fresh ginseng,
red ginseng, and white ginseng [67, 68]. Red ginseng is extracted from the steamed root of
Panax ginseng C.A. Meyer, or known as Korean ginseng, and has various effects such as anti-
aging, antidiabetic, immunoregulatory, anticancer, neuroregulation, lipid-regulating and
antithrombotic activities, and wound- and ulcer-healing activity [68, 69]. In addition to these
properties, it has also been used for treating numerous hair diseases such as AGA and AA due
to its promoting hair growth activity [70, 71]. There are very important chemical constitutes
such as polysaccharides, ginsenosides (or known as saphonins), alkaloids, glucosides, and
phenolic acid in ginseng [68]. Ginsenosides are the major pharmacologically active ingredi-
ents of ginseng. To date, approximately 70 ginsenosides have been isolated from ginseng. In
a study, it has been demonstrated that ginsenoside Rg3 had upregulated the expression of
VEGF in human dermal papilla cells and mouse hair follicles [72]. Antiapoptotic activity of
fructus panax ginseng was also shown in human dermal papilla cells [73].

2.1.12. Eclipta alba (L.) Hassk

Eclipta alba (L.) Hassk. (E. alba, family Asteraceae) is a medicinal plant commonly used for
treating gastrointestinal disorders, respiratory tract disorders, fever, liver disorders, skin dis-
orders, spleen enlargement, and cuts and wounds as well as hair loss and graying of hair.
Numerous pharmacological activities including hepatoprotective, hair growth-promoting
activity, antidiabetic, analgesic, anti-inflammatory, neuropharmacological activities, antioxi-
dant, antimicrobial, antimalarial, cardiovascular effects, immunomodulatory, antiepilepsy,
anticancer, antiulcer, and antihelmintic activities have been demonstrated. E. alba phytocon-
stituents including wedelolactone, eclalbasaponins, a-amyrin, oleanolic acid, ursolic acid,
luteolin, and apigenin are responsible from main medicinal effects [74]. Hair growth-promot-
ing activity has been investigated on animals. The methanol extract of E. alba has been tested
for its efficacy for hair growth in pigmented C57/BL6 mice. While the transition of telogen
phase to anagen phase of hair growth was observed in approximately 87.5% animals treated
with 3.2 mg/15 cm?® of methanol extract of E. alba, 50% of the animals treated with 1.6 mg/15
cm? of methanol extract of E. alba was observed transition from telogen phase to anagen phase
of hair growth. The rate of anagen induction was dependent on concentration of methanol
extract of E. alba [75]. The petroleum ether extract of E. alba was also investigated for its hair
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growth stimulatory effects in nude mice. This fraction of E. alba significantly reduced the lev-
els of transforming growth factor-B1 (TGF-p1) expression during early anagen and anagen-
catagen transition, so that authors suggested that the duration of terminal differentiation was
extended [76]. Roy et al. also reported that the petroleum ether and ethanol extracts of E.
alba (incorporated into ointment base in concentration of 2 and 5%, respectively) significantly
reduced the time taken for hair growth initiation and completion in albino rats treated with
the extracts [77].

2.1.13. Zizyphus jujuba

The plant, Zizyphus jujuba (Z. jujuba, family Rhamnaceae), is a widely distributed both in the
Mediterranean regions and in the tropical and subtropical region of Asia and America. It
can be used for several diseases such as diabetes, diarrhea, skin infections, liver complaints,
urinary disorders, obesity, fever, pharyngitis, bronchitis, anemia, insomnia, and cancer [78].
There is no sufficient data related to its hair growth-promoting effect. In a study by Yoon et
al., a greater effect on length of hair was reported in mice treated with 1 and 10% of Z. jujuba
essential oil after 21 days of treatment as compared to control group. Although the length of
hair was measured as 9.96 mm with 1% of oil and 10.02 mm with 10% of oil, respectively, the
length of hair was measured as 8.94 mm in the control group [79].

2.1.14. Allium sativum

Allium sativum (family Liliaceae), known as garlic, is one of the most popular herbal medicine
and can be used in the treatment of various dermatologic conditions such as psoriasis, AA,
keloid scar, wound healing, cutaneous corn, viral and fungal infection, leishmaniasis, and
skin-aging and rejuvenation. Constituents of garlic include enzymes (e.g., alliinase), sulfur-
containing compounds (e.g., alliin), compounds produced enzymatically from alliin (e.g.,
allicin), arginine, oligosaccharides, flavanoids, and selenium [80]. In a double-blind random-
ized-controlled study, Hajheydari et al. reported that combination of topical garlic gel and
betamethasone valerate cream was more effective than betamethasone valerate cream alone
in patients with localized AA at the 3rd month. The number of total and terminal hairs in the
group treated with garlic gel was significantly higher than those of the control group at the
third months [81].

2.1.15. Avicennia marina

Avicennia marina (A. marina), also known as grey or white mangrove, is a traditional herbal
plant belonging to family of Acanthaceae. However, it is traditionally used to treat various
skin diseases in Egypt, antiandrogenic activity of A. marina and a compound, avicequinone C,
isolated from the hearthwood of A. marina was firstly reported by Jain et al. [82. The results
revealed that A. marina was a potent 5a-reductase type 1 inhibitor, reducing the 5a-DHT
production by 52% at the final concentration of 10 pg/mL [82]. Moreover, among the thirty
different extracts, the highest inhibitory activity was observed from the crude extract of A.
marina at a final concentration of 10 g/ml through the reduction in 5a-DHT formation by more
than 50% [83].
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2.1.16. Phyllanthus niruri

Phyllanthus ninuri (P. niruri, family Euphorbiaceae) is a widely used plant of genus Phyllanthus
in traditional medicine. It is also known as ‘chanka piedra,” ‘bhuiamiki, ‘zhuzicao,” ‘dukung anak,’
‘quebra-pedra,” and ‘chanca piedra.” P. niruri usually grows in tropical and subtropical regions in
Central and South American countries, India and East Asia and has several biologic activities
such as antidiabetic, analgesic, wound healing, and immunomodulatory effects. It is tradi-
tionally used to cure of jaundice, fever, malaria, stomachache, urolithiasis, vaginal candidia-
sis, varicella, and tuberculosis by people living in these countries [84, 85]. Newly, inhibitory
activity of petroleum ether extract of P. niruri on 5a-reductase type 2 enzyme was shown, and
it has been suggested to be useful in the treatment testosterone-induced alopecia [85].

2.1.17. Rice bran

It has been believed that rice bran extract, which is produced by milled rice (Oryza sativa),
has antioxidant, anticancer, and antihyperlipidemic effects as well as 5a-reductase inhibitory
activity [86]. The compounds having antioxidant activity are phenolic acids, flavonoids, antho-
cyanins, proanthocyanidins, tocopherols, tocotrienols, y-oryzanol, and phytic acid [87]. Very
few studies exist to support the claims of the efficacy of rice bran. The hair growth-promoting
activity of rice bran supercritical CO, extract (RB-SCE) and its two components (linoleic acid
and y-oryzanol) were shown using real-time reverse transcriptase-polymerase chain reaction
in C57BL/6 mice by Choi et al. [86]. In a double-blinded randomized-controlled study, dermal
application of 0.5% of RB-SCE (8 ml/day) to the head skin significantly increased hair density
and hair diameter in male patients with alopecia for 16 weeks [88].

2.1.18. Sophora flavescens Aiton

Sophora flavescens Aiton (S. flavescens, family Leguminosae) is one of the important plants used
in traditional Chinese medicine [89, 90]. It has been used for treating viral hepatitis, cancer,
viral myocarditis, heat dysentery, hemafecia, jaundice, anuresis, leucorrhoea with reddish
discharge, vulval swelling, pruritus vulvae, eczema, and trichomonas vaginalis [90, 91]. It is
a strong inhibitor of 5a-reductase enzyme in addition to its vasodilatory and antiandrogen
effects. Despite lack of proper clinical trials to support its efficacy for hair loss, the mechanism
of affect on hair loss treatment is thought to be through these activities. It was demonstrated
that the isolated two pterocarpans, L-maackiain and medicarpin, promoted the proliferation
of human hair keratinocytes [89].

2.1.19. Laminaria japonica

Laminaria japonica (L. japonica) is a kind of brown algae and called as ‘kombu’ in Japanese,
‘dashima’ in Korean, and ‘haidai’ in Chinese. The most consumed countries of L. japonica are
Far Eastern countries such as Korea, Japan, and China. L. japonica is believed to have beneficial
effects for health; however, the mechanism of beneficial effects is not fully understood [92, 93].
The combination of L. japonica extract and Cistanche tubulusa extract has the potential to pro-
mote hair growth. Oral administration of both L. japonica extract at dosage of 54 mg/kg and
Cistanche tubulusa extract at dosage of 162 mg/kg exhibited an excellent hair regrowth activity
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on mice. It has been thought that anti-inflammatory activities of the both plant extracts could
play an important role to prevent hair loss and improve alopecia [94].

2.1.20. Chrysanthemum zawadskii var. latilobum

Chrysanthemum zawadskii var. latilobum (C. zawadskii, family Asteraceae) has been used for the
treatment of pneumonia, bronchitis, cough, common cold, pharyngitis, bladder-related disor-
ders, gastrointestinal disorders, and hypertension in traditional medicine for ages. Essential
oil of the plant contains 27 hydrocarbons, 12 alcohols, 7 ketones, 4 esters, 1 aldehyde, 1 amine,
and 3 miscellaneous components [95, 96]. Although recent studies have expressed anti-
inflammatory effect and protective effects from liver damage of C. zawadskii, there is little
experimental evidence suggesting that the extract stimulates hair growth in humans and ani-
mals. In mice study, topical methanol extract of C. zawadskii was more effective compared to
minoxidil-treated group. In the C. zawadskii-treated and minoxidil-treated groups, while the
maximum hair scores in the first hair-growth generation were recorded as 2.5 + 0.29 and 2.5
+ 0.28, hair coverage scores in the second hair-growth generation were noted as 2 + 0.41 and
1.5 £ 0.29, respectively. Rapid hair loss seen in minoxidil-treated mice was not observed in C.
zawadskii-treated group after the first hair growth generation [95].

2.1.21. Scutellaria baicalensis

Scutellaria baicalensis (S. baicalensis, family Lamiaceae), also known as Huang Qin, mostly grows
in China, Japan, Korea, Mongolia, and Russia [97, 98]. S. baicalensis is likely to have hair growth-
promoting effect by means of its active substances. It has been reported that the compound
possessing this activity is an active flavonoid isolated from S. baicalensis named ‘Baicalin’. In
recent years, it has also suggested that both the extract of S. baicalensis and baicalin inhibit
nuclear translocation of the androgen receptor stimulated by DHT in human dermal papilla
cells and enhance proliferation of human dermal papilla cells in vitro [98].

2.1.22. Cuscuta reflexa Roxb

Cuscuta reflexa Roxb. (C. reflexa, family Convulvulaceae) is a parasitic plant that is used as herbal
medicine. It is also known as *Tukhm-e-Kasoos (dodder),” * Aftimoon,” or ‘Kasoos” in Unani Tibbi,
‘Akashabela,” or ‘Amarabela’ in Hindi, Swarnalata’ in Bengali, and ‘Akakhilata’ in Assamese, in
vernacular [99, 100]. It commonly grows on different host plants, mostly thorny herbs in all
geographical regions of India [99, 101]. Many pharmacological activities such as relaxant and
spasmolytic action, positive inotropic and cardiotonic activities, cholinergic action, anti-HIV,
antioxidant, anti-steroidogenic, antibacterial, hepatoprotective, hypoglyceamic, diuretic, anti-
convulsant, anti-inflammatory and anticancer activities as well as hair growth activity have
been previously reported [100]. A number of experimental observations have indicated that
C. reflexa has hair growth-promoting and 5a-reductase inhibitory activities. Hair growth was
shown after treatment of the petroleum ether extract solution (250 mg/kg, orally) of C. reflexa
and the ethanolic extract solution (250 mg/kg, orally) of C. reflexa in male albino rats with
cyclophosphamide-induced alopecia at 19 days [99]. In another animal study by Pandit et
al. suggested that petroleum ether extract of C. reflexa reversed androgen-induced alopecia
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by inhibiting conversion of testosterone to DHT [101]. Polyherbal formulation including C.
reflexa was also shown to present hair growth-promoting activity on rats. Hair growth initia-
tion time was markedly reduced to one-third on treatment with the prepared formulation
compared to control group. The time required for complete hair growth was also reduced
by 32%. Quantitative analysis of hair growth cycle after treatment with formulations and 2%
minoxidil solution (positive control group) exhibited greater number of hair follicles in ana-
genic phase compared with control [40].

2.1.23. Ishige sinicola

Ishige sinicola (I. sinicola) is a brown alga that has antibacterial and anti-inflammatory effects
against acne. In 2013, a study firstly demonstrated that L. sinicola extract and its component, oct-
aphlorethol A, have the potential to promote hair growth via the proliferation of dermal papilla
cells followed by the activation of f-catenin pathway, and the 5a-reductase inhibition [102].

2.1.24. Grateloupia elliptica

G. elliptica is the edible seaweed in some Asian countries. Although it is thought that potential
anticancer activity, there is no enough evidence investigating the protective effect against hair
loss and hair growth-stimulating effect of G. elliptica [103, 104]. Possible mechanisms includ-
ing the proliferation of dermal papilla cells, inhibition of 5a-reductase enzyme, increase in
prostaglandin E2 (PGE2) production, decrease in pro-inflammatory cytokine production, and
inhibitory activity against Pityrosporum ovale (P. ovale) have been shown in the prevention of
hair loss. A study showed that G. elliptica extract promoted the proliferation of dermal papilla
cells by 169.5% at the concentration of 100 pig/ml compared with the vehicle-treated control
group. The study also indicated that G. elliptica extract inhibited 5a-reductase enzyme and
this activity increased with dosage [104].

2.1.25. Puerariae flos

Puerariae flos (the flowers of Pueraria thomsonii, family Lequminosae) extract (PF-ext) has inhibi-
tory activity on testosterone Sa-reductase. The two major compounds, soyasaponin I and
kaikasaponin 1III, are responsible for this inhibitory activity. In addition to inhibitory activity
on testosterone 5a-reductase of both compounds, soyasaponin I possesses hepatoprotective,
sialyltransferase inhibitory, and renin inhibitory activities, while kaikasaponin III possesses
anti-hepatotoxic, hypoglycemic, hypolipidemic, and anti-herpes virus activities [105, 106].
Inhibitory activity of PF-ext on 5a-reductase is stronger than Puerariae Radix extract (PR-ext).
In testosterone-sensitive male mice, hair regrowth was improved after the application of
PF-ext solution in a dose-dependent manner via antiandrogenic activity. PF-ext can stimu-
late the induction of the hair cycle to anagen phase, but this mechanism has not been proven
definitely [105].

2.1.26. Curcuma aeruginosa

Curcuma aeruginosa (C. aeruginosa, family Zingiberaceae) is a native plant of India and Southeast
Asia. The rootstock of C. aeruginosa has long been used in traditional medicine for various
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indications such as dysmenorrhea, exanthemas and fungal infections. The oils derived from
this plant consist of 1,8-cineole, curserenone, furanogermenone, camphor, (Z)-3-hexenol,
zedoarol, furanodienone, curcumenol, isocurcumenol, (-alemene, curzerene, and ger-
macrone, among others. C. aeruginosa hexane extract effects by inhibiting 5a-reductase activ-
ity, consecutively impairing the conversion of testosterone to DHT [107, 108]. Pumthong et
al. investigated the effect of C. aeruginosa hexane extract on male-pattern baldness with a
randomized, double-blind, placebo-controlled study. The study has shown that 5% hexane
extract of C. aeruginosa especially combined with 5% minoxidil increased hair growth and
decreased hair shedding [107].

2.1.27. Hura crepitans

Hura crepitans (H. crepitans, family Euphorbiaceae) has been used as a traditional medicine to
treat some diseases such as Hansen’s disease and syphilis in the Amazon region. A compound
in H. crepitans, daphne factor F3, can play an effective role the mechanism of the hair growth.
But, interestingly, the amount of daphne factor F3 is very important for hair growth. While
H. crepitans from Peru possesses hair regrowth activity, H. crepitans from Brazil is not affect
hair growth. Because, the daphne factor F3 content of H. crepitans from Peru is about 30 times
more than H. crepitans from Brazil [109, 110]. It has been suggested that H. crepitans inhibits
the retardation of hair regrowth by DHT through inhibition the neurotrophin (NT)-4 activa-
tion induced by DHT [109].

2.1.28. Tobacco leaves

Tobacco leaves (family Solanaceae) are used in traditional medicine for promoting of hair
growth. The leaves also used to treat bronchitis, asthma, skin diseases, headache, etc. Alkaloid
nicotine is the main constituent of tobacco leaves. Alkaloids such as nicotine, nicotianin, nico-
tinine, nicoteine, and nicoteline, which are the constituent parts of tobacco leaves, selectively
inhibit 5a-reductase activity. The microbial bio transformed extract of tobacco leaves in cow
urine has been investigated to treat AGA, and it has been found that it promotes hair growth
at concentration dependent manner. The study confirms that 30% concentrated lotion treat-
ment is at par with 2% minoxidil treatment in potentiating hair growth promotion in male
albino Wister rats [111, 112].

2.1.29. Tectona grandis Linn

Tectona grandis Linn. (T. grandis, family Verbinaceae) (teak tree) has been used to cure many dis-
eases in traditional Indian medicine. T. grandis is called as ‘saka’” in Sanskrit, ‘sagun’ in Hindi,
‘sagwan’ in Marathi, and teak tree in English. It has also been used as a hypoglycaemic agent.
According to the traditional Indian medicine, T. grandis roots are useful in anuria and urinary
retention. The flowers have used to treat bronchitis, biliousness, and urinary discharge. The
oil from the seeds is useful in scabies. The wood is used to relax and sedate the gravid uterus,
heal headache and burning pains, cure liver problems, and even dysentery. T. grandis has
been investigated in some studies for its anti-inflammatory and wound healing effects and
is used as a topical treatment for burn wounds [113, 114]. Jaybhaye et al. investigated the
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effect of petroleum ether extract of T. grandis Linn. seeds on hair growth activity of albino
mice. According to this study, topical application of the petroleum ether extract of T. grandis
induced hair growth initiation and was superior to standard therapy with minoxidil 2% solu-
tion. The combination of the petroleum ether extract (5%) with 2% minoxidil has the strongest
effect on hair growth initiation [113].

2.1.30. Boehmeria nipononivea

Boehmeria nipononivea (B. nipononivea, family Urticaceae) is a Japanese plant and the use of ace-
tone extract derived from this plant has been investigated for treatment of androgen-depen-
dent alopecia. One study indicates that the acetone extract of B. nipononivea has 5a-reductase
inhibitory activity. The acetone extract derived from B. nipononivea was investigated on mice
for its hair growth effect, and it resulted with a significant hair regrowth starting on 15th
day and continues until 22th day. The 5a-reductase inhibitory activity of the acetone extract
of B. nipononivea is attributed to fatty acids contains such as a-linolenic acid, palmitic acid,
oleic acid, elaidic acid, and stearic acid. The study reveals that both the acetone extract of
B. nipononive and three fatty acids (a-linolenic, elaidic, and stearic acids) have 5a-reductase
activity and stimulates hair regrowth [115].

2.2. Acupuncture

Acupuncture is an ancient holistic system of Chinese medicine and has been practiced there
so many years. China had the cultural and traditional exchange with its neighbors, and there-
fore, it spread to all over the world in time. Today, it is one of the most frequently used forms
of complementary medicine [116].

Acupuncture aims to bring a complete cure, not only managing the outstanding symptom
but to heal the whole body. Even though various acupuncture techniques are available, the
fundamental techniques are needling, moxibustion, cupping, suction, and acupressure. Over
the centuries, acupuncture has been used to treat a wide variety of diseases including skin
disorders such as acne, alopecia, eczema and dermatitis, pruritus, pityriasis, psoriasis, rosa-
cea, systemic lupus, urticaria, herpes zoster, chicken pox, impetigo, leprosy, and vitiligo. The
exact mechanism of action of acupuncture treatment in skin disorders is not clear but investi-
gations revealed that acupuncture stimulation effects on three key points: the hypothalamus-
pituitary-adrenal axis, the autonomic nervous system, and brain-derived neurotrophic factor.
There may be an increase on serum levels of cortisol by the effect of acupuncture. It has also
been demonstrated by functional MRI that manual needle acupuncture distinctively activates
the hypothalamus-limbic system [116].

Degranulation of mast cells significantly increases in autoimmune diseases such as AA and
chronic inflammation. A mouse model for AA study has shown that severe mast cell degranu-
lation and accumulation around the anagen hair follicle cause a self-attack of the hair follicle
cells by migration of the inflammatory cells. This attack induces the hair matrix cell phase to
the telogen phase that results with hair loss. Acupuncture treatment reduces T,-cell attacks
on hair bulb and activates blood circulation by warming the local collaterals; therefore, it may
help to reduce hair loss. The same mouse study indicated that electro-acupuncture reduces
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mast cell degranulation in the dermis. It is reported that may be the cause of the pathological
changes causing AA but reliable evidence is not yet available [117, 118].

Even though acupuncture treatment in dermatological diseases is safe and inexpensive,
improperly performed acupuncture can cause potentially serious adverse effects such as
vasovagal events, local infections, damage to internal organs, pneumothorax, spinal cord
injury, and hepatitis B infection [116].

2.3. Hypnotherapy

The hypnotic phenomenon has been used over thousands of years, and it is a form of trance
induction. Recently, the use of hypnotic therapy in somatic medicine has been supported by
the British Medical Association in 1955 and the American Medical Association in 1958. A hyp-
notic trance can be described as an altered state of consciousness with “inward focus.” It can
be differed from other states of consciousness by electroencephalography (EEG) and imaging
modalities. A hypnotic state can be induced by a therapist or an individual can induce hyp-
notic trace in himself or herself (self-hypnosis) [119, 120].

Hypnosis has been used for several indications such as induction of anesthesia or to heal
irritable bowel syndrome and psychosomatic diseases as well as a variety of skin disorders
including AA and trichotillomania. Nowadays, medical hypnosis is performed by physicians
whom have received appropriate training in many countries all over the world. For some
selected skin disorders, with proper training and selection of appropriate patients, medical
hypnosis can relieve symptoms and in some cases can cure the illness [119, 120].

Hypnosis is a cost-effective and nontoxic therapy and can be used in dermatological treat-
ment especially in patients with psychosomatic component [119, 120]. In a preliminary
study, hypnotic sessions including relaxing suggestions and symptoms-oriented sugges-
tions were held as a complementary or the only treatment once every 3 weeks in patients
with severe AA, alopecia totalis, or alopecia universalis. Twelve of 21 patients showed
significant improvement after 4-13 (mean 5.5) sessions of hypnosis, while treatment suc-
cess could not be achieved in 9 patients. But also, minimal relapses were observed in all
patients responded well [121]. In another prospective cohort study, it has been suggested
that hypnosis had no significant contribution on hair regrowth in patients with refractory
AA [122].

Despite confusing conclusions have been reported about the efficacy in the treatment of
AA, hypnosis seems to be salubrious in the treatment of both children and adolescents with
trichotillomania. Cohen et al. reported that complete resolution of their complaints was seen
in two children after 7-8 weeks and in one child after 16 weeks. Even if just a recurrence
was observed in one patient during follow-up, the patient completely recovered again with
hypnotic retreatment [123]. Iglesias A observed that three pediatric cases completely disap-
peared to their trichotillomania behavior after 7 or less hypnotic sessions [124]. In addition
to children, hair pulling was significantly reduced with imaginative techniques in adoles-
cents with trichotillomania [125]. According to these results, hypnotherapeutic approach
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can be considered as a quite effective and preferred option in both children and adolescents
with trichotillomania.

3. Side effects

The side effects reported after CAM is often minimal. Contact dermatitis was reported with
onion juice in patients with AA, thus patients should be informed about skin irritation on the
skin surface in contact with the onion juice (Figure 1) [53]. S. repens that can be used as both
orally and topically may cause undesirable adverse effects such as mild stomach discomfort,
contact dermatitis, feeling of coldness, mild burning sensation, undesirable smell, itching,
and acne [63, 65, 66]. Vasovagal events, local infections, damage to internal organs, pneumo-
thorax, spinal cord injury, and hepatitis B infection are some of the side effects that can be
encountered after acupuncture therapy [116]. Prurigo nodularis also reported on extremities
of a patient shortly after acupuncture [126].

| .

Figure 1. Contact dermatitis developed after topical application of onion and garlic on face of a patient with AA.
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4. Conclusion

In recent years, although the increasingly widespread use of CAM, scientific data are still
not enough. The observed results with herbal medicine are promising in the treatment of
hair loss, especially AGA and AA. According to acceptable results, hypnosis may be an
effective and safe alternative option in patients with hair loss, especially AA and tricho-
tillomania. Even so, there is need for more scientific data proving its effectiveness and
reliability.
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