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Molecular Genetic Studies of Alopecia Disorder in Pakistani Families Abstract

ABSTRACT

A plethora of genetic disorders affects humans. Alopecia is also one of such genetic
disorders. Collectively distinct human hair loss forms are recognized as Alopecias,
which probably represent a dysregulation of hair growth. All hair disorders are
normally hair follicle disorders. The hereditary alopecias are having great biological
interest because they can normally be connected to a particular malfunctioning gene
product. In less than a decade, the genetic basis of almost 15 monogenic forms of
inherited hairs loss has been clarified. Paitial or total loss of hairs occurs, either alone
or in association with other aberrations. The inheritance pattern of alopecias is
normally autosomal recessive, but families with X-linked recessive and autosomal
dominant inheritance has been observed. Several genes have been recognized in
which the mutations are responsible for the human hair loss. These genes encode
structural proteins, transcription factors and associated molecules that are: mainly
.concerned with hair follicle differentiation and its cycling.

In the present study, three Pakistani families (A, B, C) having isolated type of
hereditary alopecia were recruited to find out genetic causes for alopecia. Affected
individuals in two families i.e. A and B have no hairs on the scalp and other parts of
body i.e. alopecia universalis while we observed phonotypical features of
hypotrichosis in family C.

So far, 43 different mutation of HR gene have been recognized and it has been cleared
that HR gene plays a main role in alopecia disease. The sequence analysis of the HR
gene in the affected and normal individuals of family A reveals no functional
pathogenic sequence variant. This predicts that the mutation may lie in the regulatory
region of HR gene. Complete Exome sequencing is required to find the genetic cause
in this family.

In family B, sequence analyses of the HR gene show us the missense novel mutation

in exon 3 at position 285 (GsubstA). The substitution mutation changes the glycine to
serine.

In family C, the affected individuals have autosomal recessive hypotrichosis for
which the responsible gene to be reported is P2RYS5/LPAR6. The sequence analyses
of the P2RYS/LPARG gene show us the substitution mutation in exon 2, at position

565 (GsubstA). This specific missense mutation was previously reported in other
family as well.

Identification of novel mutation in family B and subsequent characterization of
proteins they encode will further increase our knowledge of molecular mechanisms

underlying the disease. This and further studies in this field will help getting rid of
such genetic anomalies and securing human beings.

vii



Chapter No. 1 Introduction

1. INTRODUCTION

A plethora of genetic disorders affects humans. Some of which are very

common and few are very rare. Scientists are in continuous efforts to find cures for

" these disorders. Alopecia is also one of such genetic disorders. The word “Alopecia”

is derived from Greek language meaning “hair loss or baldness™. Collectively distinct
human hair loss forms are recognized as Alopecias (Green and Sinclair, 2000) which
probably represent a dysregulation of hair growth that show a discrepancy in onset
age, severity and interconnected ectodermal deformities. All hair disorders are
normally hair follicle disorders, as hair formation and growth takes place in hair

follicle structure.

The hereditary alopecias are having great biological interest because they can
normally be connected to a particular malfunctioning gene product, which gives
insight into the convoluted mechanisms of the epithelial mesenchymal interactions
comprising but not restricted to hair follicle proliferation, differentiation,
morphogenesis, maintenance and cycling. These interactions are the reasons, because
of the effects of more than hundred genes. OMIM (Online Mendalian Inheritance in
Men) have greater than 300 heritable diseases that having a prominent feature of hair
loss. Knowledge regarding molecular mechanism of hair follicle morphogenesis in
men and rats has drastically enhanced and the recent years have witnessed remarkable
advances 'in our understanding of congenital alopecia. In less than a decade, the
genetic basis of almost 15 monogenic forms of inherited hairs loss has been clarified
(McKusick, 2000).

Partial or total loss of hairs occurs, either alone or in association with other
aberrations as some of abnormalities are of very diverse nature. The main known
aberrations associated with partial or total hair loss comprise of nail dyétrophy, mental
retardation, epilepsy, impaired sweating, cataracts and retinas pigmentation (Pinheiru
and Freire, 1985; Eeinstein et al., 1987 John et al., 2006a; Wali et al., 2006b, 2007).
The inheritance pattern of alopecias is normally autosomal recessive, but families
with X-linked recessive and autosomal dominant inheritance has also be observed
from the study (Ahmad er al., 1993; Anzari ef al., 1996; Ahmad et al., 1998a; Kljuic
ef al., 2003a; Wali et al., 2007).

Malorsilar (2onetir Qtiarrdice Af Alarmoria Nicrnrdor 39 PAalbictanms awiilioc



Chapter No. 1 Introduction

1.1 Skin

The body’s largest organ is skin that makes up at least 6% of an individual’s
total body wéight, which comprise of three layers, epidermis, dermis and
subcutaneous layer (Fig. 1.2). The outermost layer of skin is the f;pidennis comprised
of mainly Merkel, keratinocytes, melanocytes and langerhans cells. Cells of the
epidermis are nourished through diffusion from the blood capillaries present beneath
the epidermis in the deepest layers, as the epidermis is devoid of blood vessels.
Starting with the outermost layer of epidermis, it can be further divided into stratum
corneum, stratum hucidum (only in palms and bottoms of feet), stratum granulosum,
stratum spinosum and stratum basale (Fig. 1.1) (Matoltsy, 1958).

The second layer dermis is structurally divided into papillary region, region
adjacent to the epidermis and the reticular region. This reticular region is thicker and
is composed of irregular connective tissue, sweat glands, blood vessels, receptors and
sebaceous glands (Fig. 1.2). The subcutaneous layer is below the dermis and contains

fats (Fig.1.2) (Proksch, 2008; Madison, 2003; Stiicker, 2002).

1.1.1 Hair, its Structure and Function

Hair is multipart tissue whose biology and structure is less understood. It 1s a
heterogeneous fibre comprised of keratinized cells stick to the cell membrane
complex, present almost all over the body surface, except on the soles, palms, the side
of toes and ﬁBgers, nipples, clitoris and the glans penis. The “Keratin” protein that
makes the hair is also responsible for the outer layer of skin and nails formation.
Keratin accounts for 85% of the cellular proteins of dead cells and 30 % of the
cellular proteins of all the living cells. By weight of the total hair fibre these protein
comprises 65-95%. These keratin proteins are subdivided into two groups (i) hard
keratin and (ii) soft keratin (Marshall and Orwin, 1991).

About 5 million hair follicles cover the body of an adult human of which 1
million cover the scalp (Shimomura and Christiano, 2010).

Each stand of hair consists of three layers: (Fig. 1.3b)

1) Cuticle: the outermost layer serves as the protector of the cortex. 7
2) Cortex: the middle layer provides colour, texture and strength to the hair.

3) Medulla: the innermost layer that is only present in large thick hair.

AL AT et T s £ manntim e 2 o ol AT e e TN mcind e 2 Dol odmiand TV 2T
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Stratum corneum

Stratum lucidum

Stratum granulosum

Stratum spinosum

Stratum basale

Figure 1.1 Epidermis of Skin layers in human

(From http://en.wikipedia.org/wiki/File:Skinlayers.png)
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Figure 1.2 Structure of human skin. (MacNeil, 2007)
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The 5-10 layers of the non-pigmented cuticle are accountable for high physical
and chemical resistance. Hair grows in 3-5 mm down in the surface of skin, the hair
follicles (F?gu_;e.] .3a). The matrix cells (melanocytes and keratinocytes), which is the
germination centre present around the papilla. Dermal Papilla is considered, to control
numeral matrix cells and is fed by blood stream for the nourishment of producing new
hair. This is very vital for hair growth because it have the receptors for androgen and
male hormones, which are responsible for hair growth regulation (Marshall and
Orwin, 1991; Powell and Rogers, 1997). The bulge comprised of bunch of distinct
cells in outer root sheath that are located near the insertion of the arrector of the pili
muscle (Fig. 1.3a).Each hair bathed 2-3 days prior to reach the skin surface in an oily
substance sebum, secreted by sebaceous glands, present in the upper part of the hair
follicle. The sweat glands present in the dermis, wet the hair shaft (Fig. 1.3a) (Pragst
et al., 1998; Pecoraro and Astore, 1990). Melanocytes present at the ground layer in
association with the basal layer are responsible for hair colour (Fig. 1.3¢).

1.1.2 Hair Follicles and its Formation

Hair is the only organ in mammals that undergo lifelong cycles with rapid
development. The hair follicle in its mature stage is convoluted structure and
composed .of concentric cylinders of epithelial cell, known as root sheaths that
encircle the hair shaft (Sperling, 1991). Every hair follicle comprises of mesenchymal
and epithelial parts and fluctuates noticeably in shape and size, depending on their
area of persistence and they all have same basic structure. The hair follicles are
always prese;lt in all phases from anagen to telogen, with principles that each follicles

is not in a synchronous manner with its neighbouring follicles.

During émbryogenesis, the hair follicle development depends on series of
information between dermal cells and overlying surface epithelial cells, which results
in cells population fate that results in dermal papilla, inner and outer hair sheaths, and
hair shaft (Hardy, 1992). The first indication comes to the epidermis fro;n the dermis
to thicken, which form a placode, then a downward grown starts known as “hair_
plug”. The upcoming indication comes from the epidermis instruct the dermis to make
dermal papilla. This dermal papilla then stimulates the division of matrix cell in the

hair plug. These cells divide quickly and distinguish into hair-shaft cell or internal

root sheath cells (Figure 1.4).

Molecular Genetic Studies onf Alonecia Dicorder in Pakictani Familie ¢
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membrane to the mature hair shaft; (b) Structure and constituents of the human

hair shaft; (c) Melanocytes (Pragst and Balikova, 2006)

Figure 1.4 Embryogenesis (Adapted from Schneider et al., 2009)
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1.2 Types of Alopecias

Genetic conditions that affect human hair growth cycle or structure may come
alone, or in combination with other abnormalities. Alopecias are of different types
based on related disorders; syndromic alopecias and isolated alopecias or non-

syndromic alopecias.
1.2.1 Syndromic Alopecias

Syndromic forms of alopecia shows hair loss condition in association with
various clinical conditions i.e. nail dystrophy, mental retardation, epilepsy, impaired
sweating, immunodeficiency, cataracts and retinas pigmentation. The inheritance
pattern of these syndromic autosomal alopecia syndromes are both recessive and

dominant type.
1.2.1.1 Alopecia With Mental Retardation (APMR) Syndrome

In APMR the affected individuals shows complete loss of scalp hairs, and in
severe condition complete absence of full body hairs like eyebrows, eyelashes,
axillary hair in association with mental retardation (mild to severe). However, the

individuals have normal hearing and sweating (John ez al., 2006a; Wali et al., 2006b,
2007).

1.2.1.2 Hypotrichosis Congenital with Juvenile Macular Dystrophy (HJMD)

For the first time in 1935, Wagner illustrated the relationship of congenital
Hypotrichosis in association with macular dystrophy. Congenital Hypotrichosis with
Macular Dystrophy is a rare disorder noticeable at birth where the patient having
sparse and short hair. In the life’s second decade, the patient gets progressive macular
degeneration leads to almost complete blindness. The disease recognized to be caused

by mutation in cadherin 3 (CDH3) gene, which spans 55kb on 16q22.1 chromosome

comprising 16 exons.
1.2.1.3 Netherton Syndrome (NETH)

Netherton syndrome is a severe autosomal recessive disorder characterized by
severe atopic manifestation, specific hair shaft defect, a specific hair shaft defect and

congenital ichthyosis having deformative cornification (Netherton, 1958; Wilkinson

6
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et al., 1964). Minors with this syndrome often don’t develop life threatening
complications, results in high postnatal mortality. Scalp hair is brittle and sparse and
through microscopy, it specifies that the hair have nodes. Through homozygosity
mapping and linkage analysis with Netherton syndrome in 20 families, Chavanas et

al., (2000) mapped the disease locus on 5932 chromosome.
1.2.1.4 Human Nude Phenotype (HNP)

The Human Nude Phenotype is a recessive phenotype distinguished by severe
immunodeficiency and congenital absence éf hair. The patient in this disease having
incomplete hair shafts and follicles, and the hair follicles are present in normal
numbers (Koepf-Maier e al., 1990). Mutation at the ‘nude’ locus of rats and mice

interrupt thymus development and normal hair growth.

The human homologue of the nude mouse shares the characteristics of no
eyelashes, no eyebrows, absence of hairs on full body and scalp and severe

immunodeficiency that is quite lethal in some cases (Frank ef al., 1999)..

7 3 oy e v, %e . ~ 2 N T~ o
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Table 1.1 Different types of syndromic Alopecia, the genes responsible and the position/Loci

S/N | TYPES OF SYNDROMIC GENES POSITION/LOCIs | REFERENCES
ALOPECIA RESPONSIBLE ,
1 Alopecia with Mentai No genes yet 3q26.2-q26.31, | John er al., 20063; Wali
Retardation (APMR)V identified 3026.33-927.3, et al., 2006b
18q11.2-q12.2
2 Hypotrichosis Conéenital Cadherin 3 gene 16q22.1 Kjaer et al, 2005;
with Juvenile Macular (CDH3) Indelman et al., 2002
Dystrophy (HIMD) ‘
3 Netherton Syndrrome SPINKS gene 5q31-q32 Magert et al, 1999;
(NETH) Chavanas et al., 2000
4 Human Nude f;ﬁenoiype WEN gene, 17q11-ql2 Frank | et al, 1999;
(HNP)  Foxnl gene Adriani et al., 2004
Table 1.2 Different types of Isolated Alopecia, the genes responsible and the position/Loci
SN | TYPES OF ISOLATED GENES POSITION/LOCIs | REFERENCES
ALOPECIA RESPONSIBLE
1 Mohilethrix hHb3 gene, hHb6 Substitution of Horve et al., 2003; Van
gene glud071ys Steensel et al., 2005
2 Congenital Atrichia Murine hr gene, Mouse chr 14, Cichon et al., 2006; Betz
{ human HR gene 8p21-p22 et al., 2007
3| Hereditary Hypotrichosis . - -
13(3) Hypotrichosis Simplex 18p11.32-p11.23 | Baumer er al., 2000
3()
a Generalized Hypotrichosis No genes yet No Locus
identified identified ---
3 (.i) ' Levy-Nissenbaum et al.,
b Hypotrichosis simplex of | Corneodesmosin 6p21.3 2003; Davalos et al,
the scalp (CDSN) gene 2005
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3()
c Localized Autosomal desmoglein gene 18q12.1, 3926.33- | Kazantseva et al., 2006;
Recessive Hypotrichosis | complex, LIPH q27.3, 13g14.11- | Ali et al., (2007); Wali et
' gene q21.32 al., (2007) '
3 (i) | Marie Unna Hereditary | MUHH gene 8p21, 1p21.1- He et al, 2004; Yang et
Hypotrichosis 1q21.3 al., 2005
7 Le\}y-Nissenbaum el al,
4 Androgenetic Alopecia | AR gene Xql2 7 2005; Hillmer et al,
2005;
5 Alopecia Areata FCRL3 gene, HLA-A*02, 03, | Morling et al., 1991; Xiao
Sox21 gene, HLA-B*18, 27, 52, | et al., (2005); DeAndrade
| ULBP3 gene DRB1*0301, 1104, { et al., 1999, Bettina,
HLA-CW*0704, | 2007; Lyn, 2009; Welsh
6q25.1 etal, 1994
5() Alopecia Totalis The gene 6q25.1 Kemp et al., 2006
encoding the
lymphoid protein'
tyrosine
phosphatase
5 (ii) Alopecia Universalis HR gene 8p2l, 8p21-22 Ahmad ef al, 1998a;

Nothen et al., (1998)
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" 1.2.2 Isolated Alopecias

The genetic studies of several forms of hypotrichosis or alopecia in inherited
families led to the identification of novel genes/loci controlling hair growth. Several
genetic defects recognized for the isolatéd alopecias. The inheritance pattern in
isolated forms of alopecias is also observed as both autosomal recessive and

dominant.
1.2.2.1 Monilethrix

It is a hereditary hair shaft defect in which, the affected individuals have
normal hair at birth and within the first few months of life, develop brittle and fragile
hair that tends to fracture and produce different degrees of dystrophic alopecia. In the
severe condition, the disease involves eyelashes, eyebrows, secondary hairs and even
the entire scalp may be affected. Monilethrix is normally autosomal dominant
disorder and in some cases, autosomal recessive transmission has been observed

(Salamon and Schnyder, 1962).
1.2.2.2 Congenital Atrichia (CA)

The congenital atrichia is an uncommon form of isolated alopecia having
autosomal recessive pattern of inheritance. The affected individuals have the clinical
features of shedding of normal scalp hair. Several families with this condition got the
development of papular lesions as an extra phenotypic feature, which describes a
related phenotype designated as atrichia with ‘papular lesions (APL) (Ahmad et al,
1998a; Panteleyev et al., 1998). At two years of age, many follicular papules develop
which spread over different parts of body. Patients having normal nails, hearing, teeth,

sweating with normal growth and development (Ahmad er al., 1998a; Paradisi ef al,
2003).

1.2.2.3 Hereditary Hypotrichesis (HH)

‘Hereditary hypotrichosis is an explanatory medical term for a variety of
phenomena Srelated to different thinning of scalp .hair, without or with any gross
abnormality of the hair shaft morphology or associated anomalies. The inheritance
pattern of the hereditary hypotrichosis is autosomal dominant and in few cases

autosomal recessive pattern observed. The unpredictability observed in clinical
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characteristics like severity of the disease, age of onset, and involvement of eyelashes

and eyebrows.
i) Hypotrichosis Simplex (HS)

The patient show short and sparse thin hair, in few cases long and less sparse
hair been enunciated. This sparse hair only observed for the scalp and body and no
abnormalities enunciated for the beard, eyebrows and eyelashes. The affected

individuals having no other associated abnormalities like mental retardation.

Hereditary simplex is divided into main three types: (a) Generalized
Hypotrichosis; (Universalis or Total) in which the hair loss defect, affects the whole
body (b) Hypotrichosis Simplex of the Scalp; where the loss of hairs is only
restricted to scalp and rest of body hairs are normal and (c¢) Lecalized Hypotrichosis

(LAH); where hypotrichosis is limited to the specific parts of the body.
(a) Generalized Hypotrichosis

In this case the hair loss defect, affects the whole body.
(b) Hypotrichosis simplex of the scalp (HTSS)

HTSS is isolated type of alopecia and the inheritance pattern is autosomal
dominant. Patients have normal hair in the childhood, which leads to total scalp hair
loss in the first decade after birth. The teeth, nails armpit hairs, public hairs, beard,

eyebrows and eyelashes all are normal.
(c) Localized Autosomal Recessive hypotriéhosis (LAH)

LAH is a rare form of isolated alopecia, where hypotrichosis is limited to the
arms; legs, chest and scalp. Eyelashes, eyebrows, beard, axillary and public hairs are
meagre. Hairs are present on the head but after ritual shaving sparsely re-grow.
Patients having normal teeth, nails, hearing, sweating and observe no deformation in

growth or development.
ii) Marie Unna Hereditary Hypotrichosis (MUHH)

This diseases wasfirst recognized by Marie Unna (Unna, 1925), a German

Dermatologist. MUHH is autosomal, rare type of isolated alopecia whose inheritance
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pattern is dominant. Affected individuals have abnormal hairs at the time of birth or
short after birth that tends to proceed with increased hair loss; finally, in mature stage
patients have varying degree of alapecia. The patients are normally born with no or
little hairs and scratchy twisted hairs grown on the scalp in early childhood and are
shed during the early stage of first decade of life. Axillary hairs, beard, body hairs and
public hairs in men is sparse or absent. This MUHH is a genetically heterogeneous

disorder.
1.2.2.4 Androgenetic Alopecia (AGA)

Androgenetic alopecia is androgen-dependant and a hereditary diseasé. In this,
the patients get the progressive thinning of the scalp hair that leads to defined pattern
normally in men- got the M-shape on the scalp. In men the ordinary type of the early
baldness has bee¢n thought to be autosomal dominant and in females autosomal
recessive, who transmit the trait if heterozygous but are bald only if homozygous
(Osborn, 1916; Snyder and Yingling, 1935). The other names of AGA in men are
common baldness in men or male-pattern hair loss, pattern baldness in men and in
females; it can be recognized as female-pattern hair loss or pattern baldness in
females or female-pattern baldness. The prevalence of AGA is 50% in men by the age
of 50 years and in the later stages, it leads up to 70 % in all men (Norwood, 1975).
The prevalence of androgenetic alopecia assumed to be as 39.6% in women in on¢ of

the study in Iran, which is higher to world, reported data i.e. 20% (Fatemi et al.,
2010).

1.2.2.5 Alopecia Areata

Alopecia areata is an autoimmune, non-scaring and inflammatory hair loss of
the scalp. It is one of the most common human autoimmune diseases. The prevalence
rate of alopecia areata is ~2% of the total population with both sexes in all ethnic
groups and at all ages (Green and Sinclair, 2000; McDonagh et a/., 2002; Gilhar and
Kalish, 2006). It is charactefized by patchy hair loss on the head, which in severe case
leads td entire scalp hair loss, this condition known as “alopecia totalis” and in more
severe case, it covers the entire body hair loss, recognized as alopecia universalis
(Welsh and Guy, 2009). The patch of alopecia areata has a distinguishing border
where ordinary hair demarcates the periphery of the lesion. The disease onset can be

abrupt and its development is irregular.
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i) Alopecia Totalis

It is a severe type of AA, in which the hairs from the full scalp removed and
the eyelashes, eyebrows and all other body hairs like axillary hairs and public hairs all
are normal. The onset of alopecia totalis can be sudden or it may come progressively
because of AA, severe form of AA leads to alopecia totalis. The prevalence of

alopecia totalis is one per million (1 in 100,000) (Robins, 2007; Letada et al., 2007).
ii) Alepecia Universalis

It is the most severe type of AA in which the hairs from the full scalp and the
eyelashes, eyebrows and all other body hairs like dxiilary hairs and public'hairs all are
absent. The onset of alopecia universalis can be sudden or in some cases,. the onset of
the alopecia universalis can to by birth or shortly after birth. The affected newborn
babies have few sparse hairs at the crown of head, which fall off with in the few
weeks and never re-grow. From the recent study, the scientist observed thgt 34 to 50
% of AA patients get back some or all of their hair within one year of onset on the
other hand 15 to 25 % will progress to AT or AU (Tosti et al., 2006). The prevalence
rate of alopecia universalis is 0.001% (Robins, 2007; Letada et al., 2007).
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2. LITERATURE REVIEW

The genetic conditions that affect human hair loss or growth loss might be
isolated or may be connected with associated abnormalities. The prominent
abnormalities reported with partial or total absences of hair either alone or in
combinations are Cataracts, Mental Retardation, Nail dystrophy, Dwarﬁsm, Epilepsy,
Immunodeficiency, Impaired Sweating, and Retinitis Pigmentosa (Pinheiru and
Freire, 1985; Feinstein ef al,, 1987). The syndromic alopecia pattern of inheritance is
both recessive and dominant type. The syndromic alopecia patterns include alopecia
with mental retardation syndrome, congenital hypotrichosis with macular dystrophy,
Netherton syndrome and Human Nude Phenotype. The isolated form of congenital
alopecia has been reported in familial and sporadic cases. The inheritance is normally
autosomal recessive, but autosornal dominant families have also been recognized.
Isolated forms of congenital alopecia include monilethrix, congenital atrichia,

hereditary hypotrichosis, hypotrichosis simplex, Androgenetic Alopecia and Alopecia

areata.

2.1 Netherton Syndrome (NS)

This skin disorder having severe autosomal recessive pattern of inheritance
that is characterized by atopic manifestations, ichthyosiférm erythroderma and hair
shaft defect (trichorrhexis invaginata) (Netherton, 1958; Wilkinson et al, 1964).
Minors having NS normally have life-threatening problems that result in high
postnatal mortality. Patients with this disease having brittle and sparse hair on the
scalp and through microscopic examination it show that the hairs have nodes (bamboo

hairs or trichorrhexis invaginata).

Lately, netherton syndrome was mapped to 5932 chromosome on Serine
Protease inhibitor kazal type-5 (SPINKS5) gene’s mutational defect on the same
chromosome results in the loss of reduction of expression of a serine protease
inhibitor (SPI) and in the (SPI) (LEKTI) lymphoepithelial Kazal-type 5 (Chavanas et
al., 2000; Magert et al., 1999; Sprecher et al, 2001). This LEKTI/SPINKS gene
encodes a -pre-protein inhibitor, serine protease of 125 kDa having 15 potential

inhibitory domains (Chavanas er al., 2000). Its protein, SPINK3 protein considered to

14



~ g e — — - -

Chapter No. 2 Literature Review

be sliced by furin to give up 14 separately operational serine protease inhibitor
domains (Mitsudo et al., 2003; Komatsu ef al., 2002) of which 13 exhibit kazal-type 4
cystein residue that signify a new module of protein. In 13 families, 11 distinct
mutations have been recognized by Chavanas ef al, 2000) in which nine families
created premature termination codons of translation and guessed mRNA instability.
These mutations were mononucleotide insertions, splice-site mutations, di-nucleotide
deletions and a nonsense mutation. Moreover, in SPINK5 gene, six coding
polymorphism were recognized and the glu20lys variant illustrate momentous
connection with atopy and atopic dermatitis in two independent panels of families
(Walley et al., 2001). So far, in SPINK5 gene 45 mutations recognized of which eight
were intronic and 36 were exonic (Zhao et al., 2007; Mizuno et al., 2006; Sprecher e/
al., 2004).

2.2 Alopecia with Mental Retardation

APMR is a type of syndromic alopecia, where the affected individuals have
alopecia in combination with mental retardation. The mental retardation feature of the
patients is varying among the different members of the same family or with other
family members. This mental retardation can be counted as from mild to severe. In
recent times, three distinct genetic loci have been mapped for alopecia with mental
retardation syndrome. John ef al,, (2006a) observed the localization of APMRI locus
on chromosome 3q26.33-q27.3 in a seven-generation Pakistani family, in which four
males and three females ‘were affected with alopecia and having severe mental
retardation. In another five-generation large consanguineous Pakistani family, Wali e
al., (2006b) mapped second alopecia with mental retardation locus on 3q26.2-q26.31
chromosome. Family having 3-males and 2-females had total alopecia and mild to
moderate mental retardation. Nails, hearing, teeth and sweating were all normal.
Analysis demonstrated that APMR?2 locus is different but close by APMR/ locus on
3426.33-q27.3. Newly, Wali ef al., (2007b) have identified a third locus for alopecia
with mental retardation syndrome (4PMR3), on 18q11.2-q12.2 chromosome.
Mapping of the above three distinct loci gave the confirmation of heterogeneity

underlying autosomal recessive form of alopecia with mental retardation syndrome.
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2.3 Human Nude Phenotype (HNP)

The human nude phenotype is a syndromic alopecia type having the recessive
phenotype distinguished by severe immunodeficiency and congenital absence of hair.
Mutation at the ‘nude’ locus of rats and mice interrupt thymus development and
normal hair growth. Nehls er al., (1994) observed that the mutation in WHN (winged-
helix-nudé) gene located on chromosome 11 known to comain nude locus. Segre et
al., (1995) observed that mutation in WHN gene produce the nude phenotype in mice,

which produce both athymia and hairlessness.

Schorpp et al., (1997) allocated the human WHN gene on chromosome 17q11-
q12. Foxnl gene is expressed in the differentiating cells of the hair follicle in human.
Frank ef al., (1999) scrutinized a nonsense homozygous mutation in the Foxnl gene
in two sisters with T-cell immunodeficiency, nail dystrophy and congenital alopecia.
Adriani ef al., (2004) recognized the same nonsense mutation in the Foxn/ gene in 55

individuals having congenital alopecia and rigorous immunodeficiency.

2.4 Hypotrichosis with Juvenile Macular Dystrophy (HIMD)

HIMD is a rare disorder noticeable at birth having sparse and short hair. The
disease is caused by mutation in cadherin 3 (CDH3) gene spans 55kb on 16¢22.1
chromosome comprising 16 exons (Sprecher et al., 2001). CDH3 encodes. P-cadherin
(prime component of adherens junctions), which is greatly exprésse'd in the hair
matrix and retinal pigment epithelium, and is the only classical cadherin that are
expressed at certain developmental stages (Perez-Moreno ef al., 2003; Xu et al,
2002). Kjaer et al., (2005) scrutinized that macular dystrophy, ectrodyctyly, and

abnormal expression of P-cadherin leading to ectodermal dysplasia are due to
" mutation in CDH3 gene. Numerous mutations like deletion, nonsense and missense
mutations have been identified in CDH3 gene (Jelani et al., 2008; Indelman et al,
2006; 2007; Kjaer ef al.,, 2004, Sprecher et al., 2001).

2.5 Congenital Atrichia

It is a rare type of isolated alopecia‘having autosomal recessive pattern of
inheritance. Atrichia phénotype has been mapped to chromosome 8p21-p22, a locus

that is synthetic to area on mouse chromosome 14, which has the murine hairless
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gene (Nothen et al, 1998; Ahmad ef al., 1998a). The phenotypic resemblances of
patients with atrichia and hr/hr mice encouraged researchers to seek a human
homologue of the murine hr gene, leads to mutation in R gene, which results in
atrichia (Ahmad et al, 1998a; Cichoﬁ et al., 1998). The hairless gene encodes a
putative transcription factor with a single zinc-finger domain and largely expressed in
the brain and skin. It come out to purpose in the cellular transition to the first adult
hair cycle and in its lack hair growth wholly close down, a fresh hair is never
stimulated, and the result is a complete form of inherited alopecia (Ahmad et al.,
1998b; Zlotogorski ef al., 1998).

Irvine and Christiano, (2001) hypothesized that HR protein has as vital role in
the prolongation of the balance between differentiation, proliferation and apoptosis in
the cycling of the hair follicle. So far, 30 distinct pathogenic mutations f;)r the human
hairless HR gene, having 19 exons span over 14kb on 8p21 chromosome; have been
bulletined in the patients. That comprised of 2-insertion mutation, 5-splice sites, 6-
nonsense mutation, 7-missense mutation and 10-deletions (Ahmad et al, 1998a;
Ashoor et al., 2005; Betz et al., 2007; Cichon et al., 2006; Nothen et al., 1998;
Paradisi ef al., 2003; Sprecher ef al., 1999; Wali ef al., 2006a).

So far, 17 distinct background families having APL, that are German, Israeli,
Italian, Japanese, Korean, Mediterranean population, Mexican, Pakistani, Palestinian
and Polish. Greater than 30 mutations, in human hairless (HR) gene are known to
date, since the first discovery of the patho-genetic mutations basic for APL (Wali er
al., 2006a; Ahsoor et al., 2005; John et al., 2005; Ahmed et al.,, 1998a). |

2.6 Monilethrix

It is hereditary disorder of hairs where at birth the affected individuals have
normal hairs and after 2-3 months of life. The inheritance pattern of monilethrix is
autosomal dominant observed, and in few cases, recessive transmission has observed
(Salamon and Schnyder, 1962).

It has been mapped to chromosome 12, having fype Il keratin gene cluster
(Birch-Machén et al., 1997; Stevens ef al., 1996). Mutation (E413K) in type II, hair

cortex keratin identified known as hBb6 (Winter ef al., 1997a). This mutation was the
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direct proof for the irivolvement of hair keratins in hair loss. At the helix termination
motif of the gene hHb6, Horve et dl., (2003) recognized missense mutations (E402K
and E413K). Missense mutation from the monilethrix family was recognized by
Winter ef al., (1997b) in type Il hair keratin, #Hbl. Van Steelsel ef al., (2005) in fype
IT hair keratin hHb3 gene recognized missense mutation that causes substitution of a

glutamic acid by lysine at position 407.

Recently, from the Zlotogorski ef al., (2006) study it came under consicieration
where autosomal recessive hypotrichosis overl'ap with autosomal recessive form of
monilethrix, in which he studied 12 Jewish monilethrix families and identified 4
distinct mutation in desmoglein 4 gene (DSG4, MIM 607892). In the Japanese family,
patient-having monilethrix like congenital hypotrichosis, Shimomura et al., (2006)
recognized a novel heterozygous mutation in the DSG4 gene. The mentioned DSG4
gene, belonging to the desmosomal cadherin family and is expressed in the cortex of

the hair follicle.

2.7 Marie Unna Hereditary Hypotrichosis (MUHH)

MUHH was first recognized by Marie Unna (Unna, 1925), a German
Dermatologist. It is autosomal rare type of isolated alopecia, whose inheritance
pattern is dominant. The genome-wide scan mapped the MUHH gene to 8p2l
chromosome in several families (Lefevre et al., 2000; Sreekumar et al., 2000; Cichon
et al., 2000). This interval contains AR gene, which is mutated in autosomal recessive
congenital atrichia. He et al., (2004) mapped the MUHH gene to a 1.1cM region
flanked by D8S282 and D8S1839 which present confirmation that the existence of a
gene is distinct from HR gene in chromosomal region 8p21 playing an immense role
in the hair follicle biology. In a Chinese family, Yang et al., (2005) observed the
second locus for MUHH to a 17.5 ¢M interval at 1p21.1-1q21.3 chromosome. These
signified that génetically -MUHH is heterogeneous disease. Wen et al., (2009)
scrutinized codon mutation in U2HR and made a spectrum of imperfection in U2HR
from distinct ancestral group having confirmed clinical diagnosis of MUHH. In the 5’
URF, UZHR is an inhibitory upstream (#ORF) open reading frame region of human
hairless (HR) gene. Moreover, this U2HR is predicted to be encoding 34-amino acid

polypeptide, which is greatly preserved in mammals.
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2.8 Hypotrichosis Simplex

Hereditary simplex is divided into main three types generalized hypotrichosis
where the defects cover the full body hairs; hypotrichosis simplex of the scalp where
the loss of hairs is only restricted to scalp; and localized hypotrichosis where the hair
loss is only restricted to specific area of the body (Just ef al., 1998; Cambiaghi and
Barbareschi, 1999). The patient show short and sparse thin hair, in few cases long and
less sparse hair been enunciated. This sparse hair only observed for the scalp and

body and no abnormalities enunciated for the beard, eyebrows and eyelashes.

The pattern of inheritance of localized hypotrichosis simplex of the scalp is
dominant and autosomal. It has been mapped to 6p21.33 chromosome and the
conjoined haplotypic data recognized the critical interval of 14.9cM “having
corneodesmosin gene (CDSN; MIM 602593). Levy-Nissenbaum et al, (2003)
recognized a non-sense mutation in the coding area of CDSN that results in the pre-
mature aging stop codons Q200X and Q2/5X. Three other novel mutations have been
recognized in CDSN gene (Davalos et al., 2005).

The inheritance pattern of generalized hereditary hypotrichosis simplex
recognized to be different in different families. Some families come out with
autosomal recessive (MIM241900) and some with autosomal dominant (MIM
144520; MIM 146550) pattern although the differences in the clinical features like
severity, eyelashes and eyebrow involvement, and age of onset among the families

‘were observed (Winter ef al., 1997; Toribio et al., 1974).
2.9 Localized Autosomal Recessive Hypotrichosis (LAH)

LAH is also a rare form of alopecia, where hypotrichosis is limited to the
arms, legs, chest and scalp. So far, for the autosomal recessive hypotrichosis four
genes have been reported and are observed to link with 18q12 chromosome on a small
region of 700 kb (Rafique et al., 2003; Kljuic er al, 2003). This small area has cluster
of desmocollin (DSC1, DSC2, & DSC3) and desmoglein (DSG1, DSG2, DSG3, &
DSG4) genes. The desmocollins and desmoglein, both are glycoproteins of
desmosomes, type of inter-cellular junctions mediating cell-to-cell adhesion, of the
epithelial cells in vertebrates (Townes and Behringer, 1990). In two un-related

Pakistani origin families, in desmoglein-4 gene an intragenic deletion mutation (£X3-
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8del) has been identified (Kljuic ef al., 2003). This is a large deletion mutation began
35 bp upstream of 5-exon and ended on 289 bp downstream of 8-exon generated and
in-frame deletion that creates missing amino acids of 125-335 (Kljuic er al,, 2003).
The similar deletion mutation was observed in other Pakistani family that showed an
inherited mutation, which has been widely dispersed (John ef al., 2006; Rafiq er al.,
2004; Moss ef al., 2004). Besides this, Wajid ef al, (2007) observed deletion
mutations in DSG4 gene. Moreover, in patients having monilethrix hairs, few other
mutations have been observed as element of their phenotypic presentation, which
stated to widen our knowledge of the phenotypic-genotypic connection within LAH
(Shimomura et al., 2006; Schweizer, 2006; Zlotogorski ef al., 2006; Schaffer ef al,
2006). Ayub ef al., (2009) identified a novel mutation a large family having skin

vesicles with hypotrichosis in the same chromosomal region in DSC3 gene.

In a Pakistani family, second locus on chromosome 327 has been mapped to
7.59 ¢cM for LAH (Aslam et al., 2004). In this family, the affected individuals were
nearly devoid of normal eyelashes, eyebrows, and body hairs. The male affected
individuals were almost devoid of legs and arms hairs although they have normal

beard and the nails and teeth of all affected membérs were normal.

In the AH region of exon 4 of Lipase H (LIPH) gene, homozygous deletion
mutation was observed in the affected families of Volga-Ural region of Russia
(Kazantseva ef al., 2006). Deletion of exon 4 in LIPH gene doesn’t change its reading
frame although it eliminates the conserved domain in the predicted protein. So far, in
the LIPH gene different disease causing mutation have been recognized (Naz et al.,
2009; Ali ef al, 2007). In the Pakistani consanguineous family, Néz et al., (2010)
mapped fourth locus in human chromosome 10q11.23-22.3 for autosomal recessive

hypotrichosis.
2.10 Androgenetic Alopecia (AGA)

Androgenetic alopecia is androgen-dependant and a hereditary disease. In this,
the patients get the progressive thinning of the hairs and in men resulis in M-shape
hairs on the scalp. In men the ordinary type of the early baldness has been thought to
be autosomal doﬁlinant and in females autosomal recessive, who .transmit the trait if
heterozygous but are bald only if homozygous (Osborn, 1916; Snyder and Yingling,
1935). The prevalepce of AGA is 50% in men by the age of 50 years and in the later
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stages, it leadé up to {70 % in all men (Norwood, 1975). The prevalence of
androgenetic alopecia is assumed to be as 39.6% in women in one of the study in Iran,
¥

which is higher to world, reported data i.e. 20% (Fatemi et al., 2010).

Ellis ef al., (2001) recognized for the first time significant confirmation of a
genetic relationship in the androgenetic receptor (AR) gene located on Xg/2
chromosome, between baldness and a synonymous coding SNP (rs6152). Androgen
receptor, a member of the nuclear receptor super family, functions as a ligand-
dependent transcription factor and is essential for androgen action (Gelmann ef al,
2002). The AR gene, located at chromosome X ¢/2, is highly conserved, with
germline loss-of-function mutations resulting in androgen insensitivity syndrome, also
known as testicular feminization (Gottlieb ef al, 2004). Levy-Nissenbaum et al.,
(2005) scrutinized a silent polymorphism in the AR in a group of 39 non-bald males
and 41 bald males and he discover the association between AR gene and male pattern
baldness (MPB). ‘For the development of early-onset of androgenetic alopecia,
Hillmer ef al., (2005) demonstrated that genetic discrepancy in the AR gene is the
pfime perquisite. Ellis ef al., (2007) verified that whilst the non-functional rs6152, AR
SNP is strongly linked with male pattern baldness (AGA).

2.11 Alopecia Areata

Alopecia areata is an autoimmune, non-scaring and inflammatory hair loss of
the scalp. It 1s one of the most common human autoimmune diseases. Welsh ef al.,
(1994) recognized the significant comection between the A4 and DRBI*1]04 allele.
Family based study that has 46% controlléd and 85% of AA affected patients has
exposed the inclusion of DOBI*03 alleles (De-Andrade et al., 1999). Xiao et al.,
(2005) scrutinized that HLA-A*02, 03, HLA-B*18, 27, 52 and HLA-CW*0704 alleles
were strikingly higher in affected individuals with AA than in controls. Mutations in
the filaggrin (FLG) gene were observed to be promising candidates in AA (Bettina,
2007). Bettina, (2007) scrutinized the participation of FCRL3 gene in vulnerability to
alopecia areata. In other study scientist confirmed, that Sox2/ gene could be
responsible for hair loss conditions in humans (Lyn, 2009). Recently scientists
identified eight genes that are probably linked with alopecia areata. One gene in
parficular fixed the eye of study known as ULBP3 on chromosome 6q25.1, this gene

is normally not present in hair follicles, but ULBP3 proteins were found in high
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concentrations in hair follicles affected by alopecia areata. From their study, they
identified 139 single nucleotide polymorphisms that are significantly associated with
AA (Petukhova et al., 2010; Christiano, 2010).

2.11.1 Alopecia Totalis

It is a severe type of alopecia areata, in which the hairs from the full scalp
removed and the eyelashes, eyebrows and all other body hairs like axillary hairs and
public hairs all are normal. The gene encoding the lymphoid protein tyrosine

phosphatase has been shown to be associated with severe forms of AA (Kemp et al.,
20006). >

2.11.2 Alopecia Universalis

It is the most severe type of alopecia areata were the patients having no hairs
on the full body. Ahmed er al., (1998a) studied different forms of alopecias whose
molecular basis is totally unknown. A specific rare form of alopecia, alopecia
universalis was observed for the detection of locus by homozygosity maping and in a
é-centimorgan interval on chromosome 8p12, linkage was established. Through the
radiation hybrid mapping, the human homolog of a murine gene was localized in this
interval and missense mutation was observed in affected individuals. The study also
observed that human hairless encode putative single zinc finger transcription factor
protein, whoie expression is in skin and brain. Nothen et al, (1998) mapped that

congenital aldpecia universalis to a locus on 8p21-22 chromosome.

Potter ef al., (2001) investigated that the mammalian hairless (hr) gene plays
significant’ role .in the maintenance of hair growth. Théy observed that the two
independent regions of Hr mediate, TR binding and their interaction needs a bunch of
hydrophobic residues parallel to the binding motifs proposqd for nuclear receptor co-
repressors (N-CoR and SMRT). They also scrutinized that Hr binds to speciﬁé region
of TR as recognized co-repressors, and Hr interacts with histone deacetylases
(IHDACs) and is restricted to matrix-associated deacetylase (MAD) bodies,
representing that the mechanism of Hr-mediated repression is likely through linked
HDAC activity. Their discovery that Hr is the co-repressor machinery provides a

molecular basis for specific hair loss syndromes in both mice and humans.
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3. MATERIALS AND METHODS

3.1 Ascertainment of Families

Three families of alopecia universalis were ascertain in the present study from
the different areas of district Swabi, Khyber Pukhtunkhwa province of Pakistan.
Beforehand the study, an approval was obtained from the Board of Study (BOS),
International Islamic University. Written consent was obtained from the families who
agreed to participate in our research. The affected individuals were examined by the
Skin specialist and dermatologist, Dr. Abdul Hakeem in the Khyber Teaching
Hospital, Peshawar. The clinical examination of nails, sweat glands, scalp hairs,

eyelashes, eyebrows, and body hairs was performed meticulously.

The elders and relatives of the families were interviewed at their residency to
take the information regarding hair loss and related matters of the affected members.
The number of generation involved in the disease, affected individuals, onset of the
hair loss and the associated defects were vigilantly noted. The affected individual in

the families were also photographed.
3.2 Construction of Pedigrees

To describe the genetic relationship among the normal individuals and
patients, pedigrees were constructed from the information collected from the elder
members of families and their relatives. Circle aﬁd_square shapes were used as
symbols for individuals as females and males respectively. The affected individuals
were represented by filled symbols and the normal individuals with unfiled symbols.
The deceased individuals in the families were represented by the crossed shapes and
to represent every generation in the pedigree, Roman numerals were used and all
members within a single generation by an Arabic numerals. Horizontal line joining

two individuals represents marriage. Consanguineous marriage was represented by a

double line between partners.

3.3 Collection and Storage of blood
After obtaining a written consent from the head of the family, using disposable
syringes (10ml), venous blood was collected from all the individuals (normal and
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affected) of the family in the BD vacutainer tubes having anticoagulant
ethylenediaminetetraacetic acid (EDTA). The collected blood samples were then kept

at 4 °C before being processed for the genomic DNA extraction.
3.4 Genomic DNA isolation from human blood

High molecular weight genomic DNA was extracted from the white blood
cells of venous blood samples through the organic method or phenol-chloroform
method as defined by Sambrook and Russel, (2001). About 750 p! of blood and 750
ul of solution A [5S mM MgCl,, 0.32 M Sucrose, 1 % Triton X-100, 10 mM Tris pH
7.5] were mixed in an 1.5 ml eppendorf tube (Micro centrifuge tube) and then kept for
about 5-10 min. Vortex the mixture and centrifuged on Centrifuge 5424 (Eppendorf,
Germany) at 13000 rpm for 1 min. After discarding the supernatant, nuclear pellet
was re-suspended in 400 ul of solution A and again vortex it and kept for 5 min. The
mixture was centrifuged for 1 min at 13000 rpm, discards the supernatant. After
discarding the supernatant 400 ul of solution B [400 mM NaCl, 2mM EDTA, 10 mM
Tris] along with 12 pl of SDS and 25 p! of proteinase-K (100ul/ml) were added to re-
suspend the pellet. Samples were incubated at 65 °C for about 3 hours. Bpfore adding
Sol-C [Phenol] + Sol-D [Chloroform and Isoamyl-alcohol, 24:1], mixture of solution
C+D was formed and were kept for 30 min so that a bubble be formed, when bubble
formed then 500 pl of Sol C+D were poured in the samples, vertex here and
centrifuged for 10 minutes at 13000 rpm. The supernatant/aqueous phase in the
sample tubes were transferred in the new tubes. This aqueous phase was mixed with
55 ul of sodium acetate (pH 6, 3M) and equal amount, almost 500 u! of chilled iso-
propano! and fof complete separation of DNA pellet, tubes were inverted many times
and again centrifuged at 8000 rpm fof 5 minutes, DNA was settled down. Supernatant
was discarded and the settled DNA was washed with 70% ethanol, discard the ethanol
and the tubes were kept in the incubator (Memmert, Germany) for 5 min at 37 °C to
dry the DNA pellet. Finally, the DNA was dissolved in the 100 ul of TE/Tris-EDTA
buffer [pH 8, 0.ImM EDTA, 10mM Tris} and was kept in the refrigerator at 4 °C.

3.5 Extracted DNA analysis

The analysis of the extracted DNA was performed by using 1% of agarose gel.
Almost 100 ml of 1-X-TBE buffer [0.89 M Tris-Borate, 0.025 M EDTA] and 1 g of
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agarose was added in the conical flask and were heated in the microwave oven for 3
minutes. To stain the DNA, 5-pl of ethidium bromide was added in the conical flask
having 100 ml of 1-X-TBE in combination to agarose. Combs were inserted in the
UV-transparent gel tray to make wells in the gel upon solidifying the gel. The liquid
gel were poured in the UV-transparent tray to solidify, after some time the gel along
with the UV-transparent gel tray was put in the gel caster/buffer chamber. After that
the 3-pi of loading dye [0.25 % bromophenol blue and sucrose] mixed with 3-pl of
DNA on parafﬁn sheet and poured in the gel’s well, each sample in different wells.
Electrophoresis was run at 120 volts (80 mA) for 20 minutes. To visualize the
genomic DNA, UV transilluminator T12 (Wealtec, Taiwan) was used. Concentrated
genomic DNA was diluted for PCR reaction by mixing 80-ul of PCR water with 20-
ul of concentrated DNA.

3.6 Amplification and Sequencing of the Human Hairless
(HR) and Purinergic receptor P2Y, G-protein coupled, 5
(P2RYS5/LPARG) gene

Human Hairless (HR) is the causative gene for the Congenital Alopecia
Universalis. IR gene has 19-exons. All the coding exons and splice junctions of HR
gene were amplified and sequenced. P2RYS/LPARG is recognized to be the causative
gene for Localized Autosomal recessive Hypotrichosis. P2RY5/LPAR6 gene has 5-
exons. The hotspots and splice junctions of P2RY5/LPARG gene were amplified in
three overlapping sets of prime’r;s for sequencing. The new name of P2RYS5 gene is

lysophosphatidic acid receptor 6, (LPARG) gene.
3.6.1 Polymerase chain reaction

‘Primers were designed for the amplification of exons of HR gene from the
intronic sequences of exons (Table 3.2). Primers were designed for the amplification

of exon 2 considered being the hotspot of P2RY5/LPARG gene (Table 3.3).

For every PCR amplification reaction, big reaction of 50-ul reaction mix
containing 5-ul of DNA, 5-pl of forward primer, 5-pl of reverse primer, 10-ul of PCR
water and 25-ul of GoTaq® green master mix (Promega, USA) were prepared

according to the concentration given in Table 3.1. Amplification of the exons were
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carried out in 40 cycles of PCR, in which initial 5 min was for denaturation of
template DNA'at 95 °C, followed by amplification. Every amplification cycle having
three steps DNA denaturation, annealing of primers and extension at 95 °C, 50-65 °C
(different for different exons) (Table 3.2), 72 °C and finally 10 min at 72 °C. The
reactions were carried out in the thermocyclers (Palm-Cycler Gradient, Corbett Life

Sciences, Australia and Biometra, Germany.
3.6.2 Amplicon Analysis

To analyse the amplicon 2% of agarose gel was used. In about 100 ml of 1X
TBE in the conical flask, 2 g of agarose were added and heated for 3 min in the
microwave oveﬂ.,For staiﬁing the amplified exons 5-pl of ethidium bromide was
used. Combs were inserted in the UV-transparent gel tray to make wells in the gel
upon solidifying the gel. The liquid gel were poured in the UV-transparent tray to
solidify, after some time the gel along with the UV-transparent gel tray was put in the
buffer chamber/gel caster. Then 3-ul of loading dye [0.25 % bromophenol blue and
sucrose] mixed with 3-ul of amplified exon on paraffin sheet and poured in the gel’s
well. Electrophoresis was run at 120 volts (80 mA) for 20 minutes. To visualize the

amplified exons, UV transilluminator T12 (Wealtec, Taiwan) was used.
3.6.3 PCR Product Purification

" For the purification of amplicon, gel extraction kit (Fermentas, Life Sciences)
was used. The gel haning amplified exons, of the specific length was weighted in the
pre-weighted eppendorf tube (mg) adding half volume of TBE conversion buffer and
4.5 volume of binding buffer. Tube was incubated in the incubator to dissolve the gel
completely for 5 min. Powder silica suspension of 5-ul were added to the gel solution
in the eppendorf tube, vortex and again incubated at 55 °C so that the silica be fully
dissolved in the gel solution. Mixture was centrifuged at 13000 revolutions for 1 min
and the supernatant was discarded, 500-pl of ice cold washing buffer was added to the
tube and centrifuged for 1 min and then supernatant was discarded again. The above
washing process was repeated three times. Then pellet was dried in open led
eppendorf for 10-15 minutes. DNA pellet was re-suspended in 12-pl of de-ionized
water/PCR water and incubated for 5 minutes at 55 °C. Lastly, the purified PCR
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product after centrifugation, 10-ul supernatant was collected in new eppendorf tube

and this supernatant having the amplicon (amplified exons).
3.6.4 Sequencing Reaction

Purified amplicon were subjected to 2" PCR or sequencing PCR for 30 cycles
of 10-p! reaction mixture having 1.5-ul Big Dye Terminator version 3.1 ready
reaction mixture, 1-pl forward primer, 1-pl of 5X sequencing buffer (PE Applied Bio-
systems, Foster City, CA, USA), 5.5-ul of PCR water and 1-ul amplicon. PCR
reaction was employed as, initially 1 min of denaturation at 95 °C of template
DNA/exons followed by 28 cycles of 30 sec at 95 °C, 48-62 °C for 30 seconds, and

for 4 min at 72 °é, lastly a final extension stage for 10 min at 72 °C.
3.6.5 Purification of Sequencing Product

The second amplicon were subjected to second purification (Ethanol -
Purification). The purified products were re-suspended in 20-pl Hi-Di Formamide
(HDF) (PE Applied Bio-systems, Foster City, CA, USA), and were placed in 0.5 ml
septa tubes for directly sequencing in and ABI Prism 310 Genetic Analyzer (PE
Applied Bio-systems, Foster City, CA, USA).

3.6.6. Sequencing Data Analysis

For the identification of sequence variations in the exons of HR gene and.
P2RYS/LPARG gene, the éxons sequencing results from the healthy and affected
individuals were aligned with reference sequence obtained from-Ensemble database
(www.ensemble.org/Homo_sapiens/Info/Index) to recognize the sequence variant.
The variations were identified with BioEdit Sequence Alignment Editor, Version

7.1.3 (Tom Hall, Isis Pharmaceuticals Inc.).
3.6.7 Insilco Tools

Sequence for HR and P2RYS/LPARG was retrieved from NCBI. Reported
mutations were retrieved from Literature and HGMD (Human Gene Mutation
Database). STRING (Known and Predicted Protein-Protein Interaction) Database was
used to find the human hairless protein and P2RY/LPARG6 gene’s protein interactions
with associated functional partners. The sequence was retrieved in FASTA format
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from Uniprot Knowledge base. The automated protein modelling program
MODELLER 9v10 was used to generate models. It predicted the 3D structure of the
protein by satisfying spatial restraints. Normal and mutated protein structure of
P2RYS/LPARG gene was found out through this MODELLER 9v10.
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Table 3.1 Concentration of master mix used in 50 ul of reaction mix

For a 50pl reaction volume:

VYolume Final Concentration
25ud 1X
5.0ul 1.0uM

5.0pl 1.0pM

Components

GoTagq® Green Master Mix,2X

Upstream Primer, 10uM

Downstream Primer, 10uM -

/07?7

DNA Template

Nuclease-Free Water

5.0l
10pl

S0ng
NA

Table 3.2 Primer’s sequences used for the screening of /R gene

EXON

PRIMERS
TYPE

"PRIMERS (5-3")
(FORWARD+REVERSE)

SIZE

ANEALING
TEMP (°C)

2a

FORWARD

GCCTTACTGGTTTGAGCTGC

REVERSE

{ TGAGATGGCCACCACTATGC

549

50.4

2b

FORWARD

TCCTGAGCACCCCAGACTCC

REVERSE

CTTGGGGTTGACTGTGGGGC

614

65

3a

FORWARD

GAGGGCTTCAGTATTCTCCC

REVERSE

AGTGGGTGGGTAGGATGAAC

494

52

3b

FORWARD

GAATCCTTGCCCGCTCTTCC

REVERSE

CTGAGGAACTCCCAGAGAGC

777

53

4-5

FORWARD

CATCCTCAGACTCCCTGCTC

REVERSE

CCTTAGGTCTAGGAGCTGGC

724

62.9

FORWARD

CTCTCCATGGAAGCTGCTCC

REVERSE

GCCAACGAATGACCACAGGC

361

57.7

FORWARD

GCTGTGTCTCTATGTGACCC

REVERSE

GGTGGTGAGTCTAGACCAAC

393

56

FORWARD

AGCTTCCCGTCTGATTGTCC

REVERSE

CCATTTGCAGGCACGATACC

595

60

FORWARD

GGTAGAAGTCCATGAGCAAC

REVERSE

AAGGTGTTTGGAGGCATGTC

422

S3

10

FORWARD

TGCAGGAAAAGCAGTAGAGC

REVERSE

ATGTTGGTGATGCGGTCATC

462

52.1/52

11

FORWARD

AGCGAATACACATGGCCTTC

REVERSE

TAAGGGCAGTAGAACAGCTC

529

SS

12

FORWARD

TCCCCGAGCTGTTCTACTGC

REVERSE

ACAGGAGGAGACAGAACGGC

430

60

13

FORWARD

AGCGTAAGTGTCCCCAACAC

REVERSE

ACATGAGAGTACCAGGGACC

358

57

14

FORWARD

CCTGGTACTCTCATGTTTGC

REVERSE

TGGAATCAGAGAAGCGCTTC

358

55

15

FORWARD

ACTCCTGACCTCAGGTGATC

REVERSE

TCCAGGCCTGAAAGGAAGTC

357

S6
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FORWARD | TCAGCATCCTGGTGCATGCC ‘
16 REVERSE | TTGGGTCTGTGCAGCTCACC 400 61
FORWARD | CTGCCCTTCAAGACTTGACC
17 REVERSE | CTCAGTGACTTCAAGGCCTC 465 56
| FORWARD | GAATCTGCTCTCTGAGAGCC
18 REVERSE | AGGGTGGGATCTGCTATGTC 348 55
FORWARD | CTGGGATTACAGGTGTGAGC
19 REVERSE | GCTGCCCTACTCCATTTGTC 1107, 64

Exon 2 was amplified by two sets of overlapping primers

Exon 3 was amplified by two sets of overlapping primers

Table 3.3 Primer’s sequences used for the screening of P2RY5/LPARG6 gene

PRIMERS PRIMERS (5'3°) SIZE | ANEALING

EXON | TYPE (FORWARD+REVERSE) (bp) | TEMP (°C)
FORWARD | CTGTTGAAGAACCCAGCGG

2a | REVERSE | CCCTGAGAGTGGGTAGACTG 690 53
FORWARD | CTTCACAACACGGAATTGGC

2b | REVERSE | TGGGTACATTGTCCTTACTGC | 595 55
FORWARD | GGGTAACAATGCCTCAGAAG |

2¢ | REVERSE | GCACCACATAATITAAGTCAG | 847 52

Exon 2 was amplified by three sets of overlapping primers
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4. RESULTS

4,1 Human Subjects and Clinical Features
4.1.1 Family A

This family is affected with congenital alopecia universalis, belongs to Pashtu
speaking family of district Swabi, Village Mani, Khyber Pukhtunkhwa, Pakistan. This
family rarely marry outside the family that is why consanguineous unions are very
common. The ﬁye generations famﬂy comprised of four affected individuals (V:l,;
V:2, V:3, and V:5) in 15 total individuals (Figure 4.1). The normal parents of affected
children are cousins, disorder is transmitted in an autosoinal recessive manner as both
males, and females are affected. Blood samples were taken from four affected
individuals including two males and two females (V:1, V:2, V:3 and V:5) and three

normal individuals having two males (III:3 and V:4) and one female (IV:1).

The affected individuals of the congenital alopecia universalis do not have
physical or mental problem. Patient V:5 has no hairs on her full body, two to three
hairs representing eyelashes and eyebrows (Figure 4.2, A & B). Skin and nails are
normal, no skin rashers and nail dystrophy were reported in the affected individuals.
The patient V-2 has pimples and the eyebrows were somewhat prominent (Figure 4.2,
C). All the affected individuals have normal sweating. Patient V-1 has few hairs on

his cheeks.

4.1.2 Family B

)

This family belongs to Zaida city of District SWabi in the Khyber
Pukhtunkhwa prox}ince of Pakistan. This family have consanguineous marriages due
to which the family got the congenital alopecia universalis in their descendants. The
four-generation pedigree comprised of 13 members having one affected female (IV:4)
and one affected male (IV:5) (Figure 4.3). The normal parents of affected children are
cousins, disorder is transmitted in an autosomal recessive manner as both males, and

females are affected. The affected individuals are siblings and are present in fourth
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generations. The blood samples were collected from both affected (IV:4, 1V:5) and
three normal individuals (III:1, III:2, and 1V:1) (Figure 4.3). '

All the affected individuals of this disease are mentally and physically all
right. They were having no hairs on their full body. The hair loss in the affected
individuals occurs within two weeks after bir%h. Hair was present on the scalp but
never re-grew after ritual shave. The affected individuals (IV:4, IV:5) were almost
completely devoid of eyelashes, eyebrows, axillary and public hairs (Figure 4.4, A &
B). The nails were normal and no nail dystrophy was recorded. Sweating was normal
in both the affected individuals. Figure 4.4, C shows the clinical features of siblings

who are devoid of complete body hairs.
4.1.3 Family C

The members of this family C normally prefer to marry within their tribe and
thus consanguineous marriages are very common. The family comprised of eight
individuals, including six affected with autosomal recessive hypotrichosis, two of
which are males (IV:1, IV:2) and ‘four are females (I1I:6, IV:4, IV:S,'-IV:6) (Figure
4.5). One affected female (I11:6) is deceased. The normal parents of affected chiidren
are cousins, disorder is transmitted in an autosomal recessive manner as both males,
and females are affected (Figure 4.5). Peripheral blood samples were collected from
eight individuals, three normal (I11:1, 111:2, IV:3) and five affected (IV:1, IV:2, 1V 4,
IV:5, 1V:6).

The affected individuals shared the common phenotype of hereditary
autosomal recessive hypotrichosis disorder. Affected individuals were showing loss of
hair from scalp, face and other parts of body. Ages of the affected individuals range
from 6-20 years. The affected persons are present in generation Il and IV of the-
pedigree. Photograph of two of the affected individuals (IV-6) is shown in the Figure
4.6, A she has a squint in her eyes and (1V-5) shown in Figure 4.6, B.

32
Moalecular Genetic Studies of Alonecia Dicorder in Pakictani Familiec



Chapter No. 4 Results

11
/
m:1 II:2 II:4
III
II:1 Hi:2
JAY L
Iv:1
\E'
Vi1 Vi V3 V4 V5

Figure 4.1 Pedigree of Family A having Congenital Alopecia Universalis.
Squares represent male individuals and circles represi‘ent female individuals. The
filled squares and circles represent affected individuals. The crossed lines on the
squares and circles represent deceased individuals and the double lines between

the individuals represent the consanguineous marriage
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Figure 4.2 Clinical features of congenital alopecia universalis in Family A. A &
B represent the phenotypic appearance of affected individual (V:5), 2-3 hairs
represent her eyebrows and eyelashes and a complete absence of the scalp hairs.

C represents the physical features of affected individual V:2, few hairs represent

the eyebrows
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Figure 4.3 Pedigree of Family B, affected with Congenital Alopecia Universalis.
Squares in the peaigree represent male individuals and circles represent female
individuals. The filled squares and circles represent affected individuals. The
crossed lines on the squares and circles represent decei;sed individuals and the

double lines between the two individuals represent the consanguineous marriage
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Figure 4.4 A: represent the clinical features of congenital alopecia universalis in
Family B representing patient (IV:4) that are completely devoid of full body
hairs. B: represent the phenotypic appearance of affected individual (IV:3), no

hairs on full body and has complete absence of the scalp hairs. C: represents
clinical features of both the siblings that are almost completely devoid of full

body hairs, and eyelashes and 1-2 hairs represent the eyebrows
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Figure 4.5 Pedigree of family C showing autosomal recessive mode of inheritance
of AP. Circles represent females and squares show males. Filled squares and
circles represent affected individuals, whereas double lines indicate

consanguineous marriage.
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Figure 4.6 A: shows the clinical features of affected individual (IV-6) in family C
showing autosomal recessive hypotrichosis phenotype. B: represents the clinical
presentation of affected individual (IV-5) showing Autosomal recessive

hypotrichosis phenotype
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4.2 Mutational Screening

4.2.1 Mutational Screening of Hairless Gene (HR) in Family A & B

All the exons and their splice junctions of human hairless (HR) gene were
amplified (Table 3.2) using Polymerase chain reaction (PCR) and were sequenced
directly in ABI Prism 310 DNA Sequencer (PE Applied Bio-systems, Foster City,
CA, USA). The mentioned coding portion and the exon-intron borders of the hairless

gene (HR) were sequenced in normal and affected individuals of the two families.

In family A, the sequence analyses of the AR gene show usno mutation in the
any amplified exons of the HR gene. We therefore suggest that may be the mutation is
present is somewhat that exons of the HR gene which we were not sequenced or it

may predicted that the mutation may lie in the HR’s regulatory region. |

In family B, the sequence analyses of the HR gene show us the substitution
mutation in exon 3a, at position 285 (GsubstA). The substitution mutation changes the
glycine (hydrophobic) to serine (polar). Sequence electropherograms of the affected

and normal individuals for the mutation is shown in the Figure 4.7.
4.2.2 Mutational Screening of P2RY5/LPARG gene in the Family C

The bigger exon 2 and their splice junctions in totaj 5 exons of P2RY5/LPARG
gene were amplified (Table 3.3) using. Polymerase chain reaction- (PCR) and were
sequenced directly in ABI Prism 310 DNA Sequencer (PE Applied Bio-systems,
Foster City, CA, USA). Exon 2 was amplified by three sets of overlapping primers.
The mentioned coding portion and the exon-intron borders of the P2RY5/LPARG6 gene

were séquenced»in normal and affected individuals of the family.

In family C, the sequence analyses of the P2RYS5/LPAR6 gene show us the
substitution known mutation in exon 2b, at position 565 (GsubstA). Sequence
electropherograms of the affected and the normal individuals are shown in the Figure
4.9. This specific missense mutation was also recognized by Shimmomura ef al.,

(2008) and Azeem et al., (2008). Thus, our results for this family are matching with
their study.
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Affected mdmid
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Figure 4.7 Mutational analyses in the Family B of the HR gene. Sequence
analysis of exon 3a of hairless gene in both affected and normal individual, the
substitution mutation of the nucleotide G with A at position 285 is shown in

figure.
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HRC

Figure 4.8 Human Hairless protein interaction which may act as a transcription
factor that could act on to regulate one of the phases of hair growth (STRING
9.0). Human hairless protein have close interaction with HDAC1 having the

confidence score of 0.824.
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GTAATTTTCATCAAAATAGTGGGA

Mut \

CTAATTTTCATCGAAATAGTGGGA
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Figure 4.9 Mutational analyses in the Family C of the P2RY5 gene. Sequence
analysis of exon 2b of hairless gene in both affected and normal individual, the
substitution mutation of the nucleotide G with A at position 565 is shown in

figure
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Figure 4.10 Predicted structures of Normal (A) and mutated (B) proteins of
P2RY5/LPARG gene
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Figure 4.11 P2RYS/LPARG (Lysophosphatidic acid receptor 6) binds to LIPH,
LPAR Important of the maintenance of hair growth and texture. LPARG protein

has close interaction with LIPH having the confidence score of 0.959. (STRING
9.0)
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4.3 Insilco Analysis:

A comparative modeling technique (MODELER 9v10) was adopted to
predict the three dimensional structure of the hairless protein encoded by the HR gene.
The protein data bank (PDB) was checked for the 3D structure of the selected protein,
and it was confirmed that no 3D structure had been predicted to date. Hairless protein
interacts with its predicted partner proteins are HDACI, NF1, NF1L4, ST8SIA4, VDR,
HRC, FUT3, and ABCCS (Figure 4.8). Human hairless protein has close interaction
with HDAC1 having the confidence score of 0.824. The second close interaction of
human hairless is with NF1 having the confidence score of 0.786. /R may act as a
transcription factor that could act on to regulate one of the phases of hair growth.
HDACI is the histone deacetylase 1, which is responsible for the de-acetylation of
lysine residues at the N-terminal of core histones; this de-acetylation gives a tag for
the epigenetic repression arid plays a prime role in cell cycle progression,
developmental events and transcriptional regulation. NF1 is a neurofibromin 1, which
stimulates the GTPase activity of Ras. FUT3 is a fucosyltransferase 3, which rﬁay
catalyze alpha-1, 3 and alpha-1, 4 glycosidic linkages. VRD is the vitamin D receptor,
which mediates the action of vitamin D3 by controlling the expression of hormone
sensitive gene. HRC is a histidine rich calcium binding protein, may ;ﬁlay arole in the

regulation of calcium withdrawal (STRING 9.0).

Homology modeling was implemented to generate the 3D structure of the
encoded protein encoded by LPAR6/P2RYS gene. MODELER 9v10 was used to
construct the protein model. The amino acid sequence of P2RY5 in FASTA format
was retrieved from Uniprot. The structure predicted by MODELLER 9v10 with the
alpha helices and beta-pleated sheets visualized by Chimera 1.6 is illustrated in Figure
4.10. P2RY5/LPARG protein interacts with its predicted partner proteins that are LIPH,
LPARI, LPAR2, LPAR3, LPAR4, P2RY1, P2RY2, P2RY6, and P2RYI10 (Figure 4.11).
LPARG protein has close interaction with LIPH having the confidence score of 0.959.
The second close interaction of LPAR6 protein is with LPAR2 having the confidence
score of 0.957.The confidence score of LPARG6 protein with LPAR3 protein is 0.930
P2RY5/LPARG6 is a lysophosphatidic acid receptor 6, binds to oleoyl-L-alpha-
lysophosphatidic acid (LPA4). Intracellular cAMP is involved in the receptor activation

that is important for the maintenance of hair growth and texture (344aa). LIPH is a
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lipase, member H that hydrolyzes specifically phosphatidic acid (PA4) to produce
lysophosphatidic acid (LPA). LPARI is a lysophosphatidic acid receptor 1, receptor
for lysophosphatidic acid (LP4). LPAR?2 is a lysophosphatidic acid receptor 2, it is a
receptor for lysophosphatidic acid (LPA4) a mediator of diverse cellular activities plays

a prime role in phospholipase C-beta signalling pathway (STRING 9.0).
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5. DISCUSSION

All hair disorders are normally hair follicle disorders, as hair formation and
growth takes place in hair follicle structure. Genetic conditions that affect hair
structure or other hair growth cycle may be isolated or they may occur as part of
complex syndromes with associated abnormalities of other ectodermal appendages.
Alopecias are of different types based on related disorders; syndromic alopecias and
isolated alopecias or non-syndromic alopecias. Syndromic forms of alopecia shows
hair loss condition in association with various clinical conditions i.e. nail dystrophy,
mental retardation, epiiepsy, impaired sweating, immunodeficiency, cataracts and
retinas pigmentation. The inheritance pattern of these syndromic autosomal alopecia
syndromes are both recessive and dominant type. In isolated alopecia, the genetic,
studies of several forms of hypotrichosis or alopecia in inherited families led to the
identification of novel genes/loci controlling hair growth. Several genetic defects
recognized for the isolated alopecias. The inheritance pattern observed as both

"autosomal recessive and dominant in these isolated forms of alopecias.

All the exons and their splice junctions of human hairless (//R) gene were
amplified and were sequenced of both normal and affected individuals of the two.
families. In family A, the sequence analyses of the PCR product show us no mutation
in the any amplified exons of the HR gene. In family B, the sequence analyses of the
amplicon showed us the substitution mutation in exon 3a, at position 285 (GsubstA).

This substitution mutation changes the glycine (hydrophobic) to serine (polar).

In the AR gene, glycine formation participates in the formation of normal
phenotype, but due to mutation at position 285 (GsubstA), glycine changed to serine,
which is predicted to be the cause of phenotype. Hairless protein interacts with its
predicted partner proteins are NFI, NFIL4, HDACI, ST8SIA4, VDR, HRC, FUT3, and
ABCCS8. Human hairless proteifi has close interaction with HDAC} having the
confidence score of 0.824. HR may act as a transcription factor that could act on to

regulate one of the j)hases of hair growth.

So far, 43 different mutation of HR gene have been recognized (Zlotogorski ef

al., 2002, Ahsoor et al.,, 2005, Sprecher et al., 1999, Ashoor et al., 2005, Ahmad et
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al., 1999, Cichon ef al., 1998, Indelman et al., 2002, 2003). It has been cleared that

HR gene plays a main role in alopecia disease.

The exon 2 and splice junctions of P2RY5/LPARG gene were amplified. The
mentioned coding region of P2RY5/LPARG gene was sequenced in both affected and
normal of family C. The sequence analysis of amplicon of this family showed the
substitution mutation in exon 2b at position 565 (GsubstA). This specific missense
mutation was also recognized by Shimmomura ef al., (2008) and Azeem et al.,
(2008). Therefore, our results for this family is matching with the study took by
Azeem et al., (2008) and Shimmomura ef al., 2008.

MODELLER 9v10 was employed for comparative modelling. This mutated
structure might have reduced binding with Guanine binding proteins, which leads to
reduction in transduced extra cellular signals. P2RYS/LPARG protein interacts with its
predicted partner proteins that are LIPH, LPARI, LPAR2, LPAR3, LPAR4, P2RYI,
P2RY2, P2RY6, and P2RY10. LPARG protein has close interaction with LIPH having

the confidence score df 0.959,

So far, 13 mutations are recognized in the P2RYS/LPARG gene, in which seven
are missense mutation, four are frameshaft mutation, one is non-sense and one is

complex deletion mutation (Shimmomura et al. 2008; Azeem et al. 2008).

FUTURE PROSPECTS

+ Identification of novel genes in family B and role of novel mutation in family
B and subsequent characterization of proteins they encode will further increase our
knowledge of molecular mechanisms underlying the disease. This and further studies

in this field will help getting rid of such genetic anomalies and securing human

beings.
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