Dntvoaduction &

INTRODUCTION

Alopecia areata (AA) is characterized by nonscarhag
loss on the scalp or any hair-bearing surface. dewange
of clinical presentations can occur ranging frosirggle patch
of hair loss to complete loss of hair on the so@lmpecia
totalis, AT) or the entire body (alopecia univeisahU). The
estimated lifetime risk of developing AA is 1.70Alex et al.,
2004)

The etiology of AA is unknown, although both geneti
factors and environmental agents are thought tdribore to
the immune disregulation leading to the final patisvof the
disease. Basic research has established AA asb-mediated
autoimmune disease with a type 1 cytokine pattert laas
clarified many of its genetic, cellular, and mollclaspects.

Perifollicular and intrafollicular mononuclear cell
infiltrates directed at anagen hair bulbs are dtaerstic and
striking histological features in early AA. The ledihmatory
infiltrate is composed predominantly of activate®43 and
CD8+ T cells, together with macrophages and Larayesitells
(Carroll et al., 2002)

Tumor necrosis factor-alpha (TNE- possesses
multifunctional activities and is one of the mostportant
proinflammatory and proimmune cytokines. It is atemb
inhibitor of hair follicle growth. An in-vitro stugdreported that




Dntvoaduction &

the histology of hair follicles maintained with ibitory doses

of TNF-o showed the following changes: condensation and
distortion of the dermal papilla, marked vacuolatad the hair
follicle matrix, abnormal keratinization of the licle bulb and
inner root sheath, disruption of follicular melagtes and the
presence of melanin granules within the dermal ljaapi
(Philpott et al., 1996) However, there are some reports of
failure of these TNFe inhibitors in controlling AA (Price,
2003)

Hypothesis:

Since TNFe has been shown to be inhibitory to hair
follicle growth in the in-vitro studies and the cig@s in hair
follicles incubated with TNFe- are similar to those reported in
alopecia areata, we suggest that TdNfray play an important
role in the pathophysiology of inflammatory haiselase.
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AIM OF THE WORK

his Thesis is conducted to estaminate the seruel &v
atumor necrosis factor alpha (TNf-to assess its possible
role in AA thus paving the way for the developmehhew and
safe targeted therapy for AA.




Chapter (1)
ALOPECIA AREATA

I- Epidemiology:

lopecia areata (AA) is a heterogeneous disease
characterized by non scarring hair loss on thepscal any
hair- bearing surface. Prevalence in the generpllation is
0.1-0.2%. The lifetime risk of developing AA is iesated to
be 1.7%. It is responsible for 0.7-3% of patienters by
dermatologists. All races are affected equally bg; Ao
increase in prevalence has been found in a paatiethnic
group. Data concerning the sex ratio for AA varigldly in
the literature. In one study includin@6 patients, a male-to-
female ratio of 1:1 was reported. another study on a smaller
number of patients, a slight female preponderanas seen.
AA can occur at any age from birth to the late desa of
life. Congenital cases have been reported. Peakleince
appears to occur from age 15-29 years. As manylés af
people with AA have onset at younger than 20 yeamset in
patients older than 40 years is seen in less th&n & patients
of AA (Alex et al., 2004)

II-Clinical Picture:

The natural history of AA is unpredictable. The
condition usually is localized when it first appeadf patients
with AA, 80% have only a single patch, AA most ofte
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affects the scalp (66.8-95%); however, it can affmay hair-
bearing area e.g. beard, eyebrows or extremitiesalized AA
(<50% involvement) is usually self-limit¢d@iang et al., 2004)

Alopecia areatais most often asymptomatic,
but some patients experience a burning sensation or
pruritus in the affected area.

Presence of smooth normal-colored alopecic patchiss
characteristic. Typically, lesions of AA consist§ one or
more round smooth patches in which the scalp fekedhtly
depressed because of loss of the supportive eftédtse hair
shafts. Presence of  exclamatipoint hairs (i.e., hairs
tapered near proximal end) is pathognomonic babtsalways
found. Positive pull test at the periphery of aqgpi@ usually
indicates that the disease is active, and furtherlbss can be
expectedWhiting, 2003)

A reticular pattern occurs when hair loss is more
extensive and the patches coalesce. An ophiasiterpat
occurs when the hair loss is localized to the sal®s lower
back of the scalp. Extensive AA (>50% involvemeast)ess
common. Alopecia totalis (AT) i.e. loss of all guahair or
alopecia universalis (AU) i.e. loss of all scalpdamody hair
are reported to occur at some poin7% of patients.

Episodes of localized patchy AA usually are selffiied;
spontaneous regrowth occurs in most patients withifiew
months, with or without treatment. In 30% of patsewith AT,
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complete hair loss occurred within 6 months aftesed of
disease. Others reported a mean progression periéd of 4
months after onset. The natural evolution of ATinpredictable,
but recurrences of AA are expec{@a@ng et al., 2004)

Clinical Associations:

Atopic dermatitis is seen in 9-26% of patients WKA.
Some authors have found atopy to be a poor progniastor
for AA with more severe AA correlating with atopy
(Kasumagé- Halilovié and Prohié, 2008) The prevalence of
thyroid disease varies among studies from 0.85%4.The
incidence of thyroid disease in control subjectessmated to
be 0.17-2%. Collagen- vascular diseases have hmerdfin
0.6-2% of patients with AA, while the incidence @ontrol
subjects is 0.17%. The incidence of AA in 39 pdBewith
lupus erythematous was 10% in contrast to 0.42%eoferal
dermatologic patients. Vitilligo is seen with ancigence
varying from 1.8-3% compared with 0.3% in contrabgcts
(Werth et al., 1992)

Diabetes mellitus was found to be more common in
control subjects (1.4%) than in patients with AA4®). The
occurrence of AA may protect against the appearahtgpe |
diabetes mellituéWang et al., 1994)Alopecia areata is seen in
6-8.8% of patients with Down syndrome. The highgérency
of AA in patients with Down syndrome suggests thaenetic
linkage for AA may exist on chromosome @arahamani et
al., 2002)




I11- Aetiopathogenesis:

The pathogensis of AA is still unknown. Inspitetbé
impressive progress, there is still a long way © ©@
completely understand the mechanisms of the disaadeto
identify AA-specific targets for treatme(orris, 2004)

Many factors such as genetic predisposition
autoimmunity, cytokines, chemokines and stress Hasen
suggested as causes for AA. The course of diseas®ti
predictable and it is often associated with periofibair loss
and regrowtl{Firooz et al., 2005)

1- Genetics:

Many factors favor a genetic predisposition for Ahe
frequency of positive family history for AA in affeed patients
has been estimated to be 10-40%. Reports of AAraaguin
twins are of interest, with concordance rate ofto®b5% in
identical twins. There is a significantly highercitgence of a
family history in patients with early onset of AA&amilial
incidence of AA has been reported to be 37% inepéti who
had their first patch by 30 years of age and 7% whe first
patch after 30 years of agdadani and Shapiro, 2000).

Within the general population, AA does not segreget
a Mendelian, monogenic trait. It is a continuouaittmwith
varying degrees of hair loss within the affectedoydation
(McElwee et al.,, 2001)This suggests that AA expression




involves a complex interaction of multiple genesl am most
likely a polygenic disease where several, potdgtial
identifiable, major genes affect disease susceipyilaind minor
severity modifying genes may further affect the rpitgpe.

The role of environmental factors in initiating or
triggering the condition is yet to be determin@dicDonagh
and Tazi-Ahnini, 2002)

Several genes have been studied and a large ambunt
research has focused on human leukocyte antigerA)HL
Studies demonstrated that HLA DQ3 was found in nibea
80% of patients with AA, which suggests that it daa a
marker for general susceptibility to AMarques Da Costa et
al., 2006) The studies also found that HLA DQ7 and HLA
DR4 were present more in patients with AT and AU.
Interleukin (IL)-1 cluster genes, mainly the IL-Eceptor
antagonist, show a strong association with dissaserity in
AA and a number of other autoimmune and inflammator
diseasegAkar et al., 2002) The functional R620W variant of
the protein tyrosine phosphatase nonreceptor 22e gen
(PTPN22) is a general risk factor in AA with theosigest
effect observed among patients with a severe typadAg a
positive family history or an early onset of diseéBetz et al.,
2008) Recent studies have shown that genetic varianthen
TRAF1/C5 locus (tumor necrosis factor receptor-asged
factorl, complement component 5) is involved in the degp
of familial and severe AARedler et al., 2010)




The association of AA with Down's syndrome
(Barahamani et al., 2002)the high frequency of AA in
autoimmune polyglandular syndrome type | due toatnoms
(single nucleotide polymorphisms) of the autoimmuegulator
(AIRE) gene on chromosome 21g22(Bazi-Ahnini et al.,
2008)and the finding of association with MX1, anothengén
the Down's syndrome region of chromosome 21 indithaits
area of the genome as a promising target for fifaumrely
based investigation®arahamani et al., 2002)Several studies
have confirmed the association between AA and tiopi@a
state, with more severe AA correlating with atgiiasumagé-
Halilovi¢ and Prohi¢, 2008)

Genome-wide searches have been utlized for
identification of chromosomal regions associatethwiisease
risk. The identification of chromosomal regions lwisuch
genome-wide screens is only a first step, and raddstional
effort is required to map the risk to specific gendn
conclusion, many studies reveal that AA is a palyge
disease, with certain genes correlated with sudnkfyt and
others with severity. Most likely, there is an natetion
between genetic and environmental factors thatgérgthe
diseas€Ying, 2007)

2- Autoimmunity:

Alopecia areata is believed to be due to an antHhdb
autoimmune process in which CD4 and CD8 lymphocytes
affect the peribulbar aregAbramovits and Losornio, 2006)

9



Strong direct and indirect evidence support that &Aan
organ-specific autoimmune disease;

T lymphocytes that have been shown to be oligo¢land
autoreactive are predominantly present in the péody
inflammatory infiltrate.

= AA frequently occurs in association with other aommune
diseases, such as thyroiditis and vitiligo.

» Lesional scalp from AA patients grafted onto nudean
regrows hair coincident with a loss of infiltrating
lymphocytes from the gra{Kalish and Gilhar, 2003)

» High levels of autoantibodies to multiple structuref
anagen hair follicles in AA patients.

» The beneficial use of immune modulating drugs,uduoig
corticosteroids and contact sensitizers in the gpamnt of
AA (Hordinsky and Ericson 2004)

Immune privilege:

The hair follicle has a distinct immune system that

differs from its surrounding ski(Madani and Shapiro, 2000)

The anagen hair bulb meets the criteria of an

immunoprivileged tissue, of which the anterior eyember,
testis, brain, and fetotrophoblast are the besliastiiexamples.
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They sequester auto- or alloantigens from immune
recognition. Peripheral tolerance may also be irduagainst
auto- and/or alloantigens that escape from sudiitaees of
relative immune privilegéGilhar et al., 2007) This Immune
privilege is generated and maintained by a numbkr o
mechanisms including:

» Down-regulation or absence of major histocom-
patibility complex (MHC) class la expression.

» Local production of potent immunosuppressants such
as transforming growth factor (TGF-1), interleukin
(IL-10) and melanocytstimulating hormone (MSH).

» Functional impairment adintigenpresenting cells.
» Absence of lymphatics.

=  Construction of extracellular matrix barriers tandher
immune cell trafficking.

» Expression of non-classical MHC class Ib molecles
et al., 2004)

Also, it has even been speculated that the riclovement
of the hair follicle’s connective tissue sheathhwitast cells may
contribute to maintaining a low-level constitutivenmune
privilege of this skin appendag@Valdmann, 2006) This
immune privilege serves mainly to sequester aragsociated
autoantigens from immune recognition by autoreac@D8+T
cells(Paus et al., 2003)

11



A Normal anagen follicle B AA anagen follicle
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Figure (1): (Gilhar et al., 2007)

(A) A normal anagen (growing) hair follicle a(i#) a hair follicle in AA are
shown. MHC class | molecules are expressed oniuerenis, and on the
most superficial (distal) portion of the normal rhfallicle epithelium. The
inferior (proximal) portions of the hair folliclere immune privileged and
deficient in expression of MHC classes | and Mhad as APCs. By contrast,
the AA anagen hair follicle expresses MHC classnd dl molecules
throughout the follicular epithelium, including thpertion adjacent to the
dermal papilla of the hair follicle. Active AA alsexhibits a perifollicular

infiltrate of CD4™ T cells and an intrafollicular infiltrate of COST cells.
IRS, inner root sheath; ORS, outer root sheath.

An immune privilege collapsemodel was proposed
to explain autoimmunity in AA. In this model, intamns,

bacterial superantigens, or follicular damage ®igihe release

of INF-y which induces expression of MHC class | molecules

on follicular cells, leading to the induction of thoCD8
positive cytotoxic cells and MHC class Il molecylésading

to induction of CD4 helper, and then to downstream

autoimmune phenomenon with generation of autoreact:
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cells. Eventually there is spread of the immung@aase with
antibody, macrophages, expression of Fas L (Factor
apoptosis signal ligand), apoptosis and damageoltcuiar
cells (Norris, 2004) Moreover, there is evidence that anti-hair
follicle antibodies that are modulated during thesedse
process, can occur before clinically detectable tags, and
may be reduced in titer during successful treatn¢€obin,
2003) Also, RNA analyzed from biopsies of human AA
patients showed increased expression of the CDhgdraans
cell specific marker, suggesting that an ongoingnime
response involving APC magiso be involved in human AA
(Carroll et al., 2002)
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Figure (2): (Gilhar et al., 2007).
Proposed pathogenesis of AA.

Cytokines and cellular factors responsible for rfamng immune
privilege are listed in the left box. Those factbedieved to mediate loss
of immune privilege and initiation of disease aisteld in the middle
box. Loss of immune privilege is associated witlpression of MHC
class | molecules, which are capable of presentivayr follicle
autoantigens to T lymphocytes. Secondary autoimmamglification
circuits that may help establish or amplify the hoddgy are listed in
the right box.
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Researches suggest a self contained diseasemyalamng
four key events: (1) Failure of the putative anagtge hair
follicle immune privilege and exposure of hair iidi located AA
inciting epitopes to the immune system; (2) Antigegsentation,
costimulation, and activation of responsive lymphes by
antigen presenting cells; (3) Activated inflammgtocell
migration to, and infiltration of hair follicles4] The subsequent
disruptive actions of the inflammatory cell infdte on the hair
follicles (McElwee et al., 2003)

Affected hair follicles terminate the anagen phase
prematurely and regress via the induction of masapoptosis
of the lower portion of the follicle (catagen phgasesulting in
a resting hair follicle (telogen phase). Hair foiis may then
reenter the anagen phase, but in the presencanphlycytic
infiltrate, anagen is terminated prematurely, r@sgl in
miniaturized hair follicles. AA represents a diserdf hair
follicle cycling in a dual sense: It almost exchedy attacks
anagen hair follicles and then greatly disturbsr Hallicle
cycling as such by "catapulting” anagen folliclaticatagen.
Therefore, one potential therapy proposed to h#@eate
progression involves arresting hair follicles i tielogen stage
of the hair cycléPaus et al., 2005)

The humoral factors, especially autoantibodies, ety
us something about the hair follicle (HF) antigeapeted in
AA, and/or may even be important in perpetuatirgdisease.
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Anti-HF antibodies have been detected by direct
immunofluoresence (DIF), indirect immunofluoresenti-)
an By immunoblotting analysis of serum antibod{@sbin
et al.,1998) DIF revealed deposits of Immunoglobulin (Ig) G
predominantly on the lower HF glassy membrane/basal
lamina. Circulating IgG antibodies reacted with tipé
components of anagen HF. The precortex, the site of
significant keratinocyte and melanocyte differetbia, was the
most commonly targeted component. In this way,tmoral
factors may disturb cell differentiation and compree HF
formation(Tobin et al.,2003)

Candidate autoantigens that have been identifietide the
44/46 kDa hair-specific keratin (expressed in the precortical
zone of anagen hair follicles) andrichohyalin (an
important intermediate filament-associated protexpressed
in the IRS of the growing hair follicle) which i®keved to be
necessary for correct alignment of keratin filamseoft the IRS
and medulla. It is likely that defects of IRS driatiation (an
anagen specific event) may result in defective dfmation
(Tobin et al.,, 2003) There is also evidence that AA
preferentially target pigmented hair and spare evhair. AA-
like lesions can be induced in mice by inducing GBgl -cell
mediated immunity tdhair follicle melanocytes.Regrowing
hair is often initially white, indicating a selea#i targeting of
hair bulb melanocytgdNagai et al., 2006)
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