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ABSTRACT

Aim: Studying the expression of CD117 (c-kit) in hair follicles of Alopecia Areata (AA).

Place and Duration of Study: Department of dermatology and venereology, Minia university
hospital, Egypt and Department of Pathology and laboratory medicine, Western University, Ontario,
Canada, between July 2022 and July 2023.

Methodology: This study included 16 AA patients, Skin biopsies were obtained from each
participant and stained with hematoxylin and eosin (H&E) and CD117 immune stain, all hair follicles
are numbered and evaluated for presence of infiltrates and expression of CD117. Correlation was
done between existence of perifollicular inflammatory infiltrate and expression of CD117 in all hair
follicles in cross section.

Results: Within 82 follicles examined, CD117 was significantly expressed in immune targeted
follicles. The median of positive expression was 2 with interquartile range (IQR) (1-3), the
expression decreased in non-infiltrated follicles the median was 1 with IQR (0-1.8) with statistically
significant difference (P = 0.001).
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Conclusion: CD117 is significantly expressed in hair follicles of AA and is correlated to the
immune cytotoxic infiltrates and possibly to the pathogenesis of alopecia areata.

Keywords: CD117; alopecia areata; hair follicle-immunohistochemistry.

1. INTRODUCTION

AA is a disorder that results in non-scarring hair
loss. The main theory of AA pathogenesis
pointed to autoimmune mechanism led to the
destruction of the hair follicle [1]. The hair follicle
is made up of cells from the keratinocytes and
melanocytes, which are responsible for hair
development and color, and they express the c-
kit [2]. C-kit may be responsible for hair growth
as well as hair pigmentation [3]. Although
humoral immune responses against tyrosinase,
TRP-1, TRP-2, gpl00 and Melan-A were not
demonstrated in patients with AA, vyet, it's
been known for a while that certain peptides
related to melanogenesis are the autoantigens
that are targeted by the immune system in AA
[4]. 1t is known that the prevalence of alopecia
areata is significantly increased in individuals
with dark brown hair, while blond individuals
were less likely to be diagnosed with the
condition [5]. The involvement of c-kit in human
AA has not yet been fully understood. To
address this issue, we performed
histopathological and immunohistochemical,
analysis in scalp biopsy specimens, focusing
on c-kit.

2. MATERIALS AND METHODS

2.1 Selection of Study Cases

The present study included 16 patients with AA
attending the Dermatology Out-patient Clinic of
Minia University Hospital people that already
started treatment were excluded.

2.1.1 Clinical data

e Full history was taken from all patients
including: personal history (age, sex and
occupation), present history (onset, course
and duration of the disease) history of
other autoimmune diseases, past history
(previous disease or medications) and
family history of AA.

All patients provided an informed consent
(for subjects under 18 years of age,
parents were asked to provide signatures
on the consent forms).
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e Approval of ethical committee was
obtained.
2.1.2 Skin biopsy
e Skin biopsies were taken from all

patients from the edge of AA patch for
histological and immunohistochemical
examinations.

Skin biopsy specimens were obtained
using 3 mm punches after infiltration of the
skin with local anesthesia containing 2%
lidocaine (Debocaine, Sigma-Tec).

Each biopsy was immediately fixed in 10%
formalin, routinely processed and
embedded in a paraffin block. Transverse
section was done for each biopsy 1 mm
above the dermal subcutaneous junction

6].
2.1.3 Histological examination

The presence and density of any detected
perifollicular lymphocytic infiltrate for each follicle
was evaluated either with significant perifollicular
mononuclear infiltrate or without.

2.2 Immunohistochemical Examination
2.2.1 Staining methods

Formalin-fixed, paraffin-embedded tissue of the
skin  biopsy specimens underwent the
immunoperoxidase staining of CD117 antibody at
London Health sciences Centre/Western
University, Ontario, Canada. All tissue sections
underwent a pretreatment procedure resulting in
deparaffinization, rehydration, and Heat Induced
Epitope Retrieval (HIER) through Pretreatment
procedure (PT) Link® technology. Dako
Autostainer Plus® instrument and standardized
staining procedure (London Laboratory Services
Group, London, ON) added 150 pL EnVision™
FLEX Peroxidase-Blocking Reagent, cd117
antibody, 150 pL EnVision™ FLEX Mouse
(LINKER), 150 pL EnVision™ FLEX/Horse
Radish Peroxidase and 150 pL diaminobenzene
(DAB) to the tissue sections. Each run through
the procedure, which contained one positive
control tissue. Tissues were exposed to c-kit
antibody.
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The slides were examined and scanned using
Aperio glass slide scanner at Department
of Pathology and Ilaboratory Medicine at
Western University. The ScanScope scans
microscope slides at 20x, 40x to a digital image
that can be viewed with software that simulates
the use of a light microscope. The files can be
viewed and manipulated using a free software
program called ImageScope. Representative
photographs were captured using Aperio
ScanScope™ technology at equivalent exposure
times.

2.2.2 Assessment of the antibody staining

Follicles examined in sections according to
Trautman et al. [7]. And were scored objectively
from O to +3 as follow: 0 (no cells were immune-
stained), 1 (from 1 to 5 positive immune-stained
cells), 2 (from 6 to 10 positive cells) and 3 (more
than 10 positive cells)

2.3 Statistical Analysis

Data analysis was carried out using the IBM
SPSS version 25 statistical package software.
Data were expressed as median (IQR) for non-
parametric quantitative data, in addition to both
number and percentage for qualitative data.
Analyses were done between the two groups for
non-parametric quantitative data using the Mann-
Whitney test between each two groups;
Correlation between variables was done using
Spearman’s correlation. A P-value less than 0.05
was considered statistically significant.

3. RESULTS AND DISCUSSION

The current study was conducted on 16
patients with AA attending the Dermatology
out-patient clinic, Minia University Hospital,
Minia, Egypt. Of these patients 6 (37.5%)
were males and 10 (62.5%) were females.
Their age ranged from 5 to 40 years with a
meant SD (19.6+10.2). The duration of the
disease ranged from 5 days to 36 months
with a meantSD (5.5+8.9). No family history
was present in all patients. As regard disease
activity (with hair pulling test), 7 (43.8%)
were active and 9 (56.3%) were stable. One case
gave history of vitiligo on the same AA lesion
(Table 1).

Histopathologic examination using routine H&E
stain of all hair follicles revealed that 50 follicles
(61%) had significant mononuclear inflammatory
infiltrate (Figs. 1, 2) and 32 follicles (39%) had
insignificant infiltrate.

Within the 82 follicles examined for 16 AA cases
60 follicles showed positive staining. Positive
cells ranged from 1 to 24 per follicle. CD117 was
significantly expressed in immune targeted
follicles (Figs. 3, 4). The median of positive
expression was 2 with inter quartile range (IQR)
(1-3), the expression decreased in non-infiltrated
follicles (Fig. 5) the median was 1 with IQR (0-
1.8) with statistically significant difference (P =
0.001) (Table 2). Expression total score was 123
with average of 1.2 using (0 to +3) scoring
system.

Table 1. Demographic and clinical data of all patients

Descriptive statistics

N=16
Age mean+SD (19.56£10.17)
IQR (9.5-27)
Sex Female 10(62.5%)
Male 6(37.5%)
Activity (hair pull test) Stable 7(43.8%)
Active 9(56.3%)
History of other autoimmune -Ve 15(93.8%)
diseases +Ve 1(6.3%)
Family history of autoimmune -Ve 16(100%)
diseases +Ve 0(0%)
Duration meanzSD (5.54+48.9)
IOR (1-4.8)
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Table 2. CD117 comparative expression in infiltrated and non-infiltrated follicles according to
Mann-Whitney test

Perifollicular mononuclear P value
inflammatory infiltrate
No Yes
N=32 N=50
CD117 Median 1 2 0.001*
IQR (0-1.8) (1-3)

*Significant level at P value < 0.05

Fig. 1. H&E staining of AA specimen showing significant perifollicular mononuclear
inflammatory infiltrate around several follicles in different stages (100X) in cross section

Fig. 2. H&E stain of AA specimen showing significant perifollicular mononuclear inflammatory
infiltrate around anagen follicle (100X). in cross section
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Fig. 3. CD117 immune stain of AA specimen showing marked expression in immune targeted
follicle (100x) same follicles of Fig. 1
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Fig. 4. CD117 immune stain of AA specimen showing marked expression in immune targeted
follicle in cross section (100x) same follicles of Fig. 2

Alopecia Areata is an autoimmune condition that it as autoimmune disease that’s specific to hair
is characterized by patchy loss of hair on the follicles and triggered by CD8+T cells [10]. The
scalp or other hair-bearing surfaces [8]. New key role of cytotoxic CD8+ cells in human AA
insights have been introduced into the was first demonstrated by Gilhar et al [11] and
etiopathogenesis of AA, including genetics, has been confirmed in a mouse model of AA, in
immunology, oxidative stress, microbiome, which the JAK pathway in CD8+ cells was
allergy, microbiota, epigenetics, and other factors identified as an important target for
[9]. The best way to think about AA is to consider  pharmacological intervention [12].
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Fig. 5. CD117 immune stain of AA specimen showing decreased expression with insignificant
perifollicular inflammatory infiltrate in cross section (100x)

Until now, the specific autoantigen responsible
for AA has not been identified [13]. It is
established that gray/white hair is usually spared
in AA lesions [14]. Concurrently, the question
requires answer: Why are the gray hairs in AA
often don’'t fall out? The interesting clinical
phenomenon led us to hypothesize that follicular
melanocytes may be involved in the
pathogenesis of AA. Paus proposed that
melanocyte metabolites could be antigenic and
serve as the primary cause of autoimmune
attacks [15].

Several melanocyte subpopulations had been
identified; these melanocytes are predominantly
located in the infundibulum, hair follicle bulge,
outer root sheath, and the hair bulb [16].
Activated melanocytes are present in at least two
hair follicle sites, including the hair bulb and
infundibulum. The melanotic melanocytes in the
hair bulb matrix above the dermal papilla are the
only subpopulation to produce pigment for the
hair shaft In addition to activated melanocytes,
undifferentiated or poorly differentiated
amelanotic pigmented cells could be identified in
the hair follicle bulge (melanocyte stem cells
reservoir), outer root sheath [13].

There are some conflicting results about the role
of melanocytes in AA. Some authors reported
that melanocyte initiate autoimmunity in AA
[13-15-17], and according to others, Trichohyalin
is a potential major autoantigen [18].

The histologic features of AA vary according to
the disease stage. In acute, active disease there
is peribulbar infiltration of CD8+ and CD4+ T
lymphocytes surrounding anagen follicles, with
extension into the hair matrix keratinocytes.
These lymphocytes cause disorganization and
apoptosis of hair matrix cells [19].

In the context of AA, hair follicles bulb immune
privilege is most relevant for understanding
disease pathogenesis, given the peri-and intra-
follicular inflammation is primarily focused on the
bulb and lower follicle [20].

If the melanocytes are the targeted element in
the hair bulb, then the question will be why
lymphocytes did not attack the epidermal ones.
Several publications by Desmond Tobin pointed
to the difference in characters and antigenicity of
melanocytes regarding their position either
epidermal or follicular and further differences
exist between bulbar melanocytes which is the
main targeted area in AA and other melanocytes
in outer root sheath or the bulge [16].

The c-kit receptor is a transmembrane protein
with tyrosine kinase activity encoded by the
oncogene c-kit. It is an important member of type
Il receptor tyrosine kinase family and acts as a
receptor for stem cell factor. The binding of stem
cell factor to c-kit transactivates the receptor
tyrosine kinase to activate melanogenesis

[2].
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Within the 82 follicles examined for AA cases 60
cases showed positive staining. The statistical
data obtained showed significant positive
correlation between expression of c-kit and
existence of the mononuclear infiltrate (P
value 0.001), which could demonstrate the
relevance of melanocytic antigens in the
induction of AA, and also explain why white hairs
are not affected in the disease. Our results are in
agreement with that of Mourad et al [21] who
reported an increase in count of c-kit-positive
cells in AA than in normal and a positive
correlation between the intensity and count of c-
kit positive cells per hair follicle in relation to the
severity of alopecia. Also, Mohanan et al [22].and
Ashrafuzzaman et al [23] documented a
significant increase in the expression of CD117
in anagen and catagen follicles among AA
patients.

4. CONCLUSION

We conclude that the stem cell factor receptor c-
kit is significantly expressed in hair follicles in
alopecia areata and its density is correlated to
the immune cytotoxic infiltrates. Subsequently,
melanocytes could be implicated in the
pathogenesis of alopecia areata.
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