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Abstract
Background: Alopecia areata is a disease of uncertain, probably autoimmune etiology. The role of

growth factors like platelet-derived growth factor and C-kit (CD117) in alopecia areata is unknown.
Aims: To compare the expression of CD117 and platelet-derived growth factor receptor o in tissue
samples of alopecia areata and normal controls.

Methods: Thirty biopsy samples of alopecia areata and eighteen normal control samples were included
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in this cross-sectional study. Immunohistochemistry was done to detect the expression of CD117 and
platelet-derived growth factor receptor o.in cases and controls. The mean percentage of follicles expressing
CD117 and platelet-derived growth factor receptor oo was compared among cases and controls.
Results: The mean number of follicles expressing CD117 in anagen and catagen hairs differed
significantly among cases and controls. The extent and intensity of staining with platelet-derived growth
factor receptor o correlated significantly with the severity of alopecia areata based on the severity of
alopecia tool score.

Limitations: Confirmation of the expression pattern of molecules observed in immunohistochemistry
with western blot or polymerase chain reaction would have strengthened the report.

Conclusions: The expression of CD117 varied in cases and controls. The expression of platelet-derived
growth factor receptor o correlated with the severity of the disease. This could explain how platelet-rich
plasma works in the treatment of alopecia areata. Further studies are required to explore the role of these
molecules in autoimmune pathogenesis.
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Introduction

Alopecia areata is an acquired inflammatory disease
characterized by circumscribed patches of hair loss due to
premature truncation of the anagen or growth phase of hair.!
Although the exact etiology is unknown, the most accepted
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theory is the autoimmune theory due to its association with
autoimmune disorders, the collection of T-lymphocytes in
the affected tissue and the response to immunosuppressive
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agents.>? In view of the varied therapeutic strategies used in
the treatment, other unknown factors may also play a role
in the pathogenesis. Platelet-rich plasma is one of the newer
therapies used in alopecia areata, and it possibly acts via the
release of growth factors into the affected tissue.*

Many different growth factors play a role in the
development and cycling of the hair follicle through
epidermal-mesenchyme interactions.® It has been shown
that isoforms of platelet-derived growth factor and its
receptor (platelet-derived growth factor receptor o) play
a role in hair follicle development and embryogenesis.®®
C-kit (CDI117) is known to be essential for melanocyte
migration during development and its expression has been
found in the outer root sheath of hair follicles. Ashrafuzzaman
et al. have demonstrated increased CD117 expression in the
affected areas in alopecia areata and androgenetic alopecia.’

However, the exact role of these molecules in the autoimmune
disease process is unknown. Hence, this study was planned
to compare the expression of CD117 and platelet-derived
growth factor receptor o in patients with alopecia areata
and normal controls to investigate their possible role in the
disease pathogenesis.

Methods

The study was designed as a cross-sectional study [chart 1].
After obtaining the approval from the Institutional Ethics
Committee, the study was conducted in the Departments
of Dermatology and Pathology in Indira Gandhi Medical
College and Research Institute, Puducherry. Thirty
consecutive patients of alopecia areata, clinically diagnosed
by two independent dermatologists were recruited as cases.
Patients on tyrosine kinase inhibitors or antihistamines were
excluded from the study. After noting the demographic
parameters, the severity of alopecia tool score was calculated
for all patients. Poliosis was not seen in any of the patients.
After obtaining informed consent, a punch biopsy was taken
from the margin of the patch including normal skin to look
for disease activity at the margin. Scalp biopsy material from
biopsies done for other scalp conditions as well as by-products
from scalp surgeries were taken as controls, as it was easier
than subjecting patients to another biopsy wound. A total of
18 controls were included. As it was the first study (proof
of concept) on immunohistochemistry of platelet-derived
growth factor receptor o in alopecia areata, a convenience
sample size of cases and controls was taken.

Immunohistochemistry

Horizontal and vertical sections were taken from the biopsies
received. The histopathological parameters were studied.
Immunohistochemistry was done as per standard protocol.
The antibody used to identify CD 117 was rabbit monoclonal,
clone EP10 (PathnSitu biotechnologies Pvt Ltd). For
identifying platelet-derived growth factor receptor o, rabbit
polyclonal antibodies (Thermo Scientific) were used. The

C-kit and PDGFRa in alopecia areata

slides were washed and counterstained with hematoxylin,
cleared and mounted.

Analysis

The percentage of anagen, catagen and telogen follicles
showing positivity for CD117 and platelet-derived growth
factor receptor oo were calculated in each case and control
and the means of the percentage of positive hair follicles
were calculated. To increase objectivity of reporting, the
staining was rated by extent (0 = no staining; 1 = 1%-24%;
2 =25%-49%; 3 = 50%—74% and 4 = 75%—100%) of the cell
population of interest per high power field and by the intensity
of staining (1+, weak; 2+, moderate and 3+, strong). All the
cells in the outer root sheath in all the follicles of each section
were considered and the median scores were determined. The
medians of the extent of staining and the intensity of staining
among anagen, catagen and telogen follicles were estimated
in each case and control. The pathologist was not blinded to
cases and control slides.

Statistical analysis

The mean percentage of anagen and catagen follicles
showing positivity for C-kit and platelet-derived growth
factor receptor oo were compared using the Mann-Whitney
U test. The medians of the extent of staining and intensity
of staining in the follicles between cases and controls were
compared using the Mann-Whitney U test. The correlation
between severity of alopecia tool score and staining scores
and that between the duration of lesions and the staining
scores was analyzed using Pearson’s correlation test.

Results

We included thirty cases of alopecia areata and eighteen
normal scalp control samples. The mean age of the patients
was 31.2 + 8.42 years. The average duration of illness in
the patients was 15.71 weeks (interquartile range 4-—12).
One patient had comorbid hypertension. Two patients had
atopy. Six patients had received previous treatment, four of
them with topical steroids. There was no washout period
before sampling as it was not considered prudent to stop
treatment when no other intervention was planned. Three
patients had ophiasis pattern while the rest had patchy hair
loss. The severity of alopecia tool score ranged from 3 to 86.
Histopathologically, the average follicular units in cases were
7.83 units (range 3—16). The average number of hair follicles
in the controls was 18 (range 6-36). The average terminal
vellus hair ratio was 1: 2 in the cases and 7:1 in the controls.
Miniaturized hair follicles were present in ten cases (33%).
Fibrous stellae were seen in fourteen (46%) and “swarm of
bees” appearance in 23 (76%) cases.

All the cases had an expression of CD117 in catagen hair
follicles [Figure 1a], whereas 12 (40%) cases were negative
for CDI17 in anagen hair follicles. Among controls,
12(66.6%) expressed positivity for CDI117 in catagen
hair follicles and only 4 expressed positivity for CD 117
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in anagen hair follicles. Among catagen follicles, the
difference in the mean percentage of follicles expressing
CD 117 among cases and controls was statistically
significant (P = 0.014) [Table 1]. The difference in the
mean number of follicles expressing CD117 in anagen hair
among cases [Figure 1b] and controls [Figure 1c] was also
statistically significant (P = 0.022). Among telogen follicles,
only 4 follicles expressed CD117 among cases and one follicle
was positive among controls. In both cases and controls,
CD117 was expressed in the isthmus and infundibulum,
the mesenchyme, eccrine and sebaceous glands. However,
11 cases also showed positivity in the outer root sheath. The
difference in the extent of cells stained among cases and

Figure 1: Alopecia areata. Immunohistochemistry showing expression of
CD117 (C-kit): (a) in the catagen hair follicle with the intensity of 1+ in 30% of
cells (IHC, x400); (b) in the anagen hair follicle with an intensity of 3+ in 5% of
cells (IHC, x400); (c) platelet-derived growth factor receptor ¢ in the catagen
hair follicle with the intensity of 1+ in 10% of cells (IHC, x400). (d) Control.
Immunohistochemistry showing lack of expression of CD117 (IHC, x400)

C-kit and PDGFRa in alopecia areata

controls was statistically significant in catagen (P = 0.00)
hair follicles. The difference in the intensity of staining in
the anagen (P = 0.035) and catagen hair follicles (P = 0.01)
was also significantly different among cases and controls.

Platelet-derived growth factor receptor o0 was predominantly
positive in catagen hair follicles [Figure 1d]. The pattern
of expression was similar to CD 117 with positivity in the
outermost layer of the outer root sheath of the hair follicles,
isthmus, infundibulum and in the inner root sheath and
surrounding the bulb in a few cases. It was not expressed in the
dermis, eccrine or sebaceous glands. Thirteen cases showed
no expression of platelet-derived growth factor receptor
o in catagen hair follicles while 6 controls were negative.
Only 4 cases expressed positive anagen hair follicles. All the
controls displayed negative anagen and telogen hair follicles.
The difference in the mean number of anagen and catagen
hair follicles expressing platelet-derived growth factor
receptor oo was not significant [Table 2]. None of the cases
or controls exhibited positivity for platelet-derived growth
factor receptor o in telogen hair follicles. The differences in
the extent of staining and the intensity of staining in anagen
and catagen hair follicles among cases and controls was not
statistically significant.

There was a significant correlation between the severity
of alopecia tool score and the intensity of staining with
platelet-derived growth factor receptor o in catagen
follicles in the cases (R 0.419, P =0.021). There was also
a significant correlation between the severity of alopecia
tool score and both the extent (R 0.507, P = 0.004)
and the intensity of staining (R 0.599, P = 0.00) with
platelet-derived growth factor receptor o in anagen follicles
in cases [Figure 2]. There was no correlation between the
severity of alopecia tool score and the extent or intensity
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Figure 2: Scatter plots showing the correlation of severity of alopecia tool score with the extent (left) and intensity (right) of expression of platelet-derived

growth factor receptor a in anagen hair follicles in patients with alopecia areata
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Table 1: Staining characteristics of CD117

Category  Number of positive follicles Percentage of positive follicles (meantSD) Extent of positivity Intensity of positivity
Anagen
Cases 32% 34.18+35.81 1 2%
Controls 6 14.35+£33.31 1 1
Catagen
Cases 117* 68.04+23.02 2% 2%
Controls 42 40.12+36.04 1 1
Telogen
Cases 4 15.384 1
Controls 1 8.33 1

*Significant difference in cases and controls by Mann—Whitney U-test. SD: standard deviation

Table 2: Staining characteristics of platelet-derived growth factor receptor a

Category  Number of positive follicles Percentage of positive follicles (mean*SD) Extent of positivity Intensity of positivity
Anagen
Cases 3 7.43+21.60 1 0
Controls 0 0 0 0
Catagen
Cases 24 18.98+23.108 1 1
Controls 29 27.70+£27.119 1 1
Telogen
Cases 0 0 0 0
Controls 0 0 0 0

SD: standard deviation, PDGFR: platelet-derived growth factor receptor

of staining with CDI117 in both anagen and catagen
follicles in cases. There was no correlation between the
duration of lesions in the cases and the mean percentage
of positive anagen and catagen follicles for CD117 and
platelet-derived growth factor receptor o. There was
no correlation between the duration of lesions and the
extent and intensity of staining except for the intensity of
platelet-derived growth factor receptor o in catagen hair
follicles (R 0.37, P = 0.042). The difference in staining
of CD117 and platelet-derived growth factor receptor o
according to the type of alopecia areata and comorbid
conditions could not be analyzed as only 3 patients had
ophiasis type and comorbid conditions.

Discussion

Alopecia areata is a distressing problem of hair loss with a
great psychological burden to patients. It is associated with
various other potentially disabling diseases such as atopic
dermatitis, diabetes mellitus, autoimmune thyroiditis with
which it could share many pathogenetic mechanisms. In that
sense, alopecia areata serves as one of the models to study
autoimmunity. Growth factors, among other factors, are
presumed to play a role in the autoimmune pathogenesis of
alopecia areata.

Many growth factors play a role in hair cycling and
embryogenesis, through epidermal mesenchymal interactions.
We studied and compared the expression of CD117 and
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Chart 1: Study flow diagram

platelet-derived growth factor receptor . in a series of alopecia
areata specimens and normal scalp controls. Platelet-derived
growth factor is secreted by platelets and other cells and acts
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via a tyrosine kinase signalling pathway. The exact role of
platelet-derived growth factor in hair follicle development
and hair follicle cycling is yet unknown and there have been
conflicting reports about its role.

Arole for platelet-derived growth factor-alpha (PDGF-A) in
hair follicle development has been substantiated by injection
of platelet-derived growth factor receptor o antibodies
into new-born mice which perturbed hair formation.?
Epithelial platelet-derived growth factor is said to activate
mesenchymal platelet-derived growth factor receptor o
which in combination with sonic hedgehog signalling
activates Noggin secretion by mesenchymal (dermal) cells.
This is reported to rescue stalled epithelial Wnt signalling
which is a pivotal pathway in hair growth.'® Platelet-derived
growth factor plays a role in the induction and maintenance
of murine anagen follicles.!" Platelet-derived growth
factor has also been shown to be important in hair canal
formation during embryogenesis.!! A recent study proposes
that platelet-derived growth factor signalling is essential to
maintain the hair follicle dermal stem cell pool and their
regenerative capacity.'> Conversely, other studies described
that PDGF-A stimulated the growth of cultured rat
fibroblasts but not rat vibrissae dermal papilla cells and that
was consistent with a higher expression of platelet-derived
growth factor receptor o in fibroblasts than in dermal
papilla cells."* Another study has found that platelet-derived
growth factor signalling is dispensable in hair follicle
induction and formation.>'* With this conflicting evidence
in the background, we decided to study the expression of
platelet-derived growth factor receptor o in alopecia areata
and normal samples to look for a possible role of growth
factors in the pathogenesis of alopecia.

Our study found no significant difference in the mean
number of follicles expressing platelet-derived growth
factor receptor oo between cases of alopecia areata and
controls. However, we found a significant correlation
between the severity of alopecia tool score and the intensity
of staining with platelet-derived growth factor receptor o
in the catagen and anagen follicles. In catagen, expression
of platelet-derived growth factor may be reduced causing
increased expression of platelet-derived growth factor
receptor o in follicles. It has been demonstrated that there
is a significant down-regulatory effect by catagen-inducing
cytokines like interleukin-1 (IL-1) beta or gamma-interferon
(IFN-y) on the expression of platelet-derived growth factor
in hair follicle keratinocytes and dermal papilla cells,
suggesting a possible involvement of platelet-derived
growth factor signalling in the induction of catagen.’
Correlation of this expression of platelet-derived growth
factor receptor oo with the severity of the disease indicates
that platelet-derived growth factor may have a possible role
in the premature truncation of anagen. This could explain
the beneficial effect of platelet-rich plasma in alopecia
areata.! One of the methods by which platelet-rich plasma

C-kit and PDGFRa in alopecia areata

is said to act is by increasing the AKT (Protein Kinase B)
and ERK (extracellular-signal-regulated kinase) signalling
pathway."” Curiously, platelet-derived growth factor also
induces Akt phosphorylation. This suggests a pathway
by which platelet-derived growth factor and platelet-rich
plasma acts in alopecia areata.

There was a significant difference in the expression of CD117
in anagen and catagen follicles among cases and controls.
Ashrafuzzaman et al. also demonstrated increased expression
of CD117 in alopecia areata and androgenetic alopecia.’ They
proposed that this could be due to feedback due to low levels
of stem cell factor or C-kit ligand in the surrounding tissue.
Catagen inducing cytokines like IFNy could reduce expression
of stem cell factor, thereby increasing the expression of
CD117 in catagen follicles. Patients on imatinib,a CD117 and
platelet-derived growth factor inhibitor, have been reported
to develop depigmentation and alopecia.'® Histopathological
examination of skin lesions induced by imatinib has shown
perifollicular fibrosis, implicating a possible role for CD117
or platelet-derived growth factor or both in the pathogenesis
of alopecia, as imatinib is a tyrosine kinase inhibitor with
CD117 and platelet-derived growth factor receptor among its
biological targets."’

It is not known what role these molecules play in the
autoimmune etiology of alopecia areata. CD117 has been
shown to confer protection against autoimmunity in mice.!
Thus, anti-PDGF antibodies have been implicated in systemic
sclerosis. The reduction in the severity of autoimmune
nephritis in mice caused by calorie restriction is said to be
associated with reduced expression of PDGF-A." Further,
research could unveil more mechanisms by which these
molecules play a role in autoimmune disorders, particularly
alopecia areata.

It would be interesting to review any therapeutic implications
of the involvement of growth factors in the pathogenesis of
the disease. Antihistamines have anecdotally been reported
to be useful in alopecia areata, especially in alopecia areata
associated with atopic dermatitis.? Increased perifollicular
mast cell accumulation has been observed in alopecia areata.
Antihistamines like fexofenadine reduce the production
of IFN-y and reduce expression of intercellular adhesion
molecule -1 (ICAM-1). Cetirizine has been touted as a novel
weapon against autoimmune disorders.?! Topical becaplermin
or thPDGF-BB promotes the inflammatory phase of the
wound healing process in healthy and healing-impaired animal
models probably by promoting chemotaxis of neutrophils,
monocytes and smooth muscle cells in wounds.”> Any role
of becaplermin in the treatment of alopecia areata has to
be considered with the view that it promotes inflammation,
although dermal injection of platelet derived growth factor-
AA or platelet-derived growth factor-BB in mice triggers
resting hair follicles to enter the hair growth cycle.?
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The expression pattern of CD117 and platelet-derived growth
factor receptor o in immunohistochemistry in our study could
not be confirmed by western blot or real-time-polymerase
chain reaction which would have enhanced the value of our
results. Further, the research could shed more light on the role
of these growth factors in autoimmunity in general and in
alopecia areata, specifically. This could, in future, open new
avenues of management, not only in alopecia areata but also
in other autoimmune disorders.
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