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Background: Alopecia is one of the most important hair follicle (HF) disorders, which is divided into
scarring (cicatricial) and nonscarring (noncicatricial) types. Objective: The aim of this study is to investigate the
expression of stem cell (SC) markers such as cytokeratin (CK) 17 and CK19 in scarring and nonscarring alopecia.
Materials and Methods: Thirty patients with scalp alopecia (15 with scarring alopecia and 15 without) together
with ten healthy volunteers were included in this study. Biopsies were taken from all participants and stained for
CK17 and CK19 using immunohistochemistry. Results: There was a statistically significant difference between the
nonscarring group and the control group with regard to CK17 expression in the outer layers of the HFs (P = 0.00)
and CK19 staining of the inner layers of the HFs (P = 0.008). There was a statistically significant difference
between the scarring and the control groups regarding CK17 expression in the outer (P = 0.00) and the inner
layers (P = 0.00) of the HFs and CK19 expression in the inner layers of the HFs (P = 0.00). CK17 expression in
the outer layers (P = 0.02) and the inner layers of the HFs (P = 0.00) together with CK19 expression in the inner
layers of the HFs (P = 0.00) showed statistically significant differences between scarring and nonscarring alopecia
groups. Conclusions: The presence of SC markers (CK17 and CK19) in the HFs was affected in both scarring and
nonscarring alopecia, but the defect in scarring alopecia is more evident than that of nonscarring alopecia. The
persistence of SC markers in some types of scarring alopecia could give a hope for the recovery of these lesions.
Further studies are recommended to clarify the benefit from using HF SCs in the treatment of alopecia.
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INTRODUCTION

Alopecia is one of the most important hair follicle (HF)
disorders, which is divided into scarring (cicatricial) and
nonscarring (noncicatricial) types. Nonscarring alopecias
tend to have preserved follicular ostia without clinically
visible inflammation in most presentations, although
histologic inflammation may be present.! Scarring
alopecias have loss of follicular ostia or atrophy. Histologic
confirmation is the best method to confirm the presence
of a fibrosing/scarring process with loss of HFs.[!
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Stem cells (SCs) are defined as cells with the capacity for
unlimited self-renewal and also the ability to generate
daughter cells that undergo terminal differentiation.” The
bulge region of the HF represents the best characterized
epidermal SCs population described to date. Moreover,
there is an evidence of the presence of SCs populations
in the interfollicular epidermis, the sebaceous gland,
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and the dermis.P! It has been appreciated for many years
that the epidermis contains SCs that are responsible for
replacing the differentiated cells of the interfollicular
epidermis, HFs, and sebaceous glands.! HFs are
self-renewing structures that cycle and reconstitute
themselves throughout life because they contain
keratinocyte SCs.P!

The HF SCs therefore appear to be responsible for
regenerating the HF in each hair cycle.®! HF SC markers
include keratins, integrins, transcription factors,
hematopoietic progenitor cells, and others.”

In the epidermis, keratinocytes in the basal cell layer
express keratin 5 and 14 while keratinocytes in the
suprabasal layer express keratin 1 and 10 and the
HF expresses keratin 6, 16, and 17.®1 CK17 has been
localized as a prominent component of the suprabasal
cell layers of the outer follicular root sheath.’! The
Type I keratin 17 (K17) shows a peculiar localization
in human epithelial appendages including HFs, which
undergo a growth cycle throughout adult life.'”! The
onset of Type I K17 synthesis marks the adoption of an
appendageal fate within embryonic ectoderm and its
expression persists in specific cell types within mature
hair, glands, and nail."!

Other keratins are found to be restricted to the bulge
region. These keratins include cytokeratin 19 (CK19),
which have been reported to be found in the outermost
layer of the outer root sheath (ORS) proximal and
distal to the bulge.'*"® CK19 may also be important in
the commitment of SCs to an epidermal cell fate and
differentiation. CK19-expressing keratinocytes are also
found in the epidermal stratum of normal skin. CK19
is an important marker to routinely monitor epidermal
homeostasis and (at least indirectly) the self-renewing
potential of engineered skin."® SC markers may provide
a bank of SCs of potential uses in cutaneous regenerative
medicine. For example, bulge SCs can be used to produce
bioengineered HFs to treat alopecias.['®!

The aim of this study is to investigate the expression
of SC markers such as CK17 and CK19 in scarring and
nonscarring alopecia compared to normal HFs.

MATERIALS AND METHODS

This case-controlled study was carried out on thirty
patients presented with alopecia and ten healthy
individuals as a control group. They were age- and
sex-matched. The patients were selected from the
outpatient clinic of Dermatology and Plastic Surgery
Departments, Menoufia University Hospital in the
period between May 2011 and May 2012. Patients were

divided according to the type of alopecia into two
groups: (a) Nonscarring alopecia (15 patients of alopecia
areata) and (b) scarring alopecia (15 patients) (five
patients postburn, five patients with old scarring discoid
lupus erythematous, and five patients with old scarring
lichen planopilaris). All cases of congenital alopecias
were excluded. Punch biopsies were taken from the
scalp of thirty alopecia patients as well as ten biopsies
from scalps of healthy control subjects (from patients
were doing plastic surgery in scalp). Informed consent
was taken from all participants. This work had been
approved by Ethics Committee of Menoufia University.

Three sections (4 u thickness) from each block were
prepared. One section was stained with hematoxylin
and eosin and the other two sections were stained
with immunohistochemical (IHC) stain for detection
of CK17 (Lab Vision Corporation, USA, Clone E3,
ready-to-use) and CK19 (Cell Marque, USA, A53-B/ A2.26,
ready-to-use).

Sections stained with hematoxylin and eosin were

examined by light microscope to evaluate and verify the

histopathological features such as:

* The condition of the HFs was evaluated whether
they are intact, distorted, or fibrosed

* Theinflammatory infiltrate was evaluated for type,
density, and localization

*  The fibrosis was evaluated for the presence and its
severity.

Immunohistochemical staining procedure

The method used for immunostaining was
streptavidin-biotin amplified system. Paraffin-embedded
tissue sections were deparaffinized in xylene, rehydrated
in a graded series of ethanol, and then incubated
with 3% hydrogen peroxide. Slides were rinsed in
phosphate-buffered saline (PBS) and then exposed
to heat-induced epitope retrieval in citrate buffer
solution (pH 6) for 20 min. After cooling, the slides
were incubated overnight at room temperature
with mouse monoclonal antibodies against
CK17 and CK19. Detection of immunoreactivity
was carried out using the ultravision detection
system, ready-to-use anti-polyvalent horseradish
peroxidase/diaminobenzidine (NeoMarkers, LabVision,
California, USA). Finally, the reaction was visualized by an
appropriate substrate/chromogen (diaminobenzidine)
reagent. Counterstain was carried out using Mayer’s
hematoxylin. Cancer colon and squamous cell carcinoma
served as positive tissue controls for CK19 for CK17,
respectively. The staining procedure included negative
controls obtained by substitution of primary antibodies
with PBS.
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Immunohistochemical interpretation of
cytokeratin 17 and cytokeratin 19 immunostaining
Cytoplasmic expression in any number of cells is
required to assign CK17 and CK19-positive expression.
The studied cases were assessed as follows:

At the HFs:

*  The presence or absence of both markers (CK17 and
CK19) was evaluated

* Thesite of the positivity either in the outer layers or
in the inner layers of HFs or in both

intact HFs. There is no inflammatory infiltrate and
no fibrosis [Figure 1a]

2. Nonscarring group: A longitudinal biopsy from
nonscarring alopecia showed intact HF with
inflammatory infiltrate (mainly lymphocytes)
[Figure 1b]

3. Scarring group: A transverse biopsy from scarring
alopecia showed distorted HF with mild lymphocytic
inflammatory infiltrate (as in scarring alopecia of
discoid lupus and lichen planopilaris), mild to severe
fibrosis and epidermal atrophy. Marked fibrosis

* Intensity of the markers was assessed subjectively
by the examiner as mild, moderate, and marked
intensity.['”]

was so prominent and clear, not in need for special
stains [Figure 1c].

Immunohistochemical staining results

Statistical analysis Immunohistochemical staining of cytokeratin 17
Statistical analysis was performed using Statistical Package 1 control group

for Social Sciences, SPSS 16.0 statistical software (SPSS Inc., R At the outer layers of the HFs: CK17 was
Chicago, IL, USA). Chi-square and Fisher exact tests were found to be positive in all control cases
used in comparison between qualitative variables. P <0.05 with moderate intensity in eight cases (80%)

was considered statistically significant. and marked intensity in two cases (20%)
[Figure 2a]

e Attheinnerlayers of the HFs: CK17 was positive
in all control cases with moderate intensity in
two cases (20%) and marked intensity in eight
cases (80%) [Figure 2a and Table 1].

RESULTS

Hematoxylin and eosin staining results
1. Control group: A transverse biopsy from a scalp
of apparently healthy individual showed normal

Figure 1: (a) A transverse biopsy from a scalp of apparently healthy individual showed normal intact hair follicle. There is
no inflammatory infiltrate and no fibrosis (H and E, x400). (b) A longitudinal scalp biopsy from nonscarring alopecia showed
intact hair follicle with inflammatory infiltrate (mainly lymphocytes) black arrow (H and E, x200). (c) A transverse scalp biopsy
from scarring alopecia showed distorted hair follicle (black arrow) with mild inflaimmatory infiltrate (red arrow) and mild
fibrosis (blue arrow) (H and E, x400)

Figure 2: (a) A transverse scalp biopsy from apparently healthy individual showed positive cytokeratin 17 immunostaining
with marked intensity in the inner layers (red arrow) of the hair follicle and with moderate intensity in the outer layers (black
arrow) of hair follicle (IHC, x200). (b) A transverse scalp biopsy from nonscarring alopecia showed positive cytokeratin 17
immunostaining with marked intensity in the inner layers (red arrow) of hair follicle and with mild intensity in the outer
layers (black arrow) of hair follicle (IHC, x200). (c) A transverse scalp biopsy of scarring alopecia showed distorted hair follicle
and positive cytokeratin 17 immunostaining with very mild intensity in the inner layers (red arrow) of hair follicle while the
outer layers (black arrow) of hair follicle were negative and also there are scattered positive cells with mild intensity in the
basal layer of epidermis (IHC, %200)
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2. Nonscarring group e At the inner layers of the HFs: CK17 was
e At the outer layers of the HFs: CK17 was negative in eight patients (53.3%), positive
negative in four patients (26.7%), positive with mild intensity in three patients (20%),
with mild intensity in seven patients (46.6%), and positive with marked intensity in four

and positive with moderate intensity in four patients (26.7%) [Figure 2c and Table 2].

patients (26.7%) [Figure 2b]
e At the inner layers of the HFs: CK17 was  Immunohistochemical staining of cytokeratin 19
negative in one patient (6.7%) and positive 1. Control group

with marked intensity in 14 patients (93.3%) * At the outer layers of the HFs: CK19 was
[Figure 2b and Table 1]. negative in four cases (40%), positive with
3. Scarring group mild intensity in two cases (20%), and positive
e Attheouterlayers of the HFs: CK17 was negative with moderate intensity in four cases (40%)

in 12 patients (80%), positive with mild intensity [Figure 3a]
in two patients (13.3%), and positive with marked * At the inner layers of the HFs: CK19 was
intensity in one patient (6.7%) [Figure 2c] negative in six cases (60%) and positive

Table 1: Comparison among control and alopecia groups regarding cytokeratin 17 expression

Control group n (%) Nonscarring group n (%)  Scarring group n (%)  Test of significance P
Outer layers of HF
Negative 0@ 4 (26.7) 12 (80) T,=Fishers exact=19.8 P =0.00*%
Positive mild intensity 0 (0) 7 (46.7) 2 (13.4) T,=Fishers exact=23.7 P,=0.00*
Positive moderate intensity 8 (80) 4 (26.7) 0 (0) T,=Fishers exact=11.13 P,=0.02*
Positive marked intensity 2 (20) 0 (0) 1(6.7)
Inner layers of HF
Negative 0 (0) 1(6.7) 8 (53.3) T,=Fishers exact=3.26 P,=0.594
Positive mild intensity 0 (0) 0 (0) 3(20) T,=Fishers exact=13.2 P,=0.00%*
Positive moderate intensity 2 (20) 0 (0) 0 (0) T,=Fishers exact=15.44 P,=0.00*
Positive marked intensity 8 (80) 14 (93.3) 4 (26.7)

*:Pvalue < 0.05. T and P, control group versus nonscarring group, T, and P, control group versus scarring group, T, and P, scarring versus nonscarring
group. HF: Hair follicle

Table 2: Comparison among control and alopecia groups regarding cytokeratin 19 expression

Control group n (%)  Nonscarring group n (%)  Scarring group n (%) Test of significance P
Outer layers of HF
Negative 4 (40) 9 (60) 12 (80) T,=Fishers exact=9.7 P =0.352
Positive mild intensity 2 (20) 2 (13.4) 0 (0) T,=Fishers exact=6.9 P,=0.07
Positive moderate intensity 4 (40) 0 (0) 2 (13.3) T,=Fishers exact=>5.56 P,=0.186
Positive marked intensity 0 (0) 4 (26.7) 1(6.7)
Inner layers of HF
Negative 6 (60) 4(26.7) 13 (86.7) T,=Fishers exact=7.53 P =0.008*
Positive mild intensity 0 (0) 0(0 0 (0) T,=Fishers exact=2.7 P,=0.22
Positive moderate intensity 4 (40) 4 (26.6) 2 (13.4) T,=Fishers exact=12.8 P,=0.00%
Positive marked intensity 0 (0) 7 (46.7) 0 (0)

*:Pvalue < 0.05.7T, and P, control group versus nonscarring group, T, and P, control group versus scarring group, T, and P, scarring versus
nonscarring group. HF: Hair follicle

A (il = e s0g

Figure 3: (a) A transverse scalp biopsy from apparently healthy individual showed negative cytokeratin 19 immunostaining
in the inner layers (red arrow), outer layers (black arrow) of hair follicle, and epidermis (blue arrow) (IHC, x200). (b) A
transverse scalp biopsy of nonscarring alopecia stained with CK19 showed one large differentiated hair follicle which was
negative in the outer layers (black arrow) and inner layers (red arrow) of hair follicle and another small primitive hair follicle
that showed positivity with marked intensity in the inner layers (yellow arrow) of hair follicle while the outer layers (green
arrow) were negative (IHC, x200). (c) A transverse scalp biopsy of scarring alopecia showed distorted hair follicle and positive
cytokeratin 19 immunostaining with mild intensity in the outer layers (black arrow) of distorted hair follicle while the inner
layers (red arrow) were negative (IHC, x400)
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with moderate intensity in four cases (40%)
[Figure 3a and Table 2].
2. Nonscarring group

e At the outer layers of the HFs: CK19 was
negative in nine patients (60%), positive
with mild intensity in two patients (13.3%),
and positive with marked intensity in four
patients (26.7%) [Figure 3b]

* At the inner layers of the HFs: CK19 was
negative in four patients (26.7%), positive with
moderate intensity in four patients (26.7%),
and positive with marked intensity in seven
patients (46.6%) [Figure 3b and Table 2].

3. Scarring group

e At the outer layers of the HFs: CK19 was
negative in 12 patients (80%), positive with
moderate intensity in two patients (13.3%),
and positive with marked intensity in one
patient (6.7%) [Figure 3c]

* At the inner layers of the HFs: CK19 was
negative in 13 patients (86.7%) and positive
with moderate intensity in two patients (13.4%)
[Figure 3c and Table 2].

Comparison between the control group in one
hand and the scarring and nonscarring alopecia
groups on the other hand regarding cytokeratin
17 and cytokeratin 19 expression

There was a statistically significant difference between
control and nonscarring alopecia with regards to the
presence of CK17 in the outer layers of the HFs (P = 0.00)
but they did not differ regarding its expression in inner
layers (P = 0.594) [Table 1]. There was a statistically
significant difference between control and scarring
alopecia with regards to the presence of CK17 in the
outer layers and the inner layers of the HFs (P = 0.00 for
both) [Table 1].

There was a statistically significant difference between
nonscarring group and the control group with regards
to the presence of CK19 in the inner layers of the
HFs (P = 0.008) and not in the outer layers of the
HFs (P = 0.352) [Table 2]. There was no statistically
significant difference between the scarring group and
the control group considering the presence of CK19 in
the outer (P = 0.07) and inner layers (P = 0.22) of the
HFs [Table 2].

Differences between scarring and nonscarring
alopecias regarding cytokeratin 17 and
cytokeratin 19 expression and localization
There was a statistically significant difference between
scarring nonscarring groups regarding CK17 expression
since the presence of CK17 in the outer layers (P = 0.02),
and the inner layers (P = 0.00) of the HFs were in favor
of nonscarring group [Table 1].

On the other hand, the expression of CK19 in the inner
layers of HFs was in favor of nonscarring compared to
scarring groups (P = 0.00). The two groups did not differ
with regards to CK19 expression by the outer layers of
HFs (P = 0.186) [Table 2].

DISCUSSION

Alopecias can be classified into scarring and nonscarring
types.'® The localization of HF SCs to the bulge area
may explain why some types of inflammatory alopecias
cause permanent follicle loss (such as postburn alopecia),
while others (such as alopecia areata) are reversible."’!
In scarring alopecias, inflammation and fibrosis involve
the superficial portion of the follicle, including the bulge
area, suggesting that SCs, which are necessary for follicle
regeneration are damaged.™!

The aim of the present study is to investigate the IHC
expression of SC markers (CK17 and CK19) in scarring
and nonscarring alopecias and compare them with each
other and with normal scalp skin.

In the current study, CK17 was detected in the outer and
inner layers of HFs of all the control subjects. Panteleyev
et al.?!l reported that CK17 expression in the mature
HFs is limited to the ORS. In the current study, CK17 is
predominantly expressed in the outer and inner layers
of HFs in the lesional skin of patients with nonscarring
alopecia. According to our results, CK17 expression
by outer layers of HFs was diminished in nonscarring
alopecia compared to normal HFs while its expression
by inner layers of HFs did not show any statistical
differences compared to normal HFs. According to Van
Baar et al.,”? they found that all patients with alopecia
areata showed weak staining of CK17 in the ORS together
with positive staining of medulla and cortex. They
showed no gross differences regarding CK17 expression
pattern in the HFs between alopecia areata and normal
scalp. The difference between our results and Van Baar’s
study may be due to the difference in methodology and
numbers of the patients in both studies.

With regards to CK19, it was immunolocalized to outer
layers of normal HFs in 60% of cases while its localization
ininner layers was detected in 40% of normal scalp HFs.
Similar results were obtained by Geng et al.,®! who
detected the HF SCs by CK19 immunostaining in normal
human skin. They found that the HF SCs mainly located
in ORS in HF and human anagen HFs containing two
distinct reservoirs for CK19-positive cells located in the
bulge and bulb of the follicle. Moreover, Narisawa et al.[*]
demonstrated that CK19-reactive cells were found either
continuously or at intervals in the outermost cell layer
of the ORS while a small number of CK19-positive cells
were sporadically found in the inner cell layer of the ORS
of terminal HFs of the scalp.
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In the current study, CK19 was predominantly expressed
in the inner layers of HFs in the lesional skin of patients
with nonscarring alopecia with a significant difference
compared to normal scalp HFs. On the other hand, CK19
expression by outer layers of HFs did not make any
significant difference between nonscarring alopecia and
normal HFs. According to Van Baar et al.,*? they found
CK19 expression in the HFs at the margins of active
lesions in patients suffering from alopecia areata. They
also found that CK19 was not consistently expressed
in the lower part of the ORS, consisting of only one
cell layer. When the ORS is multilayered, positive cell
clustering could be seen, which disappeared at the level
of papillary dermis. CK19 expression pattern in the HFs
of alopecia areata did not differ from that in normal
scalp.[

In the current study, we also investigated the IHC
expression of CK17 and CK19 in the lesional skin of
patients with scarring alopecia. CK17 was not expressed
in the outer layers of HF in most of patients (80%) and
was also not expressed in inner layers of HF in nearly
half of cases (53%). CK19 showed predominant negative
expression (80%) in outer as well as inner layers (86.7 %)
of HF in scarring alopecia group. The information about
SC markers expression in scarring alopecia is limited
and to our knowledge, the present study may be the first
to demonstrate the expression of these markers (CK17
and CK19) in this type of alopecia. In the current study,
CK17 was predominantly expressed in outer layers (73%)
and inner layers (94.3%) of HF in nonscarring alopecia
compared to scarring alopecia. This may be explained by
the presence of excessive fibrosis in scarring alopecia and
could explain the spontaneous recovery that occurs in
nonscarring alopecia. Moreover, there was a statistically
significant difference between scarring and nonscarring
groups regarding CK19 expression in the inner layers
of the HFs.

The identification and isolation of bulge SCs by the help
of SC markers can be used to produce bioengineered HFs
to treat alopecias.!®!

CONCLUSIONS

The presence of SC markers (CK17 and CK19) in the HFs
was affected in both scarring and nonscarring alopecia
but the defect in scarring alopecia is more evident than
that of nonscarring alopecia. The persistence of SCs
markers in some types of scarring alopecia could give
a hope for the recovery of these lesions. Further studies
are recommended to clarify the benefit from using HFs
SCs in the treatment of alopecia.
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