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MiR-92a-1-5p and miR-328-3p Are Up-Regulated in
Skin of Female Pattern Hair Loss Patients
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Dear Editor:

Female pattern hair loss (FPHL) is a disease with genetic
predisposition that is characterized by miniaturization of
hair follicles followed by hair volume reduction. Contrary
to male androgenetic alopecia, FPHL is less obviously re-
lated to androgen metabolism, moreover, the increased
number of FPHL cases in women above age 50 may imply
estrogen’s stimulatory role in hair growth'. Several inter-
cellular cascades were observed as dysregulated in FPHL,
including transforming growth factor-51 and stem cell
factor/cKIT signalling®”.

One of the most significant gene expression regulators at
the posttranscriptional level are microRNAs which are ca-
pable of mRNA degradation and translation inhibition.
Previous studies pointed out the role of microRNA in hair
follicles normal functioning and pathological states’ for-
mation. Hence, miR-214 controls hair follicle morpho-

genesis by £ -catenin targeting®. As for miR-203, it regu-
lates the transcription factor p63 expression which is es-
sential for hair follicle development’. Epigenetic alter-
ations in FPHL are not clear yet but supposed to play an
evident role.

Following the above-mentioned reports, we carried out
the microRNA profiling in normal female scalp, normal
male interscapular skin, and FPHL skin in order to identify
differences in microRNA expression pattern and better un-
derstand FPHL pathogenesis as well as to define novel
FPHL therapeutic targets.

The affected scalp skin of women with FPHL (n=3), at
points 3~4 on the Sinclair scale aged 43 ~55 years, was
obtained from equal frontal zone. Skin biopsies of control
females (n=5) were taken from the frontal region of the
scalp of healthy donors. Normal male skin tissue (n=5)
was obtained from thoracic interscapular area of healthy
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voluntaries (IRB protocol No 70/2016 issued on June 6,
2016, demograhics and clinical data presented in Supple-
mentary Table 1, 2). MiRNA expression profiles were gen-
erated by using Affymetrix GeneChip® miRNA micro-
array. Full experimental details are provided in the
Supporting Information.

Fig. 1. Clustering analysis of miRNA expression. The heat map
illustrates the result of the two-way hierarchical clustering of
miRNAs and samples. Each row represents one miRNA and each
column represents one sample, including female pattern hair loss
(FPHL) and control skin samples. The color scale illustrates the
relative expression level of a miRNA across all samples: red color
represents an expression level above the mean, green color
represents expression lower than the mean. 1 - male group
normal skin samples obtained from the interscapular zone of the
thorax; 2 - female group including normal skin samples obtained
from the scalp zone; 3 - FPHL patients group.
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Microarray analysis revealed 981 up-regulated microRNAs
at FPHL versus female controls and 972 microRNAs as
up-regulated as compared to those of normal male skin
whereas none of microRNAs were down-regulated.
MiR-197-3p, miR-3613-3p, miR-328-3p were the most
up-regulated in FPHL skin versus female normal skin,
miR-92a-1-5p, miR-365b-5p, and miR-328-3p were the most
up-regulated in FPHL as compared to normal male skin.
The hierarchical clustering allowed us to clearly differ-
entiate FPHL and healthy female, healthy male skin sam-
ples by miRNA expression profiling (Fig. 1). For further
analysis miR-92a-1-5p and miR-328-3p were chosen as
their gene targets were the most relevant to hair path-
ology.

To confirm the microarray results, we identified the ex-
pression levels of miR-92a-1-5p, miR-328-3p by real-time
polymerase chain reaction (PCR) in FPHL, female and
male normal skin groups under study. The analysis showed
miR-92a-1-5p and miR-328-3p to be up-regulated that cor-
responded to microarray results (Fig. 2).

Then we applied DIANA-miRPath v3.0 to recognize sig-
naling pathways regulated in FPHL skin by altered
microRNAs. 40 signaling pathways were evaluated as
modulated in FPHL versus female control skin, 32 - versus
male controls (Supplementary Table 3, 4). Among those,
the top pathways revealed their involvement in biological
processes regulation such as pluripotency of stem cells,
RAS, adherens junction, neurotrophin signaling pathway,
estrogen and thyroid hormone signaling pathways.

The analysis of signaling pathways and target genes was
carried out for miR-92a-1-5p and miR-328-3p microRNAs
(Supplementary Table 5). MiR-92a-1-5p was found to be
associated with abnormal fatty acid biosynthesis and me-
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Fig. 2. Expression levels of miR-92a-1-5p and miR-328-3p in normal male, female skin, and female pattern hair loss (FPHL) patients’
skin estimated by real-time polymerase chain reaction. *Significant differences compared to the control skin male. TSignificant

differences compared to the control skin female.
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tabolism as well as O-glycan biosynthesis and glycan deg-
radation with subsequent gene targets which are pre-
sented in the Supplementary Table 3. MiR-328-3p was
shown to be implicated in the thyroid hormone synthesis,
monosaccharides metabolism, calcium, and intercellular
matrix receptor signaling pathways with corresponding
target genes.

According to microarray analysis, up-regulations occurred
in more than nine hundred of microRNAs in FPHL skin as
compared to female or male normal skin. The microarray
data were confirmed by real-time PCR analysis. The upper
trunk area in healthy males was chosen as it as a se-
bum-reach and androgen-dependent zones in adults. Our
experiment revealed differences in microRNA patterns of
healthy female skin from scalp areas, healthy male skin
from the back, and FPHL skin. The pathway analysis re-
sults showed that these differences are not directly con-
ditioned by androgen metabolism although endocrine al-
terations are likely to be present as several hormone sig-
naling pathways were found as modulated.

The miR-92a-1-5p up-regulation was observed in FPHL
skin. Bioinformatic study on regulation of miR-92a-5p path-
way we performed revealed the highest p-values for bio-
synthesis and metabolism of fatty acids. Women with
FPHL are known to have changes in the lipid profile of
dyslipidemia type and show significantly higher trigly-
cerides values, total cholesterol values, LDL-C values, and
lower HDL-C values versus controls, respectively®. Chol-
esterol is the precursor of sex hormones which are im-
portant in pathogenesis of FPHL in women. Hypoestro-
genism which is frequently caused by menopause or ovar-
iectomy, is associated with FPHL in women. The present
study demonstrated that estrogen signaling pathway alter-
ations are enriched by up-regulated microRNAs.

The up-regulated miR-328-3p was found to be strongly re-
lated to thyroid hormone synthesis. This is in line with the
reported action of miR-328-3p on Wnt signaling by target-
ing its inhibitor SFRP-17 as the effects of Wnt signaling ability
to mediate thyroid hormones are well documented.
Additionally, thyroid hormones dysfunctions in FPHL pa-
tients may influence the FPHL development since these
hormones were shown to be suppressed by dihydro-
testosterone.

Besides, RAS signaling pathway was in the top of FPHL
dysregulated pathways as compared to female and male
normal skin. It is well established that RAS abnormal func-
tioning is present in nevus sebaceous and trichilemmoma
which contain sebaceous and follicular elements®’. The
rapid growth of hair in young skin is associated with
HRAS activation in epidermal stem cells'®. Therefore, it
may be possible that initial alterations on FPHL skin may
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happen in epithelial stem cells which are patchily present
in the skin mostly in hair follicles. Indirect confirmation of
this speculation as a pathway associated with stem cells
we found as dysregulated in FPHL.

In conclusion, our study determined the microRNAs sup-
posed to be involved in pathologic events regulation and
signaling pathways which could play a role in FPHL.
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Multiple Basal Cell Carcinomas with Infundibular
Structures and Trichoblastoma
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Dear Editor:

Multiple basal cell carcinomas (BCCs) have genetic back-
grounds as nevoid basal cell carcinoma syndrome (NBCCS),
although multiple BCCs with unknown genetic back-
grounds exist'™. Furthermore, cases of multiple BCCs with
infundibular structures and trichoblastoma are quite lim-
ited””. Here we present a novel case of multiple BCCs
with trichoblastoma.

An 82-year-old female presented with a painful ulcerated
black tumor on her left cheek. A black nodule on her left
cheek had been recognized in 2010. She had no familial
history of NBCCS. A physical examination revealed a
43 x40 mm ulcerated black tumor mass on her left cheek

(Fig. 1A). The patient also had seven 2 to 10 mm black
nodules on her face and neck and two 3.5x3 mm nod-
ules on her back (Fig. 1B~ D). Histopathological examina-
tion of the tumor on her face showed tumor nests in con-
junction with the epidermis. The tumor nests manifested
infiltrative proliferative patterns (Fig. 1E). Each tumor nest
was composed of basaloid cells. Some tumor nests were
arranged in an anastomosing fashion (Fig. 1F). Immunohis-
tochemistry revealed positive reactions for cytokeratin 14
(CK14), CK17, Ber-EP4 and Bcl-2 and negative reactions
for CK20 and CD34. The diagnosis of BCC was made.
Histopathology of the tumor on her cheek showed large
tumor nests that extend into the deep dermis (Fig. 1G).
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