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Abstract: The etiopathogenesis of female pattern hair loss is still poorly understood. In addition to genetic and hormonal ele-
ments, environmental factors could be involved. The aryl hydrocarbon receptor is expressed in keratinocytes and can be acti-
vated by environmental pollutants leading to alterations in the cell cycle, inflammation, and apoptosis. Here we demonstrate
the overexpression of nuclear aryl hydrocarbon receptors in miniaturized hair follicles in female pattern hair loss.
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Female pattern hair loss (FPHL) is caused by a progressive
hair follicle miniaturization and premature termination of ana-
gen.! Although its etiopathogenesis is not completely understood,
little evidence supports the initial concept that the condition is a
purely androgen-dependent entity. Recent data indicate a multifac-
torial etiopathogenesis.??

In addition to genetic and hormonal elements, environmen-
tal factors like solar exposure and smoking may be involved.? How
these elements could take part in the evolution of the disease is not
clear. We hypothesized that some receptors could intermediate en-
vironmental signals and trigger intracellular events that may partic-
ipate in this process.

The aryl hydrocarbon receptor (AHR) is expressed in ke-
ratinocytes and can be activated by environmental pollutants (e.g.
dioxin), lipids, or by natural compounds deriving from ultraviolet
radiation or Malassezia spp. activity. When activated, these recep-
tors migrate from the cytoplasm to the nucleus and bind to a xe-
nobiotic responsive element that induces the transcription of the
target genes.**Its activation can lead to alterations in the cell cycle,
inflammation, and apoptosis, which in turn could interfere in the
hair follicle cycle.®
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Despite being widely expressed in the skin, AHR has not
yet been studied in the hair follicle, nor has its role in FPHL physi-
opathology been examined. We propose to evaluate the differential
expression of AHR in terminal and miniaturized hair follicles of pa-
tients with FPHL.

We performed a cross-sectional study involving 17 female
patients with FPHL (clinical and anatomopathological diagnosis)
from our dermatology outpatient unit. Between 2009 and 2012,
the patients’ scalps were biopsied (punch 4mm) for diagnostic
purposes. The study was approved by the Institutional Research
Ethics Committee.

Transversal sections (thickness of 3um) close to the follicle
bulge region were submitted to histochemistry (hematoxylin-eosin)
and immunohistochemistry (AHR Antibody).

Immunohistochemical staining was performed using the
avidin-biotin-peroxidase method.” We used commercially available
monoclonal antibodies (1:100 dilution): AHR - aryl hydrocarbon re-
ceptor antibody; ab2770; Abcam.

Individualized follicles were photographed in a standard-
ized manner under 20x magnification. Follicles were considered
terminal when shaft diameters were thicker than their inner root
sheaths and miniaturized when the shaft was thinner.
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FiGure 1: Transversal cuts of hair follicles stained with immuno-his-
tochemistry of AhR. A. Terminal follicle. B. Miniaturized follicle

TasLe 1: Mean (SD), nuclear (HSCORE), and

cytoplasmic AHR expression in subjects with FPHL
(n=17).

Variable Terminal Miniaturized p-value
HSCORE® 123.8 (39.0) 142.8 (32.5) <0.01
Cytoplasm® 55.8 (9.6) 51.6 (8.1) <0.01

* AHR nuclear staining score; * Cytoplasmic staining for AHR (subtracted the mean
value of the histogram for the color from a representative region of the cell’s cytoplasm)

AHR nuclear staining was estimated using HSCORE for
each follicle category and in each subject.! The quantitative image
analysis of the cytoplasmic AHR immunostaining was estimated by
subtracting the mean value of the histogram for the color from a
representative region of the cell’s cytoplasm, using photographed
sections of the slide, using the software Image J 1.47.
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Data were compared between the groups according to the
follicular category (miniaturized or terminal) using the generalized
linear mixed-effect model. The correlation between HSCORE and
cytoplasmic staining intensity (AHR antibody) was obtained using
Pearson’s linear correlation coefficient (r). A p value < 0.05 was con-
sidered significant.

We evaluated 277 follicles, 42% of which were terminal and
58% were miniaturized (Figure 1).

Miniaturized follicles disclosed a greater expression of nu-
clear AHR and a lower expression of cytoplasmic AHR (Table 1).
There was a negative correlation between nuclear and cytoplasmic
expression of AHR (r = -0.37; p<0.01).

These findings suggest the activation and migration of AHR
to the nucleus in miniaturized FPHL follicles.

The mechanisms through which AHR is involved in min-
iaturization are not clear. One possibility is the promotion of the
apoptosis process. AHR favors keratinocyte apoptosis by CD95
(Fas) and TRAIL death receptors.” Apoptosis is a central element in
the regulation of hair follicle regression and may be involved in the
miniaturization process.!

This was the first study to assess AHR in hair follicles and
FPHL. Further investigations are necessary to confirm this associa-
tion and to explore environmental factors that could activate AHR
in the follicle. O
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