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DESCRIPTION

Alopecia Areata (AA) affects 1-2% of the population and is
especially common in young women [1]. In severe cases, hair loss
occurs over a wide area of the head, and sometimes the
symptoms spread systemically, substantially reducing the patient's
Quality of Life (QoL) due to their appearance. The condition is
considered an autoimmune disease of the Hair Follicle (HF)
during the growth phase. Although the cause is not clear, it is
suspected that triggers such as viral infection and mental stress
may cause the collapse of HF immune privileges, and
autoreactive cytotoxic CD8+ NKG2D+ T cells may trigger an
autoimmune response targeting HF autoantigens [2,3]. AA is
recognized as a type 1 inflammatory disease, but the details of its
cause and pathophysiology are still unknown. Oral Janus Kinase
(JAK) inhibitors have become a treatment option in recent years
[4], but there is no radical treatment, and symptomatic treatment
is the convention. AA is an intractable chronic skin disease that
is more resistant to treatment and recurs in many cases.

In our recent study, we identified the CCHCRI gene as a
susceptibility gene for Alopecia Areata by association analysis
using microsatellite markers and nextgeneration sequencing
analysis [5]. A nonsynonymous single-nucleotide polymorphism
risk variant (rs142986308; p. Arg to Trp) was detected in the
CCHCRI gene at the MHC region in 15% of AA patients
participating in genomic analysis. In 16.1% of heterogeneous
mice and 27.1% of homogeneous mice genome-edited using
CRISPR/Cas9, non-symptomatic patchy alopecia lesions similar
to human AA, including black dots and tapering hair, were
observed. The incidence of hair loss was significantly higher in
CCHCRI1 genome-edited mice than in C3H/He] mice, which
have been recognized and used as AA animal models [6].

In addition, when the hair morphology of these genome-edited
mice was examined with electron microscopy, abnormal cuticle
formation was observed, suggesting that CCHCR1 genome-edited
mice had abnormal keratinization. Subsequently, gene expression
microarray analysis of dorsal and ventral skin biopsies of
homogeneously edited mice showed upregulation of hair-related
protein genes, such as hair keratin and Keratin-Related Peptide

(KRTAP) genes, which are major components of the hair shaft,
compared to control mice.

To verify whether similar results could be obtained in humans
carrying the CCHCR1 non-synonymous variant, the hair around
the hair loss area of AA patients with the variant was evaluated
by electron microscopy and gene expression microarray analysis.
Under the electron microscope, abnormal cuticle formation was
observed, and in microarray analysis, AA patients with the
variant had abnormalities in the keratin gene compared to AA
patients without the variant [5].

Next, a stress test was performed on CCHCRI gene knockout
(KO) mice created by the Cre/LoxP system to confirm whether
AA-like symptoms appeared. Briefly, we used a water avoidance
stress test in which a narrow platform large enough to
accommodate one mouse was placed in a water tank, and the
mouse was placed on the stand for 2 hours for a total of 10 days.
At the eighth week after the stress test, 25% of CCHCRI gene
knockout mice developed AA-like symptoms [7]. Pathological
findings at the hair loss site showed mild lymphocyte infiltration
around the hair follicle. The infiltrating lymphocytes were CD4-
and CDS8-positive lymphocytes. To investigate the biological
functions that may underlie hair loss, gene expression microarray
analysis using the dorsal skin of CCHCRI KO mice showed
upregulation of the keratin and KRTAP genes compared to
control mice. These results were similar to those obtained by
microarray analysis on CCHCRI genome-edited mice and AA
patients with the variant, as shown above [7].

These findings strongly indicate that even in a mouse model, AA
is believed to develop due to overlapping factors in addition to the
genetic background. Furthermore, the fact that this variant was
detectable in 5% of normal control individuals also strongly
suggests that other factors in addition to the genetic background
are necessary to cause AA [5].

Next, we evaluated the clinical characteristics of AA patients
with and without the variant. We examined 1) sex distribution,
2) age of onset, 3) clinical type, 4) family history of AA, 5)
history of atopic dermatitis, 6) response to steroid therapy, and
7) recurrence rate for AA in patients with the variant (n=12) and
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patients without the variant (n=142). Multivariate logistic
regression analysis and Fisher tests were used for statistics. The
results indicated that the patients with the variant tended to
respond better to steroid treatment and had significantly higher
recurrence rates than patients without the variant. There was no
difference between the two groups for other characteristics [8].

The hair of patients in both groups was examined by electron
microscopy. When the hair cross-section and hair shaft structure
were observed with electron microscopy, the hair of AA patients
with the variant exhibited abnormal cuticle formation, especially
at sites close to the scalp and sites between the hair slightly away
from the scalp. In addition, the hair of patients without the
variant had a circular hair cross-section similar to that of healthy
individuals, while the cross-section of the hair of patients with
the variant was oval, suggesting that there is an abnormality in
the hair shaft morphology in addition to cuticle abnormality in
patients with the variant [8].

CONCLUSION

The treatment of AA has entered a new era, and not only
steroids but also JAK inhibitors have been added to the
treatment options. We expect that the variant in CCHCRI may
be a prognostic marker for short-term steroids when determining
treatment options, and further research is needed to investigate
the effect of steroids and JAK inhibitors in patients with or
without the variant. In the future, we will attempt to introduce
personalized medical care, such as choosing whether to perform
steroid systemic therapy according to the presence or absence of
this variant.
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