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Abstract

The hair follicle (HF) is a complex mini-organ that constantly undergoes dynamic cycles of growth
and regression throughout life. While proper progression of the hair cycle requires homeostatic
interplay between the HF and its immune microenvironment, specific parts of the HF, such as

the bulge throughout the hair cycle and the bulb in the anagen phase, maintain relative immune
privilege (IP). When this IP collapses, inflammatory infiltrates that aggregate around the bulge and
bulb launch an immune attack on the HF, resulting in hair loss or alopecia. Alopecia areata (AA)
and primary cicatricial alopecia (PCA) are two common forms of immune-mediated alopecias, and
recent advancements in understanding their disease mechanisms have accelerated the discovery
of novel treatments for immune-mediated alopecias, specifically AA. In this review, we highlight
the pathomechanisms involved in both AA and CA in hopes that a deeper understanding of their
underlying disease pathogenesis will encourage the development of more effective treatments that
can target distinct disease pathways with greater specificity while minimizing adverse effects.
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Introduction

The word ‘alopecia’ originates from the Greek word ‘alopex’
which refers to the fox, an animal that frequently develops
mange (Greek: alopecia): a skin disease caused by parasitic
mites that results in fur loss. In humans, hair loss is a common
clinical complaint that is a manifestation of a wide range of
health conditions, including cancer, autoimmune disease
and even psychiatric disorders. Hair loss often has signifi-
cant impact on an individual’s quality of life, as hair serves im-
portant functions in terms of one’s appearance, self-esteem
and sociocultural identity (1). Depression, anxiety and sleep
problems are more prevalent in alopecic individuals com-
pared with the general population (2) and, in one study, the
fear of losing hair was comparable to the fear of suffering a
myocardial infarction (3).

Alopecia areata (AA) is acommon form of immune-mediated
alopecia in which an autoimmune attack on the proximal hair
follicle (HF) results in non-scarring hair loss ranging in pres-
entation from circular patches on the scalp to total scalp or
full-body hair loss. Like other forms of alopecia, AA is associ-
ated with low scores on measures of quality of life in both adult
and pediatric patients, as well as their families (4, 5). Recent
advances in our understanding of AA pathogenesis, specific-
ally with respect to the role of JAK-STAT (Janus kinase-signal
transducer and activator of transcription) signaling in disease
onset and progression, have been pivotal to the successful

development of small-molecule JAK inhibitors (JAKI) as treat-
ment for AA. Furthermore, the success achieved with trans-
lational AA research is being adapted to develop treatments
for other inflammatory hair loss disorders such as cicatricial
alopecia (CA), which results in scarring hair loss.

In this review, we highlight the important discoveries made
in the field of immune-mediated alopecias, as well as their
clinical and histological presentations, current modes of treat-
ment and ongoing clinical trials. We also describe the role of
specific components of the HF and the hair cycle that may
be involved in the onset of inflammatory hair loss. Finally, we
define unanswered questions with regards to the pathogen-
esis of both scarring and non-scarring immune-mediated
alopecias in hopes of spurring discussion that will en-
courage further developments in our understanding of these
conditions.

The HF—a dynamic mini-organ with its own
immune system

Understanding the hair cycle

The HF undergoes lifelong cycling characterized by periods
of growth (anagen), involution (catagen) and rest (telogen),
after which the hair is shed (exogen) and a new cycle begins
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(Fig. 1). During anagen, rapidly proliferating matrix cells, also
known as transit-amplifying cells, differentiate as they move
upward from the hair bulb to form one of the six layers of the
HF and the hair shaft (visible part of the hair, Fig. 2). The final
length of the hair shaft is determined by the rate and duration
of matrix cell proliferation, which varies with the type and lo-
cation of hair. The duration of anagen also varies by species;
whereas the majority of human scalp HFs at any given time
are in anagen, anagen in rodents, for example, lasts only a
matter of days.

As the supply of proliferating matrix cells declines, the HF
enters catagen, during which the lower HF regresses and hair
shaft elongation ceases. This regression is driven by apop-
tosis of the lower HF, such that it forms an epithelial strand
called the hair club that moves upward until it reaches the
upper, non-cycling portion of the HF, bringing the dermal pa-
pilla in close proximity to the HF bulge (Fig. 2). This phase
lasts ~3 weeks in the human scalp.

Following catagen, the HF enters a period of relative quies-
cence called telogen, although a wealth of recent evidence
has suggested that telogen itself is also a dynamic phase
of the hair cycle that is critical for maintaining HF homeo-
stasis in preparation for the next anagen, or in response to
trauma. Upon the transition to the next anagen, the club hair
previously formed during catagen can be shed in a process
termed exogen. Each phase of the hair cycle is governed by
complex molecular mechanisms that bring together a number
of signaling cascades employed by not only components of
the HF itself, but also immune cells and dermal fibroblasts,
as well as skin-associated adipocytes. These regulators
of the hair cycle ‘clock’ must coordinate cell migration,
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differentiation, proliferation and death in order for the HF to
undergo repeated cycles of regeneration and regression. As
such, understanding the mechanisms that govern and modu-
late hair cycling has the potential to shed new light on not only
skin and hair biology, but also developmental and stem cell
biology, regenerative medicine and oncogenesis (6, 7).

Anatomy of the HF—the main components

The HF lies in close association with a sebaceous gland and
arrector pilimuscles, which together make up a pilosebaceous
unit. The mature HF, which begins at the surface of the epi-
dermis, can be roughly divided into a non-cycling upper por-
tion and a lower portion that regenerates with each hair cycle.

The upper HF consists of the infundibulum, which extends
from the most distal part of the HF to the opening of the se-
baceous duct, as well as the isthmus, which lies between the
sebaceous duct and the bulge (Fig. 2). The bulge is a crit-
ical component of maintaining the regenerative capacity of
the HF, as it contains a reservoir of HF stem cells (HFSCs)
from which transient amplifying cells during anagen are de-
rived. Meanwhile, the hair bulb forms the regenerative lower
HF, and is composed of the HF matrix surrounding the mes-
enchymal dermal papilla. It is thought that HF induction and
regeneration depend on carefully orchestrated cross-talk be-
tween the dermal papilla and the overlying epidermal matrix;
furthermore, melanocytes are found among matrix cells and
produce hair pigment.

Finally, in the suprabulbar region between the isthmus and
the hair bulb, one can also appreciate the numerous con-
centric layers that form the HF epithelium, beginning with the
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Fig. 1. lllustration of the hair growth cycle. During anagen (active growth phase), the HF is nourished via a blood vessel which supports hair
growth. During catagen (regressing phase), the HF starts to regress via apoptosis and detaches from the dermal papilla and blood vessel.
During telogen (resting phase), the HF rests and prepares for the next cycle. Toward the end of telogen, the hair shaft will shed (exogen) as a

new hair shaft starts to grow. DP: dermal papilla; SG: sebaceous gland.
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Fig. 2. lllustration of different components of a HF in anagen.

outermost outer root sheath (ORS), the inner root sheath (IRS)
and finally the hair shaft, each with its own sublayers that con-
tribute to its function in the HF.

Immune privilege

Similar to the anterior chamber of the eye, testes, brain, ad-
renal cortex and the fetomaternal placental unit, the HF is a
site of relative immune privilege (IP), a term that was initially
used to describe an environment that can tolerate allografts
without rejection by the host immune system. HF IP is charac-
terized by a number of features including the down-regulated
expression of major histocompatibility complex (MHC)
class | and Il, an increased production of local immunosup-
pressants such as transforming growth factor 2 (TGF-32),
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o-melanocyte-stimulating  hormone  (a-MSH), insulin-like
growth factor 1 (IGF-1), indoleamine-pyrrole 2,3-dioxygenase
(IDO) and cortisol, impaired antigen-presenting cells and an
extracellular matrix barrier that prohibits infiltration of the HF
by immune cells (8-10). Although HF IP was initially thought
to be restricted to the anagen bulb, studies have shown that
HF IP also extends to the bulge to protect the reservoir of
HFSCs required for regeneration. In fact, the bulge demon-
strates markedly increased expression of CD200, a type 1
transmembrane glycoprotein that interacts with the CD200
receptor to generate anti-inflammatory and tolerance signals
(11, 12).

Thus, it has been suggested that immune-mediated
alopecias such as AA and primary CA (PCA) result from an
insult to HF IP, which causes inflammatory agents to infiltrate
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and attack the HF. Specifically, in AA, studies have put forth
that AA is an autoimmune disease mediated by CD8* T cells
that recognize autoantigens upon exposure to ectopic MHC
| expression or an anagen HF bulb that has lost its IP. Similarly,
in PCA, studies have demonstrated a loss of IP in the bulge
region, which may be responsible for the scarring hair loss
seen in PCA patients as opposed to those with AA. What
triggers this loss of IP remains unknown, although possible
triggers include skin microtrauma, bacterial superantigens,
infectious or psychoemotional stressors, mast cell degranula-
tion and a perifollicular/intrafollicular rise in ectopic interferon
v (IFN-y) secretion (12).

AA—a non-scarring form of alopecia

AA is a non-scarring alopecia that is mediated by inflamma-
tory mechanisms and has a prevalence of ~1.7-2.1% world-
wide. It affects both sexes, with initial onset often occurring
before 30 years of age. AA typically begins as a small, well-
demarcated patch of hair loss on the scalp or beard that may
spontaneously resolve without treatment. In about 30% of
cases, the disease relapses; in some cases, hair loss may
progress and affects the entire scalp (alopecia totalis) or the
entire body (alopecia universalis) (7).

The advancement of genetic and pre-clinical studies in AA
has uncovered the mechanisms involved in the pathogenesis
that supported the use of small molecules for blocking spe-
cific pathways. The recent effective use of JAKi in treatment
of AA is an example of success for translational medicine
(13). By understanding the pathomechanisms underlying
other alopecias, it will be possible not only to make a more
accurate diagnosis of different types of alopecia but also to
develop new, effective therapies.

Histology

In acute disease, AA is histologically characterized by a
‘swarm of bees’ infiltration of lymphocytes, mainly composed
of CD8* and CD4+ T cells, into the peribulbar space around
anagen HFs (denoted by red and yellow cells in Fig. 3, left).
This intense peribulbar infiltration, which at times also in-
vades the intrafollicular components, affects the proliferation
of matrix cells and causes dystrophic shafts. AA HFs also
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prematurely enter telogen, resulting in increased hair shed-
ding (10, 14, 15). Furthermore, in the chronic stages of AA,
HFs typically become miniaturized despite a decrease in
the number of inflammatory cells surrounding the peribulbar
space (15). Mast cells and eosinophils can also be found in
lesional AA skin throughout all stages of the disease, but their
exact significance remains unknown (9, 16, 17).

Animal models

Animal models facilitate studies of the pathogenesis and
evaluation of potential new treatments, as they are in a con-
trolled environment and are readily susceptible to genetic
and cellular manipulations. However, each animal model
is also associated with certain limitations and needs to be
selected carefully depending on what research questions are
being addressed.

The most frequently used animal models for AA research
are the Dundee Experimental Bald Rat (DEBR) (18), human-
ized severe combined immunodeficiency mice (19) and the
C3H/Hed AA mouse strain (20). Because of its accurate re-
capitulation of human AA and its relative availability com-
pared with other models, the C3H/Hed AA mouse strain is
currently the most well-defined and frequently used model
of AA. Although it can develop AA-like hair loss spontan-
eously—albeit unpredictably—in old age (21), it can be in-
duced to develop AA at a higher rate via a full-thickness skin
graft from an affected donor mouse (22, 23). It has also been
found that AA can be induced by transferring cultured cells
isolated from skin-draining lymph nodes in affected mice,
providing evidence that AA is a cell-mediated disease (24).

Conventional treatments

To date, there are no Food and Drugs Administration (FDA)-
approved treatments for AA and there are few rigorous ran-
domized controlled studies that have been published (25).
The majority of currently available conventional treatments
are non-specific broad immunosuppressants administered
systemically or locally. First-line therapies include topical
and intralesional corticosteroids, which are associated with
numerous side-effects such as skin atrophy, telangiectasias
and striae. Systemic corticosteroids are associated with even
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Fig. 3. lllustration of the histological presentation of AA (left) and PCA (right). DP: dermal papilla; SG: sebaceous gland.



severer side-effects including adrenal suppression, weight
gain, insomnia, glucose intolerance and acne, and thus are
approved for only short-term use.

Other immunosuppressants or steroid-sparing agents
such as azathioprine, methotrexate and cyclosporine also
suffer from a lack of randomized trials supporting their use
and warrant close patient follow-up because of potentially
life-threatening immunosuppression (26). Contact immuno-
therapy with diphenylcyclopropenone or squaric acid dibutyl
ester has also failed to produce consistent results among AA
patients. As such, the non-specific nature of conventional AA
treatments and their variable efficacies demand that greater
efforts be made toward developing more specific forms of
treatment that can better target disease-associated pathways
while minimizing adverse events.

AA—from bench to bedside

In 2010, Petukhova et al. performed the first genome-wide
association study (GWAS) investigating the genetic basis
of AA (27). This and a later confirmatory meta-analysis per-
formed by Betz et al. identified a number of single-nucleotide
polymorphisms (SNPs) that are significantly associated with
the disease (28). The studies implicated associations with
several genes that control the activation and proliferation of
regulatory T cells (Tregs), CTLA4, IL2RA, IL2, IL21, EOS and
several human leukocyte antigen (HLA) genes, as well as
genes that were already expressed in the HF itself (PRDX5
and STX17) (27). Notably, polymorphisms within the ULBP
gene, which encodes activating ligands of the natural killer
(NK) cell-associated receptor NKG2D, were strongly related
to AA but not to other autoimmune diseases.

Further functional studies in C3H/HeJ mice demonstrated
that the transfer of CD8*NKG2D* T cells from mice with AA
induced disease in healthy mice, whereas transfer of lymph-
node cell populations from diseased mice that were depleted
of NKG2D+ cells did not. It has been proposed that AA is
mediated by CD8*NKG2D* T cells via a positive feedback
loop that involves interleukin-15 (IL-15) signaling in concert
with follicular epithelial cells. Specifically, IFN-y produced
by CD8*NKG2D* T cells incites the collapse of HF IP, which
in turn stimulates follicular epithelial cells to produce IL-15.
IL-15 is a well-established driver of cytotoxic activity by both
IFN-vy-producing CD8* cells and NK cells, and thus its pro-
duction can perpetuate type | cellular autoimmunity in a
feed-forward loop.

IL-15, as well as a number of other pro-inflammatory cyto-
kines, is known to activate downstream signaling via the
JAK-STAT pathway, which suggests a role for this pathway
in disease pathogenesis. In fact, systemic administration
of JAKi in C3H/Hed AA mice was shown to eliminate the
IFN signature associated with AA and, furthermore, prevent
disease onset. Additionally, topical administration of JAKi
was able to promote hair regrowth and reverse established
disease (13).

The successful use of JAKi to treat AA in pre-clinical animal
models eventually led to two pilot clinical trials that success-
fully utilized oral JAKi—ruxolitinib or tofacitinib—to treat pa-
tients with moderate to severe AA (29, 30). The efficacy of
these inhibitors in AA treatment has since been demonstrated
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by a number of studies from multiple groups, summarized in
another review (31). Current investigations aim to improve the
specificity of these JAKI, as well as develop topical formula-
tions in order to minimize side-effects that could result from
systemic absorption of oral JAKI.

Ongoing research in AA

AA is driven by the recognition of autoantigens by
autoreactive T cells

Since the establishment of AA as an autoimmune disease,
there has been an ongoing search for the autoantigens that
could potentially trigger autoimmunity and the breach in HF
IP. Several studies have suggested HF melanocyte-derived
proteins as promising candidates, supported by the fact
that patients first lose pigmented hairs during disease onset
(32, 33). Earlier studies also suggest the presence of auto-
antibodies against HF keratinocytes (34-36).

More recently, screening of autoantigens targeted by
human AA CD8* T cells has identified trichohyalin peptides
as potential triggers of disease onset (37). Computational
predictions (38) as well as a case report (39) have also
suggested hepatitis B virus (HBV) peptides as potential
autoantigen epitopes for AA. In a different approach, high-
throughput T-cell antigen receptor (TCR) sequencing has
been performed to gain unbiased insight into pathogenic
T-cell populations without prior knowledge of the antigen(s)
that they recognize. These studies showed that AA patients
showed an increase of clonality in TCRs. This indicates that
there is an increased number of T cells that target a common
antigen epitope, which corroborates the notion that AA is an
antigen-driven disease (40). Continued like-minded efforts to
identify autoantigens and antigen-specific T cells in AA will
be a crucial step to further elucidate the pathomechanisms of
AA, which will prove invaluable to the development of novel
therapeutics for the disease.

Environmental triggers for AA

Although AA has a significant genetic component, the con-
cordance rate for AA in monozygotic twins is around 50%
(41), indicating an incomplete inheritance. While the epigen-
etics of AA have not been fully explored, several studies have
suggested a role for regulatory microRNAs in the develop-
ment of AA. The role of other epigenetic mechanisms, which
can range from post-translational histone modifications to
covalent DNA modifications to other small non-coding regu-
latory RNAs, is still being investigated. Interestingly, microbial
dysbiosis has recently been suggested as a possible mech-
anism underlying AA pathogenesis.

A recent report of two AA patients who exhibited hair re-
growth after a fecal matter transplant (FMT) for a Clostridium
difficile infection suggested that AA onset may be due to a
change in the microbiome niche in the gut (42). While the role
of the microbiome in AA has yet to be fully understood, the
association between intestinal microbiota and autoimmunity
has been reported in other autoimmune diseases including
multiple sclerosis, Crohn’s disease, type 1 diabetes and
autoimmune uveitis (43-45). Currently, it is thought that gut
microbial dysbiosis may lead to the production of bacterial
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particles that resemble self-antigens of the HF and trigger
autoimmunity via a mechanism akin to molecular mimicry.

Pathogenic cells in AA

CD8* T cells, especially those that also express NKG2D, are
known to be necessary and sufficient for the development
of AA (13). However, there are other cell types found among
the pro-inflammatory milieu surrounding the HF in lesional AA
skin, the roles of which have not yet been fully elucidated.
Examining the contributions of non-CD8* T cells to AA patho-
genesis could help develop novel, cell-specific treatments for
AA. For instance, Tregs have not only been implicated in AA
via GWAS, but also are critical regulators of HF regeneration
(46); thus, restoring Treg function may be a potential avenue
for future treatments. T, 17 cells have also been found in the
dermis of lesional AA skin, and Lew et al. recently identified
a gene polymorphism in IL17A/IL17RA that was significantly
associated with AA among Korean patients, suggesting a
possible role for T, 17 T cells in disease development (47, 48).

PCA—a scarring form of alopecia

Unlike AA, which is a non-scarring alopecia, CA, which can
be classified as primary or secondary, is characterized by the
replacement of destroyed HFs with scar tissue. In PCA, the
loss of HFSCs is the primary event, whereas in secondary CA,
the HF is damaged by skin scarring secondary to congenital
defects, trauma, inflammation, infections or neoplasms. PCAs
are further subdivided by the type of inflammation detected
on histological examination into lymphocytic, neutrophilic and
mixed PCA (49).

Although the etiology and pathogenesis of PCA has yet to
be fully understood, it is recognized that PCA onset is likely
due to an autoimmune loss of HF IP, similar to AA (50). Unlike
in AA, however, the inflammatory infiltrates in PCA target the
HF bulge as opposed to the anagen bulb. The collapse of
HF IP in the bulge, which is marked by increased expres-
sion of MHC class | and I, reduced CD200 expression and
increased expression of IFN-inducible cytokines such as
CXCL9/CXCL10/CXCL11, leads to irreversible damage to
HFSCs and subsequent permanent hair loss (51, 52).

Lichen planopilaris (LPP) is a form of PCA that is charac-
terized by T-cell-mediated aggression to the HF, with follicular
inflammatory infiltrates in the infundibulum and isthmus near
the HF bulge (53). Like AA, LPP initially manifests with lo-
calized areas of hair loss on the scalp. As the active phase
progresses, however, LPP patients present with signs of
perifollicular erythema and follicular hyperkeratosis in
lesional skin and thus complain of itching, pain and burning
(54). These signs can vanish in end-stage disease, when
the discernible signs of scalp inflammation are replaced by
a pattern termed ‘pseudopelade of Brocq’, which describes
discrete, smooth, flesh-toned areas of alopecia without ery-
thema or follicular hyperkeratosis.

There are three variants of LPP: the classical form, frontal
fibrosing alopecia (FFA) and Graham-Little syndrome. The
histology is the same in all subtypes (55). The classic form
of LPP is usually seen between the ages of 40 and 60, and
is more common in women. Although it can affect any re-
gion of the scalp, it most often presents as localized areas of

alopecia in the parietal region or vertex. Plaques can increase
in size and number, converging on larger lesions and even
compromising the entire scalp. The involvement of the eye-
lashes and hairs of the body is not common (54). Meanwhile,
FFA affects the frontal hairline and often the eyebrows of
postmenopausal women (56). Since the first description of
FFA in 1994, increasingly more cases of FFA have been pub-
lished, to the point that is considered an emerging epidemic
by some authors (57). Finally, Graham-Little syndrome is a
rare condition that presents with LPP lesions in the scalp
alongside non-scarring alopecia of the body, as well as dis-
seminated keratosis-pilaris lesions (55).

Histology

In all types of LPP, HFs are selectively destroyed by a
chronic lymphocytic inflammatory process that spares the
interfollicular region. LPP is also characterized by concen-
tric perifollicular fibrosis, the loss of sebaceous glands, and
the replacement of the follicles by scarring fibrous tracts in
late-stage disease (53, 58, 59). In addition to the CD4+ T cells
that infiltrate the follicular infundibulum and isthmus, a large
number of mast cells can also be detected in active LPP le-
sions (Fig. 3, right). These mast cells are known to express
the 1L-23 receptor and produce IL-17A and IL-23, although
their role in LPP pathogenesis has yet to be elucidated (60).
There may be other cell types in the inflammatory infiltrate of
LPP that have not been characterized (denoted by green and
purple cells in Fig. 3, right).

Conventional treatments

First-line therapy for scarring alopecias consists of top-
ical and/or intralesional corticosteroids. Options for sys-
temic therapy include a short course of glucocorticoids and
hydroxychloroquine, doxycycline and methotrexate (61).
Pioglitazone, a thiazolidinedione and peroxisome proliferator-
activated receptor y (PPAR-y) agonist, was used to treat LPP
in a small of number of cases with mixed results (62-65). As
for FFA, oral 5-a-reductase was found to provide disease sta-
bility and reduce the rate of progression in some cases (66).
More recently, due to the success of JAKI in the treatment of
AA, a trial was performed to test the effectiveness of JAKi to
treat LPP and FFA, in which 8 of 10 patients with recalcitrant
disease showed clinical improvement upon administration
of oral tofacitinib as either monotherapy or adjuvant therapy
(67). Nonetheless, there has yet to be an established, de-
finitive form of treatment that specifically targets the various
forms of scarring alopecia, owing to the relative obscurity of
their underlying disease mechanisms.

Possible pathomechanisms for PCAs

Genetic components of PCAs

A recent GWAS demonstrated a significant association
with FFA at four genomic loci: 2p22.2, 6p21.1, 8924.22 and
15g2.1. Fine-mapping within the 2p22.2 and 6p21.1 loci re-
vealed associations with a presumed causal missense variant
in CYP1B1, which encodes a member of the cytochrome P450
family, and the HLA-B*07:02 allele, respectively, suggesting



that FFA is a genetically predisposed disorder in inflamma-
tory and immune responses (68). A recent study also found a
variant of PADI3 in central centrifugal CA (CCCA) via whole-
exome sequencing. This mutation in the PADI3 gene may re-
sult in improper formation of hair shaft, leading to the CCCA
phenotype (69). Gene expression profiling demonstrated de-
creased tissue expression of PPAR-y in LPP lesions in com-
parison with unaffected skin, putting forth the notion that LPP
might be characterized by dysregulated fatty acid and/or glu-
cose metabolism (70, 71). This is further supported by the
finding that mammalian target of rapamycin (mTOR) signaling
pathway proteins, which are central regulators of cell metab-
olism, exhibit altered expression in the HFs of LPP and FFA
patients compared with those of healthy controls (72).

Potential external and intrinsic factors associated with
PCA pathogenesis

Potential triggers for LPP that have been previously described
include scalp trauma due to head injury or hair transplant sur-
gery (73-75), drugs, viruses and contact sensitizers (55, 76,
77). Other studies have found an association between FFA
and the use of leave-on facial skin care products and sun-
screens (78-81).

Interestingly, recent evidence has suggested a role for an-
drogens in the development of FFA: the majority of FFA pa-
tients are postmenopausal women and the disease has been
associated with not only early menopause but also a high rate
of concomitant androgenetic alopecia (56).

Conclusion

Identifying the pathomechanisms associated with a disease
is the first step to develop treatment modalities that are highly
specific and can minimize side-effects. In the field of AA, the
success in rational repurposing of JAKi to reverse hair loss is
a result from deciphering the pathways involved in AA patho-
genesis. While many clinical trials are still ongoing to opti-
mize this treatment for the patients, the road leading up to
this point serves as a great example for the field of PCAs.
Recent genetic studies and immunophenotyping of different
forms of PCAs have already revealed novel targets that have
clinical significance such diagnosing disease subtypes and
identifying druggable pathways.
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