DONATE

MEMBERSHIP

MEETINGS & EDUCATION

FOR PUBLIC AND PATIENTS

PRACTICE MANAGEMENT

CLINICAL & QUALITY

JR

STORE

PUBLICATIONS & APPS

ACCOUNT

SEARCH

CAREER DEVELOPMENT

ADVOCACY

DermWorld / September 2021

Advertisement

Search DW

Ex. Psoriasis

MANAGING HAIR LOSS

What has research revealed about the pathogenesis of
androgenetic alopecia, alopecia areata, and central
centrifugal cicatricial alopecia as well as new potential
therapeutics?
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Moving the needle
To those outside the world of dermatology, hair is sometimes perceived to be a cosmetic concern.
Dermatologists know better. With a high psychosocial burden and limited or no treatments approved by the
U.S. Food and Drug Administration (FDA), patients with a variety of life-altering hair loss conditions must often
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wade through a multitude of treatments — and even still — may only have partial or no response.
This month in DermWorld, dermatologist hair loss experts discuss advances in the pathogenesis and
treatments for androgenetic alopecia, alopecia areata, and central centrifugal cicatricial alopecia (CCCA).
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Answers in Practice

Androgenetic alopecia
For both male and female pattern hair loss, a certain percentage of hair follicles miniaturize and form tiny hairs
that are essentially microscopic, said George Cotsarelis, MD, FAAD, the Milton Bixler Hartzell professor of
dermatology and dermatology department chair at the University of Pennsylvania School of Medicine. “This is
accompanied by a decrease in the duration of the growing phase (anagen) of the follicle.”
A primary difference between male and female pattern baldness is the pattern itself. “In men, the pattern is the
bi-temporal areas and the vertex, whereas for women the frontal hairline is preserved, and the hair thinning
takes place primarily on the top and the crown of the scalp.”
According to Dr. Cotsarelis, more is known about male pattern baldness than female pattern hair loss. “In men,
we’ve known forever that testosterone is required for miniaturization of the follicle to happen. If you block
testosterone, it’s going to at least stop the progression of male pattern baldness, which is how finasteride
works. But in women, we don’t really know whether androgens play a role. Certainly, excess androgen levels in
women can cause both male and female pattern hair loss. But we don’t know whether androgens play a role in
the most common type of female pattern hair loss.”

A molecular level
Much work has been done studying male pattern baldness at a cellular and molecular level. “We took biopsies
from the top of the scalp, the balding area, and the back of the scalp — the area that doesn’t go bald,
presumably, and compared the samples,” Dr. Cotsarelis said.
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Using fluorescent-activated cell sorting (FACS), Dr. Cotsarelis and his colleagues discovered stem cells within
the hair follicle of the balding and non-balding scalp. “We were surprised to learn that the stem cells were still
intact in the balding scalp. The percentage of stem cells in the balding and non-balding scalp were very similar,
although we did find a marked decrease in the daughter cells (progenitor cells) of the stem cells, which are the
more actively proliferating cells responsible for making hair,” he explained.
His research, which was sponsored by the National Institutes of Health, suggested that there was a defect in
stem cell activation in the balding scalp for men, whether it’s from the lack of an activator or the presence of an
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inhibitor that prevents the stem cells from dividing, he said.
“When we looked at the molecular profile of the balding and non-balding scalp, we found a gene called
prostaglandin D synthase, which is an enzyme that was elevated seven- to-10-fold in the balding scalp versus
the non-balding scalp.” That enzyme produces a prostaglandin called prostaglandin D2 (PGD2), a lipid
mediator produced by the hair follicle as well as mast cells, macrophages, and Th2 lymphocytes, which seem
elevated in the balding scalp as well.
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“If you take human hair follicles and put them in culture, the hair will grow for about a week. Adding PGD2
dramatically inhibited the growth through the prostaglandin receptor 2 (PGD2R2). This is true in hair follicles for
men or women,” Dr. Cotsarelis added.
Companies have created PGD2R2-antagonists because this receptor is also found on mast cells, which are
involved in allergy and inflammation. Dr. Cotsarelis and his colleagues have focused on a particular compound
that they’ve found prevented PGD2 from inhibiting hair growth so that the hair grew in the presence of this
inhibitor. This work was sponsored by Allergan.
“We are convinced that this pathway is important for male pattern baldness and will eventually result in
potential treatments,” he said.

Androgen receptor inhibitor
•

Aside from targeting PGD2 and inhibiting its effect, another route would be to target the testosterone receptor.
In 2020, the androgen receptor inhibitor clascoterone cream 1% was approved by the FDA for the treatment of
acne. The company behind clascoterone has developed a 7.5% solution, which acts by inhibiting
dihydrotestosterone (DHT) binding with androgen receptors in scalp hair follicles. Studies have shown that the
solution reduces production of inflammatory mediators involved with hair miniaturization.

•

CIMZIA is indicated for the
treatment of adults with
moderate-to-severe plaque
psoriasis who are candidates for
systemic therapy or
phototherapy.
CIMZIA is indicated for the
treatment of adults with active
psoriatic arthritis.

Important Safety Information
CONTRAINDICATIONS
CIMZIA is contraindicated in
patients with a history of
hypersensitivity reaction to
certolizumab pegol or to any of the
excipients. Reactions have included
angioedema, anaphylaxis, serum
sickness, and urticaria.

Clascoterone solution 7.5% is currently in phase 3 trials for males with androgenetic alopecia while a second
study with female subjects is in phase 2 trials, with results from the latter trial expected in the third quarter of
2021.
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Wounding for hair regeneration
Dr. Cotsarelis — who is a compensated member of the scientific advisory board for Follica — and his team
found that wounding the skin could create new hair follicles to promote hair regrowth, which could work in both
male and female pattern hair loss. “When you make a wound in a mouse, the mouse has the ability to
regenerate hair follicles in the wound. There’s some evidence that this happens in humans, too, but at a much
lower level,” he explained. “When you make any kind of wound — it doesn’t have to be a big wound like in the
mouse — that wounding will trigger embryonic pathways that are normally quiet and will create an environment
conducive to hair regeneration” (doi: 10.1038/s41467-018-07142-9).
How might wounding have the potential to impact androgenetic alopecia patients? “When you have
miniaturized hair follicles, wounding may stimulate them to enlarge and create bigger hairs. And by using
compounds during the window, you can induce more hair follicle formation by making the cells more competent
to make a hair follicle,” Dr. Cotsarelis said.
“Once the follicles form, however, they need to be maintained by using a drug, such as minoxidil.” The process
is fighting a lot of inhibitory signals, and the environment is not necessarily conducive to hair growth, he added.

Are stem cells the future?
Scientists have successfully grown hair follicles from stem cells with the goal of creating limitless hair follicles in
a lab that could then be grafted on to the patient’s scalp. “The hope is that you can coax cells into making hair
follicles, or what are called ‘proto-hair follicles,’ in a dish, which can then be transplanted and result in a new
hair follicle forming.”
“The hope is that one day, we might be able to remove a small piece of scalp, grow up all the cells — the stem
cells and the ‘inductive’ dermal cells — the two components that are needed, then combine them on a
bioengineered scaffold and allow them to form a hair follicle structure that can be transplanted back to the
patient,” Dr. Cotsarelis explained.
Alternatively, some scientists have successfully used induced pluripotent stem cells in which fibroblasts are
removed from the body, grown up, and put through a series of steps that result in a keratinocyte stem cell and
inductive dermal cell, Dr. Cotsarelis said (doi: 10.1038/s41586-020-2352-3). “Scientists can now form these
follicle organoids and structures in a dish, which would have seemed like a dream 15 years ago.”
While recent years have brought impressive scientific breakthroughs in stem cell research for hair loss, there
are still many unanswered questions about safety and cost of the procedure as well as the aesthetics of the
regrown hair.

Alopecia areata
The precise mechanisms that cause alopecia areata are not yet fully understood, but it is widely accepted that
it is a complex polygenic, T-cell mediated, autoimmune condition that targets anagen hair follicles, said Maria
K. Hordinsky, MD, FAAD, professor and chair of the Department of Dermatology at the University of Minnesota.
Several genetic susceptibility loci have been identified and associated with signaling pathways that are
important to hair follicle cycling and development. The genetic studies have also identified molecular pathways
of other autoimmune diseases shared by alopecia areata, such as rheumatoid arthritis, and type 1 diabetes
(doi: 10.1038/ncomms6966).
The HLA region, which encodes MHC molecules in humans, was initially identified as a major contributor to the
alopecia areata phenotype, with recent genome-wide association analyses narrowing the signal largely to the
HLA-DRB1 region (doi: 10.1038/nrdp.2017.11). In alopecia areata, the immune privilege of the hair follicle
appears to be disrupted where an increase in MHC I and II molecules, along with adhesion molecules,
correlate with increased leukocyte trafficking into the dermis (doi: https://doi.org/10.1016/j.jaad.2017.04.1141).
The lymphocyte attack in alopecia areata spares the stem cell compartment, preventing permanent organ
destruction and allowing future regrowth to remain possible in most cases.

“Alopecia areata is an autoimmune disease. In contrast to a disease like
lupus, where we can identify triggers, like sunlight, there isn’t a single factor
that’s been found to be a slam dunk for alopecia areata.”

Studies have shown that CD8+NKG2D+T cells are the major drivers of alopecia areata disease pathogenesis.
The dependency of these cells on IL-15 signaling for their survival provided a rationale for using Janus kinase
(JAK) inhibitors to target the downstream effects of this pathway in developing new therapeutic approaches.
Gene expression profiling studies have revealed predominant signatures of the interferon gamma pathway and
its related cytokines, as well as a predominant signature for cytotoxic T cells, both of which are mediated by
Janus kinases as their downstream effectors.
“Alopecia areata is an autoimmune disease,” said Dr. Hordinsky. “In contrast to a disease like lupus, where we
can identify triggers, like sunlight, there isn’t a single factor that’s been found to be a slam dunk for alopecia
areata.”

JAK inhibitors
There are currently no FDA-approved treatments for alopecia areata, and while there is an array of therapeutic
approaches, none have been shown to consistently alter the course of the disease. However, there are now
multiple drugs and compounds being investigated for the treatment of alopecia areata. One of the more
significant developments has been in the use of JAK inhibitors to target the JAK-STAT pathway, Dr. Hordinsky
said. There is now a lot of work being done in clinical trials with topical and oral JAK inhibitors, with potentially
multiple JAK inhibitors poised to enter the market in the near future.
A study published in JAAD showed that topical ruxolitinib 1.5% did not have a significant effect in patients with
alopecia areata (doi: https://doi.org/10.1016/j.jaad.2019.10.016). Some researchers postulate that the molecule
can’t penetrate the skin because the skin is still intact, Dr. Hordinsky said. However, “not as much work was
done in trying to formulate the medication in a way that could effectively penetrate the skin, so it could be that
we need to figure out the best formulation for successful topical drug delivery.”
In March 2021, top-line results from a phase 3 clinical trial of baricitinib showed that both the 2-mg and 4-mg
doses demonstrated statistically significant improvement in scalp hair regrowth compared to placebo.
Additionally, there are other JAK inhibitors in various stages of clinical trials including CPT-543, an
investigational JAK1/2 inhibitor for moderate-to-severe alopecia areata. With FDA Breakthrough Therapy and
Fast Track designations, CPT-543 is currently in phase 3 trials and could submit a New Drug Application as
soon as 2023, pending trial results. Additionally, ruxolitinib, an oral JAK3/TEC inhibitor, is currently in phase 2
trials for alopecia areata.
Dr. Hordinsky cautions dermatologists on maintaining strict follow-up guidelines for patients taking JAK
inhibitors. “There’s this idea that when a patient is doing well, we can keep stretching out the visits, with the
perception that it’s a straightforward visit. But we still have to step back and remember that this is a powerful
class of drugs, and we still don’t know all the long-term consequences.”
“There’s a subgroup of alopecia areata patients that hasn’t responded to anything. These are often the people
going into clinical trials — and some of them do well on JAK inhibitors, but not everyone responds to this class
of drugs. We’re still learning about who is a responder and who isn’t,” Dr. Hordinsky said.

Other treatments
Etrasimod is an oral, selective sphingosine 1-phosphate receptor modulator being investigated in patients with
moderate-to-severe alopecia areata. The compound is currently in a phase 2 trial evaluating the efficacy and
safety of 2 mg for 24 weeks. Etrasimod is also in the planning stage for phase 3 trials in atopic dermatitis and
actively in phase 3 trials for ulcerative colitis.
The key to successfully managing this complex condition is knowing which tools to use at which times. “If a
patient is flaring actively and shedding hair rapidly, prednisone is probably necessary, like it might be for any
other autoimmune disease during a disease flare. If the condition has settled down and the patient is now trying
to get hair to regrow, then you still might be working with a steroid, but it could be intralesional or topical,” Dr.
Hordinsky said.
“Once hair starts regrowing, we have to determine how to make a fiber that’s not completely normal become
more normal,” she added. “You could use the tools that you would normally use for someone with thinning hair,
such as minoxidil, in addition to steroid therapy. There’s even some data to support the use of platelet rich
plasma treatments. Dermatologists may also want to consider use of a low-level laser light or
photobiomodulation (PBM) therapy.”
A successful treatment is one that is highly individualized, Dr. Hordinsky explained. “Treating a two-year old
with total alopecia can be very different from treating a 92-year-old with alopecia areata. We have to look at
what makes sense for a person or family to undertake, what’s the success rate, and the risks and benefits of
the options. When patients are brought into the decision-making process, some will decide that no treatment is
best, while others will want to try everything possible to get their hair back.”

AAD HAIR Grant Program
In 2021, the Academy launched its Hair Loss and Alopecia Initiative in Research (HAIR) Grant
Program. HAIR research grants were offered to dermatologists, researchers, and trainees in the
United States for the completion of basic, translational, and/or clinical research projects that
address gaps in hair disorders research, with a particular emphasis on hair disorders in diverse
populations. Recipients of the grant funds will present their findings via poster, oral presentations
and/or educational sessions at Annual Meeting or Innovation Academy. Learn more about the
program.

Central centrifugal cicatricial alopecia
Central centrifugal cicatricial alopecia (CCCA), a progressive form of lymphocyte predominant scarring alopecia
experienced primarily by Black women, was first described in the 1950s as “hot comb alopecia,” as the
condition was attributed to the practice of straightening the hair with a hot comb (Arch Dermatol. 1968; 98: 234238).
As hair-styling practices have changed, the focus shifted from hot combs to chemical relaxers to hair
extensions, said Crystal Aguh, MD, FAAD, assistant professor in the Department of Dermatology at Johns
Hopkins School of Medicine. “It’s only in the last five to 10 years that we’ve really seen an effort to understand
the pathogenesis of this disease.”
Contrary to historical belief, we’re now seeing that women are developing CCCA without having practiced any
harmful styling practices, she added. “Research is starting to focus on who those patients may be, as well as
trying to identify treatment options,” Dr. Aguh said, “although research and understanding of the disease is still
very much in its infancy.”

Scarring disorders
Dr. Aguh’s research is focused on understanding the similarities between CCCA and other conditions of
abnormal scarring that exist within medicine. She and her colleagues looked at the gene expression profile of
CCCA and found significant overlap with other fibroproliferative disorders, particularly uterine fibroids, idiopathic
pulmonary fibrosis as well as hepatic fibrosis. “We found higher rates of uterine fibroids in Black women with
CCCA compared to Black women without CCCA,” she noted.
It is likely that CCCA is a type of fibroproliferative disorder, she said. “Keloids, for example, occur in individuals
who are particularly susceptible and can result from even minor inflammation. Once the keloid starts to
develop, it can continue to grow even if inflammation is no longer present,” Dr. Aguh explained.
CCCA is very similar, she continued. “That’s what makes it unique compared to other forms of scarring hair
loss. You don’t need to see any clinical signs of inflammation for it to be active. Patients don’t necessarily have
to experience itching, burning, pain, or redness for it to be progressing.”
We need a more aggressive and preventative approach for patients with CCCA, Dr. Aguh said. “If there is an
acne patient who also has keloids, we would need to treat the acne more aggressively since this person is
predisposed to scarring. The same may hold true for a CCCA patient with mild dandruff,” Dr. Aguh said. “We
need to better understand who is at risk for developing this disease.”
“It’s not that no woman can use hair relaxers or else it causes CCCA, but that if you have CCCA or a
fibroproliferative disorder, we can’t allow that patient’s scalp to be inflamed. This is a very different mindset than
we have approached CCCA with before.”

PADI3 mutation
In 2019, a study was published in the New England Journal of Medicine that identified a variant in the PADI3
gene in 31% of CCCA patients (doi: 10.1056/NEJMoa1816614). PADI3 encodes peptidyl arginine deiminase,
type III (PADI3), an enzyme that post-translationally modifies other proteins that are essential to hair-shaft
formation.
This study is significant, Dr. Aguh explained, because it further emphasized that CCCA is not a condition that
happens as a result of someone using a chemical relaxer on their scalp. “What still remains to be seen is how
PADI3 leads to disease.”
“When you have a PADI3 mutation in Black women that is not homozygous, not autosomal recessive — there’s
still some protein being produced — it’s not clear why it’s causing scarring or if it is directly leading to scarring.”

Topical metformin
Although not FDA approved for use topically or for CCCA, in mouse models, topical metformin has been used
to treat idiopathic pulmonary fibrosis, and has been shown to reverse fibrosis, said Dr. Aguh. “There’s also
been some data to suggest it could help with hair regrowth, although not specifically for scarring alopecias.”
“Based on our findings showing an overlap in the gene expression profile between idiopathic pulmonary fibrosis
and CCCA, we have started compounding 10% topical metformin and offering it to patients with mild to
moderate CCCA,” Dr. Aguh said. “I’ve been impressed at how signs of follicular dropout have significantly
improved, and I’m even seeing hair regrowth with about 10-15% of patients. Five to 10 years ago, we would tell
patients there is a 0% chance of hair regrowth,” she said. “We’ve still got a long way to go, but it shows the
potential for the role of other therapeutic options for this condition.”
“You often hear, ‘Get in early to see your dermatologist and we can prevent you from reaching end-stage
disease.’ I don’t think we know that’s true,” Dr. Aguh said.

The future
“The future of CCCA research will likely be directed at understanding treatments that work for scarring
disorders in general, and then seeing if these may be potential therapeutic options for CCCA patients,” Dr.
Aguh said.
Anti-fibrotic therapies may play a role in the treatment of CCCA, agreed Oma Agbai, MD, FAAD, director of the
service for Multicultural Dermatology and Hair Loss Disorders in Sacramento, California. “For example,
nintedanib, a tyrosine kinase inhibitor with potent triple inhibitory properties including activity directed against
PDGF, vascular endothelial growth-factor, and fibroblast growth-factor receptors, could be a target for research
in CCCA treatment. Controlled clinical trials would be needed to verify the efficacy and safety of these
modalities.”

Beyond the environment
As researchers continue to dig into the disease, CCCA will most likely be viewed as a group of disorders, Dr.
Aguh said. “One of the most devastating types of CCCA is when you have a patient in their 20s or 30s
presenting with end-stage disease. Often, these patients are reaching this stage within one to two years. We
have young patients presenting with no hair on their scalp and it’s scarred and permanent. We have to figure
out why it’s happening,” she said.
“I really want our field to give CCCA the respect it’s due, and until we move away from viewing it as a condition
caused by patient-mediated behaviors instead of one with predominantly genetic and environmental risk
factors, we won’t make that progress,” Dr. Aguh explained.
“Historically, there has been a paucity of research on conditions primarily affecting people of color, though this
has improved in recent years through the work of several pioneering dermatologists of all ethnicities,” said Dr.
Agbai. “Increasing diversity in dermatologists and in dermatologic education for medical students and residents
will hopefully support an environment more supportive of clinical and translational research on CCCA and other
conditions prevalent in people of color.”
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• CIMZIA is indicated for the treatment of adults with moderate-to-severe

plaque psoriasis who are candidates for systemic therapy or phototherapy.

• CIMZIA is indicated for the treatment of adults with active psoriatic arthritis.
Important Safety Information
CONTRAINDICATIONS
CIMZIA is contraindicated in patients with a history of hypersensitivity reaction
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