CLINICAL REVIEW

Cutaneous Manifestations in
Hereditary Alpha Tryptasemia
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PRACTICE POINTS

. Chronic or episodic urticaria, flushing, and pruritus
are the most consistent cutaneous abnormalities
associated with hereditary alpha tryptasemia (HaT),
but HaT also may augment symptoms of other under-
lying inflammatory skin disorders, such as atopic der-
matitis and psoriasis.

- Individuals with episodic dermatologic manifestations
indicative of mast cell activation accompanied by
symptoms affecting 1 or more organ systems
should be evaluated for mast cell activation syndrome
as well as HaT.

Hereditary alpha tryptasemia (HaT) is a recently identified disorder
that is associated with dermatologic manifestations such as urti-
caria, flushing, pruritus, and atopic dermatitis (AD), as well as a
broad range of other symptoms affecting multiple systems. Given
the potential cutaneous manifestations and the fact that dermato-
logic symptoms may be the initial presentation of HaT, awareness
and recognition of this condition by dermatologists are essential for
diagnosis and treatment. This review aims to summarize cutaneous
presentations consistent with HaT and various conditions that share
overlapping dermatologic symptoms with HaT.
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ereditary alpha tryptasemia (HaT), an autosomal-
dominant disorder of tryptase overproduction, was
first described in 2014 by Lyons et al.' It has
been associated with multiple dermatologic, allergic,
gastrointestinal (GI) tract, neuropsychiatric, respiratory,
autonomic, and connective tissue abnormalities. These

multisystem concerns may include cutaneous flushing,
chronic pruritus, urticaria, GI tract symptoms, arthralgia,
and autonomic dysfunction.? The diverse symptoms and
the recent discovery of HaT make recognition of this
disorder challenging. Currently, it also is believed that
HaT is associated with an elevated risk for anaphylaxis
and is a biomarker for severe symptoms in disorders with
increased mast cell burden such as mastocytosis.*”

Given the potential cutaneous manifestations and
the fact that dermatologic symptoms may be the initial
presentation of HaT, awareness and recognition of this
condition by dermatologists are essential for diagnosis
and treatment. This review summarizes the cutaneous
presentations consistent with HaT and discusses various
conditions that share overlapping dermatologic symp-
toms with HaT.

Background on HaT

Mast cells are known to secrete several vasoactive
mediators including tryptase and histamine when acti-
vated by foreign substances, similar to IgE-mediated
hypersensitivity reactions. In their baseline state, mast
cells continuously secrete immature forms of tryptases
called protryptases.® These protryptases come in 2 forms:
o and B. Although mature tryptase is acutely elevated
in anaphylaxis, persistently elevated total serum
tryptase levels frequently are regarded as indicative of
a systemic mast cell disorder such as systemic masto-
cytosis (SM).? Despite the wide-ranging phenotype of
HaT, all individuals with the disorder have an elevated
basal serum tryptase level (>8 ng/mL). Hereditary alpha
tryptasemia has been identified as another possible
cause of persistently elevated levels.>®
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HEREDITARY ALPHA TRYPTASEMIA

Genetics and Epidemiology of HaT—The human
tryptase locus at chromosome 16p13.3 is composed of
4 paralog genes: TPSG1, TPSB2, TPSAB1, and TPSD1.*
Only TPSAB1 encodes for o-tryptase, while both TPSB2
and TPSABI encode for B-tryptase.* Hereditary alpha
tryptasemia is an autosomal-dominant disorder resulting
from a copy number increase in the a-tryptase encoding
sequence within the TPSABI gene. Despite the wide-
ranging phenotype of HaT, all individuals identified with
the disorder have a basal serum tryptase level greater
than 8 ng/mL, with mean (SD) levels of 15 (5) ng/mL and
24 (6) ng/mL with gene duplication and triplication,
respectively (reference range, 0-11.4 ng/mL).>° Hereditary
alpha tryptasemia likely is common and largely undiag-
nosed, with a recently estimated prevalence of 5% in the
United Kingdom” and 5.6% in a cohort of 125 individuals
from Italy, Slovenia, and the United States.’

Implications of Increased o-tryptase Levels—After an
inciting stimulus, the active portions of o-protryptase
and B-protryptase are secreted as tetramers by activated
mast cells via degranulation. In vitro, B-tryptase homo-
tetramers have been found to play a role in anaphylaxis,
while o-homotetramers are nearly inactive.®® Recently,
however, it has been discovered that 02B2 tetramers also
can form and do so in a higher ratio in individuals with
increased o-tryptase—encoding gene copies, such as those
with HaT.® These heterotetramers exhibit unique proper-
ties compared with the homotetramers and may stimu-
late epidermal growth factor-like module-containing
mucinlike hormone receptor 2 and protease-activated
receptor 2 (PAR2). Epidermal growth factor-like module-
containing mucinlike hormone receptor 2 activation likely
contributes to vibratory urticaria in patients, while activa-
tion of PAR2 may have a range of clinical effects, includ-
ing worsening asthma, inflammatory bowel disease,
pruritus, and the exacerbation of dermal inflammation
and hyperalgesia.*!® Thus, - and B-tryptase tetramers
can be considered mediators that may influence the
severity of disorders in which mast cells are naturally
prevalent and likely contribute to the phenotype of those
with HaT.” Furthermore, these characteristics have been
shown to potentially increase in severity with increasing
tryptase levels and with increased TPSABI duplications.?
In contrast, more than 25% of the population is deficient
in o-tryptase without known deleterious effects.®

Cutaneous Manifestations of HaT

A case series reported by Lyons et al' in 2014 detailed
persistent elevated basal serum tryptase levels in 9 fami-
lies with an autosomal-dominant pattern of inheritance.
In this cohort, 31 of 33 (94%) affected individuals had
a history of atopic dermatitis (AD), and 26 of 33 (79%)
affected individuals reported symptoms consistent with
mast cell degranulation, including urticaria; flushing;
and/or crampy abdominal pain unprovoked or triggered
by heat, exercise, vibration, stress, certain foods, or minor
physical stimulation.! A later report by Lyons et al*in 2016
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identified the TPSABI o-tryptase-encoding sequence
copy number increase as the causative entity for HaT
by examining a group of 96 patients from 35 families
with frequent recurrent cutaneous flushing and pruritus,
sometimes associated with urticaria and sleep disruption.
Flushing and pruritus were found in 45% (33/73) of those
with a TPSAB1 duplication and 80% (12/15) of those with
a triplication (P=.022), suggesting a gene dose effect
regarding o-tryptase encoding sequence copy number
and these symptoms.*

A 2019 study further explored the clinical finding of
urticaria in patients with HaT by specifically examining
if vibration-induced urticaria was affected by TPSABI
gene dosage.® A cohort of 56 volunteers—35 healthy and
21 with HaT—underwent tryptase genotyping and
cutaneous vibratory challenge. The presence of TPSABI
was significantly correlated with induction of vibration-
induced urticaria (P<.01), as the severity and prevalence
of the urticarial response increased along with o- and
B-tryptase gene ratios.®

Urticaria and angioedema also were seen in 51%
(36/70) of patients in a cohort of HaT patients in the
United Kingdom, in which 41% (29/70) also had skin
flushing. In contrast to prior studies, these manifestations
were not more common in patients with gene triplica-
tions or quintuplications than those with duplications.”
In another recent retrospective evaluation conducted at
Brigham and Women’s Hospital (Boston, Massachusetts)
(N=101), 80% of patients aged 4 to 85 years with con-
firmed diagnoses of HaT had skin manifestations such as
urticaria, flushing, and pruritus.*

HaT and Mast Cell Activation Syndrome—In 2019,
a Mast Cell Disorders Committee Work Group Report
outlined recommendations for diagnosing and treating
primary mast cell activation syndrome (MCAS), a disor-
der in which mast cells seem to be more easily activated.
Mast cell activation syndrome is defined as a primary
clinical condition in which there are episodic signs and
symptoms of systemic anaphylaxis (Table) concurrently
affecting at least 2 organ systems, resulting from secreted
mast cell mediators.”! The 2019 report also touched on
clinical criteria that lack precision for diagnosing MCAS
yet are in use, including dermographism and several types
of rashes.” Episode triggers frequent in MCAS include
hot water, alcohol, stress, exercise, infection, hormonal
changes, and physical stimuli.

Hereditary alpha tryptasemia has been suggested to
be a risk factor for MCAS, which also can be associated
with SM and clonal MCAS.? Patients with MCAS should
be tested for increased o-tryptase gene copy number
given the overlap in symptoms, the likely predisposi-
tion of those with HaT to develop MCAS, and the fact
that these patients could be at an increased risk for
anaphylaxis.*”*"" However, the clinical phenotype for
HaT includes allergic disorders affecting the skin as well
as neuropsychiatric and connective tissue abnormalities
that are distinctive from MCAS. Although HaT may be
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Symptoms of MCAS vs HaT'2911
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Symptoms of MCAS that also

Symptoms of HaT not

System can be indicative of HaT suggestive of MCAS

Dermatologic Flushing, urticaria, pruritus, angioedema Atopic dermatitis

Cardiovascular Hypotension, tachycardia, syncope Postural orthostatic tachycardia syndrome,
Or near syncope labile hypertension

Respiratory Wheezing, shortness of breath, Environmental allergies, asthma

inspiratory stridor

Gastrointestinal tract

Diarrhea, nausea, crampy abdominal pain

None

Neurologic/psychiatric None

Anxiety, depression, chronic pain

Connective tissue None

Hypermobile connective tissues

Abbreviations: HaT, hereditary alpha tryptasemia; MCAS, mast cell activation syndrome.

considered a heritable risk factor for MCAS, MCAS is only
1 potential phenotype associated with HaT.?

Implications of HaT

Hereditary alpha tryptasemia should be considered
in all patients with basal tryptase levels greater than
8 ng/mL. Cutaneous symptoms are among the most
common presentations for individuals with HaT and can
include AD, chronic or episodic urticaria, pruritus, flush-
ing, and angioedema. However, HaT is unique because
of the coupling of these common dermatologic findings
with other abnormalities, including abdominal pain and
diarrhea, hypermobile joints, and autonomic dysfunction.
Patients with HaT also may manifest psychiatric concerns
of anxiety, depression, and chronic pain, all of which have
been linked to this disorder.

It is unclear in HaT if the presence of extra-allelic
copies of tryptase in an individual is directly pathogenic.
The effects of increased basal tryptase and o232 tetramers
have been shown to likely be responsible for some of the
clinical features in these individuals but also may mag-
nify other individual underlying disease(s) or diathesis in
which mast cells are naturally abundant.® In the skin, this
increased mast cell activation and subsequent histamine
release frequently are visible as dermatographia and
urticaria. However, mast cell numbers also are known to
be increased in both psoriatic and AD skin lesions,™ thus
severe presentation of these diseases in conjunction with
the other symptoms associated with mast cell activation
should prompt suspicion for HaT.

Effects of HaT on Other Cutaneous Disease—Given the
increase of mast cells in AD skin lesions and fact that
94% of patients in the 2014 Lyons et al' study cited a
history of AD, HaT may be a risk factor in the develop-
ment of AD. Interestingly, in addition to the increased
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mast cells in AD lesions, PAR2+ nerve fibers also are
increased in AD lesions and have been implicated in
the nonhistaminergic pruritus experienced by patients
with AD.™ Thus, given the proposed propensity for o232
tetramers to activate PAR?2, it is possible this mechanism
may contribute to severe pruritus in individuals with AD
and concurrent HaT, as those with HaT express increased
0232 tetramers. However, no study to date has directly
compared AD symptoms in patients with concurrent HaT
vs patients without it. Further research is needed on how
HaT impacts other allergic and inflammatory skin dis-
eases such as AD and psoriasis, but one may reasonably
consider HaT when treating chronic inflammatory skin
diseases refractory to typical interventions and/or severe
presentations. Although HaT is an autosomal-dominant
disorder, it is not detected by standard whole exome
sequencing or microarrays. A commercial test is available,
utilizing a buccal swab to test for TPSABI copy number.

HaT and Mast Cell Disorders—When evaluating some-
one with suspected HaT, it is important to screen for other
symptoms of mast cell activation. For instance, in the GI
tract increased mast cell activation results in activation
of motor neurons and nociceptors and increases
secretion and peristalsis with consequent bloating,
abdominal pain, and diarrhea."’ Likewise, tryptase also
has neuromodulatory effects that amplify the percep-
tion of pain and are likely responsible for the feelings of
hyperalgesia reported in patients with HaT."

There is substantial overlap in the clinical pictures of
HaT and MCAS, and HaT is considered a heritable risk
factor for MCAS. Consequently, any patient undergo-
ing workup for MCAS also should be tested for HaT.
Although HaT is associated with consistently elevated
tryptase, MCAS is episodic in nature, and an increase in
tryptase levels of at least 20% plus 2 ng/mL from baseline
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only in the presence of other symptoms reflective of mast
cell activation (Table) is a prerequisite for diagnosis.’
Chronic signs and symptoms of atopy, chronic urticaria,
and severe asthma are not indicative of MCAS but are
frequently seen in HaT.

Another cause of persistently elevated tryptase lev-
els is SM. Systemic mastocytosis is defined by aberrant
clonal mast cell expansion and systemic involvement'!
and can cause persistent symptoms, unlike MCAS
alone. However, SM also can be associated with MCAS.’
Notably, a baseline serum tryptase level greater than
20 ng/mL—much higher than the threshold of greater than
8 ng/mL for suspicion of HaT—is seen in 75% of SM cases
and is part of the minor diagnostic criteria for the disease.'!
However, the 2016 study identifying increased TPSABI
o-tryptase—encoding sequences as the causative entity for
HaT by Lyons et al* found the average (SD) basal serum
tryptase level in individuals with o-tryptase-encoding
sequence duplications to be 15 (5) ng/mL and 24 (6) ng/mL
in those with triplications. Thus, there likely is no threshold
for elevated baseline tryptase levels that would indicate SM
over HaT as a more likely diagnosis. However, SM will pres-
ent with new persistently elevated tryptase levels, whereas
the elevation in HaT is believed to be lifelong.® Also in con-
trast to HaT, SM can present with liver, spleen, and lymph
node involvement; bone sclerosis; and cytopenia.'"**

Mastocytosis is much rarer than HaT, with an esti-
mated prevalence of 9 cases per 100,000 individuals in the
United States.! Although HaT diagnostic testing is non-
invasive, SM requires a bone marrow biopsy for definitive
diagnosis. Given the likely much higher prevalence of HaT
than SM and the patient burden of a bone marrow biopsy,
HaT should be considered before proceeding with a bone
marrow biopsy to evaluate for SM when a patient presents
with persistent systemic symptoms of mast cell activation
and elevated baseline tryptase levels. Furthermore, it also
would be prudent to test for HaT in patients with known
SM, as a cohort study by Lyons et al® indicated that HaT
is likely more common in those with SM (12.2% [10/82]
of cohort with known SM vs 5.3% of 398 controls), and
patients with concurrent SM and HaT were at a higher risk
for severe anaphylaxis (RR=9.5; P=.007).

Studies thus far surrounding HaT have not evalu-
ated timing of initial symptom onset or age of initial
presentation for HaT. Furthermore, there is no guarantee
that those with increased TPSAB1 copy number will be
symptomatic, as there have been reports of asymptom-
atic individuals with HaT who had basal serum levels
greater than 8 ng/mL.” As research into HaT continues
and larger cohorts are evaluated, questions surrounding
timing of symptom onset and various factors that may
make someone more likely to display a particular pheno-
type will be answered.

Treatment—Long-term prognosis for individuals with
HaT is largely unknown. Unfortunately, there are lim-
ited data to support a single effective treatment strategy
for managing HaT, and treatment has varied based on

52 | CUTIS®

predominant symptoms. For cutaneous and GI tract
symptoms, trials of maximal H; and H, antihistamines
twice daily have been recommended.* Omalizumab was
reported to improve chronic urticaria in 3 of 3 patients,
showing potential promise as a treatment.* Mast cell sta-
bilizers, such as oral cromolyn, have been used for severe
GI symptoms, while some patients also have reported
improvement with oral ketotifen.® Other medications,
such as tricyclic antidepressants, clemastine fumarate,
and gabapentin, have been beneficial anecdotally.® Given
the lack of harmful effects seen in individuals who are
o-tryptase deficient, o-tryptase inhibition is an intriguing
target for future therapies.

Conclusion

Patients who present with a constellation of dermatologic,
allergic, GI tract, neuropsychiatric, respiratory, autonomic,
and connective tissue abnormalities consistent with HaT
may receive a prompt diagnosis if the association is recog-
nized. The full relationship between HaT and other chronic
dermatologic disorders is still unknown. Ultimately, height-
ened interest and research into HaT will lead to more treat-
ment options available for affected patients.
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