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‘Women appear to be more frequently affected with urticaria and
angioedema. Sex hormones are believed to have an important
mechanistic role in regulating pathways involved in these
conditions. This effect is likely nonspecific for chronic
spontaneous urticaria (CSU) or many forms of angioedema (AE),
because many other chronic diseases such as asthma are also
affected by sex hormones. The role of sex hormones has been
better elucidated for hereditary AE, because they have been
shown to have multiple effects including upregulation of FXII,
an important activator of the kallikrein pathway. However, their
role in the underlying pathogenesis for CSU is less clear.
Autoimmunity is clearly linked to CSU, which is more common
in women. This suggests that sex hormones could act as
adjuvants in activating or upregulating autoimmune pathways.
The purpose of this review is to discuss in detail the role of sex
hormones in CSU and AE and how a better understanding of the
impact hormones has on these conditions might lead to new
treatment advancements with better clinical outcomes. © 2021
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INTRODUCTION

Chronic spontaneous urticaria (CSU), defined as wheals and/
or angioedema (AE) with or without an inducible component
(chronic inducible urticaria [CIndU]), is not a trivial disease and
can be challenging to manage and treat. Current evidence-based
guidelines and validated patient-reported outcome measures are
available to help clinicians assess the severity of urticaria and
control and initiate appropriate therapy to achieve the ultimate
goal of management, which is a lack of hives and swelling.’
However, only approximately 40% to 50% of patients respond
to step 2 therapy, which is up to four times the US Food and
Drug Administration—recommended dose of H1-antagonists.”
These refractory patients may require further investigation to
determine whether they are experiencing a specific type of urti-
caria, such as autoimmune urticaria, urticaria vasculitis, neutro-
philic urticaria, or cyclic hypersensitivity (ie, progestin
hypersensitivity), which could be obfuscating treatment.
Furthermore, isolated AE may be histaminergic (ie, responsive to
H1-antihistamines or step 3 or 4 treatment guidelines) or non-
histaminergic, which may infer that other mediators such as
bradykinin (BK) are involved.” In both instances, women appear
to be more frequently affected with these conditions for unclear
reasons, but sex hormones are believed to have an important role.
The purpose of this review is to discuss in detail the role of sex
hormones in histaminergic CSU and AE and BK mediated he-
reditary AE (HAE) and how a better understanding of the impact
that hormones have on these conditions might lead to new
treatment advancements with better clinical outcomes.

EPIDEMIOLOGY OF CSU AND AE: ARE HORMONES
RESPONSIBLE FOR THE GREATER NUMBER OF
WOMEN WITH THESE DISORDERS?
Prevalence

A recent systematic review with meta-analysis” estimates that
CSU is a relatively common disease with an overall point prev-
alence across all age groups of 0.7% and an adjusted lifetime
prevalence of 1.4%. However, there are substantial differences
among regions of the world. In North America, the prevalence is
only 0.1%,”° in Europe it is 0.5%,” and in Asia and Latin
America it is 1.4%'""* and 1.5%, respectively.'” Like other
immune-mediated allergic and autoimmune diseases,'* the
prevalence of CSU is increasing,'” It was traditionally accepted
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that the prevalence in children was lower than in adults,'® but
new data demonstrate that the summary point prevalence esti-
mate for children (1.43%) is actually slightly higher than for
adults (0.86%). Sex-specific analysis in children aged less than
15 years shows no sex-specific differences, with a point preva-
lence of 1.0% for girls and 1.1% for boys. In contrast, the
prevalence of asthma and allergic rhinitis'” is higher in boys'*
and during adolescence to young adulthood there is a switch
toward female predominance. The reason for this transition is
unclear, but sex hormones are believed to have an important
role."* Tt is hypothesized that the higher prevalence of chronic
urticaria (CU) in adult women (1.3%) compared with men
(0.8%) is hormonally influenced.” A recently published study
from South Korea found a predominance of women for new-
onset CU between ages 20 and 64 years'® and not in child-
hood'” or the elderly population,”” which supports the hy-
pothesis of a hormonal role. However, this sex-dependent
difference is statistically significant only in Northern America
and Europe and not in Asia,” because several previous Asian
studies failed to demonstrate a female predominance that affects
the established male to female ratios of 1:2 or higher when they
are included in this global demographic analysis.”'

Data from a large prospective, cross-sectional, questionnaire-
based epidemiologic investigation in China also revealed a slight
predominance of women (58.4%) with CIndU.”® More females
were affected with cold contact urticaria (65.9%) and dermog-
raphism (57.8%) whereas more males experienced cholinergic
urticaria (84.4%).”> However, most studies did not distinguish
between CSU and ClIndU, so future studies are needed to clarify
the impact of hormones on these urticaria subtypes.

In general, CSU is more prevalent in women from after pu-
berty until menopause, but this prevalence is not as apparent
before puberty or after menopause, likely owing to hormonal
influences.

Role of sex hormones influencing susceptibility

Sex hormones are thought to be responsible for sex differential
susceptibility and the severity of some immune-mediated diseases
including CU.”® However, contrary to bradykinin-induced AE,
in which the role of sex hormones is clearly demonstrated, their
impact on the clinical course and severity of urticaria is modest.
Bork et al”’ reported that of 103 women with histaminergic AE,
none experienced new or worsened AE associated with the use of
oral contraceptives (OCPs) and hormone replacement therapy
(HRT).”” A French cross-sectional study composed of interviews
from 200 women consulting for CSU at nine centers throughout
France found that hormonal contraception was an aggravating
factor in 10% of those women.”® Pregnancy may worsen or
improve CSU and AE, according to anecdotal case reports and
case series.”*”” However, in a report by Zhong et al,” there was
no sex difference in CSU severity, and the association between
wheals and menstruation was reported by only 4.8% of 1113
female participants with CSU. In contrast, Kasperska-Zajac and
Zamlynski™® suggested a causative role of sex hormones in a
woman with an irregular menstrual cycle and severe CSU who
improved after starting OCPs. An increasing number of
childbearing-age women have also been affected by progestogen
hypersensitivity, which further supports an important role of sex
hormones in CSU.”!
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Role of autoimmunity

Perhaps the best way to understand the role of sex hormones
in CSU is in the context of autoimmunity. The immune
response is generally stronger in women, which makes them less
susceptible to infectious diseases, but paradoxically, approxi-
mately 80% of people with autoimmune disease are women.
Autoimmune diseases affect 5% to 10% of the western popu-
lation and average age of onset is 40 to 50 years.”” Many auto-
immune diseases, especially systemic lupus erythematosus,
Sjogren syndrome, Graves’ disease, and Hashimoto thyroiditis
have a strong female sex bias,”* because they are seven to 10
times more common in women than men. Confino-Cohen
et al” reported in a large study of 12,778 military servicemen
and women that hypothyroidism was present in 9.8% with CSU,
and more so in women compared with a prevalence of 0.6% in a
matched control group. In general, female sex has a much higher
risk for autoimmunity, which tends to increase during puberty
and declines later in life owing to possible reduced hormonal
effects.’® Studies investigating the origins of sex differences in
autoimmune disease revealed that sex hormones are involved
through receptors that are widely expressed on a number of
immune cells, and estrogen and androgen response elements are
found in the promoter regions of several innate immunity
genes.”® Progesterone (PR), which is a key promoter of immune
tolerance during pregnancy, is generally immunosuppressive.” It
is present at high levels during the luteal phase of the menstrual
cycle and in pregnancy. Estrogen levels are higher in pregnancy,
lower in menopause, and variable across the menstrual cycle.
However, its effect on the immune system is more complicated.
At high concentrations, estrogens promote a 772 response, but
in low concentrations a 7! response with immunostimulatory
effects.””  Androgens predominantly suppress the immune
response.”’

Genetic influences

Genes also are important regulators of this network. The
presence of two X chromosomes in the female contribute to the
sex bias of autoimmunity. Although one of the X chromosomes
is inactivated early in life, this process is imperfect because
approximately 15% of genes escape the X chromosome inacti-
vation. This explains why X chromosomes have many genes with
established roles in autoimmunity.” In addition, the X chro-
mosome contains 10% of the approximately 800 microRNAs in
the human genome, whereas the Y chromosome contains only
two microRNAs. MicroRNAs have a role in sex differences in
immune responses and their expression can be under sex hor-
mone control.*’

Epigenetics also has a role, because sex bias is prominent in
DNA methylation and is influenced by the X and Y chromo-
somes, which affect chromatin accessibility by immune genes./ﬂ
The gut microbiota is in constant interplay with the immune
system and both express sexual dimorphisms. There is increasing
evidence that the gut microbiota is involved in sex-biased auto-
immunity, with an overall trend toward enhanced innate im-
munity and attenuated adaptive immunity in the male relative to
the female gut.42

Thus, the higher prevalence of CSU among women is likely
associated with sex hormones; this involves a complex network of
genetic, microbial, and environmental factors.”
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PATHOGENIC ROLE OF FEMALE SEX HORMONES
ON MAST CELLS AND THE KALLIKREIN-KININ
SYSTEM

Mast cells and female sex hormones

Mast cells (MCs) are a common cellular component of
connective and mucosal tissues; they contain a wide range of
biologically active molecules that, when released, exert a
spectrum of physiologic effects depending on the organ(s)
affected. In addition to activating high-affinity IgE receptors,
many MC receptors can activate and/or modulate MCs,
including estradiol (ER) and PR receptors. Different authors
demonstrated the expression of ER and PR receptors in mouse,
rat, and human MCs.*>*> Estradiol receptor O-mRNA
expression has been shown in human and mouse MCs*® and
17-estradiol (E2) specific for ER® has been shown to stim-
ulate MC degranulation in vitro and in vivo, resulting in the
rapid release of preformed and newly formed mediators;
moreover, they can be inhibited by the specific ER antagonist
tamoxifen.** In contrast, testosterone had no effect on MC
degranulation, which suggests that MCs do not express
testosterone receptors.”’ Unsurprisingly, MCs from female rats
are more susceptible to the effects of sex hormones compared
with male rats. Of note, E2 exposure and antagonistic blockade
can regulate MC histamine release in a dose- and sex-
dependent manner.”® Furthermore, they can differentially
modulate MC degranulation, depending on whether they are
used alone or as pretreatment followed by stimulation with
neuropeptide substance P or by IgE receptor activation. Pro-
gesterone can inhibit MC secretion whereas E2 augments MC
activation. The lowest PR concentration capable of some de-
gree of inhibition is still higher than the mean serum PR found
in the third trimester of pregnancy and mean postovulatory
levels.*”

Mast cells are present in the uterus, ovaries, and mammary
glands in many species including humans.”’”” Their density
fluctuates during the estrous cycle. Ovariectomized mice
compared with non-ovariectomized control mice have fewer
uterine and mammary MCs, and hormonal replacement has been
shown to restore MC numbers. Estradiol-induced ovarian MC
degranulation may be an important factor for ovulation.”” In
animal studies, there is an increased number of MCs in endo-
metriomas; their activation correlates with serum E2 levels and
the release of TNF and nerve growth factor involved in endo-
metriotic pain.”* Mast cells and their mediators are believed to be
involved in implantation, pregnancy, and delivery.”” In-
vestigations into placental samples obtained after abortions
revealed that the number of placental MC chymase-positive
subtype cells increased. However, the positive or negative effect
of MCs in pregnancy requires further elucidation.

The presence of estrogen receptors on bladder MCs was
demonstrated by immunohistochemical analysis in patients with
chronic interstitial cystitis.% In a rat model, bladder MC acti-
vation was augmented by ER.”” Upper-airway MCs also express
ER and PR, especially in cases such as inflammatory nasal
polyps.”®

Clinical observations suggest that anaphylaxis is more com-
mon and severe in women compared with men. Hox et al™
studied the effect of estrogen in a mice anaphylaxis model and
found no evidence for an effect of ER on an Fc receptor I (high
affinity IgE receptor)-mediated MC response. This indicates that
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FIGURE 1. The influence of sex hormones on mast cells and the
kallikrein-kinin system.
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the estrogen-mediated potentiation of anaphylaxis occurs subse-
quent to MC activation, perhaps through estrogen-enhanced
endothelial nitric oxide (NO) synthase tissue expression and
NO production.”

Female sex hormones appear to have an impact on MC
number and their activation or maturation in many tissues and
organ systems. This impact varies depending on the state of MC
preactivation and the levels of other hormones such as PR. Mast
cells also appear to have an important role in fertility and

pregnancy.

Kallikrein-kinin system and female sex hormones

The kallikrein-kinin (KK) system is involved in HAE with or
without Cl-inhibitor (ClInh) deficiency. Estrogen and
androgen are involved in the control of this system through
classical nuclear genomic actions or nongenomic effects at the
membrane level or in the cytoplasm on various kinases. Various
sites of transcription activation are targets for E2: ER-responsive
elements (EREs) are the most speciﬁc.(’() The coagulation acti-
vation reflects the estrogenic activity at the hepatic level. Estro-
gens can interact with most steps of the KK cascade described
subsequently and illustrated in Figure 1.

Factor XIl. Estrogen-responsive elements can participate in

activating the FXII pathway.' Furthermore, increased plasma

EXII levels has been reported using functional and immunologic
. . 62

assays in women taking OCPs.

Kallikrein. Potential EREs have been reported in the proximal
promoter of rat KLKI, but their functional role(s) are
unknown.®

Plasminogen. Oral E2 is associated with an increase in plas-
. 54
minogen level.**

C1-inhibitor. Estrogens were reported to decrease ClInh
levels in normal users during pregnancy and in women using
OCPs.°>” Although no effect of ERE on the ClInh promotor
gene has been identified, this does not exclude control at the
transcriptome level. In contrast, an androgen-responsive element
was identified in the promoter gene region of ClInh, which
upregulated the level of C1Inh.%’



TABLE I. Comparison of cyclic hypersensitivity disorders

Condition

Clinical presentation

Onset in relation to
menstrual cycle

Diagnosis

Treatment options

Progestin
hypersensitivity

Catamenial
hypersensitivity

Estrogen
hypersensitivity

Lactation-
associated
hypersensitivity

Localized cutaneous
symptoms with or
without systemic
noncutaneous
symptoms that are
variable but include
anaphylaxis

Dermatitis, urticaria,
angioedema, asthma,
anaphylaxis usually in
luteal phase of
menstruation

Presents as urticaria or
delayed-type dermatitis

Anaphylaxis

Peak progesterone levels
during luteal phase,
which is 3-10 days
before onset of menses;
typically resolves 2-3
days into cycle but may
persist throughout cycle

Correlates with postonset
of menstrual cycle
when progesterone and
estrogen levels decline

Premenstrual cycle

A few days postpartum

History; progesterone skin prick and patch skin testing
unreliable; in vitro assay for specific immunoglobulin E to
progesterone reported a sensitivity, specificity, positive
predictive and negative predictive values of 82%, 100%,
86%, and 100%, respectively; progesterone challenge but
associated with unnecessary morbidity

History; no diagnostic tests available

History; immediate and delayed hypersensitivity testing can
demonstrate estrogen sensitization; confirmation by
estrogen challenge

History; skin testing to lactation hormones not useful

Avoidance of progesterone
containing oral contraceptives; H1-
antihistamines; selective estrogen
receptor modulator drug
(tamoxifen); 17a-alkylated steroids
(ie, danazol or stanozolol);
suppression of menstrual cycle;
desensitization to hormone without
or with omalizumab; rarely (in
extreme cases) bilateral
oophorectomy

Treatment with nonsteroidal anti-
inflammatory drugs to inhibit
prostaglandins may be effective in
some women; rarely (in severe
cases) bilateral oophorectomy

Stop estrogen containing oral
contraceptives or hormone
replacement therapy; progestin-
only contraceptive; suppression of
estrogen with estrogen antagonists
(leuprolide acetate) or estrogen
receptor antagonists (tamoxifen);
rarely oophorectomy

Symptoms resolve after stopping
breastfeeding; if persistent, may
respond to lactation suppression
with bromocriptine
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Bradykinin. Estradiol increases the production of BK through
cleavage of high molecular weight kininogen (HMWK) and
decreases its degradation by the inhibition of angiotensin con-
verting enzyme (ACE) activity.”””" Tt was demonstrated in an-
imal models and humans that menopause treatment with E2
inhibits ACE activity while increasing the density of BK2 re-
ceptor (BK2R) and function.”! Bradykinin mediates vascular
relaxation through the release of NO; moreover, E2 is a potent
regulator of NO release, which further increases vasodilatation.”?

Progesterone also regulates tissue K in breast and endometrial
" A potential PR-responsive element is present in the
promoter gene region of some tissue K. Aminopeptidase
expression was previously reported to be increased by PR in
hepatocytes.””

Conversely, the KK system seems to have a role in gestation.
The urinary excretion of K increases between gestational weeks 8
and 12 and decreases thereafter.”” Vascular endothelial growth
factor (the main factor regulating angiogenesis during pregnan-
cies) and BK receptors interact with each other to magnify their
vascular effects.”” In guinea pig models and humans, immuno-
histochemical expression of BK2 receptor and K was observed in
uteroplacental interfaces.”””® Finally, alteration in the KK sys-
tem has been shown in preeclampsia. Reduced urinary K levels
are observed in hypertensive and intrauterine growth-restricted
pregnancies.7‘) At 16 weeks, the ratio of K to creatinine was
shown to be one of the best predictors of preeclampsia. In
addition, changes in angiotensin II receptor and BK2R may also
be associated with preeclampsia.®’

There is evidence that female sex hormones influence the KK
system, but gaps in knowledge remain about their pathophysi-
ologic mechanisms.

cells.

CLINICAL EFFECTS OF SEX HORMONES
MANIFESTING AS CYCLIC HYPERSENSITIVITY
AND ANAPHYLAXIS

Sex hormones likely have a significant role in patients with
CSU, because more women than men are affected with this
condition. Pathogenic explanations for their role in CSU, such
sex hormone receptors expressed on MCs, were discussed earlier.
Unlike HAE, the role of sex hormones in causing CSU is not as
well-defined. Clinically, their most obvious effects are illustrated
as cyclic hypersensitivity conditions that often present with a
spectrum of cutaneous and systemic symptoms ranging from
isolated CSU with or without AE to anaphylaxis. The following
discussion regarding the most common forms of sex hormone-
induced cyclic hypersensitivity and anaphylaxis, listed in
Table I, provides insight into their potential, often unrecognized
impact on CSU.

Progesterone hypersensitivity

Progesterone hypersensitivity (PH) typically presents with
localized cutaneous manifestations, with or without systemic
noncutaneous signs, which can be variable. Cutaneous erup-
tions’"* can include maculopapular rashes, papules and pla-
ques,w’84 eczematous dermatitis,2">” urticaria with or without
AE,*>° vesiculobullous and/or vesiculopustular lesions,®>"
petechiae and purpura,”””” stomatitis,”””” vulvovaginal pruri-
tus, © erythema multiforme,””"”® fixed drug f:ruption,g‘)’100 or
Stevens-Johnson  syndrome,'”"'?*  Systemic'’’  anaphylaxis

involving lip and facial AE, bronchospasm, and hypotension
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temporally related to taking a PR containing contraceptive has
been reported.'”* Spontaneous symptom onset can occur
anytime between menarche to menopause. Some patients
attributed the onset of PH to pregnancy or to previous exposure
to exogenous progestogens alone or in combination with
increased PR levels during menses. For reactions to endogenous
PR, the patient’s symptoms begin with peak PR levels during the
luteal phase, which is 3 to 10 days before the onset of menses,
but they may persist throughout the cycle.'*'%” In women with
irregular cycles, cyclical patterns can be difficult to identify and
correlate with the luteal PR surge.”” Women with PH will note
symptoms related to exposure to oral exogenous progestin or
progestin elution from an iz utero device without correlation to
the menstrual cycle.

The diagnosis of PH is difficult to confirm by PR skin
testing owing to its unreliable nature, because PR formulations
are suspended in oils, which may cause an irritant response. A
recent in vitro enzyme-linked immunosorbent assay PR-
specific IgE assay reported a sensitivity, specificity, positive
predictive, and negative predictive values of 82%, 100%, 86%,
and 100%, respectively, using B-hexosaminidase mediator
release assay results as the reference standard.'’® Progesterone
patch testing has been attempted to assess for a T cell-mediated
contact dermatitis in patients presenting with cyclic eczema-
tous rashes, but the predictive value remains uncertain. %’
Patient sera collected during follicular and luteal phases of
the menstrual cycle were used for autologous serum skin
testing to confirm a diagnosis.'’® Another useful diagnostic
modality is the PR challenge. However, this approach can
result in significant reactions in some patients, leading to un-
necessary morbidity. Suppression of the menstrual cycle with
an agent that inhibits gonadotropin release is also often used to
confirm a PH diagnosis.

The approach of PH treatment is tailored to individuals’
symptoms and therapeutic goals. Management requires collabo-
ration among multiple providers, including the patient’s allergist
or immunologist, dermatologist, and/or gynecologist, depending
on the recommended treatment. Treatment can range from
simple avoidance of the offending hormone to treatment with
Hl-antihistamines, use of the selective estrogen receptor
modulator drug tamoxifen, 170-alkylated steroids (ie, danazol or
stanozolol),”"””'" suppression of the menstrual cycle, desensi-
tization to the hormone, and, in extreme circumstances, total
hysterectomy with bilateral oophorectomy. When taken daily,
side effects from tamoxifen will induce an oligomenorrheic or
amenorrheic state; however, long-term use is associated with
significant side effects including thromboembolic events, hot
flashes, and abnormal uterine bleeding. In addition, although
medical or surgical oophorectomy is effective therapy for patients
with severe PH refractory to other treatments,””"'*"'” women
should be cautioned about complications caused by estrogen
deficiency, such as osteopenia or osteoporosis.

Progesterone desensitization should be considered in women
with severe symptoms not controlled with standard therapy (ie,
H1-antagonists and/or glucocorticoids) or the requirement for
high-dose PR treatment for in vitro fertilization.”>*” These
procedures should be performed in a facility where emergency
therapy (ie, epinephrine) is readily available under the supervi-
sion of an experienced clinician. These protocols are discussed in
more detail elsewhere.'”""” In situations in which patients are
unable to tolerate PR desensitization, omalizumab has been
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FIGURE 2. Kallikrein-kinin system involved in hereditary angioedema. ACE, Angiotensin converting enzyme; AP, aminopeptidase; BK,
bradykinin; HMWAK,: high molecular weight kininogen; KK, kallikrein; LMWK, low molecular weight kininogen.

shown to attenuate or prevent these reactions so that desensiti-
. 116
zation can be successfully completed. "

Catamenial hypersensitivity

Catamenial anaphylaxis refers to symptoms of anaphylaxis that
correlate with the time after the onset of the menstrual cycle
when PR and estrogen levels decline, in contrast to PH, which
occurs during the luteal peak before menstrual onset.''” How-
ever, the term catamenial anaphylaxis was also used in the
literature to describe premenstrual PR responses, which can be
confusing to the clinician.””""® This condition is believed to be
caused during the first day of the menstrual cycle by the release of
prostaglandin F2 from the endometrium, which mediates uterine
MC activation and the release of bioactive mediators, resulting in
clinical symptoms."'”"*" Thus, successful treatment with
nonsteroidal anti-inflammatory agents such as indomethacin to
inhibit prostaglandins was found to be effective in some women.
Rarely, in severe cases, women have undergone a total hyster-
ectomy with bilateral oophorectomy as treatment.'"”

Estrogen hypersensitivity

Estrogen hypersensitivity (EH) reactions
than PH and typically present as either a premenstrual urticaria
eruption or delayed-type dermatitis.'*’ Immediate and delayed
hypersensitivity testing has been used to demonstrate estrogen
sensitization confirmed by a positive estrogen challenge.'*”'**
Although the mechanism is poorly elucidated, it has been spec-
ulated to occur through a mechanism similar to that for other
allergic reactions mediated by dendritic cells.'”” Women with
EH taking an estrogen containing OCP may improve simply by
stopping this therapy.'”’ Otherwise, treatment is focused on
suppressing estrogen using estrogen antagonists such as leupro-
lide acetate'*® or estrogen receptor antagonists such as tamox-
ifen.'>'** Women with EH also may respond to progestin-only
contraceptives'* and in severe rare cases have required an
oophorectomy.'**

122-127
are even rarer

Lactation-associated anaphylaxis

Lactation-associated anaphylaxis is a rare condition associated
with the manual expression of breast milk or actual breastfeeding;
it usually begins a few days postpartum. In some cases, increased
serum tryptase has been reported with breastfeeding-associated

anaphylaxis.'”**"'”’  Speculated mechanisms for lactation-

associated anaphylaxis include a rapid decrease in PR that re-
sults in an increase in histamine release, anaphylaxis induced by
nonsteroidal anti-inflammatory drugs used for postpartum pain
control or hypersensitivity resulting from hormones, and
oxytocin and prolactin involved in breast milk production and
excretion, although previous skin testing to these hormones were
negative in suspected patients.'”®'*"'?* Lactation-associated
hypersensitivity can reoccur with subsequent pregnan-
cies."””"?! Usually symptoms resolve shortly after the woman
stops breastfeeding, but if they are persistent, they may respond
by suppressing lactation with bromocriptine.'”®'*%'?!

CLINICAL EFFECT OF HORMONES IN WOMEN
WITH HAE

Hereditary AE is a rare disease produced by mutations in
different genes. The most representative form of HAE is that
caused by ClInh deficiency resulting from mutations in the
SERPINGI gene (C1Inh-HAE)."** Other HAE forms are related
to mutations in the FI12, ANGPT1, PLG, KNG1, MYOF, and
HS38T6 genes and are known as FXII-HAE, ANGPT1-HAE,
PLG-HAE, KNGI-HAE, MYOF-HAE, and HS3ST6-
HAE.>'?” Finally, there are some family cases of AE without
known mutations, called unknown-HAE.'*®

Hereditary AE is characterized by recurrent localized swelling
attacks in different locations (extremities, face, abdomen, upper
airway, and so forth)."”* Bradykinin has been shown to be the
main mediator in ClInh-HAE and is also supposed to be
involved in FXII-HAE."”” Bradykinin is the result of activation
of the KK system; it is formed by FXII, plasma prekallikrein
(pK), and high molecular weight kininogen (HK). Activated
EXII converts pK into plasma kallikrein (K), which cleaves HK
and releases BK. Plasma K can also cleave activated FXII with the
release of a smaller active protease, FXIIf. The fibrinolytic system
can enhance BK production through plasmin activation of the
KK system.'”” Finally, MASP-1, a protease from the lectin
complement pathway, was involved in generating BK through
direct HK cleavage.'”® Bradykinin binds BK2 receptor in
endothelial cells, with subsequent phosphorylation of vascular
endothelial cadherin and the release of NO, resulting in
enhanced vascular permeability.'”” Fluid then leaks from the
vascular space into the interstitial space and results in localized
swelling."”” Bradykinin has a short halflife and is quickly
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TABLE Il. Comparison of females and males with chronic spontaneous urticaria and hereditary angioedema types | and Il

Characteristic

Chronic spontaneous urticaria

Hereditary angioedema type I/l

Prevalence F>M F>M

Genetics ? F=M

Autoimmunity F>M ?

Frequency of outbreaks or attacks F>M F>M

Sex hormone triggers F>M F>M

metabolized by ACE, plasma aminopeptidase P (APP), related to OCPs was later confirmed in healthy women.'”>'”°

carboxypeptidase N and M, neutral endopeptidase, and dipep-
tidyl peptidase 4."*’

Cl-Inhibitor inhibits several serine proteases of the comple-
ment system (Clr, Cls, MASP1, and MASP2), KKS (plasma
KK, FXIIa, and EXIIf), coagulation FXla, and plasminogen;
thus, its deficiency favors excessive activation of the KKS and BK
release in C1Inh-HAE."*”"*” For its part, F12 gene mutations in
EXII-HAE, such as p.Thr309Lys, have been shown to increase
FXII susceptibility to activation by plasmin.® These mutations
introduce new cleavage sites for plasmin and produce increased
susceptibility to FXII activation.'*’ Therefore, the fibrinolytic
system can increase BK production through plasmin activation of
FXII and subsequent activation of the KK system.mo

The role of exogenous hormones on the pathogenesis of
Cl1Inh-HAE and FXII-HAE is shown in Figure 2.°

Estrogens

Although ClInh-HAE and FXII-HAE are inherited in an
autosomal dominant pattern,“’4 most case series show that fe-
male patients have a higher frequency and more severe AE attacks
compared with males, #'"'%* wwhich has been attributed to es-
trogen.' ' A study in female patients with ClInh-HAE
showed that the frequency of AE attack correlated with estro-
gen levels."** In addition, 60% to 80% of HAE female patients
experience an increase in disease activity while using estrogen
OCps.>140:147 Finally, worsening of disease with estrogen
exposure (pregnancy or estrogen treatment) was described in
both C1Inh-HAE and FXII-HAE as well as other forms of HAE-
normal associated genes that are autosomal dominant with var-
iable penetrance, but it is more frequent in FXII-HAE,'*>" %147
However, in general, the specific mechanisms for swelling and
potential hormonal effects are poorly understood for these rare
conditions.

Estrogens have been demonstrated to act on many pathways
that result in BK release. They can act directly in the endothelial
cell membrane'”” or through the transcription of several
genes.”' Several EREs can contribute to activating several
important sites involved in HAE pathways; one is 7ERE in FXII,
which may participate in FXII activation.”’

Increased plasma antigenic and functional EXII levels were
found in women taking low-dose estrogen OCPs.®” Estradiol is
also a potent regulator for the release of NO involved in vascular
vasodilatation”” through an ER membrane receptor in the cav-
eolae."” In addition, it was suggested that ER could have a
positive effect on relaxation independent of NO.'”” Estrogen can
also stimulate the release of heat shock protein 90, leading to
conversion of the pK-HMWK complex into a K-HMWK
complex and augmented BK generation.'”* In addition, oral
micronized E2 was shown to increase plasminogen, which could
activate the fibrinolytic system.®* An increase in fibrinolysis

Moreover, BK2R expression and function is upregulated by es-
trogens’' and HRT (conjugated equine estrogen combined with
medroxyprogesterone acetate orally) can decrease BK degradation
by inhibiting ACE activity in postmenopausal women.”" Finally,
ClInh levels were shown to be decreased in relation to increased
estrogens during pregnancy and when estrogen-containing OCPs
were taken,®" 07

Estrogens can increase BK production, decrease BK catabo-
lism, increase BK2R expression and function, and decrease
Cllnh, which together may explain the worsening of BK-
induced AE observed with increased endogenous estrogens
(pregnancy) or administration of exogenous estrogens. The
estrogen-induced aggravation of HAE makes contraception or
other procedures, such as in vitro fertilization, more difficult in

. 14
HAE patients.'

Androgens

Androgens increase serum Cllnh levels and decrease disease
activity in C1Inh-HAE.” For years, they have been used as a
main treatment for long-term prophylaxis in C1Inh-HAE.'**">’
Although a potential androgen-responsive element was identified
in the promoter region of the CINH gene'’® and was assumed to
be involved in the efficacy of androgens in C1Inh-HAE through
enhanced ClInh synthesis by the normal CINH gene allele,
there is little evidence to support this hypothesis."”” An increase
in the expression of ClInh messenger RNA (mRNA) in
mononuclear cells in patients taking the minimum effective dose
of danazol'®® and an increase in the plasma levels of APP, an
enzyme involved in BK catabolism,'®" could explain danazol
efficacy in ClInh-HAE. Although androgens were effective for
long-term prophylaxis in some HAE patients, they are no longer
recommended as first-line treatment owing to their adverse side
effects and the development of targeted HAE therapies for long-
term prophylaxis with fewer safety and toxicity concerns.

Progesterone and progestins

Progestin contraception is efficacious in females with
HAE.""®'"" This effect could be related to the inhibition of
estradiol’s effects on BK'®* and increased APP expression in
hepatocytes.'*

Prolactin
Lactation has been associated with an increased number of AE
163-165 1. : . . .
attacks,'®”'” which has been attributed to increased prolactin

144
levels.

CONCLUSIONS

Sex hormones have an important mechanistic role in regu-
lating pathways involved in histaminergic and nonhistaminergic
CSU and AE. As a result, unsurprisingly, many clinical
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characteristics of these conditions are more common in females
compared with males (Table II). This effect is likely nonspecific
for CSU or many forms of AE, because many other chronic
diseases such as asthma are affected by sex hormones. The role of
sex hormones has been better elucidated for HAE because they
have been shown to have multiple effects including upregulation
of FXII, an important activator of the K pathway. However, their
role in the underlying pathogenesis for CSU is still poorly
elucidated. Although there are sex hormone receptors on MCs,
only a small number of women develop hives in response to
OCPs or HRT. Furthermore, women only rarely develop specific
IgE antibodies resulting in progestin hypersensitivity. Autoim-
munity is clearly linked to CSU, which is more common in
women. This suggests that sex hormones could act as adjuvants
in activating or upregulating autoimmune pathways. This review
has attempted to provide an overview of what is currently un-
derstood about the relation of sex hormones and urticaria and
AE. There are still significant knowledge gaps in an under-
standing of their role in these conditions, which require further
investigation.

Clinical Pearls

Chronic spontaneous urticaria is a relatively common disease
with increasing prevalence and a distinct female preponderance.

Sex hormones have a modest effect on the disease course of
CSU.

The importance of sex hormones predisposing females to
develop CSU is best illustrated in the context of autoimmunity,
which involves a complex network of genetic, microbial, and
environmental factors.

For PR hypersensitivity, the patient’s symptoms begin with
peak PR levels during the luteal phase, which is 3 to 10 days
before the onset of menses, but it may persist throughout the
cycle.

Catamenial anaphylaxis correlates after the onset of the
menstrual cycle, when PR and estrogen levels decline, in contrast
to PH, which occurs during the luteal peak before menstrual
onset and is believed to be caused by the release of prostaglandin
F2 from the endometrium.

Treatment of cyclic hypersensitivity ranges from simple
avoidance of the offending hormone to treatment with H1-
antihistamines, suppression of the menstrual cycle, and, in
extreme circumstances, total hysterectomy with bilateral oo-
phorectomy. For PH, desensitization to the hormone with or
without pretreatment with omalizumab has been demonstrated
to be effective.

Endogenous and exogenous estrogens and prolactin can
worsen the course of HAE in female patients by different
mechanisms.

Progesterone or progestins, which have an effect opposite that
of estrogens, have been effectively used as oral contraception by
HAE patients. In many cases, this has also lessened the frequency
and severity of attack.

Androgens also have the opposite effect of estrogens and were
found early on to reduce HAE attacks, presumably by increasing
ClInh levels. This led to their use as prophylactic treatment for
years.

REFERENCES
1. Zuberbier T, Aberer W, Asero R, Abdul Latiff AH, Baker D, Ballmer-
Weber B, et al. The EAACI/GA’LEN/EDE/WAO guideline for the definition,

11.

12.

13.

14.

16.

17.

20.

21.

22.

23.

24.

25.

26.

217.

J ALLERGY CLIN IMMUNOL PRACT
MONTH 2021

classification, diagnosis and management of urticaria. Allergy 2018;73:
1393-414.

. Amin P, Levin L, Holmes SJ, Picard J, Bernstein JA. Investigation of patient-

specific characteristics associated with treatment outcomes for chronic urti-
caria. J Allergy Clin Immunol Pract 2015;3:400-7.

. James C, Bernstein JA. Current and future therapies for the treatment of

histamine-induced angioedema. Expert Opin Pharmacother 2017;18:253-62.

. Fricke J, Avila G, Keller T, Weller K, Lau S, Maurer M, et al. Prevalence of

chronic urticaria in children and adults across the globe: systematic review
with meta-analysis. Allergy 2020;75:423-32.

. Broder MS, Raimundo K, Antonova E, Chang E. Resource use and costs in an

insured population of patients with chronic idiopathic/spontaneous urticaria.
Am J Clin Dermatol 2015;16:313-21.

. Vietri J, Turner SJ, Tian H, Isherwood G, Balp MM, Gabriel S. Effect of

chronic urticaria on US patients: analysis of the National Health and Wellness
Survey. Ann Allergy Asthma Immunol 2015;115:306-11.

. Balp MM, Vietri J, Tian H, Isherwood G. The impact of chronic urticaria from

the patient’s perspective: a survey in five European countries. Patient 2015;8:
551-8.

. Gaig P, Olona M, Munoz Lejarazu D, Caballero MT, Dominguez FJ,

Echechipia S, et al. Epidemiology of urticaria in Spain. J Investig Allergol Clin
Immunol 2004;14:214-20.

. Zuberbier T, Balke M, Worm M, Edenharter G, Maurer M. Epidemiology of

urticaria: a representative cross-sectional population survey. Clin Exp Der-
matol 2010;35(8):869-73.

. Chu CY, Cho YT, Jiang JH, Lin EI, Tang CH. Epidemiology and comor-

bidities of patients with chronic urticaria in Taiwan: a nationwide population-
based study. J Dermatol Sci 2017;88:192-8.

Lee N, Lee JD, Lee HY, Kang DR, Ye YM. Epidemiology of chronic urticaria
in Korea using the Korean Health Insurance Database, 2010-2014. Allergy
Asthma Immunol Res 2017;9:438-45.

Lee SJ, Ha EK, Jee HM, Lee KS, Lee SW, Kim MA, et al. Prevalence and risk
factors of urticaria with a focus on chronic urticaria in children. Allergy
Asthma Immunol Res 2017;9:212-9.

Balp MM, Lopes da Silva N, Vietri J, Tian H, Ensina LF. The burden of
chronic urticaria from Brazilian patients’ perspective. Dermatol Ther (Heidelb)
2017;7:535-45.

Holgate ST, Wenzel S, Postma DS, Weiss ST, Renz H, Sly PD. Asthma. Nat
Rev Dis Primers 2015;1:15025.

. Lapi F, Cassano N, Pegoraro V, Cataldo N, Heiman F, Cricelli I, et al.

Epidemiology of chronic spontaneous urticaria: results from a nationwide,
population-based study in Italy. Br J Dermatol 2016;174:996-1004.

Dilek F, Ozceker D, Ozkaya E, Tamay Z, Yazici M, Kesgin S, et al. Plasma
levels of matrix metalloproteinase-9 in children with chronic spontaneous ur-
ticaria. Allergy Asthma Immunol Res 2016;8:522-6.

Pinart M, Keller T, Reich A, Frohlich M, Cabieses B, Hohmann C, et al. Sex-
related allergic rhinitis prevalence switch from childhood to adulthood: a
systematic review and meta-analysis. Int Arch Allergy Immunol 2017;172:
224-35.

. Eun SJ, Lee JY, Kim DY, Yoon HS. Natural course of new-onset urticaria:

results of a 10-year follow-up, nationwide, population-based study. Allergol
Int 2019;68:52-8.

. Cassano N, Colombo D, Bellia G, Zagni E, Vena GA. Gender-related differ-

ences in chronic urticaria. G Ital Dermatol Venereol 2016;151:544-52.
Magen E, Mishal J, Schlesinger M. Clinical and laboratory features of chronic
idiopathic urticaria in the elderly. Int J Dermatol 2013;52:1387-91.

Jenkins J, Geng A, Robinson-Bostom L. Autoimmune progesterone dermatitis
associated with infertility treatment. J] Am Acad Dermatol 2008;58:353-5.
Jones WN, Gordon VH. Auto-immune progesterone eczema. An endogenous
progesterone hypersensitivity. Arch Dermatol 1969;99:57-9.

Silvares MR, Coelho KI, Dalben I, Lastoria JC, Abbade LP. Sociodemo-
graphic and clinical characteristics, causal factors and evolution of a group of
patients with chronic urticaria-angioedema. Sao Paulo Med J 2007;125:281-5.
Zazzali JL, Broder MS, Chang E, Chiu MW, Hogan DJ. Cost, utilization, and
patterns of medication use associated with chronic idiopathic urticaria. Ann
Allergy Asthma Immunol 2012;108:98-102.

Zhong H, Song Z, Chen W, Li H, He L, Gao T, et al. Chronic urticaria in
Chinese population: a hospital-based multicenter epidemiological study. Al-
lergy 2014;69:359-64.

Kasperska-Zajac A, Brzoza Z, Rogala B. Sex hormones and urticaria.
J Dermatol Sci 2008;52:79-86.

Bork K, Fischer B, Dewald G. Recurrent episodes of skin angioedema and
severe attacks of abdominal pain induced by oral contraceptives or hormone
replacement therapy. Am J Med 2003;114:294-8.


http://refhub.elsevier.com/S2213-2198(21)00461-X/sref1
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref1
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref1
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref1
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref1
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref2
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref2
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref2
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref3
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref3
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref4
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref4
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref4
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref5
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref5
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref5
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref6
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref6
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref6
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref7
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref7
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref7
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref8
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref8
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref8
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref9
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref9
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref9
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref10
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref10
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref10
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref11
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref11
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref11
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref12
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref12
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref12
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref13
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref13
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref13
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref14
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref14
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref15
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref15
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref15
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref16
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref16
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref16
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref17
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref17
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref17
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref17
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref18
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref18
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref18
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref19
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref19
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref20
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref20
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref21
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref21
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref22
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref22
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref23
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref23
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref23
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref24
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref24
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref24
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref25
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref25
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref25
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref26
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref26
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref27
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref27
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref27

J ALLERGY CLIN IMMUNOL PRACT
VOLUME M, NUMBER B

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

Amsler E, Augey F, Soria A, Boccon-Gibod I, Doutre MS, Mathelier-
Fusade P, et al. Chronic urticaria and hormones: is there a link? J Eur Acad
Dermatol Venereol 2016;30:1527-30.

Yang CS, Teeple M, Muglia J, Robinson-Bostom L. Inflammatory and glan-
dular skin disease in pregnancy. Clin Dermatol 2016;34:335-43.
Kasperska-Zajac A, Zamlynski J. Chronic urticaria and irregular menstrual
cycle: a case report of effective therapy with oral contraception. J Dermatolog
Treat 2012;23:159-60.

Lavery WJ, Bernstein JA. Cyclical hypersensitivity, anaphylaxis, and related
hormonal reaction. Ann Allergy Asthma Immunol 2019;122:140-7.
Chiaroni-Clarke RC, Munro JE, Ellis JA. Sex bias in paediatric autoimmune
disease — Not just about sex hormones? J Autoimmun 2016;69:12-23.
‘Whitacre CC. Sex differences in autoimmune disease. Nat Immunol 2001;2:
777-80.

Billi AC, Kahlenberg JM, Gudjonsson JE. Sex bias in autoimmunity. Curr
Opin Rheumatol 2019;31:53-61.

Confino-Cohen R, Chodick G, Shalev V, Leshno M, Kimhi O, Goldberg A.
Chronic urticaria and autoimmunity: associations found in a large population
study. J Allergy Clin Immunol 2012;129:1307-13.

Klein SL, Flanagan KL. Sex differences in immune responses. Nat Rev
Immunol 2016:16:626-38.

Marzi M, Vigano A, Trabattoni D, Villa ML, Salvaggio A, Clerici E, et al.
Characterization of type 1 and type 2 cytokine production profile in physio-
logic and pathologic human pregnancy. Clin Exp Immunol 1996;106:127-33.
Foo YZ, Nakagawa S, Rhodes G, Simmons LW. The effects of sex hormones
on immune function: a meta-analysis. Biol Rev Camb Philos Soc 2017;92:
551-71.

Carrel L, Willard HF. X-inactivation profile reveals extensive variability in X-
linked gene expression in females. Nature 2005;434:400-4.

Pinheiro I, Dejager L, Libert C. X-chromosome-located microRNAs in im-
munity: might they explain male/female differences? The X chromosome-
genomic context may affect X-located miRNAs and downstream signaling,
thereby contributing to the enhanced immune response of females. Bioessays
2011;33:791-802.

Ho B, Greenlaw K, Al Tuwaijri A, Moussette S, Martinez F, Giorgio E, et al.
X chromosome dosage and presence of SRY shape sex-specific differences in
DNA methylation at an autosomal region in human cells. Biol Sex Differ 2018;
9:10.

Pickard JM, Zeng MY, Caruso R, Nunez G. Gut microbiota: role in pathogen
colonization, immune responses, and inflammatory disease. Immunol Rev
2017;279:70-89.

Chancey AL, Gardner JD, Murray DB, Brower GL, Janicki JS. Modulation of
cardiac mast cell-mediated extracellular matrix degradation by estrogen. Am J
Physiol Heart Circ Physiol 2005;289:H316-21.

Jensen F, Woudwyk M, Teles A, Woidacki K, Taran F, Costa S, et al. Estradiol
and progesterone regulate the migration of mast cells from the periphery to the
uterus and induce their maturation and degranulation. PLoS One 2010;5:
e14409.

Zierau O, Zenclussen AC, Jensen F. Role of female sex hormones,
estradiol and progesterone, in mast cell behavior. Front Immunol 2012;3:
169.

Zaitsu M, Narita S, Lambert KC, Grady JJ, Estes DM, Curran EM, et al.
Estradiol activates mast cells via a non-genomic estrogen receptor-alpha and
calcium influx. Mol Immunol 2007:44:1977-85.

Chen W, Beck I, Schober W, Brockow K, Effner R, Buters JT, et al. Human
mast cells express androgen receptors but treatment with testosterone exerts no
influence on IgE-independent mast cell degranulation elicited by neuromus-
cular blocking agents. Exp Dermatol 2010;19:302-4.

Munoz-Cruz S, Mendoza-Rodriguez Y, Nava-Castro KE, Yepez-Mulia L,
Morales-Montor J. Gender-related effects of sex steroids on histamine release
and FceRI expression in rat peritoneal mast cells. J Immunol Res 2015;2015:
351829.

Vasiadi M, Kempuraj D, Boucher W, Kalogeromitros D, Theoharides TC.
Progesterone inhibits mast cell secretion. Int J Immunopathol Pharmacol 2006;
19:787-94.

Drudy L, Sheppard B, Bonnar J. Mast cells in the normal uterus and in
dysfunctional uterine bleeding. Eur J Obstet Gynecol Reprod Biol 1991;39:
193-201.

Jaiswal K, Krishna A. Effects of hormones on the number, distribution and
degranulation of mast cells in the ovarian complex of mice. Acta Physiol Hung
1996;84:183-90.

Jing H, Wang Z, Chen Y. Effect of oestradiol on mast cell number and his-
tamine level in the mammary glands of rat. Anat Histol Embryol 2012;41:
170-6.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

BERNSTEIN ETAL 9

Tamura K, Kogo H. Granulocyte-macrophage colony-stimulating factor en-
hances interleukin-1beta stimulated histamine release in the preovulatory rat
ovary. Eur J Pharmacol 1999;373:207-13.

Zhu TH, Ding SJ, Li TT, Zhu LB, Huang XF, Zhang XM. Estrogen is an
important mediator of mast cell activation in ovarian endometriomas. Repro-
duction 2018;155:73-83.

Komi DEA. Significance of mast cells in spermatogenesis, implantation,
pregnancy, and abortion. Am J Reprod Immunol 2020;83:1-10.

Pang X, Cotreau-Bibbo MM, Sant GR, Theoharides TC. Bladder mast cell
expression of high affinity oestrogen receptors in patients with interstitial
cystitis. Br J Urol 1995;75:154-61.

Spanos C, el-Mansoury M, Letourneau R, Minogiannis P, Greenwood J, Siri P,
et al. Carbachol-induced bladder mast cell activation: augmentation by estra-
diol and implications for interstitial cystitis. Urology 1996:48:809-16.

Zhao XJ, McKerr G, Dong Z, Higgins CA, Carson J, Yang ZQ, et al.
Expression of oestrogen and progesterone receptors by mast cells alone, but
not lymphocytes, macrophages or other immune cells in human upper airways.
Thorax 2001;56:205-11.

Hox V, Desai A, Bandara G, Gilfillan AM, Metcalfe DD, Olivera A. Estrogen
increases the severity of anaphylaxis in female mice through enhanced endo-
thelial nitric oxide synthase expression and nitric oxide production. J Allergy
Clin Immunol 2015;135:729-736.¢5.

Gompel A, Fain O, Boccon-Gibod I, Gobert D, Bouillet L. Exogenous hor-
mones and hereditary angioedema. Int Immunopharmacol 2020;78:106080.
Farsetti A, Misiti S, Citarella F, Felici A, Andreoli M, Fantoni A, et al. Mo-
lecular basis of estrogen regulation of Hageman factor XII gene expression.
Endocrinology 1995;136:5076-83.

Hoem NO, Johannesen S, Hauge G, Rud AC, Sandem S, Briseid K. Contact
activation factors in plasma from women using oral contraceptives—increased
levels of factor XII, kinin-free high molecular weight kininogen and acetone-
activated kallikrein. Thromb Res 1991:64:427-34.

Lawrence MG, Lai J, Clements JA. Kallikreins on steroids: structure, function,
and hormonal regulation of prostate-specific antigen and the extended kalli-
krein locus. Endocr Rev 2010;31:407-46.

. Conard J, Gompel A, Pelissier C, Mirabel C, Basdevant A. Fibrinogen and

plasminogen modifications during oral estradiol replacement therapy. Fertil
Steril 1997;68:449-53.

Adam A, Albert A, Boulanger J, Genot D, Demoulin A, Damas J. Influence of
oral contraceptives and pregnancy on constituents of the kallikrein-kininogen
system in plasma. Clin Chem 1985;31:1533-6.

Cohen AJ, Laskin C, Tarlo S. C1 esterase inhibitor in pregnancy. J Allergy
Clin Immunol 1992;90(3 part 1):412-3.

Gordon EM, Ratnoff OD, Saito H, Donaldson VH, Pensky J, Jones PK. Rapid
fibrinolysis, augmented Hageman factor (factor XII) titers, and decreased C1
esterase inhibitor titers in women taking oral contraceptives. J Lab Clin Med
1980;96:762-9.

Gordon EM, Williams SR, Frenchek B, Mazur CA, Speroff L. Dose-dependent
effects of postmenopausal estrogen and progestin on antithrombin III and
factor XII. J Lab Clin Med 1988;111:52-6.

Jespersen J, Kluft C. Increased euglobulin fibrinolytic potential in women on
oral contraceptives low in oestrogen—Ilevels of extrinsic and intrinsic plas-
minogen activators, prekallikrein, factor XII, and Cl-inactivator. Thromb
Haemost 1985;54:454-9.

Nogawa N, Sumino H, Ichikawa S, Kumakura H, Takayama Y, Nakamura T,
et al. Effect of long-term hormone replacement therapy on angiotensin-
converting enzyme activity and bradykinin in postmenopausal women with
essential hypertension and normotensive postmenopausal women. Menopause
2001;8:210-5.

Madeddu P, Emanueli C, Song Q, Varoni MV, Demontis MP, Anania V, et al.
Regulation of bradykinin B2-receptor expression by oestrogen. Br J Pharmacol
1997;121:1763-9.

Tarhouni K, Guihot AL, Vessieres E, Procaccio V, Grimaud L, Abraham P,
et al. Estrogens are needed for the improvement in endothelium-mediated
dilation induced by a chronic increase in blood flow in rat mesenteric ar-
teries. Vascul Pharmacol 2016:80:35-42.

Cilia La Corte AL, Carter AM, Turner AJ, Grant PJ, Hooper NM. The
bradykinin-degrading aminopeptidase P is increased in women taking the oral
contraceptive pill. J Renin Angiotensin Aldosterone Syst 2008;9:221-5.
Valdes G, Corthorn J, Figueroa CD. The kallikrein-kinin system along the
different stages of gestation: experimental and clinical findings. Biol Res 1998;
31:235-41.

Valdes G, Erices R, Chacon C, Corthorn J. Angiogenic, hyperpermeability and
vasodilator network in utero-placental units along pregnancy in the guinea-pig
(Cavia porcellus). Reprod Biol Endocrinol 2008;6:13.


http://refhub.elsevier.com/S2213-2198(21)00461-X/sref28
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref28
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref28
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref29
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref29
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref30
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref30
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref30
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref31
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref31
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref32
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref32
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref32
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref33
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref33
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref34
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref34
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref35
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref35
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref35
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref36
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref36
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref37
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref37
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref37
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref38
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref38
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref38
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref39
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref39
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref40
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref40
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref40
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref40
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref40
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref41
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref41
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref41
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref41
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref42
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref42
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref42
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref43
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref43
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref43
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref44
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref44
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref44
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref44
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref45
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref45
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref45
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref46
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref46
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref46
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref47
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref47
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref47
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref47
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref48
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref48
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref48
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref48
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref48
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref49
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref49
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref49
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref50
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref50
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref50
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref51
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref51
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref51
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref52
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref52
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref52
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref53
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref53
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref53
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref54
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref54
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref54
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref55
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref55
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref56
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref56
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref56
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref57
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref57
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref57
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref58
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref58
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref58
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref58
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref59
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref59
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref59
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref59
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref60
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref60
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref61
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref61
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref61
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref62
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref62
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref62
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref62
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref63
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref63
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref63
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref64
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref64
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref64
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref65
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref65
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref65
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref66
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref66
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref67
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref67
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref67
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref67
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref68
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref68
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref68
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref69
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref69
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref69
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref69
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref70
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref70
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref70
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref70
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref70
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref71
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref71
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref71
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref72
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref72
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref72
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref72
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref73
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref73
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref73
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref74
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref74
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref74
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref75
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref75
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref75

10

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.
96.
97.
98.

99.

100.

101.

102.

103.

BERNSTEIN ET AL

Corthorn J, Germain AA, Chacon C, Rey S, Soto GX, Figueroa CD, et al.
Expression of kallikrein, bradykinin b2 receptor, and endothelial nitric oxide
synthase in placenta in normal gestation, preeclampsia, and placenta accreta.
Endocrine 2006:;29:491-9.

Elebute OA, Mills IH. Urinary kallikrein in normal and hypertensive preg-
nancies. Perspect Nephrol Hypertens 1976;5:329-38.

Salas SP, Rosso P, Espinoza R, Robert JA, Valdes G, Donoso E. Maternal
plasma volume expansion and hormonal changes in women with idiopathic
fetal growth retardation. Obstet Gynecol 1993;81:1029-33.

Millar JG, Campbell SK, Albano JD, Higgins BR, Clark AD. Early prediction
of pre-eclampsia by measurement of kallikrein and creatinine on a random
urine sample. Br J Obstet Gynaecol 1996;103:421-6.

AbdAlla S, Lother H, el Massiery A, Quitterer U. Increased AT(1) receptor
heterodimers in preeclampsia mediate enhanced angiotensin II responsiveness.
Nat Med 2001;7:1003-9.

Walling HW, Scupham RK. Autoimmune progesterone dermatitis. Case report
with histologic overlap of erythema multiforme and urticaria. Int J Dermatol
2008;47:380-2.

Bauer CS, Kampitak T, Messieh ML, Kelly KJ, Vadas P. Heterogeneity in
presentation and treatment of catamenial anaphylaxis. Ann Allergy Asthma
Immunology 2013;111:107-11.

Herzberg AJ, Strohmeyer CR, Cirillo-Hyland VA. Autoimmune progesterone
dermatitis. J Am Acad Dermatol 1995;32(2 part 2):333-8.

Buchheit KM, Bernstein JA. Progestogen hypersensitivity: heterogeneous
manifestations with a common trigger. J Allergy Clin Immunol Pract 2017;5:
566-74.

Baptist AP, Baldwin JL. Autoimmune progesterone dermatitis in a patient with
endometriosis: case report and review of the literature. Clin Mol Allergy 2004;
2:10.

Poole JA, Rosenwasser LJ. Chronic idiopathic urticaria exacerbated with
progesterone therapy treated with novel desensitization protocol. J Allergy
Clin Immunol 2004;114:456-7.

Farah FS, Shbaklu Z. Autoimmune progesterone urticaria. J Allergy Clin
Immunol 1971:48:257-61.

Vasconcelos C, Xavier P, Vieira AP, Martinho M, Rodrigues J, Bodas A, et al.
Autoimmune progesterone urticaria. Gynecol Endocrinol 2000;14:245-7.
Prieto-Garcia A, Sloane DE, Gargiulo AR, Feldweg AM, Castells M. Auto-
immune progesterone dermatitis: clinical presentation and management with
progesterone desensitization for successful in vitro fertilization. Fertil Steril
2011;95:1121.e9-1121.e13.

Hill JL, Carr TF. Iatrogenic autoimmune progesterone dermatitis treated with a
novel intramuscular progesterone desensitization protocol. J Allergy Clin
Immunol Pract 2013;1:537-8.

Hart R. Autoimmune progesterone dermatitis. Arch Dermatol 1977;113:
426-30.

Mbonile L. Autoimmune progesterone dermatitis: case report with history of
urticaria, petechiae and palpable pinpoint purpura triggered by medical abor-
tion. S Afr Med J 2016;106:48-50.

Wintzen M, Goor-van Egmond MB, Noz KC. Autoimmune progesterone
dermatitis presenting with purpura and petechiae. Clin Exp Dermatol 2004;29:
316.

Moghadam BK, Hersini S, Barker BF. Autoimmune progesterone dermatitis
and stomatitis. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 1998;85:
537-41.

Berger H. Progesterone. Arch Dermatol 1969;100:117.

Banerjee AK, de Chazal R. Chronic vulvovaginal pruritus treated successfully
with GnRH analogue. Postgrad Med J 2006;82:e22.

Wojnarowska F, Greaves MW, Peachey RD, Drury PL, Besser GM. Proges-
terone-induced erythema multiforme. J R Soc Med 1985;78:407-8.

Maguire T. Autoimmune progesterone dermatitis. Dermatol Nurs 2009;21:
190-2.

Asai J, Katoh N, Nakano M, Wada M, Kishimoto S. Case of autoimmune
progesterone dermatitis presenting as fixed drug eruption. J Dermatol 2009;36:
643-5.

Honda T, Kabashima K, Fujii Y, Katoh M, Miyachi Y. Autoimmune pro-
gesterone dermatitis that changed its clinical manifestation from anaphylaxis to
fixed drug eruption-like erythema. J Dermatol 2014;41:447-8.

Drayer SM, Laufer LR, Farrell ME. Autoimmune progesterone dermatitis
presenting as Stevens-Johnson syndrome. Obstet Gynecol 2017;130:881-4.
Drayer SM, Laufer LR, Farrell ME. Autoimmune progesterone dermatitis
mistaken for Stevens-Johnson syndrome. Obstet Gynecol 2018;131:723-6.
Bernstein 1L, Bernstein DI,
progesterone-induced anaphylaxis, cyclic urticaria/angioedema, and autoim-
mune dermatitis. ] Womens Health 2011;20:643-8.

Lummus ZL, Bernstein JA. A case of

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

J ALLERGY CLIN IMMUNOL PRACT
MONTH 2021

Foer D, Buchheit KM, Gargiulo AR, Lynch DM, Castells M, Wickner PG.
Progestogen hypersensitivity in 24 cases: diagnosis, management, and pro-
posed renaming and classification. J Allergy Clin Immunol Pract 2016;4:
723-9.

Nguyen T, Razzaque Ahmed A. Autoimmune progesterone dermatitis: update
and insights. Autoimmun Rev 2016;15:191-7.

Ghosh D, Bernstein JA. Development of a progesterone-specific IgE assay for
diagnosing patients with suspected progestogen hypersensitivity. Ann Allergy
Asthma Immunol 2019;122:616-22.

Stranahan D, Rausch D, Deng A, Gaspari A. The role of intradermal skin
testing and patch testing in the diagnosis of autoimmune progesterone
dermatitis. Dermatitis 2006;17:39-42.

Garcia-Ortega P, Scorza E. Progesterone autoimmune dermatitis with positive
autologous serum skin test result. Obstet Gynecol 2011;117(2 part 2):495-8.
Cocuroccia B, Gisondi P, Gubinelli E, Girolomoni G. Autoimmune proges-
terone dermatitis. Gynecol Endocrinol 2006;22:54-6.

Rodenas JM, Herranz MT, Tercedor J. Autoimmune progesterone dermatitis:
treatment with oophorectomy. Br J Dermatol 1998;139:508-11.

Moody BR, Schatten S. Autoimmune progesterone dermatitis: onset in a
women without previous exogenous progesterone exposure. South Med J
1997:90:845-6.

Shelley WB, Preucel RW, Spoont SS. Autoimmune progesterone dermatitis.
Cure by oophorectomy. JAMA 1964;190:35-8.

Sloane D, Govindarajulu U, Harrow-Mortelliti J, Barry W, Hsu FI, Hong D,
et al. Safety, costs, and efficacy of rapid drug desensitizations to chemotherapy
and monoclonal antibodies. J Allergy Clinical Immunol Pract 2016:4:497-504.
Brennan PJ, Rodriguez Bouza T, Hsu FI, Sloane DE, Castells MC. Hyper-
sensitivity reactions to mAbs: 105 desensitizations in 23 patients, from eval-
uation to treatment. J Allergy Clin Immunol 2009;124:1259-66.

Castells MC, Tennant NM, Sloane DE, Hsu FI, Barrett NA, Hong DI, et al.
Hypersensitivity reactions to chemotherapy: outcomes and safety of rapid
desensitization in 413 cases. J Allergy Clin Immunol 2008;122:574-80.
Heffler E, Fichera S, Nicolosi G, Crimi N. Anaphylaxis due to progesterone
hypersensitivity successfully treated with omalizumab. J Allergy Clin Immunol
Pract 2017;5:852-4.

Snyder JL, Krishnaswamy G. Autoimmune progesterone dermatitis and its
manifestation as anaphylaxis: a case report and literature review. Ann Allergy
Asthma Immunol 2003;90:469-77 [quiz: 77, 571].

Lieberman P. Catamenial anaphylaxis. J Allergy Clin Immunol Pract 2014;2:
358-9.

Burstein M, Rubinow A, Shalit M. Cyclic anaphylaxis associated with
menstruation. Ann Allergy 1991;66:36-8.

Singh EJ, Baccarini I, Zuspan FP. Levels of prostaglandins F-2alpha and E-2
in human endometrium during the menstrual cycle. Am J Obstet Gynecol
1975;121:1003-6.

Verdolini R, Atkar R, Clayton N, Hasan R, Stefanato CM. Catamenial der-
matoses: has anyone ever considered prostaglandins? Clin Exp Dermatol 2014;
39:509-12.

Mayou SC, Charles-Holmes R, Kenney A, Black MM. A premenstrual urti-
carial eruption treated with bilateral oophorectomy and hysterectomy. Clin Exp
Dermatol 1988;13:114-6.

Shelley WB, Shelley ED, Talanin NY, Santoso-Pham J. Estrogen dermatitis.
J Am Acad Dermatol 1995;32:25-31.

Leylek OA, Unlu S, Ozturkcan S, Cetin A, Sahin M, Yildiz E. Estrogen
dermatitis. Eur J Obstet Gynecol Reprod Biol 1997;72:97-103.

Yotsumoto S, Shimomai K, Hashiguchi T, Uchimiya H, Usuki K, Nishi M,
et al. Estrogen dermatitis: a dendritic-cell-mediated allergic condition.
Dermatology 2003;207:265-8.

Yoon TY, Kim YG, Kim MK. Estrogen dermatitis responding to leuprolide
acetate. J Dermatol 2005:32:405-6.

Randall K, Steele R. Estrogen dermatitis: treatment with progestin-only pill.
Arch Dermatol 2005;141:792-3.

Mullins RJ, Russell A, McGrath GJ, Smith R, Sutherland DC. Breastfeeding
anaphylaxis. Lancet 1991;338:1279-80.

MacDonell JW, Ito S. Breastfeeding anaphylaxis case study. J Hum Lact 1998;
14:243-4.

Villalta D, Martelli P. A case of breastfeeding anaphylaxis. Eur Ann Allergy
Clin Immunol 2007;39:26-7.

Shank JJ, Olney SC, Lin FL, McNamara MF. Recurrent postpartum anaphy-
laxis with breast-feeding. Obstet Gynecol 2009;114(2 part 2):415-6.
McKinney KK, Scranton SE. A case report of breastfeeding anaphylaxis:
successful prophylaxis with oral antihistamines. Allergy 2011;66:435-6.
Durgakeri P, Jones B. A rare case of lactation anaphylaxis. Australas Med J
2015;8:103-5.


http://refhub.elsevier.com/S2213-2198(21)00461-X/sref76
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref76
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref76
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref76
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref77
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref77
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref78
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref78
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref78
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref79
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref79
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref79
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref80
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref80
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref80
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref81
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref81
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref81
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref82
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref82
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref82
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref83
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref83
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref84
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref84
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref84
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref85
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref85
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref85
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref86
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref86
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref86
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref87
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref87
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref88
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref88
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref89
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref89
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref89
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref89
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref90
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref90
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref90
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref91
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref91
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref92
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref92
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref92
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref93
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref93
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref93
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref94
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref94
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref94
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref95
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref96
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref96
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref97
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref97
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref98
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref98
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref99
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref99
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref99
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref100
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref100
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref100
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref101
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref101
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref102
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref102
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref103
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref103
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref103
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref104
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref104
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref104
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref104
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref105
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref105
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref106
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref106
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref106
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref107
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref107
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref107
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref108
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref108
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref109
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref109
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref110
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref110
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref111
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref111
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref111
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref112
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref112
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref113
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref113
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref113
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref114
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref114
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref114
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref115
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref115
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref115
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref116
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref116
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref116
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref117
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref117
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref117
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref118
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref118
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref119
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref119
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref120
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref120
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref120
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref121
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref121
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref121
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref122
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref122
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref122
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref123
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref123
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref124
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref124
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref125
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref125
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref125
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref126
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref126
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref127
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref127
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref128
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref128
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref129
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref129
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref130
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref130
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref131
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref131
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref132
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref132
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref133
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref133

J ALLERGY CLIN IMMUNOL PRACT
VOLUME M, NUMBER B

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

Cicardi M, Aberer W, Banerji A, Bas M, Bernstein JA, Bork K, et al. Clas-
sification, diagnosis, and approach to treatment for angioedema: consensus
report from the Hereditary Angioedema International Working Group. Allergy
2014;69:602-16.

Veronez CL, Csuka D, Sheik FR, Zuraw BL, Farkas H, Bork K. The
expanding spectrum of mutations in hereditary angioedema [published online
ahead of print March 19, 2021]. J Allergy Clin Immunol Pract 2021. https:/
doi.org/10.1016/.jaip.2021.03.008.

Bork K, Machnig T, Wulff K, Witzke G, Prusty S, Hardt J. Clinical features of
genetically characterized types of hereditary angioedema with normal C1 in-
hibitor: a systematic review of qualitative evidence. Orphanet J Rare Dis 2020;
15:289.

Cicardi M, Zuraw BL. Angioedema due to bradykinin dysregulation. J Allergy
Clin Immunol Pract 2018;6:1132-41.

Dobo J, Major B, Kekesi KA, Szabo I, Megyeri M, Hajela K, et al. Cleavage of
kininogen and subsequent bradykinin release by the complement component:
mannose-binding lectin-associated serine protease (MASP)-1. PLoS One 2011;
6:¢20036.

Nussberger J, Cugno M, Amstutz C, Cicardi M, Pellacani A, Agostoni A.
Plasma bradykinin in angio-oedema. Lancet 1998;351:1693-7.

de Maat S, Bjorkqvist J, Suffritti C, Wiesenekker CP, Nagtegaal W,
Koekman A, et al. Plasmin is a natural trigger for bradykinin production in
patients with hereditary angioedema with factor XII mutations. J Allergy Clin
Immunol 2016;138:1414-1423.¢9.

Agostoni A, Cicardi M. Hereditary and acquired Cl-inhibitor deficiency:
biological and clinical characteristics in 235 patients. Medicine (Baltimore)
1992;71:206-15.

Bork K, Meng G, Staubach P, Hardt J. Hereditary angioedema: new findings
concerning symptoms, affected organs, and course. Am J Med 2006;119:267-74.
Bouillet L, Gompel A. Hereditary angioedema in women: specific challenges.
Immunol Allergy Clin North Am 2013;33:505-11.

Visy B, Fust G, Varga L, Szendei G, Takacs E, Karadi I, et al. Sex hormones in
hereditary angioneurotic oedema. Clin Endocrinol (Oxf) 2004;60:508-15.
Caballero T, Farkas H, Bouillet L, Bowen T, Gompel A, Fagerberg C, et al.
International consensus and practical guidelines on the gynecologic and ob-
stetric management of female patients with hereditary angioedema caused by
C1 inhibitor deficiency. J Allergy Clin Immunol 2012;129:308-20.

Bouillet L, Longhurst H, Boccon-Gibod I, Bork K, Bucher C, Bygum A, et al.
Disease expression in women with hereditary angioedema. Am J Obstet
Gynecol 2008;199:484.e1-4.

Saule C, Boccon-Gibod 1, Fain O, Kanny G, Plu-Bureau G, Martin L, et al.
Benefits of progestin contraception in non-allergic angioedema. Clin Exp Al-
lergy 2013;43:475-82.

Bork K, Wulff K, Hardt J, Witzke G, Staubach P. Hereditary angioedema
caused by missense mutations in the factor XII gene: clinical features, trigger
factors, and therapy. J Allergy Clin Immunol 2009;124:129-34.
Vitrat-Hincky V, Gompel A, Dumestre-Perard C, Boccon-Gibod I, Drouet C,
Cesbron JY, et al. Type III hereditary angio-oedema: clinical and biological
features in a French cohort. Allergy 2010;65:1331-6.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

BERNSTEIN ETAL 11

Guivarc’h E, Buscato M, Guihot AL, Favre J, Vessieres E, Grimaud L,
et al. Predominant role of nuclear versus membrane estrogen receptor
alpha in arterial protection: implications for estrogen receptor alpha
modulation in cardiovascular prevention/safety. ] Am Heart Assoc 2018;
7:¢008950.

Nadal A, Diaz M, Valverde MA. The estrogen trinity: membrane, cytosolic,
and nuclear effects. News Physiol Sci 2001;16:251-5.

Chambliss KL, Yuhanna IS, Mineo C, Liu P, German Z, Sherman TS, et al.
Estrogen receptor alpha and endothelial nitric oxide synthase are organized
into a functional signaling module in caveolae. Circ Res 2000;87:E44-52.
Barton M, Cremer J, Mugge A. 17Beta-estradiol acutely
endothelium-dependent relaxation to bradykinin in isolated human coronary
arteries. Eur J Pharmacol 1998;362:73-6.

Joseph K, Tholanikunnel BG, Kaplan AP. Cytokine and estrogen stimulation
of endothelial cells augments activation of the prekallikrein-high molecular
weight kininogen complex: Implications for hereditary angioedema. J Allergy
Clin Immunol 2017;140:170-6.

Campbell SJ, Mackie 1J, Robinson GE, Machin SJ. Contact factor mediated
fibrinolysis is increased by the combined oral contraceptive pill. Br J Obstet
Gynaecol 1993;100:79-84.

Teede HJ, McGrath BP, Smolich JJ, Malan E, Kotsopoulos D, Liang YL, et al.
Postmenopausal hormone replacement therapy increases coagulation activity
and fibrinolysis. Arterioscler Thromb Vasc Biol 2000;20:1404-9.

Agostoni A, Aygoren-Pursun E, Binkley KE, Blanch A, Bork K, Bouillet L,
et al. Hereditary and acquired angioedema: problems and progress: pro-
ceedings of the third C1 esterase inhibitor deficiency workshop and beyond.
J Allergy Clin Immunol 2004;1143(suppl):S51-131.

Zahedi K, Prada AE, Davis AE 3rd. Structure and regulation of the CI in-
hibitor gene. Behring Inst Mitt 1993;93:115-9.

Prada AE, Zahedi K, Davis AE 3rd. Regulation of CI1 inhibitor synthesis.
Immunobiology 1998;199:377-88.

Pappalardo E, Zingale LC, Cicardi M. Increased expression of Cl-inhibitor
mRNA in patients with hereditary angioedema treated with Danazol. Immu-
nol Lett 2003;86:271-6.

Drouet C, Desormeaux A, Robillard J, Ponard D, Bouillet L, Martin L, et al.
Metallopeptidase activities in hereditary angioedema: effect of androgen pro-
phylaxis on plasma aminopeptidase P. J Allergy Clin Immunol 2008;121:
429-33.

Teoh H, Man RY. Progesterone modulates estradiol actions: acute effects at
physiological concentrations. Eur J Pharmacol 1999;378:57-62.

Hermans C. Successful management with Cl-inhibitor concentrate of heredi-
tary angioedema attacks during two successive pregnancies: a case report.
Arch Gynecol Obstet 2007;276:271-6.

Chinniah N, Katelaris CH. Hereditary angioedema and pregnancy. Aust N Z J
Obstet Gynaecol 2009;49:2-5.

Czaller I, Visy B, Csuka D, Fust G, Toth F, Farkas H. The natural history of
hereditary angioedema and the impact of treatment with human C1-inhibitor
concentrate during pregnancy: a long-term survey. Eur J Obstet Gynecol
Reprod Biol 2010;152:44-9.

improves


http://refhub.elsevier.com/S2213-2198(21)00461-X/sref134
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref134
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref134
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref134
https://doi.org/10.1016/j.jaip.2021.03.008
https://doi.org/10.1016/j.jaip.2021.03.008
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref136
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref136
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref136
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref136
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref137
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref137
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref138
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref138
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref138
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref138
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref139
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref139
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref140
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref140
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref140
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref140
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref141
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref141
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref141
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref142
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref142
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref143
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref143
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref144
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref144
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref145
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref145
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref145
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref145
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref146
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref146
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref146
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref147
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref147
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref147
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref148
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref148
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref148
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref149
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref149
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref149
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref150
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref150
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref150
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref150
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref150
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref151
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref151
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref152
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref152
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref152
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref153
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref153
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref153
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref154
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref154
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref154
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref154
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref155
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref155
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref155
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref156
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref156
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref156
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref157
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref157
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref157
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref157
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref158
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref158
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref159
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref159
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref160
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref160
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref160
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref161
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref161
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref161
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref161
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref162
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref162
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref163
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref163
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref163
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref164
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref164
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref165
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref165
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref165
http://refhub.elsevier.com/S2213-2198(21)00461-X/sref165

	Hormonal Effects on Urticaria and Angioedema Conditions
	Introduction
	Epidemiology of CSU and AE: Are Hormones Responsible for the Greater Number of Women with These Disorders?
	Prevalence
	Role of sex hormones influencing susceptibility
	Role of autoimmunity
	Genetic influences

	Pathogenic Role of Female Sex Hormones on Mast Cells and the Kallikrein-Kinin System
	Mast cells and female sex hormones
	Kallikrein-kinin system and female sex hormones
	Factor XII
	Kallikrein
	Plasminogen
	C1-inhibitor
	Bradykinin


	Clinical Effects of Sex Hormones Manifesting as Cyclic Hypersensitivity and Anaphylaxis
	Progesterone hypersensitivity
	Catamenial hypersensitivity
	Estrogen hypersensitivity
	Lactation-associated anaphylaxis

	Clinical Effect of Hormones in Women with HAE
	Estrogens
	Androgens
	Progesterone and progestins
	Prolactin

	Conclusions
	Clinical Pearls

	References


