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Chronic urticaria is a common skin disease without a clear
etiology in the vast majority of cases. The similarity of
symptoms and lesion pathology to allergen-induced skin
reactions supports the idea that skin mast cell and blood
basophil IgE receptor activation is involved; however, no
exogenous allergen trigger has been identified. The presence
of serum IgG autoantibodies targeting IgE or the IgE receptor in
~40% of CIU cases supports the theory of an autoimmune
basis for the disease. However, issues remain with the assays
to detect autoantibodies among other serum factors, the
relationship of autoantibodies to CIU disease activity, and the
occurrence of autoantibodies in healthy subjects. Other studies
have identified altered IgE receptor degranulation that reverts in
disease remission and is accompanied by changes in signaling
molecule expression and function in mast cells and basophils in
active CIU subjects. The arrival of therapies targeting IgE and
the IgE receptor pathway elements has potential use in CIU.
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Introduction

Urticaria is a disorder affecting up to 25% of the United
States population and can be triggered by allergic reac-
tions or in the setting of infections. Recurrent urticaria for
more than 6 weeks is called chronic urticaria, and in the
vast majority of cases (>80%) no exogenous cause is
determined and the condition is termed chronic idio-
pathic urticaria (CIU). The incidence of CIU is higher
in women (2:1), but not among atopic individuals, with an
estimated prevalence of up to ~1% in the US [1]. The
lifespan of each skin lesion is between 4 and 36 hours and
the spectrum of disease depends on the frequency, num-
ber and distribution of lesions, intensity of pruritus, and
associated symptoms such as angioedema, which occurs
in ~40% of cases [2°]. The average disease duration is

three five years and one-fifth of CIU cases persist beyond
five years [3]. Factors associated with longer disease
duration include the presence of angioedema, severe
disease, and autoimmune serologic features (e.g. positive
autologous serum skin test (see below) or antithyroid
antibodies) [3]. Treatment for CIU targets pruritus and
ranges from the intermittent use of a nonsedating H1
receptor antagonist in mild disease to combination treat-
ment with several H1 antagonists (sedating and nonse-
dating), H2 receptor antagonists, leukotriene receptor
antagonists, tricyclics, and systemic corticosteroids in
severe disease [2°]. In antihistamine-resistant or
steroid-dependent cases, therapies with immunomodula-
tors such as sulfasalazine, mycophenolate, cyclosporine,
and dapsone have been tried with some success [4°].
Patients with CIU report a quality of life impairment
similar to patients with cardiac disease and other chronic
skin diseases such as atopic dermatitis and psoriasis [5,6].
Given annual healthcare costs that exceed $2000 for
patients attending a university clinic and not using immu-
nosuppressives, there is an urgent need to advance our
understanding of disease mechanisms and to improve
therapies [7].

Cellular infiltrate in CIU and disease
mechanisms

A central feature of CIU pathogenesis is mast cell degra-
nulation of mediators such as histamine. Skin mast cell
numbers are not increased in CIU [8], but they have
heightened releasability of histamine in active disease as
demonstrated with stimuli such as 48/80 and codeine
sulfate. In remission, hyper-releasabilty to 48/80 resolves
but persists to codeine sulfate [9,10]. The skin pathology
seen in CIU lesions resembles that of allergen-mediated
late-phase skin reactions and supports that IgE-receptor
(FceRI) activation of mast cells and basophils is involved
in CIU. Lesional skin biopsies in CIU show tissue edema,
vascular dilatation, mast cell degranulation, and a peri-
vascular infiltrate composed of CD3+/CD4+/CD8+
lymphocytes, cosinophils, neutrophils, and basophils
[11°°,12]. A Th2 cytokine profile is present in allergen-
late-phase skin reactions while CIU lesions express
mRNA for both TH2 (IL.-4 and IL.-5) and TH1 (IFNv)
cytokines [11°°,13]; however, the mechanisms leading to
chronic mast cell activation in the generation of CIU
lesions are unknown leading to a variety of approaches
to classify subjects. In a subset of CIU subjects (~40%)
also referred to as ‘autoimmune’, several groups have
found circulating IgG autoantibodies to IgE or to the
extracellular alpha subunit of the high affinity IgE re-
ceptor (FceRIa) that are thought to be pathogenic [14,15].
However, the pathogenesis in the majority of CIU
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subjects who lack autoantibodies remains unclear [16]. In
addition, the issues with the detection of CIU-related
autoantibodies among other serum factors, the relation-
ship of autoantibodies to disease activity, and the exist-
ence of autoantibodies in non-CIU subjects have raised
questions as to their pathogenic role [17]. More recently,
the changes in the expression of signaling molecules in
CIU basophils, mast cells, and lymphocytes have been
reported in subjects with active disease. The current
review will focus on advances in our understanding of
both cellular (blood basophil, mast cell, and lymphocytes)
and serum factors relevant to CIU pathogenesis.

Basophils in CIU

Several observations support a role for basophils in CIU
disease pathogenesis. Blood basopenia is found in CIU
and basophil numbers are inversely related to urticaria
severity [18]. Basophils are found in both lesional and
nonlesional skin biopsies of CIU subjects; this suggests
the possibility that basopenia is related to the active
recruitment of basophils to skin tissues [11°°,19]. An
alternate explanation for basopenia is the destruction or
sequestration of basophils by autoantibodies detected in
the subset of autoimmune CIU subjects [20]. Although
pathways for basophil recruitment to skin tissues in CIU
are undefined, systemic corticosteroids inhibit basophil
recruitment to allergen-induced skin reactions [21]. In
CIU, systemic corticosteroids rapidly reduce urticarial
lesions and increase blood basophil numbers; this also
suggests reduced basophil movement to the skin [18]. At
present, it is unknown whether blood basophils in CIU
reflect the state of the tissue basophil or represent a
recirculating basophil from skin tissues, or a ‘bystander’
of events occurring in the skin. Nonetheless, the behavior
of blood basophils is a useful biomarker to uncover
disease-related pathways.

Among the strongest arguments for the participation of
blood basophils in CIU disease is the paradoxical sup-
pression of FceRI-mediated histamine degranulation
observed by numerous investigators. Comparisons of
blood basophils from active CIU subjects to healthy
control subjects have consistently revealed a reduction
in IgE-receptor-induced histamine release (HR) by CIU
basophils using crosslinking anti-IgE or anti-FceRIa anti-
bodies [22,23°%,24,25,26°°]. On the contrary, no signifi-
cant difference in HR is seen with stimuli independent of
the FceRI pathways such as ionophore, 48/80, FMLP,
bradykinin, and MCP-1, indicating a specific defect in the
FceRI pathway of CIU basophils [22,23°°,24,25,26°°]. In a
limited number of CIU subjects, HR response to hista-
mine releasing factor/translationally controlled tumor
protein (HRF/TCTP) was rarely observed as a distinct
measure of hyper-releasability noted in atopic and asth-
matic subjects [26°°]. Among the explanations for sup-
pression of the basophil FceRI pathway are that the
basophils are desensitized iz vivo to further FceRI-

induced activation. Recent insights into the dysregulated
expression of molecules that are critical to signal propa-
gation after IgE receptor activation (spleen tyrosine
kinase, Syk) or those that are relevant to inhibition of
receptor responses (Src homology 2 (SH2)-containing
inositol phosphatases, SHIP-1, and SHIP-2) suggest a

more complex picture.

A review of the background of basophil and mast IgE
receptor activation is useful to provide a context for
changes present in CIU basophils. Upon FceRI acti-
vation, Syk tyrosine Kinase is recruited to tyrosine phos-
phorylated FceRIy subunits and phosphorylates signaling
molecules including Shc and PLCy. Depletion of Syk
from RBL-2H3 mast cells prevents FceRI-mediated
secretion of granular contents, and cytokines [27]. Like-
wise, human ‘nonreleaser’ basophils are deficient in Syk
protein and release <5% of total histamine content after
FceRI activation and occur at a frequency of 10-20% in
the general population [28]. Protein levels of Syk are a
major regulator of basophil HR in normal basophils and
are selectively downregulated among a host of signaling
elements after FceRI triggering whereas levels of SHIP-1
and SHIP-2 are stable [29]. Levels of Syk and to some
degree, SHIP-1, account for the variance seen in the
range of basophil HR in normal subjects [30°]. Phosphoi-
nositide lipid phosphatases are well established as nega-
tive regulators of hematopoietic cell activation, survival,
and proliferation [31]. In particular, SHIP-1 is known to
associate with the FceRI B subunit and is activated upon
stimulation of rodent mast cells with supraoptimal con-
centrations of antigen or IgE [32,33]. Importantly, mast
cells of SHIP-1 knockout mice more readily degranulated
after IgE receptor activation or even sensitization with a
highly cytokinergic IgE alone [34]. Similarly, in hyper-
releasable human basophils a fivefold reduction in SHIP-
1 protein levels was associated with heightened response
to HRF/T'CTP [35]. SHIP-1 has also been shown to have
a regulatory role in the kinetics of [gE-mediated signaling
and mediator release in primary human basophils [36].
Moreover, a homologous protein, SHIP-2, has been found
to limit mast cell degranulation as well as I1.-4 and IL.-13
gene expression upon FceRI stimulation that is indepen-

dent of SHIP-1 actions [37].

Recently, a bimodal profile of CIU subjects’ blood baso-
phil anti-IgE HR response was reported [26°°] (see
Table 1). Fifty percent of CIU subjects have significant
reductions in their basophil HR with optimal anti-IgE
stimulation (<10% of total histamine content) and are
designated anti-IgE nonresponders (CIU NR). The
remaining 50% of CIU subjects have basophils that
release greater than 10% of total histamine content after
anti-IgE stimulation and are designated anti-IgE respon-
ders (CIU R). A comparison of anti-IgE-induced HR
patterns from CIU basophils to their corresponding
SHIP-1 and SHIP-2 levels reveal that SHIP-2 is increased
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Table 1
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Features of basophil phenotypes, CIU R, and CIU NR, in CIU

Feature of HR CIU responder

CIU nonresponder

Release to optimal
dose of crosslinking
anti-IgE

content

Dose response to
anti-IgE in active
disease

Phosphatase levels
relative to normals

Kinase levels
Sensitivity to anti-
IgE in remission

Syk similar to normal

end of dose response

>10% of cellular histamine

Similar to normals subjects

Reduced SHIP-1 levels

Increased sensitivity at low

<10% of cellular histamine content

10-fold higher dose for maximal release

Increased SHIP-2 levels

< or equal to normal
Increased sensitivity and maximal release

in the basophils of CIU NR subjects, whereas SHIP-1
levels are reduced in the basophils of CIU R donors.
Furthermore, the changes in expression of SHIP-1 or
SHIP-2 proteins in CIU basophils appear to be functional,
as they should be inversely proportional to the cellular [PI
34,5 P;] levels after anti-IgE stimulation of the CIU
basophils. In fact, the heightened SHIP-2 expression
observed in CIU NR basophils compared to normal
basophils results in decreased anti-IgE-induced Akt phos-
phorylation, a surrogate measure of cellular [PI 3,4,5 P3]
[26°°]. In contrast, CIU R basophils were found to have
constitutive phosphorylation of Akt consistent with their
reduced expression of SHIP-1. Importantly, altered Syk
protein levels in CIU basophils are not correlated with the
patterns of anti-IgE-stimulated HR basophils of CIU
subjects, and in particular, the CIU NR subset. In fact,
Syk-deficient donors with intact HR have been noted
among CIU subjects [38]. Collectively, these obser-
vations suggest a shift in the paradigm of Syk-dominated
regulation of HR found in normal basophils in the setting
of disease such as CIU [38]. Further, no clear relationship
between basophil functional phenotypes and the pre-
sence of serum autoantibodies detected by an immunoen-
zymetric assay (IEMA) (either IgG anti-IgE or IgG anti-
FceRla), or in limited studies by Western blot (IgG anti-
FcaRlIa) or by serum histamine releasing activity (HRA)
(see below) were noted [26°°,39°°]. Thus, autoantibody-
mediated desensitization of basophils’ IgE receptor func-
tion seems unlikely.

Although the disease implications of basophil functional
phenotypes are not fully apparent, some relevant associ-
ations with CIU disease activity have been established. A
longitudinal study of CIU subjects has established the
stability of the basophil IgE-receptor degranulation phe-
notypes (CIU R and CIU NR) in subjects with persistent
disease [39°°]. In addition, clinical measures of CIU
severity also segregate between CIU R and CIU NR
subjects such as heightened itch scores reported by
CIU R subjects [40]. In CIU subjects who enter natural
disease remission, basophil anti-IgE-induced HR, and

blood basophil numbers significantly increase [23°°,39°°].
e]. Most notably, CIU NR basophil maximal HR and
sensitivity to anti-IgE increases to levels observed in
healthy subjects, whereas in CIU R subjects basophils
have heightened sensitivity to anti-IgE activation.
Further, these shifts in basophil function during remis-
sion are independent of a subject’s autoantibody status
and in subjects with autoantibodies they occur without a
parallel decrease in autoantibody titers [39°°]. Thus, there
is ample evidence that basopenia and suppressed CIU
basophil FceRI-meditated degranulation occur in active
CIU disease and improve in CIU remission. In disease
remission, the rise in FceRI-mediated histamine degra-
nulation by blood basophils contrasts with the reduction
in hyper-releasability by skin mast cells. Recent data
support that distinct basophil degranulation phenotypes
are present in active disease and are associated with an
imbalance of FceRI-regulating phosphatases. However,
the status of FceRI-signaling molecule expression and
function during remission remains to be established.

Other recent studies have examined the levels of blood
basophil surface activation markers, CD 63 and CD 203c,
that are remarkably sensitive to IgE receptor activation via
allergen or by a crosslinking anti-IgE antibody. Levels of
these markers on basophils of CIU subjects were modestly
elevated and similar to levels observed on basophils in
allergic subjects, suggesting a state of iz vive priming.
Surprisingly, levels of these markers were not enhanced
on basophils of CIU subjects with evidence of serologic
autoimmune features (ASST, HRA, or Western blot posi-
tivity for IgG anti-FceRIa) [41,42]. In addition, basophils
of CIU subjects are described to have enhanced release of
histamine after incubation with sera from both normal and
CIU subjects, but the exact nature and significance of this
serum reactivity remains to be established [25].

Lymphocytes in ClIU disease

An early report of signaling molecule differences in CIU
subjects noted increased p21 ras expression in the
PBMGCs of CIU subjects, similar to a pattern seen in
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other autoimmune diseases such as diabetes, although no
functional defect in the MAP kinase activation or pro-
liferation was observed with PHA stimulation [43]. Stu-
dies focused on the profiles of circulating cytokines in
CIU serum note increased 11.-4, IL.-6, IL-1B, and IL.-12
p70 as compared to healthy controls [44,45]. Isolated
PBMC PHA-stimulated cytokine profiles have also been
examined and results have been variable. As compared to
control subjects, some studies revealed no difference in
IFNw, IL-10, TNFa, and reduced IL.-4 expression pre-
dominantly in autologous serum skin test (ASST) positive
hosts [45,46] whereas high levels of IL-10 and TNFa
were seen with mitogen in a second study [47]. Given the
prominence of lymphocytes in CIU lesions, further stu-
dies are necessary to clarify their role in the disease.

Mast cells in CIU disease

Skin mast cell degranulation and their secreted mediators
such as histamine are strongly implicated in the gener-
ation of urticarial lesions but human 77 vive studies are
limited by the difficulties in obtaining large numbers of
skin-tissue mast cells for studies. Recent alternatives
include the use of cultured human mast cells derived
from CD34+ progenitors or isolated from progenitors
arising from cultured human skin samples after prolonged
culture in a cytokine-rich environment [48]. A recent
study on releasability utilizing mast cells cultured from
the CD34+ cells from the peripheral blood of CIU R, CIU
NR, and normal donors has found an increase in spon-
taneous HR after IgE sensitization among CIU-derived
mast cells [78]. An analysis of the signaling molecules in
the FceRI pathway in these cultured mast cells revealed
increased expression of Syk in the CIU R donor subset
that is correlated to the degree of spontancous HR. A
study using skin-tissue-derived human skin mast cells
examined the impact of IgE levels on IgE receptor
function. The findings support that the levels of IgE
can contribute to skin mast cell sensitivity for IgE re-
ceptor degranulation and significant release of mediators
occurs at low levels of receptor crosslinking. These results
carry implications for therapies involving reduction of [gE
levels in CIU (see below) [49].

Assessment of serologic autoimmune assays
An autoimmune basis for CIU evolved from the obser-
vations of increased prevalence of thyroid autoantibodies
[2°,3] in CIU subjects and HLA-DR associations [50]. Itis
widely believed that a subset of CIU subjects have serum
IgG autoantibodies that target the IgE receptor alpha
subunit (30%) or, less commonly, surface-bound IgE
(10%) [2°]. It is further proposed these autoantibodies
are functional 77 vive and preferentially activate skin mast
cells on the basis of a high prevalence of complement-
fixing IgG isotypes (IgG1 and IgG3) that act via the C5a
receptor expressed by skin mast cells and not mucosal
mast cells [2°,51]. Although subjects with ‘autoimmune’
CIU are reported to have increased disease severity

[52,53], there are few differences from nonautoimmune
CIU on skin lesion pathology [11°°,12], or the activation
status of their blood basophils, a proposed cell target of
autoantibodies [41,42]. Different approaches to detect
serum autoantibodies have been employed leading to a
variety of readouts and difficulty in establishing interassay
agreement. The major issue with the ‘autoimmune’
classification is the lack of a universal serum assay that
is standardized and able to distinguish immunoglobulin-
based serum reactivity from other bioactive serologic
factors (e.g. chemokines and cytokines) present in a
serum sample. The detection of CIU-related autoanti-
bodies or serum factors in non-CIU subjects raises con-
cerns that such autoantibodies are markers of underlying
autoimmunity rather than participants in disease patho-
genesis (e.g. ANA).

The original ‘autoimmune’ assay, termed the aurologous
serum skin fest, involves the intradermal injection of au-
tologous serum into a subject’s skin to look for wheal
formation, implicating a serum factor that triggers skin
mast cells. Concerns about the ASST include the per-
sistence in CIU remission [54], the false positive rate (30—
47%) in allergic rhinitis patients and healthy controls
[55°,56], and persistence of a positive ASST upon IgG-
depletion of serum samples, raising concerns about the
nature of the active factor [57]. In fact, active ASST serum
fractions of <30 kDa have been recognized [58]. A recent
adaptation of the ASST involving the use of plasma, or
APST, and has a higher frequency of positivity among
CIU subjects and suggests the involvement of an acti-
vated coagulation cascade in CIU [59]. The relationship
of a positive APST to the presence of autoantibodies is
not yet established.

A second assay for ‘autoimmunity’ in CIU measures serum
HRA by exposing CIU serum 7z vitro to a normal donor’s
basophils [14,15]. Using purified serum IgG fractions and
inhibition studies with soluble alpha chain, HRA activity
has been shown to indicate functional autoantibodies
(mostly IgG; and IgG; isotypes) that trigger HRA in a
C5a-complement-dependent fashion [60,61]; however,
complement deposition is absent in CIU skin lesion biop-
sies, and serum complement depletion is not a feature of
autoimmune CIU [3]. Although serum HRA is claimed to
indicate autoantibody presence, a study of ~250 CIU
patients found poor agreement between serum HRA
results and serum Western blots using FceRIa [62]. Like-
wise, there is variable agreement between HRA and ASST
outcomes [59]. HRA is often cited as the ‘gold-standard’
assay to measure functional CIU autoantibodies. However,
the dependance of the assay on the behavior of the normal
donor’s basophils for a readout has hampered the standard-
ization of this method (e.g. variable basophil priming iz
vivo by ILL-3). Further, the presence of HRA in the serum of
nonatopic, non-CIU subjects remains unexplained, and
the topic of controversy [42]. The lack of standards, the
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use of a normal basophil donor, and sensitivity to other
serum factors such as IL.-3 also impacts a newer assay
testing CIU serum-induced basophil CD203c activation
[2°,63] and adds to the confusion about defining the
autoimmune CIU subset.

An ELISA assay for IgG anti-FceRIa autoantibodies
showed that these autoantibodies occurred in subjects
with other autoimmune skin diseases such as pemphigus
vulgaris and dermatomyositis and have a similar fre-
quency of autoantibodies to CIU subjects. However,
different IgG subclasses (IgG, and IgG,) are predominant
in non-CIU subjects, suggesting functional differences
[64]. A sensitive IEMA has found similar titers and
frequency of IgG anti-FceRla and IgG anti-IgE in
CIU and healthy controls [39°°] while others have shown
such autoantibodies are part of the natural repertoire of
the immune system [65].

CIU therapies and insights into pathogenesis
An examination of current therapies and insight into
possible pathogenic mechanisms operating in active
CIU disease has been reviewed recently [66°]. The
effectiveness of H1 and H2 antagonists as well as leuko-
triene receptor antagonists in treating CIU supports a
pathogenic role for tissue-resident basophils and mast
cells. The effectiveness of corticosteroids is difficult to
localize given their broad anti-inflammatory properties
and none of the present CIU therapies are curative.

Newer drugs directly targeting the IgE receptor pathways
of mast cells and basophils in allergic disease, such as Syk
inhibitors and omalizumab, a monoclonal antibody target-
ing free IgE at its binding site to the high affinity receptor
[67,68], have potential in CIU. Studies with omalizumab
have established that reducing free IgE levels reduces
basophil and skin mast cell FceRI expression and func-
tion in allergen-mediated skin reactions [69]. Recently,
mouse studies have noted unique IgE species, termed
highly cyokinergic IgE (HC IgE), that have the ability to
prevent mast cell apoptosis, activate FceRI signaling, and
induce mediator release by sensitization alone [70].
There is debate as to the exact mechanism by which
these IgE species activate cells, such as reactivity to
multiple epitope specificities or the ability to assume
multiple conformational states. As such, the possibility
of such altered IgE species in human disease has been
raised although a consistent finding is the need to culture
the cells before observing HC IgE activation of the cells
[71]. A series of case reports [72] and two small clinical
trials using omalizumab therapy in severe CIU subjects
(ASST-positive or unselected for autoimmune features)
showed remarkable and rapid symptom improvement in
subjects unresponsive to current antihistamine therapies.
Most importantly, these trials offer an insight into a
disease mechanism related to free IgE capture or IgE
receptor reduction on mast cells or basophils as a mech-
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anism of CIU disease [73°,74°]. Of note, both basopenia
and suppressed basophil FceRI function improve under
the conditions of IgE removal by omalizumab and are

reminiscent of changes seen in natural disease recovery
[73°].

In contrast, the elucidation of changes in the expression of
key regulatory elements in the FceRI pathway of CIU
subjects provides an opportunity for treatment with
newer, more specific immunomodulators developed
originally for the treatment of other immune-mediated
diseases. Specifically, the stratification of CIU patients
into subgroups such as CIU R and CIU NR in conjunction
with the profiling of even a limited number of signaling
proteins in basophils and cultured mast cells may prove
beneficial. The increased expression of Syk kinase
coupled with increased HR upon IgE sensitization in
CIU R mast cells suggests treatment with a Syk inhibitor
such as R112, proven effective in the treatment of allergic
rhinitis, may be useful in CIU [68]. A recently recognized
Syk inhibitor effective at preventing anaphylaxis in an
animal model also offers a potential therapeutic [75].
Small molecule SHIP-1 agonists, effective in rodent mast
cells, may prove useful for the treatment of CIU R, given
the high basal PIP; in their blood basophils [76]. Iz vitro
testing of the CIU subjects’ basophils or mast cells with
the candidate immunomodulator should shed light on the
potential 7z vivo effects. If successful in normalizing HR
then the drugs could be screened by skin chamber testing
before systemic administration. The application of sen-
sitive (<10,000 cells), specific methods such as reverse-
phase protein microarrays for profiling of signaling protein
expression in CIU lesions should suggest additional treat-
ment modalities [77].

Conclusion

Given the prevalence of the disease and lack of effective
treatment, there is an urgent need to advance our un-
derstanding of disease mechanisms and to develop
improved therapies for CIU. In CIU, skin lesions contain
degranulated mast cells, TH1+TH2+ lymphocytes, eosi-
nophils, neutrophils, and basophils, accompanied by a
paucity of circulating basophils with suppressed anti-IgE
HR. Investigations have focused on mast cell releasabil-
ity, basophil functional phenotypes, and the role of serum
factors. A recent clinical trial showed that targeting IgE
with omalizumab led to rapid symptom reduction,
increased blood basophil numbers, and enhanced baso-
phil FceRI-mediated HR. These findings strongly sup-
port a role for IgE and the FceRI-signaling pathway in
CIU disease pathogenesis. Furthermore, the elucidation
of changes in the expression of key regulatory elements in
the FceRI pathway of CIU subjects provides an oppor-
tunity for treatment with newer, more specific immuno-
modulators developed originally for the treatment of
other immune-mediated diseases. Specifically, the stra-
tification of CIU patients into subgroups such as CIU R
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and CIU NR in conjunction with the profiling of even a
limited number of signaling proteins in basophils and
cultured mast cells may prove beneficial.

References and recommended reading
Papers of particular interest, published within the period of review,
have been highlighted as:

e of special interest
ee Of outstanding interest

1. Greaves M: Chronic urticaria. J Allergy Clin Immunol 2000,
105:664-672.

2. Kaplan AP: Chronic urticaria: pathogenesis and treatment.

o J Allergy Clin Immunol 2004, 114:465-474.

This is a general review that discusses the current understanding of
autoimmune hypothesis of CIU.

3. ToubiE, Kessel A, Avshovich N, Bamberger E, Sabo E, Nusem D,
Panasoff J: Clinical and laboratory parameters in predicting
chronic urticaria duration: a prospective study of 139 patients.
Allergy 2004, 59:869-873.

4. Morgan M, Khan DA: Therapeutic alternatives for chronic
urticaria: an evidence-based review, part 1. Ann Allergy Asthma
Immunol 2008, 100:403-412.

This is a timely review of the current immunomodulators used for CIU.

5. Grob JJ, Revuz J, Ortonne JP, Auquier P, Lorette G: Comparative
study of the impact of chronic urticaria, psoriasis and
atopic dermatitis on the quality of life. Br J Dermatol 2005,
152:289-295.

6. O’Donnell BF, Lawlor F, Simpson J, Morgan M, Greaves MW: The
impact of chronic urticaria on the quality of life. Br J Dermatol
1997, 136:197-201.

7. Delong LK, Culler SD, Saini SS, Beck LA, Chen SC: Annual direct
and indirect costs of chronic idiopathic urticaria: a cost
analysis of fifty non-immunocompromised patients. Arch
Dermatol 2008, 144:35-39.

8. Smith CH, Kepley C, Schwartz LB, Lee TH: Mast cell number and
phenotype in chronic idiopathic urticaria. J Allergy Clin Immunol
1995, 96:360-364.

9. Jacques P, Lavoie A, Bedard PM, Brunet C, Hebert J: Chronic
idiopathic urticaria: profiles of skin mast cell histamine release
during active disease and remission. J Allergy Clin Immunol
1992, 89:1139-1143.

10. Cohen RW, Rosenstreich DL: Discrimination between
urticaria-prone and other allergic patients by intradermal
skin testing with codeine. J Allergy Clin Immunol 1986,
77:802-807.

11. Ying S, Kikuchi Y, Meng Q, Kay AB, Kaplan AP: TH1/TH2

ee cytokines and inflammatory cells in skin biopsy specimens
from patients with chronic idiopathic urticaria: comparison
with the allergen-induced late-phase cutaneous reaction.
J Allergy Clin Immunol 2002, 109:694-700.

This is a detailed description of the cellular infiltrate found in CIU subjects

with and without HRA.

12. Sabroe RA, Poon E, Orchard GE, Lane D, Francis DM, Barr RM,
Black MM, Black AK, Greaves MW: Cutaneous inflammatory cell
infiltrate in chronic idiopathic urticaria: comparison of
patients with and without anti-FcepsilonRI or anti-IgE
autoantibodies. J Allergy Clin Immunol 1999, 103:484-493.

13. Caproni M, Volpi W, Macchia D, Giomi B, Manfredi M, Campi P,
Cardinali C, D’Agata A, Fabbri P: Infiltrating cells and related
cytokines in lesional skin of patients with chronic idiopathic
urticaria and positive autologous serum skin test.

Exp Dermatol 2003, 12:621-628.

14. Gruber BL, Baeza ML, Marchese MJ, Agnello V, Kaplan AP:
Prevalence and functional role of anti-IgE autoantibodies in
urticarial syndromes. J Invest Dermatol 1988, 90:213-217.

15. Hide M, Francis DM, Grattan CE, Hakimi J, Kochan JP,
Greaves MW: Autoantibodies against the high-affinity IgE

receptor as a cause of histamine release in chronic urticaria.
N Engl J Med 1993, 328:1599-1604.

16. Brodell LA, Beck LA, Saini SS: Pathophysiology of chronic
urticaria. Ann Allergy Asthma Immunol 2008, 100:291-297.

17. Sheikh J: Autoantibodies to the high-affinity IgE receptor in
chronic urticaria: how important are they? Curr Opin Allergy Clin
Immunol 2005, 5:403-407.

18. Grattan CE, Dawn G, Gibbs S, Francis DM: Blood basophil
numbers in chronic ordinary urticaria and healthy controls:
diurnal variation, influence of loratadine and prednisolone
and relationship to disease activity. Clin Exp Allergy 2003,
33:337-341.

19. Caproni M, Giomi B, Volpi W, Melani L, Schincaglia E, Macchia D,
Manfredi M, D’Agata A, Fabbri P: Chronic idiopathic urticaria:
infiltrating cells and related cytokines in autologous serum-
induced wheals. Clin Immunol 2005, 114:284-292.

20. Grattan CE, Walpole D, Francis DM, Niimi N, Dootson G, Edler S,
Corbett MF, Barr RM: Flow cytometric analysis of basophil
numbers in chronic urticaria: basopenia is related to serum
histamine releasing activity. Clin Exp Allergy 1997,
27:1417-1424.

21. Charlesworth EN, Kagey-Sobotka A, Schleimer RP, Norman PS,
Lichtenstein LM: Prednisone inhibits the appearance of
inflammatory mediators and the influx of eosinophils and
basophils associated with the cutaneous late-phase response
to allergen. J Immunol 1991, 146:671-676.

22. Greaves MW, Plummer VM, McLaughlan P, Stanworth DR: Serum
and cell bound IgE in chronic urticaria. Clin Allergy 1974,
4:265-271.

23. KernF, Lichtenstein LM: Defective histamine release in chronic
ee urticaria. J Clin Invest 1976, 57:1369-1377.

This is the first report to describe that the suppression of the IgE receptor
pathway in active CIU subjects improves in disease remission.

24. Sabroe RA, Francis DM, Barr RM, Black AK, Greaves MW:
Anti-Fc(episilon)RI auto antibodies and basophil histamine
releasability in chronic idiopathic urticaria. J Allergy Clin
Immunol 1998, 102:651-658.

25. Luquin E, Kaplan AP, Ferrer M: Increased responsiveness of
basophils of patients with chronic urticaria to sera but
hypo-responsiveness to other stimuli. Clin Exp Allergy 2005,
35:456-460.

26. Vonakis BM, Vasagar K, Gibbons SP Jr, Gober L, Sterba P,

ee Chang H, Saini SS: Basophil FceRI histamine release parallels
expression of Src-homology2-containing inositol
phosphatases in chronic idiopathic urticaria. J Allergy Clin
Immunol 2007, 119:441-448.

Discussed the distinct basophil functional phenotypes in CIU and the

associated signaling changes.

27. Zhang J, Berenstein EH, Evans RL, Siraganian RP: Transfection
of Syk protein tyrosine kinase reconstitutes high affinity IgE
receptor-mediated degranulation in a Syk-negative variant of
rat basophilic leukemia RBL-2H3 cells. J Exp Med 1996,
184:71-79.

28. Kepley CL, Youssef L, Andrews RP, Wilson BS, Oliver JM: Syk
deficiency in nonreleaser basophils. J Allergy Clin Immunol
1999, 104:279-284.

29. Macglashan D, Miura K: Loss of syk kinase during IgE-mediated
stimulation of human basophils. J Allergy Clin Immunol 2004,
114:1317-1324.

30. Macglashan DW Jr: Relationship between spleen

e tyrosine kinase and phosphatidylinositol 5 phosphatase
expression and secretion from human basophils in the
general population. J Allergy Clin Immunol 2007,
119:626-633.

This study describes the relevant molecules regulating histamine release

in normal basophils.

31. Harris SJ, Parry RV, Westwick J, Ward SG: Phosphoinositide
lipid phosphatases: natural regulators of phosphoinositide
3-kinase signaling in T lymphocytes. J Biol Chem 2008,
283:2465-2469.

Current Opinion in Immunology 2008, 20:1-8

www.sciencedirect.com

Please cite this article in press as: Vonakis BM, Saini SS. New concepts in chronic urticaria, Curr Opin Immunol (2008), doi:10.1016/j.c0i.2008.09.005



http://dx.doi.org/10.1016/j.coi.2008.09.005

COIMMU-679; NO OF PAGES 8

32.

33.

34.

35.

36.

37.

38.

39.

Kimura T, Sakamoto H, Appella E, Siraganian RP: The negative
signaling molecule SH2 domain-containing inositol-
polyphosphate 5-phosphatase (SHIP) binds to the tyrosine-
phosphorylated beta subunit of the high affinity IgE receptor.
J Biol Chem 1997, 272:13991-13996.

Gimborn K, Lessmann E, Kuppig S, Krystal G, Huber M: SHIP
down-regulates FcepsilonR1-induced degranulation at
supraoptimal IgE or antigen levels. J Immunol 2005,
174:507-516.

Huber M, Helgason CD, Damen JE, Liu L, Humphries RK,
Krystal G: The src homology 2-containing inositol phosphatase
(SHIP) is the gatekeeper of mast cell degranulation. Proc Nat/
Acad Sci U S A 1998, 95:11330-11335.

Vonakis BM, Gibbons S Jr, Sora R, Langdon JM, MacDonald SM:
Src homology 2 domain-containing inositol 5 phosphatase is
negatively associated with histamine release to human
recombinant histamine-releasing factor in human basophils.
J Allergy Clin Immunol 2001, 108:822-831.

Gibbs BF, Rathling A, Zillikens D, Huber M, Haas H: Initial Fc
epsilon RI-mediated signal strength plays a key role in
regulating basophil signaling and deactivation. J Allergy Clin
Immunol 2006, 118:1060-1067.

Leung WH, Bolland S: The inositol 5 -phosphatase SHIP-2
negatively regulates IgE-induced mast cell degranulation and
cytokine production. J Immunol 2007, 179:95-102.

Vonakis BM, Saini SS: Syk-deficient basophils from donors with
chronic idiopathic urticaria exhibit a spectrum of releasability.
J Allergy Clin Immunol 2008, 121:262-264.

Eckman J, Hamilton RG, Gober LM, Sterba PM, Saini SS:
Basophil phenotypes in chronic idiopathic urticaria in relation
to disease activity and autoantibodies. J Invest Dermatol 2008,
128:1956-1963.

This study provides evidence of the stability of basophil phenotypes in
active CIU subjects, their shift in disease remission and independence
from the presence of autoantibodies. Further shows the similar frequency
and titer of autoantibodies in CIU and non-CIU subjects.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Baker R, Vasagar K, Ohameje N, Gober L, Chen SC, Sterba PM,
Saini SS: Basophil histamine release activity and disease
severity in chronic idiopathic urticaria. Ann Allergy Asthma
Immunol 2008, 100:244-249.

Lourenco FD, Azor MH, Santos JC, Prearo E, Maruta CW,

Rivitti EA, Duarte AJ, Sato MN: Activated status of basophils in
chronic urticaria leads to interleukin-3 hyper-responsiveness
and enhancement of histamine release induced by anti-IgE
stimulus. Br J Dermatol 2008, 158:979-986.

Vasagar K, Vonakis BM, Gober L, Viksman A, Gibbons SP Jr,
Saini SS: Evidence of in vivo basophil activation in chronic
idiopathic urticaria. Clin Exp Allergy 2006, 36:770-776.

Confino-Cohen R, Aharoni D, Goldberg A, Gurevitch |, Buchs A,
Weiss M, Weissgarten J, Rapoport MJ: Evidence for aberrant
regulation of the p21Ras pathway in PBMCs of patients with
chronic idiopathic urticaria. J Allergy Clin Immunol 2002,
109:349-356.

Ferrer M, Luquin E, Sanchez-lbarrola A, Moreno C, Sanz ML,
Kaplan AP: Secretion of cytokines, histamine and leukotrienes
in chronic urticaria. Int Arch Allergy Immunol 2002, 129:254-260.

Dos Santos JC, Azor MH, Nojima VY, Lourenco FD, Prearo E,
Maruta CW, Rivitti EA, da Silva Duarte AJ, Sato MN: Increased
circulating pro-inflammatory cytokines and imbalanced
regulatory T-cell cytokines production in chronic idiopathic
urticaria. Int Inmunopharmacol 2008, 8:1433-1440.

Confino-Cohen R, Goldberg A, Aharoni D, Naiman L, Buchs A,
Weiss M, Weissgarten J, Rapoport MJ: Low stimulated IL-4
secretion in PBMC from patients with chronic idiopathic
urticaria. Cytokine 2004, 27:74-80.

Piconi S, Trabattoni D, lemoli E, Fusi ML, Villa ML, Milazzo F,
Clerici M: Immune profiles of patients with chronic idiopathic
urticaria. Int Arch Allergy Immunol 2002, 128:59-66.

Kambe N, Kambe M, Kochan JP, Schwartz LB: Human skin-
derived mast cells can proliferate while retaining their

49.

50.

51.

52.

53.

54.

55.

New concepts in chronic urticaria Vonakis and Saini 7

characteristic functional and protease phenotypes. Blood
2001, 97:2045-2052.

Gomez G, Jogie-Brahim S, Shima M, Schwartz LB: Omalizumab
reverses the phenotypic and functional effects of IgE-
enhanced Fc epsilonRl on human skin mast cells. J Immunol
2007, 179:1353-1361.

O’Donnell BF, O’Neill CM, Francis DM, Niimi N, Barr RM,
Barlow RJ, Kobza Black A, Welsh Kl, Greaves MW: Human
leucocyte antigen class Il associations in chronic idiopathic
urticaria. Br J Dermatol 1999, 140:853-858.

Sabroe RA, Greaves MW: Chronic idiopathic urticaria with
functional autoantibodies: 12 years on. Br J Dermatol 2006,
154:813-819.

Sabroe RA, Seed PT, Francis DM, Barr RM, Black AK, Greaves MW:
Chronic idiopathic urticaria: comparison of the clinical features
of patients with and without anti-FcepsilonRI or anti-IgE
autoantibodies. J Am Acad Dermatol 1999, 40:443-450.

Sabroe RA, Fiebiger E, Francis DM, Maurer D, Seed PT,

Grattan CE, Black AK, Stingl G, Greaves MW, Barr RM:
Classification of anti-FcepsilonRI and anti-IgE autoantibodies
in chronic idiopathic urticaria and correlation with disease
severity. J Allergy Clin Immunol 2002, 110:492-499.

Fusari A, Colangelo C, Bonifazi F, Antonicelli L: The autologous
serum skin test in the follow-up of patients with chronic
urticaria. Allergy 2005, 60:256-258.

Mari A: Allergy-like asthma and rhinitis. A cross-sectional
survey of a respiratory cohort and a diagnostic approach
using the autologous serum skin test. Int Arch Allergy Immunol
2004, 133:29-39.

This study identifies the presence of ASST positivity in non-CIU popula-
tions.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Guttman-Yassky E, Bergman R, Maor C, Mamorsky M, Pollack S,
Shahar E: The autologous serum skin test in a cohort of
chronic idiopathic urticaria patients compared to respiratory
allergy patients and healthy individuals. J Eur Acad Dermatol
Venereol 2007, 21:35-39.

Fagiolo U, Kricek F, Ruf C, Peserico A, Amadori A, Cancian M:
Effects of complement inactivation and IgG depletion on skin
reactivity to autologous serum in chronic idiopathic urticaria.
J Allergy Clin Immunol 2000, 106:567-572.

Grattan CE, Francis DM, Hide M, Greaves MW: Detection of
circulating histamine releasing autoantibodies with functional
properties of anti-IgE in chronic urticaria. Clin Exp Allergy 1991,
21:695-704.

Asero R, Tedeschi A, Riboldi P, Griffini S, Bonanni E, Cugno M:
Coagulation cascade and fibrinolysis in patients with multiple-
drug allergy syndrome. Ann Allergy Asthma Immunol 2008,
100:44-48.

Soundararajan S, Kikuchi Y, Joseph K, Kaplan AP: Functional
assessment of pathogenic IgG subclasses in chronic
autoimmune urticaria. J Allergy Clin Immunol 2005, 115:815-821.

Kikuchi Y, Kaplan AP: A role for C5a in augmenting IgG-
dependent histamine release from basophils in chronic
urticaria. J Allergy Clin Immunol 2002, 109:114-118.

KikuchiY, Kaplan AP: Mechanisms of autoimmune activation of
basophils in chronic urticaria. J Allergy Clin Immunol 2001,
107:1056-1062.

Yasnowsky KM, Dreskin SC, Efaw B, Schoen D, Vedanthan PK,
Alam R, Harbeck RJ: Chronic urticaria sera increase
basophil CD203c expression. J Allergy Clin Immunol 2006,
117:1430-1434.

Fiebiger E, Hammerschmid F, Stingl G, Maurer D: Anti-
FcepsilonRlalpha autoantibodies in autoimmune-mediated
disorders. Identification of a structure—function relationship.
J Clin Invest 1998, 101:243-251.

Bobrzynski T, Fux M, Vogel M, Stadler MB, Stadler BM,
Miescher SM: A high-affinity natural autoantibody from human
cord blood defines a physiologically relevant epitope on the
FcepsilonRlalpha. J Immunol 2005, 175:6589-6596.

www.sciencedirect.com

Current Opinion in Immunology 2008, 20:1-8

Please cite this article in press as: Vonakis BM, Saini SS. New concepts in chronic urticaria, Curr Opin Immunol (2008), doi:10.1016/j.c0i.2008.09.005



http://dx.doi.org/10.1016/j.coi.2008.09.005

COIMMU-679; NO OF PAGES 8

8 Allergy and Hypersensitivity

66.

This is an excellent review of novel immunomodulators with potential to

Bingham lii CO: Immunomodulatory approaches to the
management of chronic urticaria: an immune-mediated
inflammatory disease. Curr Allergy Asthma Rep 2008,
8:278-287.

benefit CIU subjects.

67.

68.

69.

70.

71.

72.

Saini SS, MacGlashan D: How IgE upregulates the allergic
response. Curr Opin Immunol 2002, 14:694-697.

Meltzer EO, Berkowitz RB, Grossbard EB: An intranasal
Syk-kinase inhibitor (R112) improves the symptoms of
seasonal allergic rhinitis in a park environment. J Allergy Clin
Immunol 2005, 115:791-796.

Beck L, Marcotte G, MacGlashan DW Jr, Togias A, Saini S:
Omalizumab induced reductions in mast cell FceRI
expression and function. J Allergy Clin Immunol 2004,
114:527-530.

Kawakami T, Kitaura J: Mast cell survival and activation by IgE
in the absence of antigen: a consideration of the biologic
mechanisms and relevance. J Immunol 2005, 175:4167-4173.

Xie L, Schroeder JT, Langdon JM, Sora-Scott RS, Kawakami T,
MacDonald SM: Human IgE+ and IgE— are not equivalent to
mouse highly cytokinergic IgE. J Allergy Clin Immunol 2008,
121:1027-1033.

Spector SL, Tan RA: Effect of omalizumab on patients with
chronic urticaria. Ann Allergy Asthma Immunol 2007, 99:190-193.

73.

L]
This
74.

L]
This
75.

76.

77.

78.

Gober L, Sterba P, Eckman J, Saini S: Effect of anti-IgE
(omalizumab) in chronic idiopathic urticaria patients. J Allergy
Clin Immunol 2008, 121:5147.

is a placebo-controlled study of omalizumab in CIU.

Kaplan AP, Joseph K, Maykut RJ, Zeldin RK: Treatment of
chronic autoimmune urticaria with omalizumab. J Allergy Clin
Immunol 2008, 122:569-573.

is a controlled trial of omalizumab in ASST positive subjects.

Rossi AB, Herlaar E, Braselmann S, Huynh S, Taylor V, Frances R,
Issakani SD, Argade A, Singh R, Payan DG et al.: Identification of
the Syk kinase inhibitor R112 by a human mast cell screen.
J Allergy Clin Immunol 2006, 118:749-755.

Ong CJ, Ming-Lum A, Nodwell M, Ghanipour A, Yang L,
Williams DE, Kim J, Demirjian L, Qasimi P, Ruschmann J et al.:
Small-molecule agonists of SHIP1 inhibit the
phosphoinositide 3-kinase pathway in hematopoietic cells.
Blood 2007, 110:1942-1949.

VanMeter A, Signore M, Pierobon M, Espina V, Liotta LA, Petricoin
EF 3rd: Reverse-phase protein microarrays: application to
biomarker discovery and translational medicine. Expert Rev Mol
Diagn 2007, 7:625-633.

Saini S, Paterniti M, Vasagar K, Gibbons SC Jr., Sterba PM, Vonakis
BM, Cultured mast cells from chronic idiopathic urticaria patients

spontaneously degranulate upon IgE sensitization: relationship to

expression of Syk and SHIP-2, submitted for publication.

Current Opinion in Immunology 2008, 20:1-8

www.sciencedirect.com

Please cite this article in press as: Vonakis BM, Saini SS. New concepts in chronic urticaria, Curr Opin Immunol (2008), doi:10.1016/j.c0i.2008.09.005



http://dx.doi.org/10.1016/j.coi.2008.09.005

	New concepts in chronic urticaria
	Introduction
	Cellular infiltrate in CIU and disease mechanisms
	Basophils in CIU
	Lymphocytes in CIU disease
	Mast cells in CIU disease
	Assessment of serologic autoimmune assays
	CIU therapies and insights into pathogenesis
	Conclusion
	References and recommended reading


