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Atopy in chronic urticaria: an
important yet overlooked issue
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Chronic urticaria (CU) is one of the most common dermatological diseases and

has a significant impact on the quality of life of patients. However, the

pathogenesis of this disease remains unclear. Autoimmunity in chronic

spontaneous urticaria (CSU) has received considerable attention and has been

studied previously. Atopy is an important characteristic of CU; however, it has not

been fully recognized. Atopy predisposes individuals to immune responses to

allergens, leading to type 2 inflammation and immunoglobulin E (IgE)

overproduction. Compared with healthy individuals, patients with CU have a

higher proportion of atopy, and an atopic background is correlated with the

clinical characteristics of CU. The total IgE levels in patients with CU is

significantly higher than those in healthy individuals. Although its level is not

higher than that in classic allergic diseases, it is closely related to CU. Exogenous

allergens, auto-allergens, and specific IgEs, which are closely related to atopy,

have been reported, and their roles in CU pathogenesis are also being studied.

Local and systemic atopic inflammation is present in patients with CU. This

review summarizes the current knowledge regarding atopy and CU, speculating

that there are CU subtypes, such as atopic CSU or atopic chronic inducible

urticaria (CIndU) and that atopy may be involved in the pathogenesis of CU.

These findings provide a new perspective for a comprehensive understanding of

the clinical features of CU and further research regarding its pathogenesis.
KEYWORDS

chronic urticaria, chronic spontaneous urticaria, chronic inducible urticaria, atopy, IgE,
mast cell
1 Introduction

Chronic urticaria (CU) is a pruritic skin disease defined as the occurrence of evanescent

wheals, angioedema, or both for more than six weeks. It can be divided into chronic

spontaneous urticaria (CSU) and chronic inducible urticaria (CIndU) (1, 2). Due to its long

course and recurrent symptoms, CU imposes a great burden on patients, patient families,

healthcare systems, and society as a whole (3). The pathogenesis of CU is not fully

understood. Since the 1990s, several studies have focused on autoimmunity in CSU,

identifying a potential autoimmune etiology in up to 50% of patients with this condition
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(4). However, the autoimmune theory does not fully explain the

pathogenesis of CSU and is less relevant for CIndU. A large

proportion of CU cases are of unknown etiology, and studies

regarding the etiology and mechanism of CIndU are rare. Atopy

is a predisposition to immunological responses to allergens, leading

to type 2 inflammation and immunoglobulin E (IgE)

overproduction (5). Patients with atopy often present with

allergen-specific IgE, elevated total IgE levels, or a definite history

of atopic diseases (6). Compared to other typical allergic diseases

(such as atopic dermatitis (AD), allergic conjunctivitis, allergic

rhinitis (AR), and asthma), atopy is often considered less

important in the setting of CU. However, increasing evidence has

shown that atopy is a predisposing factor for CU. Targeting free IgE

and its receptor with antibodies provides an effective treatment for

CSU and most subtypes of CIndU (7), resulting in a strong

association between atopy and CU. This review focuses on the

research progress of atopy in the clinical aspects, etiology, and

pathophysiology of CU.
2 High prevalence of atopy in CU

Individuals with atopy frequently have one or more atopic

disorders, such as AR, asthma, AD, and allergic conjunctivitis.

Patients with CU commonly present with atopic diseases. Nassif

(8) reported that 82 of 85 patients with CU had a personal and/or

familial atopic status (asthma, eczema, or AR/allergic conjunctivitis

history), suggesting that CU may be part of the atopic diathesis, in

addition to asthma, eczema, and AR/allergic conjunctivitis. To

further reveal the relationship between atopic disorders and CU,

Shalom et al. (9) conducted a large cross-sectional study of 11,271

patients with CU and 67,216 controls, revealing that 19.9%, 10.8%,

and 9.8% of patients with CU had AR, asthma, and AD,

respectively, compared to 10.1%, 6.5%, and 3.7% of controls (all

significantly different). Another population-based retrospective

cohort study from Taiwan included 9,332 patients with CU and

37,328 controls, and reported that CU was significantly associated

with AD and AR (10). Similarly, a study of 1,108,833 adolescents

from Israel found that individuals with CSU were significantly more

likely to have allergic diseases, including food allergy (odds ratio

(OR): 7.31, 95% confidence interval (CI): 6.13-8.72), AR (OR: 2.9,

95% CI: 2.71-3.11), AD (OR: 2.35, 95% CI: 2.03-2.72), and asthma

(OR: 1.46, 95% CI: 1.35-1.57) (11). Kitsioulis et al. reported that

children with a history of an early diagnosis of AD were at an

increased risk of later CSU occurrence (OR: 2.923, 95% CI: 1.647-

5.189, p < 0.001) (12). Taken together, these studies suggest a

significant association between CU and atopic diseases.

In addition to the concomitant presence of atopic diseases,

sensitization to allergen-specific IgE, which is an important

indicator of atopy, is also a concern in patients with CU. The

positive sensitization rate of patients with CU to various allergens

according to the skin prick test (SPT) or serum-specific IgE test

ranged from 17.2–95.83% (Table 1), which was significantly higher

than that of healthy individuals (13–33). Among the allergens

identified in patients with CU, house dust mites (HDM) are often

the most common (13, 14, 16, 26, 29), followed by weed (mugwort
Frontiers in Immunology 02
and ragweed) and tree pollen, cereal pollen, cockroaches, weeds, cat

hair, rat, and Candida albicans and mixed molds (17, 19, 21, 22, 31,

32). In addition, an association between CU and Anisakis simplex

(As) sensitization has been reported, and the sensitization rates to

pollen, dander, and mold in patients with CU with sensitization to

As (CU/As+) were significantly higher than those in patients

without As sensitization (CU/As-) (18). Multiple allergen

sensitization is more common than single allergen sensitization in

patients with CU, and sensitization to one allergen in patients with

CU may lead to subsequent sensitization to other allergens (18, 34).

The rates of allergen sensitization were significantly higher in

patients with CU, regardless of the presence or absence of a history

of atopy (14, 21). Among patients with CU without comorbid atopic

disorders, the proportion of patients sensitized to exogenous

allergens is high. Caliskaner et al. (13) reported that 27.4% of

patients with CU without AR and/or asthma are sensitized to one or

more inhaled allergens, which is significantly higher than that in

healthy controls (7%). In addition, there are differences in the

prevalence of atopy among the different CU subtypes. Cholinergic

urticaria (CholU) and cold urticaria have higher rates of atopic

predisposition, with the highest reported rates of 57% and 89.3%,

respectively (25, 35, 36). In a recent atopy analysis of CIndU

subtypes, including CholU, symptomatic dermatographism, cold

contact urticaria, and heat contact urticaria, no significant

differences in the SPT-positive rates were observed between these

four subtypes, though CholU had the highest rate of atopic history

(57.1%) (33). No comparative studies regarding the proportions of

CholU and CSU atopy have been reported, and the prevalence of

atopy in other CU subtypes requires further investigation.
3 Clinical relevance of allergen
sensitization to CU

Sensitization to allergens is a hallmark of atopy; however, its

clinical relevance to CU has not been adequately studied, and the

existing findings are controversial. As previous studies have found

that positive allergens are not typically associated with CU

symptoms and avoidance of these allergens does not prevent

recurrence, CU is not considered an allergic disease (20).

However, this may not be accurate. Recurrent urticaria

associated with dietary allergies is frequently diagnosed as CU,

and previous studies have shown that IgE sensitization via wheat

and barley allergens is a causative factor for CU (37, 38). Allergen

immunotherapy, a treatment that induces tolerance to specific

allergens, has been reported to relieve urticaria and respiratory

symptoms in patients with concomitant CU and respiratory

allergies (39, 40). In contrast, the exacerbation of urticaria

symptoms during HDM immunotherapy for CU has been

reported (41). Acetylsalicylic acid sensitization has been reported

to cause CU via desensitization (42). These reports suggest that

allergens may be causative or deteriorating factors in patients

with CU.

Increasing evidence suggests that allergen sensitization is

clinically relevant to CU. As summarized in Table 1, Kulthanan

et al. reported clinical correlations between allergen sensitization
frontiersin.org
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TABLE 1 Studies exploring the allergen sensitization in CU.

Author
(year)

Type
of CU

No.
of

patients

Categories of
allergens and
positive rate

Detection
method

Total
presence
of atopy

History of atopy Clinic correlation

Caliskaner
et al (13)

CUA 259 Mites (24.7%),
Pollens (7.7%),
Molds (0.4%),

Animal dander (0),
Cockroach (0.8%)

SPT 27.4% Patients with a history of
atopy were excluded

Not given

Mahesh
et al (14)

CU 122 HDM SPT 64% Patients with a history of
allergic rhinitis (28.7%),
asthma (23.8%), contact
dermatitis (2.5%), drug

allergies (3.3%),
conjunctivitis (0.8%)

Not given

Kulthanan
et al (15)

COU 88 16 food allergens
and 12 aeroallergens

SPT 47.7% Personal history of atopy
(31.8%), family history of

atopy (33%)

Not given

Kulthanan
et al (16)

CIU 172 HDM SPT 34.9% Personal history of atopy
(28.5%), family history of

atopy (26.7%)

Little clinical relevance (3.3%)
to their urticarial symptoms.

Staubach
et al (17)

CSU 112 Candida albicans
(CA) and

mold allergens

Intracutaneous
skin testing

(IST);
specific IgE

IST: 45%
specific
IgE: 13%

Not given Not given

Daschner
et al (18)

CU 129 Aeroallergens SPT CU/ As
+:60.4%

CU/ As-: 45%

21.3% of CU/As- and
42.2% of CU/As+ suffered

from RCBA

Not given

Refaat
et al (19)

CIU 174 Common
aeroallergens
mites (13.8%),
pollens (5.2%),

mixed molds (4%)

SPT and
specific IgE

17.2% Respiratory allergic
diseases were excluded

Not given

Augey
et al (20)

CU 128 Aeroallergens and
food allergens

SPT and
specific IgE

46.7% Personal, familial (first-
degree relatives), familial
and/or personal histories
of atopic diseases were
reported by 42%, 55.5%,
68% of the CU patients

Not given

de Vos
et al (21)

CU 37 Mugwort pollen SPT 18.9% CU patients with
coexisting allergic rhinitis
were more likely to be
sensitized to mugwort as
subjects not suffering

from CU (67 vs. 30%; p
= 0.004).

Not given

Gecer
et al (22)

CIU 50 Aeroallergens,
HDM (16%),

mixture of 4 cereals
(16%), mixture of 5

grasses (12%),
mixture of 12
grasses (12%)

SPT 32% Not given Not given

Song
et al (23)

CSU 862 HDM SPT 17.7% Not given Patients with positive SPT had
higher UAS and DLQI values

Bains
et al (24)

CIU 41 130 allergens (66
aeroallergens and 64

food allergens),
dust and pollen
(26.83%), food
(21.9%), insects

SPT 63.41% Personal and family
history of atopy was
reported in 14.63 and
9.76%, respectively

Not given

(Continued)
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and urticaria symptoms (16), and Song et al. (23) reported more

conclusive evidence. This study investigated the correlation between

HDM IgE sensitization and clinical status in 862 patients with CSU

and reported that the disease activity of patients with HDM
Frontiers in Immunology 04
sensitization was significantly higher than that of non-sensitized

patients. Furthermore, 23 patients with strong sensitization to

HDM had significantly aggravated urticaria symptoms when they

continued to live in a room with high HDM density, while their
TABLE 1 Continued

Author
(year)

Type
of CU

No.
of

patients

Categories of
allergens and
positive rate

Detection
method

Total
presence
of atopy

History of atopy Clinic correlation

(17.07%), fungus
(12.20%),

Dermatophagoides
farinae (7.32%)

Altrichter
et al (25)

CholU 30 Inhaled allergens Specific IgE 57% Not given Atopy was linked to high
CholU severity, activity and
impact on quality of life

Lee et al (26) AU
and CU

218 Common
aeroallergens

Specific IgE 54% Not given CU have a higher prevalence of
sensitization to HDM and
polysensitization than

acute urticaria

Altrichter
et al (27)

CSU 49 Staphylococcus
aureus enterotoxins

(SEs), SEB

Specific IgE 51% Not given SEB-IgE levels were strongly
correlated with disease activity

in CSU patients, BHR in
response to SEB was clinically

correlated with duration
of disease

Latif
et al (28)

CSU 70 Aeroallergens and
food allergens, HDM

is the mostly
frequent

allergen (34.8%)

Specific IgE 65.7% Patients were without
other allergic diseases

Not given

Zhou
et al (29)

pediatric
patients
with CU

96 34 aeroallergens and
food allergens, dust
mites and insects
(16.67%), main

allergens (10.42%),
food

additives (8.33%)

Specific IgE 95.83% Not given Not given

Park
et al (30)

CU
in

children

253 Dermatophagoides
pteronyssinus, D.
farinae, egg white,
cow’s milk, wheat,
soybean, and peanut

SPT and
specific IgE

41.1% Personal history of atopy
(≥20.1%), family history

of atopy (≥15.0%)

Allergic sensitization was a risk
factor associated with longer

duration CU

Ping
et al (31)

CU 818 Inhaled and food
allergens, D.
pteronyssinus

(34.5%), cockroach
(12.5%) and tree

pollen mix (11.1%)

Specific IgE 48.0% Not given Positive rates for the majority
of allergens were higher in

males than in females and were
significantly different between

age groups

Esmaeilzadeh
et al (32)

CSU 91 The most
prevalent

aeroallergens

SPT 82.4% 40.7% of the patients had
allergic rhinitis

Not given

Chen
et al (33)

CIndU 168 34 aeroallergens and
food allergens

SPT 42.9% 16.7% of CIndU patients
had a personal history

of atopy

The allergen sensitization and
atopic disease history of

CIndU patients were associated
with disease severity, pruritus
intensity, quality of life, and
the proportion of cases with
complicated angioedema
CU, chronic urticaria; CUA, chronic urticaria and angioedema; CIU, chronic idiopathic urticaria; CSU, chronic spontaneous urticaria; AU, acute urticaria; CIndU, chronic inducible urticaria;
CSPT, skin prick test; HDM, house dust mite; COU, chronic ordinary urticaria, excluding physical urticaria and other special types of urticaria; As, sensitization against Anisakis simplex; RCBA,
allergic rhinoconjunctivitis and/ or bronchial asthma; CholU, cholinergic urticaria; UAS, urticaria activity score; DLQI, Dermatology Life Quality Index; SEB, staphylococcal enterotoxin B; BHR,
basophil histamine release.
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symptoms significantly improved when the HDM exposure was

avoided (23). Altrichter et al. (27) reported that levels of

staphylococcal enterotoxin B (SEB)-specific IgE were strongly

associated with disease activity in patients with CSU, while the

degree of basophil histamine release (BHR) induced by SEB was

clinically correlated with disease duration. In addition, a

retrospective cohort study including 4,552 patients with CU

reported that HDM sensitization is an important factor affecting

the remission of CU (43). Another Korean study confirmed that

children sensitized to common inhaled and food allergens had a

longer natural course of CU (30), indicating that allergen

sensitization may be related to the poor prognosis of CU. In a

recent study regarding atopy and CIndU, patients with CIndU and

allergen sensitization or a history of atopic disease had a longer

natural history than those non-atopic individuals, though the

difference was not significant (33).

The distribution of allergen sensitization in patients with

urticaria appears to be related to sex. Kulthanan et al. (16)

reported that HDM sensitization was more common in male

patients with CU than in female patients, and Ping et al.

demonstrated the same sex distribution difference in atopy in

patients with CU in a larger sample study (31). CU and acute

urticaria had different allergen sensitization spectra; however, the

reason for this phenomenon remains unclear (31). Some CU

subtypes are more closely associated with atopy. Patients with an

atopic predisposition had higher CholU severity, activity, and

impact on quality of life, as well as different comorbidity profiles

and seasonal exacerbation patterns compared to patients without an

atopic predisposition (25). In addition, sweat allergy, a type I

hypersensitivity reaction to sweat components, is observed in

patients with CholU and AD (44). Sweat allergy is closely related

to the clinical manifestations and treatment response of CholU and

is a key factor in the CholU classification (45).
4 High total IgE and its clinical
relevance in CU

Atopy is the familial or individual tendency to overproduce IgE

antibodies. Therefore, elevated serum total IgE levels are generally

considered important markers of atopy (46). Elevated total serum

IgE levels in patients with CU were first reported by Greaves et al.

approximately 50 years ago (47). Subsequently, an increasing

number of studies have confirmed this phenomenon (48). A high

proportion (18-82%) of patients with CSU have elevated serum total

IgE levels, though these levels were lower than those in patients with

classic allergic diseases, such as AD (48–50). The IgE level of

patients with CSU and AD are significantly higher than those of

patients with CSU without AD (51). In addition, another study

reported that the expression of IgE high-affinity receptors (FcϵRI)
on basophils of patients with CIndU, regardless of the subtype, is

significantly increased and correlated with the response to

omalizumab treatment (52). Although it was not observed that

the total serum IgE level was significantly higher in patients with

CIndU than in healthy individuals, the total serum IgE level was

higher in patients resistant to antihistamines (52). More studies
Frontiers in Immunology 05
regarding the total serum IgE levels in patients with CIndU and its

subtypes are needed.

The total IgE levels vary considerably among different types of

CSU. Autoimmunity plays an important role in the pathogenesis of

CSU, which is divided into autoimmune CSU (aiCSU) and non-

autoimmune CSU. aiCSU can be further divided into type I (also

known as auto-allergic CSU) and type IIb aiCSU (53). The presence

of auto-IgE is a hallmark of auto-allergic CSU, and studies have

shown that the total IgE level and the proportion of atopy in

patients with CSU and auto-IgE are significantly higher than those

patients with CSU without auto-IgE (54–56). In contrast, patients

with type IIb aiCSU typically have very low levels of total IgE and

often have a positive autologous serum skin test (ASST) or positive

thyroid autoantibodies (57). Some patients have positive ASST and

SPT, though the total IgE level in these patients was lower than that

in patients with negative ASST and positive SPT (23).

The correlation between the total IgE level and the disease

characteristics of patients with CSU is unclear. Elevated serum total

IgE levels in patients with CSU are positively correlated with disease

severity and the natural course of the disease (49). Choi et al.

reported that total IgE levels are significantly and positively

correlated with the Urticaria Activity Score (UAS) and Chronic

Urticaria Quality of Life Questionnaire score (58). However, a

cluster study reported no significant correlation between serum

total IgE levels and CU remission or relapse (43). This association

may differ in different patient populations. Kocaturk et al. reported

that symptoms were more severe in pregnant patients with CSU

with low total IgE levels (59). Although patients with type IIb aiCSU

usually have low total IgE levels, they are commonly characterized

by a high degree of disease severity (60). Therefore, the relationship

between total IgE levels and the severity of CSU disease is

controversial and only consistent with specific circumstances.

The relationship between total serum IgE levels and treatment

response in patients with CSU is of great interest. Previous studies

have not found a correlation between serum total IgE levels and

response to antihistamines in patients with CSU (51, 61). However,

patients with CIndU with higher total IgE levels are resistant to

antihistamine treatment (52). The total IgE levels are associated

with cyclosporine treatment outcomes, as patients with high total

IgE levels have a poor response to cyclosporine treatment (62). The

relationship between total IgE levels and omalizumab treatment has

been widely reported, and includes treatment response (63), onset

time (64), and relapse after drug withdrawal (65). Overall, the total

IgE level can be used as a reference for administering omalizumab

or cyclosporine for the treatment of refractory CSU as a high level of

total IgE predicts that the patient is likely to respond well to

omalizumab and be resistant to cyclosporine.

Free IgE cannot be distinguished from complex IgE in the

circulation using conventional methods (66). Serum-free IgE levels

are more predictive of atopic status than total IgE levels (46). Jang

et al. (67) recently developed a novel assay to measure serum-free

IgE levels in patients with CSU. Patients with CSU with atopy had

significantly higher serum free IgE levels than those without atopy

(67), while no associations were noted with UAS, urticaria duration,

or response to omalizumab. However, patients with elevated levels

of Der p-specific IgE and its ratio to the level of serum total free IgE
frontiersin.org
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have favorable responses to omalizumab (67). Therefore, the

clinical relationship between serum-free IgE levels and CSU

requires further confirmation.
5 Exogenous allergens and auto-
allergens in CU

Allergen sensitization is one of the most prominent signs of

atopy. Similar to classic type I hypersensitivity involving exogenous

allergens, mechanisms of mast cell (MC) activation and

degranulation may also be present in the setting of CU. Specific

targets of IgE-induced MC degranulation in patients with CU may

be exogenous or endogenous.

IgE targeting classic exogenous allergens, such as aeroallergens

and food allergens, has been detected in some patients with CSU;

however, its pathogenic function remains unclear and controversial

(15, 21, 68). Most exogenous allergen exposures do not directly

induce CU symptoms, and specific IgE levels are not believed to be

related to CU symptoms. However, Altrichter et al. reported that

specific IgE against SEB are common and functional in patients with

CSU, as determined using the BHR test (27). However, the

proportion of histamine release induced by SEB-specific IgE

among the total amount of histamine released in patients with

CSU is very low and not enough to induce the occurrence and

recurrence of CSU symptoms, suggesting that either the occurrence

of CSU requires the simultaneous stimulation of multiple

exogenous allergen-specific IgEs or that these specific IgEs trigger

inflammation by acting on inflammatory cells other than MCs (69,

70). In addition, more than 50% of the patients with CU tested

positive for nasal Staphylococcus aureus, which may be the

underlying cause of SEB sensitization (71, 72). Overall, more

research regarding the involvement of exogenous allergens in the

pathogenesis of CU is necessary.

Auto-allergens, also known as endogenous allergens, have

attracted increasing attention in research regarding the

pathogenesis of CU. Bar-Sela et al. detected IgE autoantibodies

against thyroid peroxidase (TPO) in patients with CU (73), and

several other studies have detected IgE-type antithyroid

autoantibodies (AAbs), including anti-TPO IgE and anti-

thyroglobulin IgE, in different populations and races of patients

with CSU (55, 56, 74–79). In 2019, Sanchez et al. confirmed the

pathogenic role of anti-TPO IgE in patients with CSU using in vitro

and in vivo tests (55). Sanchez et al. reported that peripheral blood

basophil CD203c expression was significantly increased in patients

with anti-TPO IgE-positive CSU after exposure to TPO as well as

significant positive responses in intradermal and SPT with TPO

(55). Urticarial wheals are also induced by transferring serum

containing anti-TPO IgE to healthy controls (55). A study of

patients with urticaria intolerant to aspirin reported similar

results (56). In addition to thyroid-related autoantigens and IgE,

more autoantigens and specific IgEs associated with CU have been

identified (Table 2). Eosinophil cationic protein and eosinophil

peroxidase (EPX)-specific IgE antibodies have been observed in

patients with severe CSU (77). The extracellular domain of TPO

shares approximately 45% similarity with the myeloperoxidase of
Frontiers in Immunology 06
eosinophils (84). An IgE cross-reaction between EPX and TPO and

IgE sensitization to EPX preceded sensitization to TPO (77).

Kashiwakura et al. reported that the anti-dsDNA IgE levels in

patients with CU were significantly higher than those in healthy

individuals, and its role in the pathogenesis of CU was confirmed by

the basophil activation test (80). Cugno et al. first reported that

tissue factor (TF)-specific IgE antibodies were elevated in patients

with CSU and that these antibodies could functionally mediate the

release of leukotriene C4 (LTC4) from peripheral blood basophils

upon TF stimulation (79). Asero et al. detected the levels of IgE

autoantibodies to FcϵRI exceeding the upper normal limit in six

patients (30%) via sandwich enzyme-linked immunosorbent assay.

Therefore, FcϵRI may be a novel auto-allergen in patients with CSU

(81). Most recently, Su et al. reported that one in five patients with

CSU has serum IgE specific for tissue transglutaminase 2 (TG2), an

autoantigen. Functional assays were used to confirm that TG2- and

TG2-specific IgE can induce the activation and degranulation of

human skin MCs (82). In contrast to other studies, Schmetzer et al.

detected over 200 autoantigens recognized by IgE in the serum of

patients with CSU using microarray analyses, of which eight

autoantigens were accessible in the skin, including IL-24. Among

the autoantigen-specific IgE antibodies, IL-24 has the highest level

of specific IgE in the serum (83) and can induce the degranulation

of sensitized MCs from the serum of patients with CSU, but not in

MCs incubated with serum from healthy control patients (83). As

an increasing number of autoantigens and corresponding IgEs have

been identified, their clinical value in CU has attracted attention.

Although anti-TPO IgE is not a specific biomarker for CSU, it plays

a pathogenic role in inducing effector cell activation and skin

exacerbation in some patients with CSU (55). Elevated IgE anti-

FcϵRI in patients with CSU may be associated with late-and non-

responses to omalizumab treatment (81, 85), which serve as

predictors of response to omalizumab. Anti–IL-24 IgE levels are

associated with disease activity (83). However, other studies have

reported no clinical relevance of autoantigens or the corresponding

IgE levels. Therefore, additional studies are needed to identify the

clinical value of autoantigens and their corresponding IgEs in

patients with CU.

Few studies regarding the roles of exogenous or endogenous

allergens in patients with CIndU have been reported. Hide et al.

initially reported that more than half of the basophils from patients

with CholU had increased histamine release when stimulated with

semi-purified sweat antigens, though basophils from healthy

individuals did not (86). They further found that the serum levels

of specific IgE against MGL_1304, the major allergen in human

sweat, were significantly higher in patients with CholU than in

healthy controls (87). MGL_1304 is secreted by Malassezia globosa

and induces the release of histamine from human basophils (88).

Auto-allergy is considered an important mechanism of CIndU. In

some patients, such as those with solar urticaria, relevant

autoantigens have been identified and characterized using IgE

(89). In addition, some factors of CIndU, including those

assoc iated with cold contac t urt icar ia , symptomat ic

dermographism, and solar urticaria, are transferable, and the

transferable factors in the serum may be specific IgE against a

currently unknown auto-allergen (90–92). In CIndU, an
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TABLE 2 Studies exploring autoallergens in CU.

n

Control group Clinic correlation

None The association between CU and thyroid
autoimmunity in patients with high titers
of specific IgE autoantibodies should be
further investigated.

None The detection of IgE specific for TPO is
an occasional finding and that these
antibodies are unlikely to play a
pathogenic role in most cases of CU.

None IgE anti-thyroid antibodies do not appear
to play a causal role in urticaria in the
majority of patients

Median 1.46, IQR
0.27–4.45

A sizeable subgroup of CSU patients
expresses IgE antibodies against TPO.

Positive rate: 0%
value: 0.111±0.050
(O.D. value)

It is suggested that specific IgE to TPO
play a pathogenic role in AICU.

ND Anti-TPO IgE is not a specific biomarker
for CSU, but it plays a pathogenic role in
inducing effector cell activation and skin
exacerbation in some patients with CSU.

ND Explain thyroid problems in
CSU patients.

TPO: 6.8%
TG: 2.9%

Highlights the correlation between IgE
and IgG anti-thyroid AAbs.

EPX: 3.6%
ECP: 1.6%

In the CSU group, there was a correlation
between the anti-EPX IgE and anti-TPO
IgE levels

Significant lower than
that in CU

dsDNA can activate of basophils from
patients with CU who tested positive for
anti-dsDNA IgE
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Author
(year)

Autoallergen No. of
patients /
Type
of CU

Atopy of
the
patients

Type of assay Cut-off (IU/mL) Positive
rate

IgE-anti-
autoallergen
levels (media
or mean:
IU/mL)

Bar-Sela
et al (73)

TPO 6 / CU Total IgE 450
IU/mL

ELISA ND 1/6 >500 IU/mL

Tedeschi
et al (74)

TPO 35 / CU ND Radioimmunoassay ND 0 ND

Concha
et al (75)

TPO / TG 20 / CU ND ELISA ND 2/20 ND

Altrichter
et al (76)

TPO 478 / CSU ND ELISA 5.0 IU/ml 54.2% Median 5.50,
IQR 3.2–7.7)

Shin
et al (56)

TPO 96 / AICU 50% atopy ELISA 0.261 (O.D. value) 7.5% Value: 0.157±0.344
(O.D. value)

Sánchez
et al (55)

TPO 100 / CSU 42% atopy Flouroenzyme
immunoassay

The mean and 3
standard deviations of
absorbance values from
40 healthy controls

34% ND

Sánchez
et al (77)

TPO 56 / CSU 56.3% atopy ELISA The mean and 3
standard deviations of
absorbance values from
60 healthy controls

27.2% ND

Zhang
et al (78)

TPO / TG 1100 / CSU Patients with
active atopic
diseases
were excluded

immunoblotting 0.7 kU/L TPO: 18.0%
TG: 7.0%

ND

Sánchez
et al (77)

EPX / ECP 56 / CSU 56.3% atopy ELISA The mean and 3
standard deviations of
absorbance values from
40 healthy controls

EPX: 10.9%
ECP: 5.4%

ND

Hatada
et al (80)

dsDNA 85 / CU Total IgE 307
±318 IU/ml

ELISA ND anti-dsDNA
IgE level in CU
was

ND
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TABLE 2 Continued

Cut-off (IU/mL) Positive
rate

IgE-anti-
autoallergen
levels (median
or mean:
IU/mL)

Control group Clinic correlation

significantly
increased

TF: 475 OD
TG: 278 OD

TF: 60%
TG: 87%

TF: 688 [415-815] OD
TG: 520 [331-
815] OD

TF: 326 [129-424] OD
TG: 184 [170-220] OD

Elevated IgE to TF and TG are abated
by omalizumab

290 OD 30% 22–839 OD 4–290 OD Late responders to omalizumab showed
higher levels of IgE anti-FcϵRI than
early responders

77.7 AU 20.6% Median: 10.8 AU, IQR
5.0-58.5 AU,

Median: 6.7 AU, IQR
1.3-28.7 AU

Elevated IgE-anti-TG2 levels were not
linked to any demographic, clinical and
laboratory features of CSU including the
presence of IgE-anti-TPO and IgE-anti-
IL-24

0.33 IU/mL 80% 0.52 ± 0.24 IU/mL 0.27 ± 0.08 IU/mL IgE-anti–IL-24 levels showed an
association with disease activity, as
assessed by the urticaria activity score and
with
reduced basophil counts.

in; IQR, interquartile range; AICU, aspirin intolerant chronic urticaria; AAbs, anti-thyroid autoantibodies; EPX, eosinophil peroxidase; ECP, eosinophil cationic
nits; OD, optical density.
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Author
(year)

Autoallergen No. of
patients /
Type
of CU

Atopy of
the
patients

Type of assay

Cugno
et al (79)

TF / TG 15 / CSU 8/15 total IgE
>100 KU/L

ELISA

Asero
et al (81)

FcϵRI 20 / CSU ND ELISA

Su
et al (82)

TG2 160 / CSU ND ELISA

Schmetzer
et al (83)

IL-24 1062 / CSU ND ELISA

TPO, thyroid peroxidase; ELISA, enzyme-linked immunosorbent assay; ND, not described; TG, thyroglobul
protein; TF, tissue factor; FcϵRI, high affinity IgE receptor; TG2, tissue transglutaminase 2; AU, arbitrary u
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appropriate trigger may lead to the production of auto-allergens

that increase specific IgE levels, resulting in MC degranulation (93).
6 IgE in the pathogenesis of CU

The pathogenesis of CU remains unclear. IgE involved in atopy

in patients with CU includes endogenous and exogenous allergen-

specific IgE and elevated total IgE (or free IgE) levels. Exogenous

allergens, auto-allergens, and their specific IgEs are mainly involved

in the pathogenesis of CU through classic type I hypersensitivity

(94). IgE is traditionally believed to induce MC sensitization rather

than activation. However, basophil CD63 expression was

significantly elevated in patients with CSU sensitized to allergen-

specific IgE, even in the absence of allergen exposure (95). In

addition, several studies conducted in the past twenty years have

reported that high concentrations of IgE or sensitization with IgE

alone may induce a variety of reactions without allergens in human

basophils, human MCs, human cell lines, bone marrow-derived

MCs, and rat basophilic leukemia cells (RBL-2H3) (96–101). These

findings provide new insights regarding the mechanism underlying

atopy observed in patients with CU.

Several mechanisms of atopy in patients with CU have been

proposed (Figure 1). First, IL-3 may play a pro-inflammatory role

by enhancing the action of IgE (100). Hide et al. reported that
Frontiers in Immunology 09
basophil activation induced by high concentrations of IgE is

enhanced by physiological concentrations of interleukin (IL)-3

(101), and IgE binding alone can positively regulate the

expression of FcϵRI on the surface of MCs by inducing autocrine

IL-3, promoting MC survival (102). In the second proposed

mechanism, highly cytokinergic IgE (HC-IgE) directly activates

MCs or basophils independent of allergens (103). Mouse NS1

hybridoma SPE-7 IgE is an anti-dinitrophenyl antibody and is the

most potent HC-IgE discovered to date (104). Bax et al. reported

that HC-IgE can self-crosslink to form trimers or multimers that

activate MCs (103, 104). Thirdly, IgE is highly glycosylated, and its

level of glycosylation has an important effect on its lipophilicity

(105). IgE with high lipophilicity expresses polyreactivity to various

auto-allergens including dsDNA, TG, TF, TPO, and other

histamine-releasing factors, inducing MC degranulation (106).

HC-IgE is also related to higher lipophilicity, promoting IgE

aggregation and stacking and inducing crosslinking with FceRI
without antigen binding (103).

Most previous studies have focused on the activation

phenomenon and crosslinking mechanism of IgE, though studies

regarding the intracellular molecular mechanism underlying HC-

IgE are rare. HC-IgE induces a series of reactions observed upon

IgE-mediated allergen stimulation, such as Ca2+ mobilization and

phosphorylation of PI3K and MAPK, despite some differences in

intensity or time course. These findings suggest that the two may
FIGURE 1

Overview of current understanding of the role of atopy in the pathogenesis of CU. (A) In atopic conditions, elevated total IgE levels or the
production of various specific IgE induce mast cell activation through different mechanisms, including exogenous allergen-specific IgE and
autoallergen-specific IgE, which can activate mast cells by binding to allergens. cytokinergic IgE can activate mast cells through self-cross-linking.
Both autoallergen-specific IgE and cytokinergic IgE are modified by glycosylation, which affects their lipophilicity and regulates their binding ability.
Although the function of non-specific IgE is unknown, their high levels in atopic contexts may also contribute to mast cell activation or instability.
Antibody in green: specific IgE against exogenous allergens; Antibody in blue: specific IgE against autoantigens; Antibody in red: cytokinergic IgE;
Antibody in brown: non-specific IgE that has not yet been identified as a specific allergen and whose function is not well defined. (B) After IgE
binding alone, the autocrine IL-3 secreted by mast cells can positively regulate the survival and function of mast cells; (C) Mast cell reactivity is
increased in the context of type 2 inflammation. sIgE, specific IgE for exogenous and autoallergens; non-sIgE, nonspecific IgE of unknown function.
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share common signaling pathways (96); however, the similarities

require further research. Other studies (107, 108) reported

inconsistent miRNA and mRNA profiles between sensitized and

activated MCs, suggesting that the intracellular signaling pathways

downstream of FcϵRI may differ. Therefore, atopy in patients with

elevated IgE levels or sensitization to IgE alone may affect the

function and activity of MCs or basophils via multiple pathways,

which may contribute to the onset and recurrence of CU symptoms.
7 Atopic inflammation in CU

Atopic inflammation, mainly type 2 inflammation, is caused by

type 2 immune dysregulation, which is characterized by the

expansion of Th2 cells and eosinophils and the excessive

production of related cytokines, such as IL-4, IL-13, IL-5, IL-9,

IL-31, and IL-33 (109). An increasing number of studies have

shown that CU is not a simple histamine-mediated disease, but

an inflammatory disease (110). In addition to MCs, activation of a

variety of inflammatory cells and changes in a large number of

inflammatory mediators are involved, and there is increasing

evidence that the inflammatory response to CU is biased toward

type 2 inflammation (110).

The inflammatory response to CU can be broadly divided into

local and systemic responses. Locally, a particularly pronounced

type 2 inflammation pattern has been observed at the wheal lesion

sites (111, 112). Histological studies have reported that CU wheals

are peri-vascularly infiltrated by mononuclear cells and eosinophils

(113, 114), which differs from the pathological appearance of wheal-

like lesions in the setting of urticarial vasculitis (115). The

infiltration of eosinophils in CSU typically manifests as activation,

suggesting a molecular immunopathology similar to the late-phase

reaction of cutaneous allergies (113). Immunohistochemical studies

suggest an increase in the number of IL-5-positive cells, a

chemotactic factor for eosinophils, in the skin lesions of patients

with CSU (116). Likewise, IL-33-positive cells, such as

macrophages, MCs, endothelial cells, and fibroblasts, are also

significantly increased in the dermis of CSU skin lesions (117),

while IL-33 plays an important role in type 2 immunity and allergic

diseases (118).

In systemic inflammation, multiple type 2 inflammatory

mediators are significantly increased in the serum and plasma of

patients with CU. As a key cytokine in atopy and a marker of type 2

inflammation, IL-4 is significantly increased in the serum of

patients with atopy (119). Some studies have detected

significantly increased IL-4 levels in patients with CU (120–122),

though these studies did not further clarify whether the patients had

atopy. In addition, if patients with atopic CU were divided into

separate groups, the IL-4 levels may be even higher. IL-13 shares a

receptor subunit with IL-4 and is a pathogenic cytokine involved in

Th2 inflammation (123). A previous study of our team reported

that the plasma levels of IL-13 in patients with CSU were

significantly higher than those in healthy controls (124). Caproni

et al. and Bae et al. also demonstrated that the levels of IL-13 in the

peripheral blood of patients with CU were higher than those in

healthy individuals (125, 126). The roles of IL-9 and T helper 9
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(Th9) Cells in allergic diseases have received increasing attention,

and IL-9 is recognized as an important factor in type 2

inflammation (127). A pilot study reported elevated serum IL-9

levels in patients with CSU (128). In addition to its high expression

in local skin lesions, IL-5 is also significantly more abundant in the

serum of patients with CU (129). The serum levels of IL-31, which

also promotes Th2 inflammation, were higher in patients with CSU

than in healthy controls, but lower than those in patients with AD

(130, 131). Based on the analysis of local and systemic inflammatory

activation, CU effector cells, such as MCs and basophils, have

reduced activation thresholds and higher reactivity in the context

of atopic inflammation.
8 Biologics in atopic diseases and CU

In recent years, the development of new drugs, especially

biologics, for the treatment of CU has reflected the importance of

atopy in the setting of CU. As an important factor in allergic

diseases, IgE is a diagnostic biomarker and a potential therapeutic

target for the treatment of atopic diseases (132). Omalizumab, a

monoclonal antibody (mAb) targeting free IgE, was initially

approved for the treatment of allergic asthma and was found to

elicit a good therapeutic response in patients with refractory CSU.

Omalizumab has now been approved as a second-line treatment for

patients with CSU who are resistant to H1 antihistamines and is an

effective treatment for refractory CIndU (133). Ligelizumab, a next-

generation humanized monoclonal anti-IgE antibody, has more

than 40 times greater affinity for IgE than omalizumab. A phase 2

trial showed that ligelizumab was more effective than omalizumab

for the treatment of CSU; however, this advantage was not

confirmed in a phase 3 trial (134). Ligelizumab has also been

studied in other allergic conditions, such as food allergies and

asthma, though it is not more effective than omalizumab for the

treatment of severe asthma (135, 136). UUB-221, an IgE neutralizing

mAb distinct from omalizumab and llizumab, exhibits CD23-

mediated IgE downregulation and relieves urticaria symptoms

(137). Biologics targeting type 2 inflammatory mediators for the

treatment of CU have also been reported. Dupilumab, an iconic

biological agent for type 2 inflammation that targets the IL-4 and IL-

13 signaling pathways (138), has been suggested to successfully treat

patients with refractory CU who are refractory to omalizumab in

case reports and case series (139–141). Two phase 3 trials

(LIBERTY-CUPID Studies A and B, NCT03749135) that evaluate

the efficacy of dupilumab for the treatment of CSU that was

uncontrolled by standard-of-care antihistamines (CUPID Study

A) and or by standard-of-care antihistamines and omalizumab

(CUPID Study B) have been completed. The partial results suggest

that dupilumab elicits clinical improvement in patients with CSU

with H1 antihistamine resistance and is well-tolerated. The use of

dupilumab for the treatment of CSU in adults and adolescents was

recently accepted for Food and Drug Administration review in the

United States. In addition, a phase 3 trial was completed to evaluate

the use of dupilumab in CholU (NCT03749148); however, the

results have not been published. Dupilumab is an effective and

safe “off-label” treatment for CholU (142). Other type 2
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inflammatory factors may also be potential targets for CU treatment.

Humanized anti-IL-5 mAb reslizumab has been reported as effective

in a patient with CSU and cold urticaria (143). Ixarelimab, a fully

human mAb that simultaneously inhibits IL-31 and oncostatin M, is

being trialed in pruritic diseases including CSU (NCT03858634).

Overall, based on the overlap between CU and atopic diseases and

the role of atopy in the pathogenesis of CU, an increasing number of

biologics targeting atopic diseases will be developed for the

treatment of CU.
9 Conclusion

As CU is not considered an atopic disease, the relationship

between atopy and CU is often overlooked. However, the

prevalence of atopy in patients with CU is high and correlates

with the clinical characteristics of the disease. An increasing

number of studies have found more specific IgEs against various

auto-allergens and some exogenous allergens in patients with CU.

The clinical value of total IgE in patients with CU is being further

explored. Therefore, IgE is considered a critical and promising

therapeutic target for CU and other atopic diseases (144).

Additionally, an increasing number of studies have shown that

CU is associated with a certain degree of type 2 inflammatory

activation, whether local or systemic, which is a common

phenomenon in other atopic diseases. The effectiveness of

targeted therapies for type 2 inflammation in the treatment of CU

is gradually increasing. Therefore, by comprehensively

summarizing the existing research progress, the role of atopy in

the pathogenesis of CU can be estimated (Figure 1). In summary,

although the available evidence is insufficient to support atopy as a

direct trigger for CU, the presence of atopy increases the risk of CU

and induces MCs to become more active, aggravating

CU symptoms.

Based on the available evidence and progress, several clinical

statements can be made. In contrast to aiCSU, clinical subtypes of

CU, such as atopic CSU or atopic CIndU, may be recognized;

however, more clinical studies are needed to clarify the

characteristics of these subtypes. In addition, cross-antigens

between exogenous allergens and CU auto-allergens or a

correlation between exogenous allergens and CU auto-allergens

may exist. In the future, the presence of auto-allergens may be

confirmed by testing for common exogenous allergens, and specific

immunotherapy of common allergens may alleviate the symptoms

of atopic CU caused by specific IgEs of auto-allergens. An

understanding of the effect of IgE sensitization or type 2
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inflammation on the pathogenesis of urticaria, such as in MCs

and basophils, may allow for the discovery of therapies (such as

omalizumab, allergen-specific immunotherapy, dupilumab, and

Jak1 inhibitors) that target IgE sensitization and type 2

inflammatory factors in the setting of CU.
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134. Maurer M, Giménez-Arnau AM, Sussman G, Metz M, Baker DR, Bauer A, et al.
Ligelizumab for chronic spontaneous urticaria. N Engl J Med (2019) 14:1321–32.
doi: 10.1056/NEJMoa1900408

135. Wood RA, Chinthrajah RS, Eggel A, Bottoli I, Gautier A, Woisetschlaeger M,
et al. The rationale for development of ligelizumab in food allergy.World Allergy Organ
J (2022) 9:100690. doi: 10.1016/j.waojou.2022.100690

136. Trischler J, Bottoli I, Janocha R, Heusser C, Jaumont X, Lowe P, et al.
Ligelizumab treatment for severe asthma: learnings from the clinical development
programme. Clin Transl Immunol (2021) 3:e1255. doi: 10.1002/cti2.1255

137. Kuo BS, Li CH, Chen JB, Shiung YY, Chu CY, Lee CH, et al. IgE-neutralizing UB-221
mAb, distinct from omalizumab and ligelizumab, exhibits CD23-mediated IgE downregulation
and relieves urticaria symptoms. J Clin Invest (2022) 15:e157765. doi: 10.1172/jci157765

138. Muñoz-Bellido FJ, Moreno E, Dávila I. Dupilumab: A review of present
indications and off-label uses. J Investig Allergol Clin Immunol (2022) 2:97–115.
doi: 10.18176/jiaci.0682

139. Lee JK, Simpson RS. Dupilumab as a novel therapy for difficult to treat chronic
spontaneous urticaria. J Allergy Clin Immunol Pract (2019) 5:1659–61.e1. doi: 10.1016/
j.jaip.2018.11.018

140. Ferrucci S, Benzecry V, Berti E, Asero R. Rapid disappearance of both severe
atopic dermatitis and cold urticaria following dupilumab treatment. Clin Exp Dermatol
(2020) 3:345–6. doi: 10.1111/ced.14081

141. Föhr J, Herbst M, Jahn S. Treatment of simultaneously occurring urticaria and
atopic dermatitis with dupilumab.Hautarzt (2021) 3:249–51. doi: 10.1007/s00105-020-
04675-3

142. Sirufo MM, Catalogna A, Raggiunti M, De Pietro F, Ginaldi L, De Martinis M.
Cholinergic urticaria, an effective and safe “Off label” Use of dupilumab: A case report
with literature review. Clin Cosmet Investig Dermatol (2022) 15:253–60. doi: 10.2147/
ccid.S343462

143. Maurer M, Altrichter S, Metz M, Zuberbier T, Church MK, Bergmann KC.
Benefit from reslizumab treatment in a patient with chronic spontaneous urticaria and
cold urticaria. J Eur Acad Dermatol Venereol (2018) 3:e112–e3. doi: 10.1111/jdv.14594

144. Charles N. Autoimmunity, igE and fcϵri-bearing cells. Curr Opin Immunol
(2021) 72:43–50. doi: 10.1016/j.coi.2021.03.003
frontiersin.org

https://doi.org/10.1186/1471-2164-7-210
https://doi.org/10.1159/000496513
https://doi.org/10.1038/nri3786
https://doi.org/10.3389/fimmu.2022.879754
https://doi.org/10.3389/fimmu.2022.879754
https://doi.org/10.1067/mai.2002.123236
https://doi.org/10.1111/imr.12632
https://doi.org/10.1097/00000372-199602000-00008
https://doi.org/10.1111/j.1365-2230.1988.tb00712.x
https://doi.org/10.1016/j.jaci.2022.02.007
https://doi.org/10.1016/j.jaci.2022.02.007
https://doi.org/10.1016/j.jaci.2020.03.005
https://doi.org/10.1111/bjd.13621
https://doi.org/10.1111/imr.12552
https://doi.org/10.1111/j.1365-2222.1994.tb01803.x
https://doi.org/10.1159/000066772
https://doi.org/10.1016/j.anai.2016.06.026
https://doi.org/10.1038/nrd4624
https://doi.org/10.1111/jdv.14541
https://doi.org/10.1016/j.jdermsci.2004.07.006
https://doi.org/10.4168/aair.2016.8.5.457
https://doi.org/10.1159/000078384
https://doi.org/10.1111/j.1346-8138.2008.00466.x
https://doi.org/10.1111/j.1346-8138.2008.00466.x
https://doi.org/10.1111/j.1600-0625.2010.01067.x
https://doi.org/10.1016/j.heliyon.2020.e05621
https://doi.org/10.1016/j.heliyon.2020.e05621
https://doi.org/10.1517/17460441.2015.1048220
https://doi.org/10.3346/jkms.2022.37.e211
https://doi.org/10.1056/NEJMoa1900408
https://doi.org/10.1016/j.waojou.2022.100690
https://doi.org/10.1002/cti2.1255
https://doi.org/10.1172/jci157765
https://doi.org/10.18176/jiaci.0682
https://doi.org/10.1016/j.jaip.2018.11.018
https://doi.org/10.1016/j.jaip.2018.11.018
https://doi.org/10.1111/ced.14081
https://doi.org/10.1007/s00105-020-04675-3
https://doi.org/10.1007/s00105-020-04675-3
https://doi.org/10.2147/ccid.S343462
https://doi.org/10.2147/ccid.S343462
https://doi.org/10.1111/jdv.14594
https://doi.org/10.1016/j.coi.2021.03.003
https://doi.org/10.3389/fimmu.2024.1279976
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Atopy in chronic urticaria: an important yet overlooked issue
	1 Introduction
	2 High prevalence of atopy in CU
	3 Clinical relevance of allergen sensitization to CU
	4 High total IgE and its clinical relevance in CU
	5 Exogenous allergens and auto-allergens in CU
	6 IgE in the pathogenesis of CU
	7 Atopic inflammation in CU
	8 Biologics in atopic diseases and CU
	9 Conclusion
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


