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Diagnosis of Autoimmune Chronic Urticaria  
 

A remarkable portion of chronic spontaneous urticaria (CSU) cases appear to have an 

autoimmune origin; about 35-45% of patients have IgG autoantibodies against the alpha chain 

of the high affinity IgE receptor (FcεRIα) and autoantibodies to the IgE molecule have been 

detected in 5-10% of the patients [1-4]. The activation of blood basophils and cutaneous mast 

cells by these autoantibodies has been presented in vitro, and this basophil activation was 

enhanced by complement activation [5]. In the case of these chronic autoimmune urticaria 

(CAU) patients, more severe and refractory symptoms emphasize the importance of a correct 

diagnosis [6, 7].  

Although the autologous serum skin test (ASST) is readily available for clinical practice, 

due to its moderate sensitivity and specificity, it is regarded solely as a screening test to 

specify this group of CAU patients through the detection of the autoreactivity of their sera. 

Binding assays such as western blotting and ELISA specifically detect autoantibodies, 

however, not all of these antibodies prove to be functional in CAU [8]. It has been 

demonstrated by ELISA that most anti-FcεRIα antibodies of CSU patients that activate 

complement belong to IgG1 and IgG3 subclasses [9]. Originally, the basophil histamine 

release (BHR) assay was accepted as the gold standard for the identification of functional 

autoantibodies. Recently, however, flow cytometric basophil activation tests (BAT) have 

emerged as alternative in vitro methods for detecting circulating autoantibodies in the sera of 

                                                        

 egyimesi@freemail.hu. 
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CAU patients. Moreover, accumulating evidence suggests that BAT tests can be an 

alternative gold standard to the BHR assay [10]. 

 

 

Basophils as Target Cells in Flow  
Cytometric Tests  

 

Basophil granulocytes are the least abundant leukocytes in the blood (0.2-1% of total 

leukocytes). They play an important role in inflammatory reactions as effector cells [11]. 

Human basophils express the high affinity FcεRI which is the receptor that is most 

prominently involved in the activation of these cells [12]. Basophils can be activated through 

IgE receptor-mediated or non-IgE receptor-mediated pathways [13]. In the first case, 

allergens and autoantibodies against IgE or FcεRIα can trigger FcεRI crosslinking followed 

by the aggregation of these receptors and the stimulation of basophils. FcεRI activation 

results in a cascade of signal transduction events including the phosphorylation of Syk and 

Lyn kinases, and the activation of phospholipase C, p38 mitogen-activated protein kinase 

(MAPK), calcineurin pathways and a nuclear factor of activated T cells. Non-IgE receptor-

mediated activation can be caused by endogenous (complement factors) and exogenous 

substances (bacterial peptides, drugs) affecting other receptors. The activation of basophils 

eventually leads to the release of several mediators such as histamine, leukotrienes and 

interleukins, as well as to the altered expression of various cell surface antigens [14]. 

Among the several cytokines that are capable of potentiating the activation of basophils, 

interleukin-3 (IL-3) is often used in BATs, as it is able to prime both IgE-dependent as well as 

IgE–independent agonists [15, 16]. Recently, several basophil-specific markers and activation 

markers have been identified which have contributed to the development of new flow 

cytometric BATs [17]. Basophils are more frequently identified by their expression of IgE 

and CD45, or by their strong expression of the IL-3 receptor alpha subunit (CD123), as well 

as by CCR3 eotaxin receptor that is a single selection marker for basophils [11, 18]. 

Phenotypic changes after activation were previously detected most frequently through 

CD63 and CD203c up-regulation, but there are several other activation markers that have also 

been identified (e.g., CD13, CD164, CD107a, CD107b, CD11b, CD11c,) [19-23, 14]. In 

addition, the intracellular marker p38 MAPK has proven to be a specific and sensitive marker 

for basophil activation in diagnosis of allergic disease [24]. The CD63 antigen, lysosome 

associated protein (LAMP-3), is a member of tetraspan family and it is known that this 

molecule is hardly detected on resting basophils and appears on the surface of basophils de 

novo after stimulation [25]. CD203c is an ecto-nucleotide pyrophosphatase/phosphodiesterase 

3, belongs to the type II transmembrane protein family, and is selectively expressed on 

basophils and mast cells [26, 27]. As CD203c expression is restricted to basophils in 

peripheral blood, this single marker is suitable both for the identification of basophils and the 

detection of their activation. The up-regulation of CD63 and CD203c follow different 

mechanisms: CD63 mainly reflects the anaphylactic degranulation pathway that is associated 

with the release of preformed mediators, whereas CD203c shows piecemeal degranulation 

[23]. 
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Table. Identification of autoimmune chronic urticaria patients by in vitro basophil activation tests 

 
Reference  Number of 

CU Patients  

Basophil Marker Basophil Activation 

Marker 

Il-3 Priming Time of Incubation 

with CU Sera (Min) 

Basophil 

Source 

Donor Cell 

 

       ATOPIC DA NONA-TOPIC 

DNA 

[28] 40  IgE 

(BASOTEST 

CD63 (BASOTEST) + 20  whole blood 1 DA 1 DNA 

[30] 30 IgE 

 

CD63 – 40  leukocytes 2 DA 

highly 

sensitized 

1 DNA 

[38] 72 IgE 

 

CD63 – 40  leukocytes 1 DA h.s. 1 DNA 

[40] 109 IgE 

 

CD63 – 40  leukocytes 1 DA h.s. nd. 

[29] 23 IgE 

(BASOTEST) 

CD63 (BASOTEST) + 60 whole blood, 1DA h.s. nd. 

[43] 64 CD123/HLA-DR CD63 – 30  whole blood 

 

1DA h.s. 1DNA 

[46] 32. IgE/CD45 CD203c – 10 whole blood 

 

1 DA nd. 

[39] 101 IgE 

 

CD63 + 30  buffy coat  nd. 1DNA 

[47] 110 CCR3 

 

CD63 

CD203c 

+ (optimized) 30  PBMC 5 DA 6 DNA 

 

Abbreviations: IL-3 – Interleukine-3; DA – atopic donor; h.s. – highly sensitized; DNA – non-atopic donor; PBMC – peripheral blood mononuclear 

cells, BASOTEST – Orpegen Pharma, Heidelberg, Germany; nd – not detected. 
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Performing functional BAT tests requires careful consideration of test parameters, 

including donor responsiveness, sample treatment, proper flow cytometric gating of basophils 

and the selection of activation markers, as described elsewhere [13, 22]. 

 

 

Detection of Functional Autoantibodies  
by Flow Cytometry 

 

BAT tests aiming to demonstrate functional autoantibodies in CAU sera follow different 

methodological approaches. The tests detect different basophil cell surface and activation 

markers to identify basophils, apply different types of basophils (differently sensitized donor 

cells in whole blood or partly separated form, or cell lines), and either use IL-3 for priming or 

not (Table). 
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CU – chronic urticaria, control – non-atopic healthy control serum. 

Figure. Detection of functional autoantibodies in chronic urticaria sera by two color flow cytometry. a, 

atopic donor leukocytes were stimulated with CU sera for 40 minutes at 37°C, and then labelled with 

IgE-FITC and R-phycoerythrin-conjugated anti-human CD63 monoclonal antibody. Basophil cells 

were gated (A) by their IgE-FITC positivity in a side scatter (SSC) (abscissa) vs, FL1 (ordinate) dot 

plot. The FL1 threshold was set to eliminate the irrelevant cell population. b. representative histograms 

presents surface expressions of CD63 activation marker on basophils after incubation with buffer, 

healthy control serum, and two different CU sera. 

It was Wedi and colleagues who identified functional autoantibodies in heat-inactivated, 

diluted CSU sera for the first time through the use of two-colour BATs using whole blood 

and IL-3 stimulation [28]. A commercial test kit originally designed for the in vitro 

determination of allergen-induced basophil activation (Basotest, Orpegen Pharma, Germany) 

was adopted. In this test, anti-IgE was used to label basophils and the activation of basophils 

Complimentary Contributor Copy



Basophil Activation Tests in Chronic Autoimmune Urticaria 143 

was detected with an anti-CD63 monoclonal antibody. In their experiments, CSU sera with a 

positive ASST expressed the basophil activation marker CD63, produced sulphidoleukotriene 

de novo and demonstrated histamine-releasing activity. However, there was no correlation 

between the BHR and BAT in this system. Furthermore, the serum-induced basophil CD63 

surface expression was also demonstrated in atopic and non-atopic control subjects without 

urticaria. As a consequence of the unsatisfactory specificity of this method, the authors did 

not consider the CAU serum-induced basophil CD63 expression as a diagnostic marker of 

CAU. 

Similarly, Basotest was used to detect basophil activating autoantibodies in CSU sera by 

De Swerdt et al., who changed several parameters compared to the experiments described 

previously [29, 28]. In their experiment, using an enhanced concentration of IL-3, undiluted 

CSU sera and a longer incubation time for the activation of atopic donor cells resulted in a 

positive BAT in 51% of patients with chronic idiopathic urticaria [29]. It was also shown that 

decomplementation of CSU sera slightly reduced the basophil activating capacity of the sera 

and it was the IgG fraction that was responsible for this activity. The occurrence of other 

autoantibodies (anti-nuclear, anti-thyroglobulin, anti-thyroid peroxidase or anti-parietal cell 

antibodies) was significantly higher in patients with positive BAT results, supporting the 

autoimmune origin of this group. A significant correlation between the severity of urticaria 

and the degree of CD63 expression on basophils was also demonstrated.  

There were some discordant but not overlapping results obtained when comparing ASST 

and BATs. The authors proposed that a positive BAT coupled with a negative ASST could be 

attributed to the higher sensitivity of the BAT as compared to the ASST or because 

desensitization of dermal mast cells could have occurred at the time of the ASST producing a 

negative result. A false-negative BAT can arise from the inhibition of anti-IgE antibody 

binding by fluorochrome-labelled anti-IgE used for the staining the basophils. Furthermore, 

the presence of mast-cell specific histamine releasing factors can also cause a positive ASST 

and negative BAT result [6, 29]. The authors suggested performing both the CD63 assay and 

ASST to detect CAU.  

A modification of the two-colour BAT that also uses anti-IgE/anti-CD63 labelling of 

basophils has been introduced and validated by our group, and this method utilizes highly-

sensitized atopic donor cells without IL-3 priming on dextran sedimented leukocytes [30].  

The idea of using highly atopic donor cells emerged from the observation that allergic 

individuals have increased numbers of basophils and elevated levels of serum IgE, and the 

latter correlate with the number of FcεRI on basophils [31-33]. Moreover, basophils from 

highly sensitized allergic subjects are in a primed state and have an enhanced capacity to 

release mediators as well as increased sensitivity for activation via FcεRI or other receptors 

[34-36]. IL-3 is frequently used in in vitro basophil activation assays due to its capacity to 

potentiate or prime basophils [37]. Using basophils from highly-sensitized atopic donors 

prevents the preliminary priming of cells with this cytokine. 

The utility of this assessment was corroborated by comparing the results of the BAT with 

those of the ASST and the serum BHR assay. There was a strong correlation between the 

results of the BAT and the ASST on two highly-sensitized atopic donor cells. In addition, 

significant correlations were found between the gold standard serum BHR assay and the BAT 

carried out on atopic donor cells [38]. The correlation between the serum BHR assay and the 

BAT was also proven by Altrich et al., but they found the serum BHR assay to be more 

sensitive [39]. The utility of the BAT was also demonstrated in our next study where physical 
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urticaria, CSU and CAU patients were evaluated, and as a result, the modified CD63 

expression assay proved to be suitable for the diagnosis of the CAU group [40]. In this 

investigation, the CAU group had the more severe forms of urticaria as characterized by the 

urticaria activity score [41]. In another work, our results also provided supportive data for the 

statement by De Swerdt et al. that the degree of CD63 cell surface expression in the BAT is 

indicative of the severity of CAU [29, 42]. 

A tricolour flow cytometric assay was performed to assess the diagnostic effectiveness of 

the BAT in discriminating between ASST+ and ASST– CSU patients [43]. Basophils were 

identified as CD123+HLA-DR– cells considering that the alpha chain of IL-3 

receptor/CD123 is expressed mainly on basophils and monocyte-derived dendritic cells, and 

also the fact that basophils do not express HLA-DR antigen [44, 45]. The whole blood of one 

highly-sensitized atopic and one non-atopic donor was used without IL-3 priming and CD63 

up-regulation was detected on basophils after incubation with CSU sera. Similar to our 

results, the ASST+ CSU sera induced significantly higher basophil CD63 expression 

compared to that of ASST– and healthy control sera. This tricolour system had higher 

sensitivity and specificity than our experiment, which applied whole blood without IL-3 

priming as well, but with an anti-IgE monoclonal antibody for the purpose of labelling 

basophils. The fact that FcεRIα expression and the bound IgE on the cell surface of basophils 

can vary considerably, whereas the IL-3 receptor (CD123) is constitutively expressed on 

basophils independent of the allergy status of the donor [44, 45], can be one explanation for 

the higher specificity of this tricolour system. Monitoring cyclosporin therapy on three 

patients supported the usefulness of this method as well. 

In another tricolour BAT performed by Yasnowsky et al., CD203c activation markers 

were measured instead of CD63, and labelling of basophils with anti-IgE was supplemented 

with anti-CD45 staining to identify CAU patients [46]. In this case, the ASST+ CSU sera 

triggered significantly higher basophil CD203c expression in comparison with ASST– CSU 

sera using whole blood of atopic donors without IL-3 priming. The enhancement of the 

CD203c expression correlated with the results of ASSTs and serum BHR assays. After the 

IgG depletion of representative CSU sera, the up-regulation of CD203c diminished, thereby 

providing supporting evidence that an IgG antibody can mediate CD203c expression. 

Interestingly, sera of patients with negative ASST induced a significantly higher CD203c 

expression than normal controls, although this was significantly lower than that of ASST+ 

patients. This observation suggests that there are undefined serum-factors present in CSU sera 

that can up-regulate CD203c. These results are similar to previous data, although Wedi et al. 

had a higher percentage of normal control inducing CD63 expression and Gyimesi et al. 

reported a higher percentage of ASST+ sera inducing CD63 expression [28, 30]. 

Discrepancies between the different BAT tests partly arise from using different sources of 

donor cells, which have individual features. The study conducted by Gentinetta et al. revealed 

that it is to what extent the basophil is primed rather than the mean IgE receptor density that 

influences the responsiveness of these cells in the BAT [47]. The IgE receptor density 

correlates instead with the degree of sensitization. To handle the differences in basophil 

reactivity obtained from different donors, these authors titrated the IL-3 concentration needed 

for optimal basophil activation. Measuring the CD63 expression on anti-CCR3 labelled 

basophils in 5 atopic and 6 non-atopic donors PBMC provided reproducible and comparable 

in vitro test results. However, as IL-3 alone is able to increase CD203c expression, this 

alternative basophil activation marker was not suitable in this case [48].  
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Perspectives 
 

Very recently, a new multicolour flow cytometry method analysing BHR (Histaflow) was 

introduced which connects the detection of the basophil intracellular histamine content with 

CD63 and CD203c quantification [49]. Adaptation of this method would be a valuable new 

tool in the diagnosis of CAU. In a pilot experiment, the combined analysis of CD63 and 

CD203c activation markers and intracellular signal transduction pathways involved in 

basophil activation was assessed by flow cytometry [50]. Investigating the effect of specific 

kinase inhibitors on the phosphorylation of p38 MAPK and extracellular signal-regulated 

kinase (ERK)-1/2 revealed that different signalling pathways take part in the pathogenesis of 

CSU, and IgE-dependent and IgE-independent basophil activation can be distinguished after 

stimulation with CSU serum. Simultaneous analysis of basophil phenotype and intracellular 

signalling pathways might be a novel way to reveal the mechanisms that play a role in the 

pathogenesis and treatment of CAU.  

 

 

Conclusion 
 

The EAACI task–force position paper published recently in Allergy acknowledges the 

utility of the basophil CD63 expression assay in diagnosis of CAU in addition to the BHR 

assay, ASST and western blot/ELISA [10]. On the basis of the presented data, the future of 

flow cytometric BATs is promising and they may become crucial tools in the diagnosis of 

CAU and in the monitoring of response to therapy. 
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