
Auto-antibodies to IgE and FceRI and the Natural Variability of 
SYK Expression in Basophils

Donald MacGlashan, MD, PhD
Johns Hopkins University, Asthma and Allergy Center, Baltimore, Md 21224

Abstract

Background—Secretion from human basophils and mast cells requires the activity of SYK but 

expression of SYK is highly variable in the general population and this variability predicts the 

magnitude of IgE-mediated secretion. One known mechanism of modulating SYK expression in 

human basophils is aggregation of FceRI.

Objective—This study examines the possibility that functional auto-antibodies are present in a 

wide variety of subjects and in particular, subjects whose basophils poorly express SYK. It also 

tests whether any found antibodies could modulate SYK expression in maturing basophils and 

whether interaction with FcgRIIb/CD32b modulates the effect.

Methods—An experimental algorithm for classifying the nature of histamine release induced by 

serum from 3 classes of subjects was developed.

Results—The frequency of functional auto-antibodies that produce characteristics concordant 

with FceRI-mediated secretion was zero in 34 subjects without chronic spontaneous urticaria 

(CSU). In subjects with CSU, the frequency was lower than expected, approximately 7%. For the 

5/68 unique CSU sera tested that contained anti-FceRI or anti-IgE Abs, these antibodies were 

found to induce down-regulation of SYK in both peripheral blood basophils and basophils 

developed from CD34+ progenitors. Blocking interaction of these antibodies with CD32b did not 

alter their ability to down-regulate SYK expression.

Conclusions—This study establishes that functional auto-antibodies to IgE/FceRI do not 

provide a good explanation for the variability in SYK expression in basophils in the general 

population. They do show that if antibodies with these characteristics are present, they are capable 

of modulating SYK expression in developing basophils.
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Introduction

IgE-mediated secretion from basophils and mast cells is a hallmark of the immediate 

hypersensitivity reaction. This receptor’s activation cascade is initiated by the aggregation of 

cell surface FceRI and the aggregation-induced assembly and activation of non-receptor 

kinases such as SYK [1]. We have been interested in the observation that expression of SYK 

in basophils is markedly reduced compared to other leukocytes and is highly variable in the 

general population [2]. This observation has functional consequences. First, it provides a 

reasonable explanation for the high variability in maximum IgE-mediated histamine release 

from basophils (in vitro) [2–4]. Second, it appears that the starting levels of SYK expression 

in basophils are predictive of the efficacy of omalizumab treatment in patients with asthma 

or peanut allergy [5, 6]. The implication of the latter observation is that basophils play a 

significant role in the expression of food allergy or asthma. For basophils, it is not yet clear 

whether the variability in SYK expression or the average low levels of SYK levels results 

from transcriptional or post-translational mechanisms. But one of the few known 

mechanisms for regulating SYK expression involves aggregation of FceRI [2, 7]. It is also 

known that the aggregation reaction may determine down-regulation of SYK even if the 

activation cascade is suppressed by co-engagement of CD32b on the basophil surface [8]. 

This possibility suggests that post-translational SYK regulation may occur in vivo without 

necessarily invoking mediator secretion.

The production of auto-antibodies as a driver of pathological states is a common finding in 

the field of immunological conditions. This is true for allergic diseases as well. In fact, for 

20 years one dominant explanation for the existence of chronic spontaneous urticaria (or 

chronic idiopathic urticaria) has been the inappropriate production of antibodies to the high 

affinity IgE receptor, FceRI, or IgE antibody [9–12]. These antibodies could induce 

secretion from basophils or mast cells by inducing an aggregation reaction involving either 

IgE (bound to FceRI) or FceRI directly. But there is evidence that these auto-antibodies are 

also found at a high frequency in subjects without CIU/CSU [13].

Implicit to the thinking about auto-antibodies in CSU is that they are functionally active, i.e., 

can induce aggregation of FceRI and induce activation events that may lead to secretion. 

Postulating that the variability of SYK expression results from auto-antibodies would also 

require that they be able to induce aggregation and processing of SYK. Thus, in this study, 

functional antibodies will be the focus, in particular, auto-antibodies to either IgE or 

FceRIalpha. Taken together, the observations that 1) there may be auto-antibodies to IgE or 

FceRI, 2) that SYK is down-regulated by aggregation and 3) that co-engagement of CD32b 

can allow an aggregation reaction without secretion, suggest a hypothesis for the presence of 

variable SYK expression in basophils: naturally occurring IgE- or FceRI-specific antibodies 

interact with basophils to induce down-regulation of SYK and that secretion is ablated by 

simultaneously interacting with surface CD32b. A further qualification for the action of 

these antibodies is that the reaction occurs during maturation of the basophils in the bone 

marrow. In other words, the cells might emerge from the marrow having experienced prior 

aggregation and down104 regulation of SYK. Whether these antibodies are capable of this 

interaction requires direct testing of their actions in the presence and absence of CD32b 

blockade. One prediction from this hypothesis would be that non-CSU subjects would also 
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express auto-antibodies since suppressed SYK expression is found in basophils of both non-

atopic and atopic individuals without CSU. Therefore, one goal for this study was to 

determine the frequency of anti-IgE or anti-FceRI antibodies in healthy individuals and in 

particular, individuals whose basophils poorly express SYK.

However, as we began the search for natural antibodies to test, it became clear that the 

ability of sera to directly activate basophils was not always related to aggregation of IgE or 

FceRI and that the frequency of sera with properties consistent with activation of FceRI was 

much lower than published accounts suggest. This study established a different set of criteria 

for assessing the presence of functional auto-antibodies in sera that can induce secretion 

from human basophils and then explored whether they can act to modify SYK expression in 

maturing human basophils.

Materials & Methods

General methods

The online repository includes descriptions of methods in common use or methods 

previously published.

Sera

There were three categories of subjects providing serum for this study. The serum from non-

CSU subjects was generally obtained from subjects whose basophils were well-

characterized for their releasing properties, including IgE-mediated histamine release. These 

characteristics will be noted. The serum from CSU subjects was divided into two groups and 

all sera were provided by the laboratory of Dr. Sarbjit Saini. These subjects were clinically 

well-characterized with respect to the expression of chronic spontaneous urticaria. The sera 

were not always obtained during active disease states. The study began with a general 

selection of CSU subjects without regard to the presence of basopenia at the time of blood 

draw (i.e., basopenia may or may not have been present). Subsequent to obtaining this group 

of sera, a second request for sera was made for subjects for whom basopenia was known to 

be present. Retrospectively, 3 of the sera transmitted to us for the second group were from 

subjects in the first CSU group.

Definition of Positivity

For a serum to have induced histamine release, a threshold was chosen that was based on the 

general variability of results from a large number of screens. The algorithm used to set a 

threshold of 6% (above spontaneous release) is discussed in the online repository. Due to 

technical issues related to the need to precipitate protein before analyzing samples on the 

auto-analyzer, the maximum concentration of serum tested was 25%. To get a sense of the 

serum titer in these screening tests, a concentration of 5% was included.

Drug sensitivity and similarity index calculation

Partially enriched basophils were stimulated in the presence of 25% or 5% serum following 

a 5 minute incubation with the four agents tested, PP1 (PP2 was also tested in pilot 

experiments but suffered the same problems with serum found for PP1), NVP-QAB205, 
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PCI-32765 and LY294002 (respectively, a src-family kinase inhibitors, a SYK inhibitor, 

BTK inhibitor and a PI3K inhibitor, all IgE-mediated release-specific inhibitors). For the 

final testing the concentrations of the latter 3 drugs were 0.75 μM, 75 nM, and 7.5 μM 

respectively. Positive controls included 1 μg/ml of anti-IgE Ab, 6061P, in PAGCM or in 25% 

negative serum (extensive testing of several negative sera established a single serum that was 

not found to induce release under a variety of circumstances). To calculate a similarity index 

when determining if a particular serum behaved towards the drugs tested in a manner similar 

to 6061P, the ratio of the response of (6061P+drug)/(6061P-drug) was calculated, define as 

ADR. Calculate the ratio of (serum+drug)/(serum-drug), define as SDR. The similarity index 

is (1-SDR)/(1-ADR). This value is 1.0 when drug inhibits serum as effectively as it inhibits 

6061P. To account for the noise in the assay, indices greater than 0.9 were considered 

“similar” to the behavior with 6061P. A similar metric was calculated for the cross-

desensitization experiments.

Results

Auto-antibodies to FceRI or IgE

The frequency that one finds sera that induce release from basophils ex vivo appears variable 

among studies [10–13]. On the nature of positivity, our approach was cautious. For the assay 

itself, the goal was to choose donors whose basophils were sensitive to stimulation through 

IgE or FceRI. The online repository also discusses results on whether ABO incompatibility 

was a technical issue. While it was concluded that AB/Rh compatibility was probably not a 

factor in the ability of serum to induce secretion, for the current purposes ‘recipient’ 

basophils were all O type.

The criterion for declaring a serum as causing release was developed from analysis of noise 

in the assay (see methods). In addition, a positive serum was required to repeat with a 

different basophil donor. There were 29 single positives from 102 distinct sera, for a 

frequency of 28% (41% in the CSU groups), only 13 that repeated positive with distinct 

basophil donors, a frequency of 13% (or approximately one-half of the single positives). 

Because we then engaged in additional testing with each positive serum, replication for true 

positives was a result usually based on multiple experiments. Single positives received no 

further testing.

Figures 1 and online figure E1 summarize the results and extends the summary to three 

categories of serum donor, those without CSU, those with CSU but chosen without regard to 

the presence of basopenia and those with CSU selected a priori for coincident basopenia. 

There were no consistent positives in the non-CSU group but consistent positives were 

observed in those with CSU.

Notably, there was no evidence for histamine-releasing activity in the healthy non-CSU 

group (n=34); this group included both allergic (25%) and non-allergic subjects (75%). For 

these serum donors, there was information about the release induced by an optimal 

concentration of anti-IgE Ab/6061P from their basophils as well; it was as variable as 

previous studies have found (average = 40± 28%, C.V. = 0.70) and 6 (17%) of the donors fit 

the non-releaser category (2.0± 0.4% release vs. 48± 5% for releasers). Thus, the donors 
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who had non-releasing basophils did not also have sera that induced release (see below as 

well). (The online repository presents results using IL-3 treated recipient basophils. These 

experiments show that sera from non-CSU subjects can induce release that is not IgE-

mediated.)

To determine if the induced release operated through an FceRI-like mechanism the chosen 

positive sera were examined with 4 different assays. Three of these assays were used on each 

of the multiply positive sera and the final assay used for the sera that passed the first 3. The 

online repository presents these results (figures E2–E5). The 4 tests included 1) the ability of 

3 known IgE-signaling pathway drugs (SYK, BTK and PI3K inhibitors) to inhibit serum-

induced release, 2) the ability to cross-desensitize serum-induced release with a known anti-

IgE Ab, 3) the inability of sera to induce release in basophils with the non-releasing 

phenotype and 4) the ability of IgE- or FceRIalpha-sepharose (and not HSA-sepharose) to 

adsorb the auto-antibody activity. Only 5 sera passed these tests.

Auto-antibody sensitivity to CD32b engagement

One goal for these experiments was to determine if human anti-FceRI or anti-IgE antibodies 

interacted significantly with CD32b. However, this necessitated first understanding how 

nonspecific IgG (nsIgG) could interfere with the extrinsic specific antibodies interacting 

with FcgRIIb/CD32b (or FcgRIIa/CD32a) since serum nsIgG is only avoidable if it can be 

diluted sufficiently to stop its interference with CD32b binding [14]. The online repository 

includes experiments addressing this issue (figure E7). It was determined that if sera were 

used as stimuli, that testing would require sera concentrations be less than 2%. Of the 5 sera 

with the expected anti-IgE or anti-FceRIalpha characteristics, only 2 were of sufficient titer 

to allow study with serum concentrations ≤2%. This was important because it reduces the 

nonspecific IgG concentrations to less than 150 μg/ml. As noted in the preliminary studies in 

the online repository, this concentration may not significantly interfere with FcgRIIb/CD32b 

binding, while inclusion of Ab10523 (a CD32b selective high affinity Ab [8]), would 

interfere.

For these experiments, there were two positive controls that were used to insure that a 

FcgRIIb/CD32b-mediated inhibition of histamine release was observable under the 

conditions of the experiment. The cells were treated to dissociate a portion of the 

endogenous IgE and resensitized with a nitrophenyl (NP)-specific IgE. As we have shown 

previously [14], the mixing of NP-specific IgG2 at an appropriate concentration with NP-

BSA prior to stimulation inhibits histamine release caused by NP-BSA and that this 

inhibition is partially or fully reversible by blocking FcgRIIb/CD32b with Ab10523 (anti-

FcgRIIb/CD32b). A second positive control was that noted in the online repository, testing 

for release with a supraoptimal concentration of goat polyclonal anti-IgE Ab ± Ab10523 [8]. 

As above, the inclusion of Ab10523 (anti-FcgRIIb/CD32b) should enhance the response to 

goat anti-IgE Ab. As shown in figure 2, both of these controls demonstrated the expected 

behavior for Ab10523 (anti-FcgRIIb/CD32b), reversing NP-specific IgG2 inhibition (with 

paired analysis, reversal was 62± 14%, p = 0.0016) and markedly enhancing the goat 

polyclonal anti-IgE Ab response (p=0.0009). It should be noted that these positive control 
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conditions were performed in the presence of a 1% negative serum (to replicate the 

conditions for the two test sera).

MM (an anti-IgE-like serum) and AB (an anti-FceRIalpha-like serum) were tested at 1% and 

0.3% concentrations. There was no effect, or possibly some inhibition of release, by the 

inclusion of Ab10523 (anti-FcgRIIb/CD32b) (figure 2).

Influence of IgE/Fc-like serum on SYK levels in peripheral blood basophils

Stimulation of human basophils through the IgE-mediated pathways induces the loss of 

SYK expression [7]. The process is relatively slow but even low levels of stimulation induce 

SYK loss when they don’t induce histamine release. Therefore, this can prove a useful test 

for low levels of stimulation. The assay was performed with impure cells using flow 

cytometry to detect SYK expression or with purified cells using Western blotting to detect 

SYK expression. For context, the cells were stimulated with anti-IgE Ab/6061P diluted into 

a putatively negative serum so that the final serum concentration (2%) was similar to the 

negative control and the other tested sera. Five sera from releasers and five sera from non-

releasers were tested. By either flow cytometry or Western blotting, there was no significant 

loss of SYK expression (relative to a control containing no serum) for all 10 sera while there 

was a 6061P-induced a loss of 61± 5% of the SYK. Notably, there was no difference 

between releaser and non-releaser sera (figure 3A&B).

In contrast, 3 of the CSU-derived sera that were shown to contain anti-FceRI or anti-IgE-like 

properties induced significant loss of SYK in these cultures. Combining the results where 

flow or Western blotting was used, these 3 sera induced a 56± 9% loss of SYK (6061 

induced a 85± 5% loss). Two of the CSU sera had a high enough titer that a 1.2% dilution 

could be used (therefore, nonspecific IgG should be approximately 180 μg/ml, low enough 

that it shouldn’t interfere with binding of an anti-IgE or anti-FceRI-like antibody, see above). 

For these two sera, the overnight incubation was done ± Ab10523 (anti-FcgRIIb/CD32b) to 

block interaction with FcgRIIb/CD32b. Based on previous studies [8] showing that SYK 

loss was not affected by signaling changes downstream of SYK, loss of SYK was not 

expected to be affected in this experimental design and for the CSU-sera (average reduction 

to 0.29± 0.02 of control) or anti-IgE Ab/6061P or goat anti-IgE diluted into negative serum, 

average reduction to 0.30± 0.08 of control), Ab10523 (anti-FcgRIIb/CD32b) did not change 

the loss of SYK (for CSU-sera, average reduction to 0.30± 0.05 of control and for anti-IgE 

Abs, reduction to 0.30± 0.02 of control).

Influence of IgE/Fc-like serum on SYK levels in maturing basophils

Although there was no evidence that non-CSU sera could induce secretion or alter SYK 

expression in overnight cultures of PBB, the original purpose of this study was to determine 

whether a serum with demonstrable auto-Ab to FceRI could modify SYK expression in 

maturing basophils. Previous studies on the maturation of basophils from CD34+ 

progenitors showed that chronic aggregation could induce a loss of SYK expression without 

changes in cell surface FceRI density or granulation (as measured by alcian blue positivity 

or histamine content) [15]. A similar experimental design was used to examine one of the 

better serums from the above studies and specifically a serum that appeared to be an anti-
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FceRIalpha Ab. In addition, Ab10523 (anti-FcgRIIb/CD32b) was added in one set of 

conditions to test whether blockade of FcgRIIb/CD32b interaction would alter the results. To 

do these experiments, the serum needed to have a high titer so that the nonspecific IgG levels 

would be low. One of the 4 sera studied above, AS, was shown above to induce SYK loss in 

the PBB at low enough concentrations to test the effect of Ab10523. This serum was also 

shown to bind well to unoccupied FceRI. The positive control in these studies was a 

concentration of Ab22E7 (anti-FceRI Ab) that was chosen to be suboptimal for induction of 

histamine release (to better test the low end of stimulation for an effect on SYK expression). 

For these experiments, conditions included media alone, Ab22E7 (anti-FceRI), a ‘negative’ 

serum± Ab10523 (anti-FcgRIIb/CD32b) and AS serum± Ab10523 (anti-FcgRIIb/CD32b). 

Both negative serum and AS serum were tested at 1% and 2% concentrations. Not shown in 

the figure, inclusion of serum (negative or AS) increased the number of alcian blue-positive 

cells (1.65± 0.065, p=0.009) and total histamine content of the culture cell pellets, with a 

slight increase in viability in the cultures.

Figure 4 shows the 2D plots of FceRI vs. SYK expression for negative control serum (panel 

A) and 1% AS serum (panel B) for one of 3 experiments and panel C summarizes the results 

for the 3 experiments. Relative to negative serum, AS serum induced a loss of SYK and the 

pattern at 1% was similar to the pattern observed in previous studies (and different from the 

pattern with negative control serum); greater loss at higher densities of FceRI (thus the 

negative slope in the dot plot) [15]. Greater loss occurred at 2% serum and Ab10523 did not 

alter the results (with statistical significance). For context, the Ab22E7 (anti-FceRI) results 

showed a greater decrease. Also as observed previously, there was no effect on alcian blue 

counts (between negative control serum and AS), total histamine content, or on cell surface 

FceRI expression (the apparent increase with AS was not statistically significant, p = 0.095).

As a follow-up to the FcgRIIb/CD32b portion of the experiment, the expression of FcgRIIb/

CD32b in these maturing basophil cultures was examined. Its expression was near zero in 

the original CD34+ cells and increased with considerable variability in rate in different 

preparations but was nevertheless present by day 9 of culture (data not shown).

Discussion

These studies were undertaken to determine if the sera of subjects whose basophils poorly 

expressed SYK would contain auto-antibodies to FceRI or IgE that could explain the 

suppressed levels of SYK expression. In the same context, the question could be expanded to 

ask whether heterogeneity of SYK expression in the general population could be explained 

by the presence of functional auto-antibodies. This hypothesis was developed because it has 

been demonstrated that aggregation of FceRI/IgE is one mechanism for reducing SYK in 

both mature peripheral blood basophils and in maturing culture-derived basophils [2, 7]. 

There is also evidence that suggests that the sera of healthy subjects may contain auto-

antibodies to FceRI or IgE [9–13]. The hypothesis was predicated on finding auto-antibodies 

that were functionally active for inducing either secretion or, at a minimum, inducing loss of 

SYK. To provide a context for this search, subjects with clinically demonstrable CSU were 

used to act as a positive control because frequencies for finding these auto-antibodies in 

subjects with this condition are reported to be as high as 50%. After initial screening it 
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became clear that a better definition of antibody activity that could induce secretion was 

needed. It also became clear that the bioassay – basophil activation by a foreign serum – was 

sensitive to factors not related to FceRI or IgE crosslinking. By the end of the study, the 

criteria for a serum containing a functionally active anti-IgE or anti-FceRI antibody had 

expanded to 6 conditions. Including the 4 tests noted in the results, two additional tests were: 

5) sera able to be depleted of their activity by specific adsorption with either IgE- or 

FceRIalpha-bearing solid matrix, and 6) inducing the loss of SYK expression in overnight 

cultures of basophils.

With these considerations, no serum from non-CSU subjects was found to contain functional 

auto-antibodies. Notably, this included sera from subjects whose basophils showed near zero 

levels of IgE-mediated histamine release (and therefore little SYK expression). There were 

also no differences between sera from non-allergic and allergic subjects. This result suggests 

that the variability in SYK expression in the non-CSU population (i.e., 99% of the 

population) is not readily explained by the variable presence of functional auto-antibodies to 

FceRI or IgE.

Previous studies on the presence of anti-FceRI or anti-IgE Abs in sera from non-CSU 

subjects used various binding assays (e.g., an IEMA-formatted assay, Western blotting, etc) 

to detect these antibodies [9–13, 16]. Because the current hypothesis required crosslinking-

capable antibodies, the distinction between the current results and previous results may 

reflect the difference in ability to crosslink IgE vs. simple binding. One early study 

suggested that antibodies with this characteristic exist and are not functionally active [17]. 

This study found that it was possible to induce histamine release from many individuals by 

simply stimulating the cells with an anti-IgG antibody. Since there are no known activating 
IgG receptors on basophils [14, 18, 19], it could be concluded that IgG is bound by other 

means, possibly bound to structures like IgE or FceRI, especially since the characteristics of 

the release induced by anti-IgG Ab were similar to anti-IgE Ab-induced release [17]. It 

would be surprising to find no examples of auto-antibodies in the serum from atopic subjects 

if this interpretation were correct unless these antibodies can bind well but not induce 

aggregation without the assistance of a secondary crosslinking reagent like anti-IgG Ab. For 

this previously published study, other than a strong association of these antibodies with 

subjects with allergic diseases, there was no identified consequence to possessing the 

antibodies. A more recent study [16] identified anti-IgE antibodies in sera using an ELISA-

based assay and determined that some of these antibodies were functionally active although 

a consequence of this activity in the subjects from which they were derived was not 

discussed. In contrast, if auto-antibodies are functionally active in patients with CIU/CSU, 

there would seem to be a pathological consequence to their presence (although concordance 

between their presence and disease expression is poor [10–12]). These studies were limited 

to a single clinic population and although the patients were well characterized, a broader 

study, potentially at other sites, to establish whether this algorithm for identifying positive 

sera would yield a similar frequency of auto-antibody occurrence at other geographical 

regions. It is also possible that the threshold for positivity used in this study (to make 

possible the SYK studies) excluded some weakly positive sera.
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The current study also suggests that the frequency of functionally active auto-antibodies in 

the CSU population was lower than anticipated. Instead of a frequency of ≈50%, this study 

suggests a frequency of 7%. Although this is a far lower frequency than expected, the few 

sera found pass a stringent set of requirements and clearly possess functional auto-antibodies 

to either IgE or FceRI. With these sera in hand, it was possible to demonstrate that they can 

act to induce a reduction in SYK expression in both mature and developing basophils in 

CD34+ cultures. As found previously, an interesting aspect of the reduction in the CD34 

cultures was the loss of SYK expression while retaining FceRI expression and the 

granularity (alcian blue positivity/histamine content) of the maturing cell [15]. In addition, in 

neither peripheral blood basophils or CD34-derived basophil cultures did blockade of 

CD32b modify the ability of the antibodies to induce the loss of SYK. This was the behavior 

expected from previous studies of the signaling requirements for CD32b-mediated inhibition 

[8] but these results served to strengthen the hypothesis that an auto-antibody could induce a 

change in SYK expression without interference from Fc-region binding to CD32b. However, 

the prediction might be different for SYK down-regulation vs. histamine release [8] and the 

observations that CD32b blockade effected neither outcome suggests that interaction with 

CD32b is minimal regardless of the conditions or outcome metrics of the experiments.

Mast cell SYK is also regulated by IgE-mediated stimulation but past experience with 

natural tissue mast cells has shown them to be either as sensitive or less sensitive (cell 

surface density of IgE required for a response) than basophils (ref). Because it wasn’t 

examined, it is possible that some sera that were classified as negative for inducing an IgE-

mediated response on basophils may behave differently with mast cells but there is no 

expectation for this result.

Anecdotally, for the 5 sera that showed demonstrable functional auto-antibodies to IgE or 

FceRIalpha, the basophil responses of these same donors were a mixture of releasers and 

non-releasers. Four of the five of the subjects with serum-induced histamine release 

classified as having anti-IgE/FceRI antibodies had non-releasing basophils. The remaining 8 

(8/13) whose sera failed some of the tests had basophils that were evenly split between 

releasers and non-releasers. Previous studies [13, 20] have suggested the frequency of non-

releasers in the CSU population is 30–40%, so the 80% frequency in the auto-antibody 

group (n=5) appears high (chi-square against the Baker study [21] yields p=0.054, and 

against the Rauber study [20], p = 0.04) but compatible with having auto-antibodies to IgE/

FceRI. A prospective study would be needed to determine if the titer of auto-antibodies 

validated with this study’s algorithm would predict the releasing phenotype of the subject’s 

basophils.

It was clear that there are technical issues when serum from one subject is used to stimulate 

leukocytes from another subject. Although there was some concern regarding ABO 

antibodies, the preliminary studies suggested this was not a problem. However, it was also 

clear that there are un-identified incompatibilities between sera and non-self basophils (see 

the ABO compatibility section of the methods in the online repository). This problem was 

least apparent when using sera from non-CSU subjects unless the basophils were first 

cultured overnight with IL-3. Under these conditions basophils became responsive to all sera 

and histamine release induced by the sera was insensitive to inhibition with a BTK inhibitor. 
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This phenomenon was not explored further but suggests that shifting basophil phenotypes 

(e.g, generated by IL-3 exposure) can complicate studies using sera. The problem was more 

apparent when using sera from CSU subjects. The frequency of any response with sera from 

the two CSU groups was approximately 41%. This is very similar to findings from other 

studies. However, after testing for repeatability and IgE/FceRI-mediated characteristics, the 

frequency dropped significantly to 7%. There were a variety of failure points, from non-

repeating results to not being inhibited by signal transduction inhibitors that should alter 

IgE/FceRI signaling. The most puzzling result were 4 sera that passed two of the tests for 

IgE/FceRI-mediated characteristics but failed the non-releaser test. Because there was no 

further study of these unusual sera, there is no conclusion about the mechanisms that 

underlay the result. But on a practical level, it appears that there are multiple ways that sera 

can activate basophils that overlap with IgE/FceRI-mediated release but not necessarily be 

activation through IgE/FceRI.

Some of the sera that showed demonstrable auto-antibodies were re-examined using 

different blood draw dates from the same patients. This was only briefly explored; in 3 

instances where additional serum samples were obtained 1 year apart or more from the 

tested serum, the positive results did not repeat. In one instance, a recent patient, serum 

samples spaced by only 2 months were very similar in characteristics. The sampling is too 

limited to relate these results to clinical status but the variability has practical implications as 

well as highlighting the ephemeral nature of these auto-antibodies.

In summary, one important conclusion of these studies is that there is no evidence for 

functional auto-antibodies with specificity for IgE or FceRI in non-CSU subjects that could 

modify SYK expression levels in their circulating basophils. Since SYK expression is highly 

variable in all subjects, it appears that functional auto-antibodies provide a poor explanation 

for this variability. A second conclusion is that functional auto-antibodies can be found in 

sera of subjects with CSU although if functionality on a FceRI-bearing cell type is the 

behavior of interest, the frequency appears to be below 10%. But these antibodies do have 

the capability of modifying SYK expression in a developing basophil and they don’t appear 

to interact with FcgRIIb/CD32b.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key Messages

• Auto-antibodies to either IgE or FceRIalpha can induce down-regulation of 

SYK in either mature or maturing human basophils.

• The frequency of functional auto-antibodies in subjects without chronic 

spontaneous urticaria is near zero and in subjects with chronic spontaneous 

urticaria is only 7%. Therefore, auto-antibodies to IgE or FceRIalpha do not 

explain the wide variation of SYK expression in the general population.
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Figure 1. 
Criteria for classification of sera as containing functional auto-antibodies to FceRI or IgE. 

‘drugs’ = 3 IgE-pathway-specific drugs, ‘xdesn’ = cross-desensitization with known 

aggregating anti-IgE Ab, ‘NR’ inability to stimulate basophils of the non-releasing 

phenotype.
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Figure 2. 
Effect of Ab10523 (blocking Ab for FcgRIIb/CD32b) on sera-induced secretion. Two 

methods were u sed to demonstrate within the same cell preparations that blocking FcgRIIb/

CD32b with Ab10523 (anti-FcgRIIb/CD32b) under known conditions would alter the 

response to stimuli. These positive controls (positive ctrls, left side of plot) are described in 

the text. Using similar conditions, the cells were stimulated with sera MM and AB at the 

concentrations shown in the presence or absence of Ab10523 (anti-FcgRIIb/CD32b). The 

bars plot the average histamine release for the 4 experiments and the average ratios 

(response in the presence of Ab10523/response without Ab) for the 4 experiments are shown 

above the bars.
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Figure 3. 
SYK expression in purified human basophils cultured overnight with serum (see methods) 

from subjects whose basophils were characterized as non-releasers or releasers. Panel A: 

Example western blot for SYK expression, NR = serum from non-releaser phenotype, R = 

serum from releaser phenotype, aIgE = known aggregator 6061P/anti-IgE Ab. The protein 

p85 (a subunit of PI3K) is used to normalize results (see methods). Panel B: summary 

analysis of 2 experiments. The serum effects were calculated relative to media control band 

intensity. Five releaser and 5 non-releaser sera were tested in overnight cultures and the 

ratios plotted. Panel C: Example western blot analysis for SYK expression, C = media 

control, A = anti-IgE Ab, As = suboptimal anti-IgE Ab, Cs = control serum (known not to 

induce secretion), MM, AB, AS = sera known to induce release by the criteria established 

for FceRI/IgE-mediated release. Overnight cultures as described for panel A. Panel D: 

average results of the conditions aligned in panel C (n=3, 2 experiments using Western 

analysis and 1 using flow cytometric analysis).
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Figure 4. 
SYK expression in 15 day culture-derived basophils treated with AS serum ± Ab10523 

(anti-FcgRIIb/Cd32b). The various stimuli were added at day 3 of culture and analysis of 

SYK done by flow cytometry. Panel A; flow cytometry of cells treated with control serum at 

1% (serum previously determined to not induce release). Panel B: flow cytometry of cells 

treated with AS serum at 1% (known to induce release). Panel C: summary results from 2–3 

experiments (n=3 for 1% and n=2 for 2% serum), expressed relative to control serum, 22E7 

(anti-FceRI Ab) at a concentration previously determined to induce 5% of maximum release. 

For the AS treated cells, combining results for both 1% and 2% concentrations, FceRI = 

surface FceRI expression (n=3), Al.Blue = counts of alcian blue positive cells (n=3), 

Tot.Hist. = total histamine content (n=2).
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