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Methods

Materials, Buffers and Antibodies: The following were purchased: PIPES, bovine serum
albumin (BSA), EGTA, EDTA, D-glucose, 2-ME (2-maptoethanol); RPMI 1640
containing 25 mM HEPES and L-glutamine (BioWhittgR&/alkersville, MD); StemCell
Pro media (Life Technologies, Carlsbad, CA ); Pkr{@harmacia, Piscataway, NJ);
Tris(hydroxymethyl)-aminomethane, Tween-20 (Bio-R&atcules, CA); syk inhibitor
NVP-QAB205 was a gift of GlaxoSmithKline; src-family kinase inhibitor, PP1
(Calbiochem, San Diego, CA); PCI-32765 (MedChem Express, Monmouth Junction,
NJ); LY2940002 (Calbiochem, La Jolla, CA); mouseti-anman IgE Ab (6061P)
(Hybridoma Farms, MD); goat polyclonal anti-higE Adenerated and enriched as
described previously, anti-CD32b, Ab10523 (Xencor, Inc., Moravia, CAanti-CD32a
Ab, clone IV.3 (StemCell Technologies (Seattle, Wégntrol mouse IgG1 (Zymed, San
Francisco, CA); control mouse IgG2b (eBiosciencen Diego, CA); anti-IL3R-
phycoerythrin (BD Pharmingen, San Jose, CA); amuse IgG2b-alexa647 (Molecular
Probes, Invitrogen, Carlsbard, CA); anti-FceRI, B35Aand 22E7 (gift from Hoffman-
LaRoche); human IgG (Cappel Laboratories); anti-@{R10) (Santa Cruz Antibodies,
Santa Cruz, CA); PIPES-albumin-glucose (PAG) butfansisted of 25 mM PIPES, 110
mM NaCl, 5 mM KCI, 0.1 % glucose, and 0.003 % HSRAGCM was PAG
supplemented with 1 mM CaCand 1 mM MgC]. Labeling with antibodies for flow
cytometry was conducted in PAG containing 0.25 %A RBESplace of 0.003 % HSA (EB).
ESB is Novex electrophoresis sample buffer comagird % 2-mercaptoethanol. Lactic

acid IgE elution buffer 0.01 M lactic acid, 0.14NACI, 0.005 M KCl at pH 3.93.

Preparation of FceRlalpha, IgE and HSA sepharose
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A flag-tagged FceRlalpha transfection plasmid viesgenerous gift of Dr. Robert
Anthony (Harvard, Boston, MA). The plasmid was usettansfect HEK cells as
described previousl§; Briefly, 9 million HEK cells were transfected ti60 pg plasmid
in a solution of PEI (Transporter 5, Polysciendes, Warrington, PA):saline (240 pl
stock in 3 ml saline), cultured in 2xT75 flasks (hODMEM media/flask). Supernatant
from the flasks after 72 hours was adsorbed withFILAG Ab-beads (300 pl stock
beads, Sigma-Aldrich, St. Louis, MO). The beadsewesed for adsorption experiments
after equilibrating into 1X PIPES buffer. IgE-septse was prepared by coupling 750
mg of JK IgE (Hybridoma Farms, Belair, MD) to 80 1@8iBr-sepharose 4B fast-flow
beads (Sigma-Aldrich, St. Louis, MO). HSA was ca&apin a similar manner. For pilot
studies, test solutions of either 22E7 diluted tmacentration that was near the optimum
for histamine release or goat anti-IgE Ab alsatéd to near its optimum for histamine
release were treated with different quantitiesliahaee beads and the optimum for

specific adsorption chosen for subsequent expetsnen

Basophil purification

Basophils were purified from leukopheresis packs or from blood obtained by
venipuncture. When used at high purity, they were purified to near homogeneity by
sequential application of Percoll gradients and negative selection using the basophil
purification kit (Stem Cell Technologies, Vancouver, BC) and columns from Miltenyi
Biotec (Aubum, CA) >. The average purity of these basophils by alcian blue staining ¢
was 99%. Starting viability of these cells was typically >97%. For basophils obtained
by venipuncture (this study was approved by the Johns Hopkins Institutional

Review Board), basophils were enriched on a two-step Percoll gradient 7.
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Reaction conditions
For experiments requiring longer incubations (fioral and expression level studies),
the culture conditions were RPMI-1640 media conmtgr).03% human serum albumin
(HSA), gentamycin (100 pg/ml) and supplemented noM CaChb. When cells were

obtained by venipuncture and enriched by two-stpd¥ gradients, the cell culture

density was 2 million total cells/ml of medium.

For some experiments, a portion of the endogengiisvMas removed by treating the cells

with lactic acid buffer (on ice for 6 seconds withffer before adding 1.5 ml EB to
neutralize the pH). Histamine release was measured from supernatbogdls
stimulated in PAGCM buffer. Histamine was measurg@utomated fluorimetr§. For
desensitization experiments, there were two phaste reaction, xstimulation with
6061P (anti-IgE Ab) in the absence of extracellgkcium (+50 uM EDTA) for 90
minutes followed by re-stimulation with anti-IgE Ao serum for 45 minutes in 1 mM

Ca++

Definition of Positivity

As the ABO-compatibility issue and the initial screening of sera were explored, a
dataset of histamine results from the 25% sera-challenge of recipient basophils was
generated. A simple algorithm for iterating towards a threshold in the presence of
sparse true signals was used °. All of the results (responses to 25% serum) were
first averaged, label as A1. This average (A1) was naturally skewed by the presence
of eventual positives. Using A1 as a threshold, the dataset was re-averaged by

including only results less than A1, label this average as A2. Under the assumption
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that A2 represented a close approximation of the true background signal, the
standard deviation (SD2) of this distribution was also calculated and a threshold of
positivity set as A2 + 1.96*SD2 (p>0.975 of the assumed Gaussian distribution). This
value was 6% (note that this is above spontaneous release in the histamine release

calculation).

Flow cytometry

With some noted exceptions, flow cytometry was qranied on cells fixed in 2%
paraformaldehyde for 20 minutes at room temperdiafere blocking with 4%BSA-PBS
overnight. If the basophils were highly purifiedete was no need for selection
antibodies but if only enriched, gating for basdgpinas based on forward-side scatter
gates and labeling with anti-&Rl antibody0. The monoclonal antibodies 22E7 (a gift
of Hoffman-LaRoche) or CRA-1 (eBiosciences, SangDjeCA) (both antibodies specific
for FceRlalpha) were used interchangeably (depgnatiinwhich isotype mouse antibody
was needed) to label FceRI. Isotype control adigmor specific antibodies were
incubated with basophils in EB buffer for 30 mirsit#ior to a secondary incubation with
labeled secondary antibodies for 30 minutes, faidwy washing and analysis. If the
measurement of SYK were the target of the assayS¥K-selective antibody 4D10 was
used in a protocol previously publishgédIf CD32a receptors were the target for labeling,
the protocol, described previouskincluded 20 pg/ml Ab10523 (antiegRIlb/CD32b)
because clone V.3 (anfiegRIla/CD32a) could bind toFcgRIIb/CD32b through its Fc
region. If theFcgRIIb/CD32b receptors were the target, the ‘control’ labelinguded

20 pg/ml Ab10523 (antitcgRIlb/CD32b, see above) as well as 1 pg/ml Ab10523-
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alexa647 while detection 6tgRIIb/CD32b included only Ab10523-alexa647. Since
Ab10523 (antiFcgRIlb/CD32b) doesn’t bind td*cgRIlb/CD32b through its Fc region,
no blocking ofFcgRIla/CD32a was necessary. In general, mean net fluorescence is
reported. Calibration beads were used to ensuriavecytometer was producing similar

results between daily and weekly measurements.

Western blotting

Pelleted cells were lysed in 20 pl of hot ESB, thiee placed in boiling water for 5
minutes and the samples stored at -80°C until relelbresis. Samples were run in a 15
well 8% tris-glycine gel with molecular weight meark. After transblotting to
nitrocellulose, membranes were blocked with 4% B3Zqual lane loading was
confirmed by blotting with anti-p85a antibody. Wavie used this method in variety of
different studies and have found that basophilaatachange their p85 levels during IgE-

mediated stimulation for short or long peridéls

ABO compatibility:

All of our donors that supplied basophils for the bioassay of sera-induced histamine
release were typed for the AB and Rh antigens. For these same donors, sera was also
obtained. The donors and sera were tested for histamine release by stimulating a
“recipient” (Percoll-separated basophils, see above) basophil with 25% serum from
either an AB/Rh matched donor or with a mis-matched AB/Rh donor. For a series of
24 donor sera (from non-CIU patients) first tested on a 3 O+ basophils for whom
optimal IgE-mediated histamine release averaged 28%, no sera were found to

induce histamine release. For a series of 20 sera that were tested on deliberately
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mismatched “recipient” basophils (e.g., A+ on B+, etc.), only 1 serum induced modest
release (5-10%). Further exploration of this one example showed that it would
induce release only when paired with one particular recipient basophil. Type
matching or mismatching could be done without release except for the one
particular “recipient” donor. During the course of additional experiments, one
additional donor was found with this characteristic. Therefore, AB/Rh matching
appears irrelevant to whether sera induce release but in approximately 5% of sera
tested, there could be some release induced that could be considered idiosyncratic
to specific pairings of “recipient” basophils and serum. Despite the appearance of no
problem with AB/Rh matching, for the remainder of the experiments in which
serum was tested on “recipient” basophils, these basophils were chosen to be O+ or

O-.

Results

Difference in positivity between general and basopenic groups

There were three subjects that appeared in both the general CSU group and in the
subsequently screened CSU group with basopenia. Statistically, the two groups are
therefore not independent. Removal of the 3 basopenic subjects from the general
group (and retaining them in the basopenic group) results in a chi-squared of 6.26,
p=0.011, i.e., a difference in frequency between groups but performing the analysis
by removing them from the basopenic group (and retaining them in the general

group) leads to no difference in frequency (p=0.20).

Drug sensitivity
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The first assay tested the effects of four pharmacological inhibitors known to inhibit
enzymes involved in IgE-mediated secretion. Previous studies have identified agents
that operate on signal transduction steps that are relatively specific for the IgE-
mediated signaling cascade but not effective for GTP-binding protein-dependent
receptors such as fMLPR. Four points in the early IgE-mediated cascade were
chosen, the src-family kinases, SYK, BTK, and PI3 kinase (likely delta in human
basophils). The relevant drugs were PP1 or PP2 (src-family kinases, both tested),
NVP-QAB205 (SYK inhibitor), PCI-32765 (BTK inhibitor) and LY294002 (PI3K
inhibitor). Each has received detailed study for their behavior on human basophils
1416, Figure E2 shows a schematic of where these drugs are thought to act in the

IgE-signaling pathway.

For this assay, we discovered that the presence of serum could shift the IC50 of the
drugs being used as indicators of an IgE-mediated reaction. This was most notable
for PP1 or PP2, two src-family kinase inhibitors. For these inhibitors, for reasons not
explored, serum almost completely eliminated the drugs’ effectiveness. Figure E3
summarizes the results for all four drugs with and without serum. Therefore, results
with PP1 or PP2 were not included in subsequent testing. Serum shifted the IC50 of
NVP-QAB205 (SYK inhibitor) by 2-3 fold, LY294002 (PI3K inhibitor) by 6-fold and
PCI-32765 (BTK inhibitor) by only a minor degree. It wasn’t known whether cells
were experiencing lower intracellular levels of the drugs (e.g., due to metabolism or
binding to sera proteins) or whether a property of the cellular response to the
action of the drugs was different in the presence of serum. Because the mechanisms

were unclear, for subsequent experiments in the presence of serum, the drug
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concentrations were conservatively kept near the expected IC50 concentrations
determined from previous studies. But this conservative approach led to results
where the ability to inhibit 6061P/anti-IgE Ab-induced release was more variable
due to the serum effect and so the method to analyze the results across different
experiments was to normalize the extent of inhibition based on how effectively
6061P/anti-IgE Ab-induced release was inhibited in the presence of a non-releasing
serum (see methods). Figure E4A plots the similarity index for the 13 multiply
positive sera. Four of the sera induced release that was unresponsive to these 3

drugs.

A second assay determined whether desensitization of the IgE-mediated pathway
also inhibited the ability of the serum to induce release. Parenthetically, we
discovered that the inclusion of serum sometimes slowed the rate of desensitization
of FceRI. For this series, basophils were stimulated with 6061P/anti-IgE Ab in the
absence of extracellular calcium for 1 hour (or no 6061P/anti-IgE Ab to act as the
non-desensitized control), extracellular calcium returned to the reaction and the
cells further stimulated with 6061P/anti-IgE Ab or serum at 25% final
concentration. The control re-challenge included 6061P/anti-IgE Ab in negative
serum or PAGCM. As before, the useful metric was to compare the desensitization
inhibition of the serum response to the desensitized inhibition to 6061P/anti-IgE Ab.
If 6061P/anti-IgE Ab induced desensitization of serum to an extent similar
6061P/anti-Ig Ab-induced desensitization to 6061P/anti-IgE Ab, the similarity
index was near 1.0. Figure E4B plots these results for the 13 multiply positive sera.

As found for the drug testing, the same 4 sera did not pass the similarity test.
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The third assay was a natural variation of the NVP-QAB205 (SYK inhibitor)
experiments, taking advantage of basophil donors whose expression level of SYK is
so poor that IgE-mediated histamine release is near zero 3.17. There is little reason
to expect an FceRI-dependent process or a SYK dependent process, to induce release
from these donors’ basophils. Prior to this experimental series, we noted that some
of the 13 multiply positive sera were not found to induce strong release. If release
induced with these sera from a non-releaser were poor, it would be difficult to know
whether the release was expected or appropriately suppressed. Therefore, the
calculation of similarity was based on the expectations for release with each of the
13 sera. This was the last series of studies done and at this point, there were 4-6
independent measurements of these 13 sera to induce release from strongly
releasing basophil donors. An average of the multiple measurements for a given
serum could be calculated and the histamine release from the non-releaser
calculated relative to the expectation. Therefore, a value of near zero would be
expected for sera that operated through SYK. Several non-releasing donors were
used for this test and those sera causing release were repeated. With this test there

were only 5 sera that continued to pass the similarity metric (see figure E4C).

Adsorption of sera

To verify that these sera likely contained an antibody to IgE or FceRlI, the sera were
adsorbed with either IgE- or FceRlalpha-beads. The online repository describes the
coupling of sepharose beads to HSA, IgE or FceRIlalpha. Three sera with sufficient

titers were adsorbed with a 12.5% v/v quantity of each of these beads for 2 hours at
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4°C. The bead supernatants were used to stimulate releasing basophils (as above).
For positive controls, a solution of anti-FceRIalpha (22E7) monoclonal antibody or
anti-IgE (goat) polyclonal antibody (diluted into negative serum) at concentrations
that produce optimal and slightly suboptimal histamine release were also adsorbed
with the beads. These controls provide a context for the adsorption results with
positive sera (not shown in figure E5, IgE-beads did not adsorb 22E7 and alpha-
beads did not adsorb anti-IgE Ab). In all 4 instances tested (1 was excluded because
the response was relatively poor for this serum), either IgE- (1 instance) or
FceRlalpha- (3 instances) beads inhibited the ability of sera to induce release. Two
of the anti-FceRlalpha positive sera appeared to also be partially adsorbed with IgE

beads and might therefore also be an anti-IgE Ab (figure E5).

In an additional test, basophils were treated with lactic acid buffer to dissociate a
significant fraction of their surface IgE antibody or incubated with additional IgE in
an attempt to fully occupy any non-occupied receptors. One set of cells remained
untreated. All 3 sets were stimulated with the 5 sera. This test examines whether
the ant-FceRlalpha antibodies were sensitive to the occupancy of FceRI. The anti-
IgE-like serum (MM) was inhibited by dissociation. However, each of the anti-
FceRlalpha-like sera were sensitive to occupancy in that dissociating the
endogenous IgE enhanced their ability to induce release and increasing occupancy
with sensitization decreased the response to the serum. The one serum that was not
examined in the immuno-adsorption study also was sensitive to occupancy, i.e.,

serum-induced release was enhanced following IgE dissociation.
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IL-3 effects on sera-induced histamine release

None of the non-CIU sera induced replicable release; this included sera from
subjects classified as non-releasers. An additional test was performed on sera from
non-releasers and releasers. Basophils were cultured for 24 hours with 10 ng/ml IL-
3 to markedly enhance their sensitivity to secretagogues. Surprisingly, all sera
induced histamine release but there was no difference between the two categories
of donor (releaser vs. non-releaser)(figure E6B, figure E6A shows the release
distributions for the basophils, stimulated with an optimal concentration of
6061P/anti-IgE Ab of serum source subjects). In addition to the challenge with sera,
the effect of the BTK inhibitor PCI-32765 on each response was tested. None of the
responses were inhibited (ratio of response+inhibitor/response-inhibitor =
1.03+0.07)(data not shown). In addition, the test was also preformed on basophils
for which the endogenous IgE was dissociated prior to culture and challenge. There
were no differences in the responses to the sera and no differences between

releasers and non-releasers (data not shown).

Inhibitory effects on IgG

The question was whether antibodies that interact with a cell surface protein (in
this case, IgE or FceRI) and are already bound and constrained to the cell surface,
are inhibited in the interaction of their Fc domains with cell surface CD32b due to
nonspecific IgG in the extracellular medium. Several known anti-IgE or anti-FceRI
antibodies were examined for the influence of CD32b on their activity and for what

concentrations of nslgG antibody interfered with any interaction. We have
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previously demonstrated that polyclonal goat anti-IgE Ab interacts with
FcegRIIb/CD32b and that inhibition of this interaction with a selective anti-CD32b
antibody (Ab10523) enhances induced histamine release. This interaction is
sufficiently strong to observe significant enhancement of release in the presence of
Ab10523 (anti- FcegRIlIb/CD32b). Figure E7A shows that nsIgG can also reverse
interaction of goat anti-IgE with FcegRIIb/CD32b with an IC50 of approximately 2.5
mg/ml with full reversal (relative to Ab10523 (anti- FcegRIlb/CD32b)) not
apparent at 10 mg/ml. A mouse IgG2b anti-IgE Ab was examined. There have been
indications in previous studies that there is some interaction of mouse antibodies
with CD32b but as is apparent in Figure E7B, enhancement of release is modest with
Ab10523 (anti- FcegRIIb/CD32b). The inclusion of nslgG also enhances release, to
an extent exceeding somewhat or equivalent to Ab10523 (anti- FcegRIlb/CD32b)
with an IC50 of 300 pg/ml. We found that 22E7, an anti-FceRIalpha antibody is also
only weakly enhanced with Ab10523 (anti- FcegRIIb/CD32b) (data not shown,
enhancement of 1.20+0.05 fold). These results suggest that interaction with
FcgRIIb/CD32b varies considerably between anti-IgE/Fc antibodies, with goat Ab

showing the strongest interaction.

These experiments suggested that the range of possible interaction is large but that
a typical human IgG interacting with CD32b might be reversible by competing with
nslgG. Therefore, these results suggest that 1) nslgG levels less than 1.5 mg/ml
(equivalent to 10% serum) could be tolerated if a human anti-FceRI or anti-IgE had
Fc binding characteristics like goat anti-Igk while 10 fold lower concentrations

would be needed (1% serum) if the characteristics were like mouse anti-IgEs.
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Figure Legends

Figure E1: Serum induced histamine release distributions for the 3 categories of
subject. The final concentration of serum was 25%. The initial screening required
that a serum induce release consistently and a failure in a second screen removed
the serum from consideration. The sera that passed the first screening are shown as
pairs with those that failed the second screening as open circles and those that
passed the second screening as filled gray circles. The average of release of the first
test of eventual double positives was 43% while the average release for the first test
of eventual single positives was 19%. The average anti-IgE Ab-induced release of

the recipient basophils was 70%.

Figure E2: Cartoon of the early IgE-mediated signaling reaction to show the relative

position in the cascade and the drugs that inhibit each step.

Figure E3: IC50 of 4 drugs with specificity for IgE-mediated secretion with and
without 25% serum present. Panel A: src-family kinase inhibitor, PP1 (n=3)(filled
circle = no serum present, filled square = 25% serum present, applies to all panels).
Panel B: SYK inhibitor, NVP-QAB205 (n=1). Panel C: BTK inhibitor, PCI-32765 (n=1).

Panel D: PI3 kinase inhibitor, LY294002 (n=1).

Figure E4: Three tests for sera similarity to an IgE-mediated response. The methods
section describes the metric of ‘similarity’ as is relevant to each test. For some of the

sera where results neared thresholds for exclusion, the tests were repeated (e.g.,
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ER). Panel A: similarity index (>0.90 showing similarity to an IgE-mediated
response) for 3 selective inhibitors of the FceRI-mediated activation pathway. Black
bar = SYK inhibitor, NVP-QAB205 at 0.75 uM; lightest grey bar, BTK inhibitor, PCI-
32765 at 75 nM; medium grey bar, PI3K inhibitor, LY294002 at 7.5 uM. Asterisks
denote sera not passing this test. Panel B: similarity index for cross-desensitization
between a known anti-IgE Ab and sera-induced release (>0.90 showing similarity to
an IgE-mediated response). Asterisks denote sera not passing this test. Panel C:
Ability of sera to induce release from a known non-releasing basophil. The metric
for this test was the fraction of the expected response for each specific serum based
on past performance of the same serum on releasing basophils. To accommodate
variation, a value greater than 0.3 was considered a positive response from a non-
releaser basophil although a threshold of less than 0.05 would be appropriate for a

known aggregating anti-IgE Ab. Asterisks denote sera not passing this test.

Figure E5: Adsorption of sera with either HSA-coupled, IgE-coupled or FceRlalpha-
coupled sepharose beads. Basophils were challenged with stimuli that had been
adsorbed with the various stimuli shown. The ordinate metric is the response
relative to the response to as stimulus after adsorption with HSA-coupled beads.
The control responses (absorption with HSA-coupled beads) to anti-IgE Ab (goat
anti-IgE Ab), 22E7 (anti-FceRlalpha), AB, MM, AS, and DS sera was 83%, 64%, 18%,
36%, 42%, and 5%, respectively. The data shows averages from 3 experiments for
the 22E7 (anti-FceRIalpha) and anti-IgE Ab (goat anti-IgE Ab), MM and AS and n=1

for DS and AB.
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Figure E6: Effect of overnight IL-3 (10 ng/ml) on the response of basophils to
releaser (R) and non-releaser (NR) sera. Panel A: Histamine release from the
basophils of serum donors categorized as releasers (R) or non-releasers (NR).
Points are the response of each donors’ basophils to stimulation with anti-IgE
Ab/6061P at an optimal concentration (0.5 pg/ml). Horizontal bars represent the
averages. Panel B: sera from these basophil phenotypes was used to stimulate
basophils first cultured for 18 hours with IL-3 at 10 ng/ml. Points are responses to

each sera tested, horizontal bars represent the averages * standard deviation.

Figure E7: Sensitivity of mouse and goat anti-IgE Abs to nonspecific IgG to block
CD32b. Panel A: The positive control (rightmost bar) in this protocol is the inclusion
of Ab10523 (anti-FcgRIlb/Cd32b) at 50 pg/ml to block the participation of
FcgRIlb/CD32b during stimulation with a mouse monoclonal anti-hIgE Ab. The
leftmost bar is the response without Ab10523 (anti-FcgRIIb/Cd32b). In-between is
the concentration-dependence of nonspecific hIlgG to block the participation of
FcgRIIb/Cd32b in the response to mouse anti-IgE Ab. Panel B: similar to panel A

except the stimulus was goat polyclonal anti-IgE Ab.
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