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Abstract

Background

Dust of green coffee beans is known to be a relevant cause for occupational allergic disor-

ders in coffee industry workers. Recently, we described the first coffee allergen (Cof a 1) es-

tablishing an allergenic potential of green coffee dust.

Objective

Our aim was to identify allergenic components of green coffee in order to enhance inhalative

coffee allergy diagnosis.

Methods

A Coffea arabica pJuFo cDNA phage display library was created and screened for IgE bind-

ing with sera from allergic coffee workers. Two further coffee allergens were identified by se-

quence analysis, expressed in E. coli, and evaluated by Western blots. The prevalence of

sensitization to recombinant Cof a 1, Cof a 2, and Cof a 3 and to commercially available ex-

tract was investigated by ELISA (enzyme-linked immunosorbent assay) respectively CAP

(capacity test) screening in 18 sera of symptomatic coffee workers.

Results

In addition to the previously described chitinase Cof a 1, two Coffea arabica cysteine-rich

metallothioneins of 9 and 7 kDa were identified and included in the IUIS Allergen Nomencla-

ture as Cof a 2 and Cof a 3. Serum IgE antibodies to at least one of the recombinant aller-

gens were found in 8 out of 18 symptomatic coffee workers (44%). Only 2 of the analysed

sera (11%) had reacted previously to the commercial allergy test.
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Conclusions

In addition to the previously described Cof a 1 we have identified two further coffee proteins

to be type I coffee allergens (Cof a 2 and Cof a 3) which may have a relevant potential for

the specific diagnosis and/or therapy of coffee allergy.

Introduction
Coffee is the most favorite beverage of hundreds of millions people worldwide. Up to twice a
year, in coffee growing countries tons of coffee cherries are harvested. After removing their
pulps, the green coffee beans are dried by spreading them under the sunlight. Usually, for fur-
ther processing steps like roasting and/or decaffeinating, the dried beans are shipped world-
wide in large coffee containers. About 25 millions of coffee workers are exposed during the
coffee processing to irritating and sensitizing dust with several allergens worldwide (i.e. from
burlap, cockroach and coffee bean) [1]. Dust from raw coffee beans has been reported to elicit
skin, ocular, and respiratory allergic reactions in up to 50% of coffee processing industry work-
ers [2–4].

To date, reliable diagnostics for coffee sensitization are not commercially available. The
only commercial allergy test is a serological test based on a mixture of green coffee bean ex-
tracts. These native extracts are of limited sensitivity since they differ in antigen concentration
and composition due to lack of standardized allergen sources and preparation procedures. This
might lead to false-negative test results. Thus the unpleasant and invasive inhalative provoca-
tion test, which is not free of risk, is frequently needed to establish the definitive diagnosis.
Therefore, there is a need for improving diagnostic tools for allergy to green coffee dust. Diag-
nostics based on recombinant antibodies can raise test specificity and sensitivity [5,6]. In our
previous research we have identified the class III chitinase Cof a 1 on molecular level [7]. There
is a need to expand the coffee allergen panel by identifying further relevant allergens which can
be added to available diagnostics, i.e. by spiking commercial extracts with recombinant pro-
teins. The aim of the present work was to identify and characterize further allergens of the Cof-
fea arabica bean in order to improve coffee allergy diagnostics.

Methods

Investigated sera
Sera for IgE immunodetection were obtained from 18 coffee industry workers from a haulage
company, a coffee silo, and a decaffeinating company, all complaining about work-related urti-
caria, rhinitis, conjunctivitis and/or chest tightness during exposure to coffee dust. None of the
employees reported symptoms after drinking coffee. All participants signed written informed
consent after explanation of the study by the examining physician. Sera were collected and ana-
lyzed according to a study protocol after approval of the study by the Ethics Committee of the
local Medical Association (Ethik-Kommission der Ärztekammer Hamburg, approval number:
PV3968). All volunteers were male and between 29 and 54 years old (average 45 years). The
control sera came from 8 subjects (4 females and 4 males with an average age of 37 years) not
occupationally exposed to coffee dust (Tab. 1). None of the controls had ever been diagnosed
an allergic conjunctivitis, rhinitis and/or obstructive airways disease nor had a known sensitiza-
tion to common environmental or occupational allergens. All sera had been stored at −20°C
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until analysis was performed. Sera from two further workers otherwise not included in the
study were used for the biopanning procedure.

Generation of a cDNA library
A cDNA λTriplEx2 library from immature green coffee cherries (Coffea arabica) was built as
described previously [6]. Briefly, 1 μg of total RNA was used as starting material to generate
double-stranded cDNA according to the PCR-based method. After in vivo conversion of the
λTriplEx2 library into a pTriplEx2 plasmid population and extraction of the recombinant plas-
mids, 100 μg of plasmid DNA were digested with EcoRI/XhoI and resulting inserts were ligated
into the EcoRI and XhoI sites of pJufo II (kindly supplied by Professor R. Crameri, Department
Molecular Allergology, Swiss Institute of Allergy and Asthma Research, Davos, Switzerland).

Table 1. Clinical details of the study population and reactions to tested allergens.

Subject
no.

Age
(yr.)

Sex Work related
complaints

Total IgE
(kU/L)

rCof a
1

rCof a
2

rCof a
3

ImmunoCAP k70 (green coffee
beans)

Coffee
workers

1 52 m c, r, ct 35.1 - - + -

2 41 m c, r, ct 7.7 - - - -

3 49 m c, r, ct 2.8 - - - -

4 53 m r, ct 42.7 + + + -

5 46 m c, u, ct 235 - - - +

6 47 m c, u, ct 52.7 - - + -

7 42 m c, r. ct 29.9 - - - -

8 54 m c, u, ct 49.6 - - + -

9 41 m c, r, ct 64.5 + + - -

10 54 m c, r, ct 499 - - - -

11 47 m r, ct 256 - - - -

12 33 m r, ct 45.2 - - - -

13 54 m c, r, ct 12.7 - + - -

14 34 m c, r, ct 52 - - - -

15 45 m c, r, u, ct 39.7 - - - -

16 29 m c, r, u, ct 39.2 - + - -

17 38 m c, r, ct 658 - - - +

18 48 m c, r, u, ct < 2.0 + - - -

Control
group

1 34 f none 12.5 - - - -

2 50 f none 72.8 - - - -

3 54 f none 8.1 - - - -

4 25 f none 40.9 - - - -

5 35 m none 65.3 - - - -

6 38 m none 17.1 - - - -

7 31 m none 35.1 - - - -

8 29 m none 48.3 - - - -

m: male; f: female

c: conjunctivitis; r: rhinitis; u: urticaria; ct: chest tightness

-: no significant reaction; + positive reaction

doi:10.1371/journal.pone.0126455.t001
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Biopanning procedure
For selection of IgE-binding proteins presented on the phage surface, the phage display cDNA
library was screened by a biopanning approach as described elsewhere [7,8]. For screening the
phage display cDNA library we used the sera from 2 subjects with work-related symptoms of
rhinoconjunctivitis and sensitization to green coffee beans by ImmunoCAP (k70, Thermo
Fisher Scientific Inc), which we had identified in a previous study [7]. The sera of these two
subjects did not undergo any further analysis in the present study.

Cloning of two metallothioneins
The cDNA inserts of the selected clones coding for Cof a 2 and Cof a 3 was sequenced using
the ABI Prism Big Dye reaction kit (Applied Biosystems, Darmstadt, Germany) and ABI Prism
sequencer. Four oligonucleotides containing Spe I/enterokinase and Xho I cutting sites were de-
signed to flank the open reading frames (ORF).

Cof a 2: Fw: ATATATACTAGTGATGACGACGACAAGCAAGATGTACCCCGAGTTG
A; Rev: ATATATCTCGAGtttgcagttgcagggattgc.

Cof a 3: Fw: ATATATACTAGTGATGACGACGACAAGTCGGACAAGTGCGGAAACT
G; Rev: ATATATCTCGAGATTGTCACAGGTGCAGTTGACACAGGCGCA (Cutting sites
are underlined). The cDNA clone was used in PCR amplification as template. The PCR prod-
ucts were digested with Spe I and Xho I and inserted into E. coli protein expression vector
pET-41 b(+) (Novagen, Darmstadt, Germany). After confirming the correct sequences of
the clone, they were transformed into E. coli BL21 (DE3) cells (Novagen).

Sequence analysis
Sequence data were analyzed using the software package DNASTAR 4.05. Protein domains
were identified using the ScanProsite tool ExPASy Proteomics Server [9]. The presence of the
targeting signal was determined using Target P and Signal P 3.0 [10]. Alignments were calculat-
ed with Clustal W2 [11] and visualized by GeneDoc 2.6.002 [12].

Expression and affinity purification of the recombinant metallothioneins
E. coli cultures were grown at 37°C in LB (lysogeny broth-medium) with kanamycin to an
OD600 nm (optical density 600 nm) of 0.5–0.8. For native GST (Glutathione S-transferase) affinity
purification the culture was transferred onto ice-cold water for 10 min. Expression of the recom-
binant protein was induced by adding of IPTG (isopropyl-β-D-thiogalactopyranoside) to 1 mM
and incubation for 3 h at 22°C. The E. coli cells were harvested and resuspended in ice-cold lysis
buffer (4.3 mMNa2HPO4, 1.47 mM KH2PO4, 137 mMNaCl, 2.7 mM KCl, pH 7.3) supple-
mented with 1 mM protease inhibitor PMSF (phenylmethanesulfonylfluoride or phenylmethyl-
sulfonyl fluoride) (Applichem, Darmstadt, Germany). The following steps were performed at
4°C. Cell lysis was carried out adding lysozyme to a final concentration of 0.07 mg/ml and incu-
bation for 30 min on ice, followed by three freeze-thaw cycles (with fluid nitrogen in a 42°C
warm water bath) and sonification. The lysate was cleared by three centrifugation steps at
14,000 rpm for 20 min. The post-centrifugation supernatant was incubated with GST-banded
resin (Novagen, Darmstadt, Germany) at 4°C for 90 min under rotation. After three washing
steps with lysis buffer, recombinant protein was eluted with elution buffer (50 mM Tris-HCl,
pH 8.0, 10 mM reduced glutathione). Protein concentration was determined by Bradford assay
using bovine serum albumin as standard. Purity of recovered recombinant proteins was verified
by SDS-PAGE.
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Immunoblot Analysis
Recombinant proteins were separated by SDS-PAGE and transferred onto ECL membranes
(GE Healthcare, Freiburg, Germany). Protein gel blots were saturated with Penta-His antibody
(Qiagen, Hilden, Germany) in a dilution of 1/2000. Goat anti-mouse antibody conjugated to
horseradish peroxidase (HRP) (Pierce, Bonn, Germany) was used as secondary antibody in a
dilution of 1/2000. Super Signal West Dura Extended Duration Substrate (Pierce, Bonn, Ger-
many) was utilized for antigen detection. Blots were exposed to X-ray films.

ELISA
We determinated the IgE-binding capacity of the previously described purified recombinant
protein rCof a 1 as well as of the novel coffee allergens rCof a 2 and rCof a 3 by an allergen-spe-
cific ELISA as described elsewhere [7]. The mean OD value (A405) plus 3 standard deviations
of control sera from 8 unexposed and healthy subjects for the respective antigen was chosen as
cutoff point. All sera were tested twice. A result was considered positive (i.e. indicating sensiti-
zation) when both tests were positive.

ImmunoCAP system
To determine levels of total and allergen-specific IgE antibodies in 18 sera from subjects with
work-related rhinitis and/or conjunctivitis after coffee dust exposure, an ImmunoCAP assay
was performed according to the manufacturer’s instructions of the ImmunoCAP system
(Thermo Fisher Scientific Inc, Freiburg, Germany). For detection of allergen-specific IgE anti-
bodies, CAP analysis was carried out with commercially available sponges coupled with a pro-
tein extract from green coffee beans (k 70, Thermo Fisher Scientific Inc, Freiburg, Germany).
The results were expressed as CAP scores of class 0 to 6. The cutoff value for positivity was
0.35 kUA/L (lower limit of CAP class 1). Total IgE (reported as concentration in kU/L) was
detected by ImmunoCAP (Thermo Fisher Scientific Inc, Freiburg, Germany).

Results

Identification of the cDNA clones of Cof a 2 and Cof a 3
Screening of the Coffea arabica phage display cDNA library retrieved a total of 62 IgE binding
phages after three rounds of affinity selection. To identify the cDNAs encoding IgE-reactive
epitopes, phagemids were extracted from affinity selected phages and subsequent insert cDNA
sequencing was carried out. A BLAST search in the NCBI expressed sequence tags (EST) data
base performed a 608 base pair (bp) cDNA insert, which we named Cof a 2, and a 563 bp
cDNA insert, which we named Cof a 3. The first coffee metallothionein from immature Coffea
arabica leaves was published by Moisyadi et al. in 1995 [13]. The Cof a 2 cDNA provided a
nearly 95% sequence similarity over a region of 577 bp to a Coffea arabica cDNA clone
(U11423) coding for a metallothionein (Fig 1). Likewise, Cof a 3 provided a nearly 99% similar-
ity over a 535 bp region to a Coffea arabica cDNA clone (DQ124083) coding for a metallothio-
nein type III (Fig 2). This EST from leaves was published by Guzzo et al. in 2009 [14]. Both
cDNA clones include a complete ORF. The 243 bp long ORF of Cof a 2 is corresponding to a
protein of 80 amino acids with a calculated molecular mass of 8,800 daltons. Comparison with
entries in the NCBI protein data base revealed 69% amino acid identity with a Salvia miltior-
rhizametallothionein type II (ABR92329) (Fig 3A). Cof a 3 has a 198 long ORF, analogue to a
65 amino acids long and 7,150 daltons protein. A protein in the NCBI data base, corresponding
for a Citrus hybridmetallothionein type III with 75% similarity (ABL67648) was also found
(Fig 3B).
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Expression and purification of recombinant Cof a 2 and Cof a 3
The coding region of the cDNA insert was cloned into pET-41b(+) vector and expressed in E.
coli strain BL 21 (DE3) as described in the methods section. A high amount of GST-Cof a
2-His and GST-Cof a 3-His fusion protein could be expressed in soluble form and purified
using GST affinity chromatography. Examination of constructed proteins by SDS-PAGE and
subsequent staining with Coomassie brillant blue revealed that GST-Cof a 2-His was strongly
enriched as a band of the expected size of 35 kDa, and GST-Cof a 3-His protein by a size of 34
kDa. Purified proteins were verified by immunodetection using anti-His antibody (Fig 4 and
S1, S2 and S3 Figs).

Immunoreactivity of native coffee extract, rCof a 1, rCof a 2, and rCof a 3
Using commercial CAP analysis, sensitization to green coffee beans was found in 2/18 (11%) of
workers with symptoms of allergic rhinitis and/or conjunctivitis under coffee dust exposure.
ELISA screening showed specific IgE reactivity to rCof a 1, rCof a 2, and rCof a 3 in a total of 8
out of 18 (44%) sera of symptomatic coffee workers. One serum bound all recombinant aller-
gens, the serum of another subject bound rCof a 1 and rCof a 2. Further six sera reacted to only
one of the recombinant allergens. The two sera reacting to ImmunoCAP native green coffee
(both CAP-class 3) did not react to any of the recombinant allergens (please note that these
sera were not the ones used for the biopanning procedure). Total IgE levels were elevated
(>100 kU/L) in 4 out of 18 (17%) sera, two of them reacted to native green coffee, the others
did not react to any specific coffee allergen (see Table 1 and S1 Table).

Fig 1. Sequence alignement of Cof a2 cDNA clone and ist homlogue NCBI EST U11423.Homologous regions to the known coffee metallothionein
described by Moisyadi et al. 13 are highlighted in black. In position 196 and 233 of the protein forming open reading frame a polymorphism in the cDNA
sequence is seen (underlined), in position 233–235 there is one polymorphism in the amino acid sequence.

doi:10.1371/journal.pone.0126455.g001
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To rule out that the GST tag (22 kDa), which was fused with the recombinant proteins, has
IgE-binding capacity by itself, the sera were screened with purified recombinant GST. None of
the sera bound GST.

All 8 control sera yielded negative results to purified rCof a 1, rCof a 2, rCof a 3 proteins,
and to commercial ImmunoCAP with an extract of native green coffee beans.

After submitting the present data, the WHO/IUIS Allergen Nomenclature Sub-Committee
has registered the novel coffee allergens as Cof a 2 and Cof a 3 [15–16].

Fig 2. Sequence alignement of Cof a3 cDNA clone and its homologue NCBI DQ 124083.Homologous regions to the known coffee metallothionein
described by Guzzo et al. 14 are highlighted in black. In position 138 and 426 of the protein forming open reading frame a polymorphism in the cDNA
sequence is seen (underlined), in position 137–139 there is one single polymorphism in the amino acid sequence.

doi:10.1371/journal.pone.0126455.g002

Fig 3. Alignement of the amino acid sequences. a: Cof a 2 and a Salvia miltiorrhizametallothionein type II (ABR92329). b: Cof a 3 and aCitrus hybrid
metallothionein type III (ABL67648) identified by BLAST search. Homologous regions with previously described metallothioneins are highlighted in black.
The typical highly conserved domains of the cystein (*) arrangements of plant metallothioneins II and III are indicated by a square bracket.

doi:10.1371/journal.pone.0126455.g003
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Discussion
Among workers exposed to green coffee dust in the coffee processing industry, a high preva-
lence of up to 50% of skin, eye, and/or airway symptoms has been described [2–4]. In view of a
worldwide coffee processing of about 9 million tons per year [17], a relevant number of affected
people has to be assumed. Beside irritative reactions to components of the coffee dust, allergic
reactions, in particular work related type I-reactions to coffee dust, have to be considered to be
the cause. Thus, there is a high need to understand the allergenic potential of green coffee for
developing reliable diagnostic tools. Previously, we have identified the Coffea arabica class III
chitinase Cof a 1 as an allergen in coffee workers exposed to the dust of green coffee beans [7],
suggesting an antibody-mediated allergic genesis of the afflictions (type I hypersensitivity
reaction).

Here we report two further coffee allergens. Since we were able to prove their relevant al-
lergenicity, these allergens have been included in the IUIS Allergen Nomenclature as Cof a 2
and Cof a 3. They were identified as metallothioneins type II and III respectively. To date no

Fig 4. Purification and immunodetection of rCof a 2 and rCof a 3. Purification of E. coli-expressed rCof a 2 and rCof a 3 under native conditions. Proteins
recovered by GST affinity cromatography were separated by SDS-PAGE (eluat). Total E. coli protein fractions before and after IPTG supplement are
indicated by − and +; M: molecular wight marker. The first gel stained with coomassie brilliant blue, the second for immunodetection with anti His-Ab. Both
gels ran together at same conditions.

doi:10.1371/journal.pone.0126455.g004
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single metallothionein has been shown to elicit type I hypersensitivity reactions yet. We were
able to characterize the first two metallothioneins with potential to cause type I hypersensitivity
reactions after inhalation. Metallothioneins are of stable structure due to their high amount of
cysteine-rich regions. Cysteine is the only amino acid building disulfide bridges, and therefore
cysteine rich regions are basically responsible for the stability of the three dimensional struc-
ture and thus could play a determinant role for allergenicity of proteins [18]. Low molecular
weight of proteins has been associated with a stable configuration as well [18]. Due to the high
amount of cysteine and the relatively small size of Cof a 1 with 32 kDa, Cof a 2 with of 9 kDa,
and Cof a 3 with 7 kDa one would expect these proteins to have a stable configuration with
high resistance to processing (such as roasting and cooking) and to digestion by digestive pro-
teases. However, in the present study none of the sensitized coffee workers suffered from gas-
trointestinal symptoms after coffee intake. One reason for the discrepancy between the
relatively high allergenicity by inhaling coffee allergens and the low allergen potential by oral
intake might be specific allergen responses in different tissues [19]. On the other hand, these
proteins might be not as stable and resistant as expected according to the structural characteris-
tics mentioned above.

As we demonstrate, the only commercially available allergy tests based on native extracts of
green coffee beans lacks sensitivity for diagnosing a considerable amount of affected coffee
workers correctly. Our results indicate that the natural allergen extracts do not contain suffi-
cient amounts of the chitinase III and metallothioneins II and III. The production of recombi-
nant coffee allergens is relevant for the development of standardized, highly sensitive
diagnostic tools for the determination of specific allergen patterns and for the development of
allergen-specific immunotherapy [20]. For example, spiking the natural extract with recombi-
nant coffee allergens could improve the diagnostics of coffee allergy. Despite the benefits of re-
combinant proteins in diagnostic procedures reduced IgE reactivity has to be considered
always as a potential limitation when using them. Recombinant proteins may have been
completely or partially unfolded (i.e. have an altered three dimensional structure) and might
not be properly modified after translation. The lack of posttranslational glycosylations in E. coli
can also have an impact on IgE-binding capacity [21]. This might be the reason why a propor-
tion of exposed workers with allergic complaints to coffee dust did not react to any of the tested
recombinant allergens. Besides this, it is also possible that the allergic complaints of these sub-
jects are not elicited by allergens from coffee but from other components of the coffee dust,
such as mould, mites, cockroaches etc.

Since we did not identify any major coffee allergens and it has to be assumed that there are
numerous coffee proteins responsible for allergenicity, there is a need to expand the coffee al-
lergen panel with allergens to be identified through further research.

All things considered, the allergens identified by us improve the diagnostic sensitivity, as we
have shown here. Improved diagnostics of diseases related to coffee dust exposure are particu-
larly relevant for the field of occupational health. The use of recombinant allergens can contrib-
ute to verify allergic diseases in coffee workers as occupational. Verifying the specific causal
link between allergic disease and occupational coffee dust exposure is required in order to
avoid adverse health and economic effects for affected employees.

In conclusion, we have identified two additional coffee allergens acting as possible inhalative
allergens. We have shown that the previously described Cof a 1, as well as the here described
Cof a 2 and Cof a 3 bind IgE from sera of symptomatic coffee workers and may be thus relevant
for the specific diagnosis and/or therapy of inhalant coffee allergy.
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Westernblot rCof a 1/pooled coffee workers‘ sera

M    B- B+     E         M    B- B+    E

25 KD -

35 KD -

40 KD -
55 KD -
70 KD -

protocol:
-Membrane blocked for 1h (TBS with 0,05% Tween and 3% milkpowder)
-Antibody 1 over night (200µl sera 4,9,18) in 10 ml TBS with 0,05% Tween and 3% milkpowder
- 2 washing steps (TBS and 0,05% Tween) a 15‘
-Antibody 2 (anti human IgE Progen Cat. 11001 1: 500) in 10 ml TBS with 0,05% Tween and 3%milkpowder for 1 h
- 2 washing steps (TBS and 0,05% Twee) a 15‘
- Antibody 3 (HRP conjugat anti 1: 2000 mouse IgG Pierce Cat. 1858413) with 0,05% Tween and 3%milkpowder, 1h
-3 washing steps (TBS and 0,05% Tween) a 10‘
- Detection

M Marker
B- bacteria before induction
B+ bacteria after induction
E eluate



Western blot rCof a 2, 3/pooled coffee workers‘ sera

M   1    2    3    4    M    5     6    7     8     9

40KD -
35KD -

Legend:
M Marker
1 - 4 = Metallothionein Type 2 (C23)
5 - 8 = Metallothionein Type 3 (A58)

1 = 20µl bacteria before induction
2 = 20µl bacteria after induction (3h, RT)
3 =   5µl native eluate, GST-tag
4 =   5µl denatured eluate, HIS-tag
5 = 20µl bacteria before induction
6 = 20µl bacteria after induction(3h, RT)
7 =   5µl native eluate, GST-tag
8 =   5µl denatured eluate, HIS-tag
9 =   5µg BSA (to quantify the protein amount)

40 KD -
35 KD -
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Selecting	
  the	
  “cultureEffect”	
  genes	
  

A	
  subtlety	
  to	
  the	
  choice	
  of	
   ‘cultureEffect’	
  genes	
  when	
  comparing	
  the	
  effects	
  of	
  culture	
  in	
  the	
  
presence	
   and	
   absence	
   of	
   IL-­‐3	
   is	
   that	
   the	
   changes	
   did	
   not	
   need	
   to	
   be	
   identical	
   (which	
   is	
  
unlikely)	
  but	
  within	
  several	
  fold	
  of	
  each	
  other	
  when	
  the	
  changes	
  were	
  in	
  the	
  same	
  direction.	
  
In	
  addition,	
  the	
  lesser	
  of	
  the	
  changes	
  in	
  the	
  two	
  conditions	
  needed	
  to	
  be	
  greater	
  than	
  2.0	
  fold	
  
to	
   pass	
   through	
   this	
   algorithmic	
   filter.	
   One	
   example	
   is	
   the	
   FcεRIbeta	
   subunit	
   of	
   the	
   IgE	
  
receptor,	
  which	
  decreases	
  0.04	
  fold	
  without	
  IL-­‐3	
  and	
  decreases	
  0.21	
  fold	
  in	
  the	
  presence	
  of	
  10	
  
ng/ml	
  IL-­‐3	
  (this	
  is	
  an	
  observation	
  that	
  has	
  been	
  reported	
  previously	
  [1]	
  that	
  is	
  re-­‐capitulated	
  
in	
  the	
  microarray	
  results).	
  There	
  are	
  129	
  transcripts	
  that	
  decrease	
  under	
  both	
  conditions	
  and	
  
52	
   that	
   rise	
   resulting	
   in	
   a	
   ‘cultureEffect’	
   list	
   of	
   181	
   transcripts	
   (this	
   list	
   is	
   Table	
   S4	
   on	
   the	
  
websites).	
  In	
  some	
  instances,	
  it	
  is	
  also	
  useful	
  to	
  add	
  to	
  this	
  list	
  the	
  transcripts	
  that	
  only	
  change	
  
in	
   the	
   absence	
   of	
   IL-­‐3	
   because,	
   a	
   priori,	
   some	
   stimuli	
   may	
   produce	
   the	
   equivalent	
   of	
   this	
  
absence.	
   Using	
   this	
   sub-­‐list	
   as	
   an	
   exclusionary	
   criterion	
   runs	
   the	
   risk	
   of	
   outright	
   excluding	
  
changes	
   that	
   are	
   remarkably	
   different	
   from	
   the	
   absence	
   of	
   IL-­‐3	
   alone.	
   As	
   an	
   example,	
   ITK	
  
increases	
  with	
  and	
  without	
  IL-­‐3	
  but	
  the	
  change	
  without	
  IL-­‐3	
  is	
  only	
  2.2	
  fold	
  while	
  it	
  is	
  25	
  fold	
  
with	
  IL-­‐3.	
  Using	
  the	
  noIL3	
  list	
  to	
  filter	
  out	
  transcripts	
  might	
  miss	
  some	
  interesting	
  changes	
  not	
  
related	
   to	
   the	
   absence	
   of	
   IL-­‐3.	
   Therefore	
   the	
   threshold	
   for	
   inclusion	
   of	
   a	
   transcript	
   on	
   the	
  
noIL-­‐3	
  list	
  was	
  designed	
  to	
  include	
  only	
  transcripts	
  that	
  showed	
  significant	
  changes;	
  5	
  fold	
  (in	
  
either	
  direction).	
  This	
  added	
  129	
  transcripts	
  to	
  the	
   ‘cultureEffect’	
   list;	
   the	
  combined	
  list	
  will	
  
be	
  called	
  the	
  ‘cultureEffect+noIL3’	
  list.	
  

	
  

Relationship	
  to	
  Protein	
  Expression	
  

Table	
   A2	
   summarizes	
   our	
   experience	
   in	
   relating	
   several	
   of	
   the	
   changes	
   for	
   the	
  microarray	
  
dataset	
   and	
   either	
   mRNA	
   changes	
   measured	
   by	
   qPCR	
   or	
   Western	
   blotting	
   for	
   protein.	
  
Generally,	
  in	
  those	
  instances	
  where	
  qPCR	
  was	
  used	
  to	
  detect	
  changes	
  in	
  mRNA	
  expression,	
  the	
  
results	
   agreed	
   reasonably	
  well	
  with	
   values	
   determined	
   using	
   the	
  microarray	
   approach.	
   For	
  
example,	
  previous	
  studies	
  demonstrated	
  that	
  FcRβ	
  mRNA	
  expression	
  increases	
  approximately	
  
3-­‐4	
  fold,	
  a	
  value	
  similar	
  to	
  the	
  4.8	
  fold	
  change	
  in	
  these	
  microarray	
  studies	
  [2,3].	
  Likewise,	
  the	
  
increase	
   in	
   syk	
   expression	
  with	
   IL-­‐3	
   treatment	
   in	
   the	
  microrrays	
   averaged	
   3.7	
   fold	
   and	
   in	
  
qPCR,	
   averaged	
   4.0	
   fold.	
   	
   Parenthetically,	
   FcεRIα	
   is	
   not	
   represented	
   on	
   the	
   HuRef8v3	
  
microarray	
  and	
  given	
  the	
  importance	
  of	
  this	
  protein	
  in	
  basophil	
  biology,	
  the	
  samples	
  used	
  in	
  
the	
  microarray	
   were	
   evaluated	
   by	
   qPCR.	
   Treatment	
   with	
   IL-­‐3	
   did	
   not	
   result	
   in	
   changes	
   in	
  
FcεRIα	
   mRNA,	
   an	
   average	
   of	
   0.89±0.10	
   fold	
   change.	
   Seven	
   samples	
   were	
   run	
   using	
   the	
  
HT12v4	
  microarray	
  where	
  a	
  probe	
  for	
  FcεRIα	
  is	
  represented	
  and	
  treatment	
  with	
  IL-­‐3	
  for	
  one	
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day	
  also	
  resulted	
   in	
  no	
  change	
  (0.98±0.01).	
  Likewise,	
   IgE-­‐mediated	
  changes	
   in	
  IL-­‐4	
  mRNA	
  2	
  
hours	
  after	
  stimulation	
  agree	
  with	
  qPCR	
  results	
  (note	
  that	
  the	
  peak	
  response	
  for	
  IL-­‐4	
  mRNA	
  
occurs	
  at	
  45-­‐60	
  minutes	
  after	
  stimulation	
  with	
  a	
  peak	
  change	
  of	
  approximately	
  15	
  fold)	
  [4,5].	
  
However,	
  the	
  relationship	
  to	
  changes	
  in	
  protein	
  expression	
  are	
  not	
  concordant	
  or	
  predictable.	
  
In	
  general,	
  protein	
  expression	
  was	
  always	
  blunted	
  relative	
  to	
  changes	
  in	
  mRNA	
  and	
  often,	
  no	
  
changes	
  were	
  observed	
  in	
  the	
  expected	
  protein	
  despite	
  increases	
  or	
  decreases	
  in	
  mRNA.	
  The	
  
discordance	
  was	
  also	
  apparent	
  in	
  IL-­‐3	
  dose	
  response	
  curve	
  results.	
  Fig	
  A1	
  shows	
  the	
  changes	
  
in	
  mRNA	
   for	
  CD32a	
  and	
  CD32b	
  and	
   the	
   figure	
   shows	
  an	
  overlay	
  of	
   surface	
  expression	
  data	
  
obtained	
  from	
  a	
  recent	
  study	
  of	
  these	
  receptors	
  by	
  our	
  group.	
  It	
  is	
  clear	
  that	
  the	
  protein	
  and	
  
mRNA	
  results	
  don’t	
  show	
  the	
  same	
  EC50.	
  But	
  the	
  relationship	
  between	
  protein	
  and	
  mRNA	
  will	
  
probably	
   require	
   a	
   more	
   complete	
   analysis	
   of	
   the	
   temporal	
   changes	
   in	
   mRNA	
   at	
   each	
  
concentration	
  because	
  it	
  is	
  likely	
  that	
  protein	
  expression	
  is	
  related	
  to	
  the	
  time	
  integral	
  of	
  the	
  
mRNA	
   response.	
   While	
   the	
   basis	
   for	
   the	
   discordance	
   needs	
   further	
   study,	
   the	
   CD32	
  
characteristics	
  might	
  be	
  representative	
  of	
  many	
  other	
  changes.	
  	
  

	
  

Categories	
  of	
  change	
  

Other	
  than	
  the	
  focus	
  on	
  unique	
  signatures	
  for	
  basophil	
  stimuli,	
  there	
  is	
  interest	
  in	
  the	
  nature	
  
of	
  the	
  changes	
   induced	
  by	
  these	
  stimuli.	
  This	
  appendix	
  will	
  examine	
  some	
  of	
  the	
   interesting	
  
changes,	
  or	
  lack	
  thereof,	
  that	
  follow	
  stimulation	
  with	
  IL-­‐3,	
  IL-­‐33	
  and	
  anti-­‐IgE	
  Ab.	
  The	
  various	
  
spreadsheets	
   made	
   available	
   online	
   summarize	
   some	
   of	
   the	
   results	
   and	
   provide	
   a	
   starting	
  
point	
  for	
  submitting	
  the	
  results	
  into	
  pathways	
  analysis	
  tools	
  such	
  as	
  DAVID.	
  	
  

IL-­‐3	
  Stimulation	
  

For	
  IL-­‐3,	
  there	
  were	
  hundreds	
  of	
  changes	
  not	
  associated	
  with	
  the	
  cultureEffect	
  genes.	
  There	
  
were	
  five	
  functional	
  areas	
  that	
  were	
  of	
  interest	
  given	
  past	
  understanding	
  of	
  the	
  effects	
  of	
  IL-­‐3	
  
on	
  basophil	
  functions,	
  changes	
  in:	
  

1) ion channels that might influence the cytosolic calcium response 
2) signal transduction proteins 
3) transcription factors 
4) surface receptors 
5) granule contents 

	
  

1)	
   It	
   is	
   has	
   been	
   previously	
   shown	
   that	
   >24	
   hours	
   treatment	
   with	
   IL-­‐3	
   results	
   in	
   marked	
  
changes	
   in	
   the	
   cytosolic	
   calcium	
   response	
   that	
   follows	
   stimulation	
   with	
   a	
   variety	
   of	
  
secretagogues	
  [6,7].	
  The	
  most	
  evident	
  changes	
  occur	
  for	
  stimulation	
  with	
  C5a,	
  which	
  does	
  not,	
  
under	
   the	
   conditions	
   of	
   fresh	
   basophil	
   isolation,	
   induce	
   a	
   second	
   phase	
   (the	
   influx	
   phase)	
  
calcium	
   response	
   unless	
   cells	
   are	
   treated	
  with	
   IL-­‐3	
   for	
   >18	
   hours.	
   	
   But	
   the	
   changes	
   in	
   ion	
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channel	
  transcripts	
  was	
  modest.	
  The	
  HuRef8v3	
  array	
  detected	
  a	
  statistically	
  significant	
  (based	
  
on	
   replicate	
   errors)	
   presence	
   for	
   CACNG6,	
   CLCN7,	
   CLIC1,	
   KCNJ2,	
   KCNK6,	
   ORAI1,	
   SCNM1,	
  
STIM1,	
  TRPC4AP,	
  TRPM6,	
  TRPV2	
  and	
  did	
   suggest	
   IL-­‐3-­‐induced	
   changes	
   in	
  CLIC1	
   (1.9	
   fold),	
  
KCNJ2	
   (2.8	
   fold),	
   KCNK17	
   (4.1	
   fold),	
   ORAI1	
   (2.3	
   fold),	
   TRPM2	
   (6.6	
   fold,	
   which	
   was	
   not	
  
expressed	
  without	
   IL-­‐3),	
   TRPV2	
   (2.2	
   fold,	
  which	
   is	
   expressed	
   at	
  moderate	
   levels	
   in	
   resting	
  
cells)	
  and	
  KCNMB3	
  (a	
  maxi-­‐K	
  channel	
  subunit,	
  1.8	
  fold).	
  The	
  Illumina	
  HuRef8v3	
  array	
  did	
  not	
  
represent	
  ORAI2	
  but	
  the	
  HuRef12	
  array	
  did;	
  the	
  only	
  changes	
  occurred	
  with	
  ORAI1	
  (2.3	
  fold).	
  
The	
   changes	
   in	
   ORAI1,	
   TRPM2	
   and	
   the	
   maxi-­‐K	
   channel	
   subunits	
   were	
   examined	
   by	
   qPCR	
  
and/or	
   Western	
   blotting.	
   At	
   the	
   protein	
   level,	
   no	
   statistically	
   significant	
   changes	
   were	
  
observed	
   in	
   ORAI1;	
   Day1(+IL-­‐3)/Day0	
   was	
   1.24±0.11	
   fold	
   (p=	
   0.08,	
   n=5)	
   and	
   Day3(+IL-­‐
3)/Day0	
   was	
   1.26±0.11	
   fold	
   (p	
   =	
   0.057,	
   n=6).	
   Likewise,	
   at	
   the	
   protein	
   level,	
   there	
   was	
   no	
  
difference	
  in	
  the	
  maxi-­‐K	
  subunit	
  proteins.	
  Western	
  blots	
  showed	
  only	
  questionable	
  bands	
  in	
  
the	
  proper	
  region	
  for	
  TRPM2	
  (≈170	
  kDa)	
  and	
  there	
  were	
  no	
  changes	
  in	
  expression	
  with	
  a	
  3	
  
day	
  IL-­‐3	
  treatment	
  (data	
  not	
  shown).	
  Therefore,	
  there	
  were	
  no	
  clear	
  indications	
  for	
  changes	
  in	
  
ion	
  channels	
  that	
  would	
  alter	
  the	
  cytosolic	
  calcium	
  response.	
  The	
  Illumina	
  microarray	
  did	
  not	
  
completely	
  represent	
  all	
  known	
  ion	
  channel	
  transcripts.	
  For	
  example,	
  the	
  TRP	
  family	
  is	
  rather	
  
large,	
  at	
  least	
  33	
  members,	
  the	
  Illumina	
  HuRef8	
  array	
  represented	
  only	
  11	
  while	
  the	
  HuRef12	
  
array	
  represented	
  26.	
  

2)	
  A	
  variety	
  of	
  signaling	
  elements	
  known	
  to	
  be	
  relevant	
  to	
  IgE-­‐mediated	
  signaling	
  in	
  human	
  
basophils	
  were	
  of	
   interest.	
   In	
   some	
  cases,	
   the	
   transcripts	
  were	
  either	
  not	
  present	
  or	
  barely	
  
present.	
  For	
  example,	
  PLCδ3,	
  PLCδ4,	
  PLCγ1,	
  PKCγ2	
  and	
  PKCζ	
  transcripts	
  were	
  not	
  present	
  and	
  
PLCδ1,	
   SOS2,	
  PLCβ1,	
  PLCβ2,	
   cbl-­‐b,	
   c-­‐cbl,	
   fyn,	
  PKCε,	
  PKCξ	
  were	
  only	
  weakly	
   evident.	
   Protein	
  
expression	
   for	
   these	
   genes	
   is	
   easily	
   demonstrated	
   by	
   Western	
   blot.	
   Previous	
   studies	
  
demonstrated	
  that	
  basophils	
  express	
  SOS2	
  and	
  not	
  SOS1	
  protein	
  [8],	
  so	
  the	
  absence	
  of	
  SOS2	
  
transcripts	
  but	
  highly	
  expressed	
  SOS1	
  transcripts	
  is	
  puzzling.	
  It	
  is	
  notable	
  that	
  IL-­‐3	
  treatment	
  
did	
  not	
  alter	
   the	
  expression	
  of	
   transcripts	
   for	
  btk,	
   any	
  of	
   the	
  PLC	
  enzymes,	
  SHIP1	
  or	
  SHIP2	
  
(whose	
  protein	
  changes	
  3-­‐6	
   fold	
  [9]),	
   lyn,	
  p85α	
  (subunit	
  of	
  PI3K),	
  CIN85,	
  BOB1	
  (POU2AF1),	
  
any	
  of	
   the	
  PI3	
  kinase	
   enzymes,	
   cbp/PAG	
   (PAG1),	
   SHP-­‐1,	
   PTEN,	
   or	
   any	
  PKC	
  enzymes.	
  There	
  
were	
  changes	
   in	
  LAT	
   (3.1	
   fold),	
   SOS1	
   (5.2	
   fold),	
   and	
  syk	
   (3.7	
   fold).	
  There	
  were	
  also	
   several	
  
interesting	
   transcripts	
   related	
   to	
   general	
   signal	
   transduction,	
   for	
   example,	
   DUSP1,	
   RGS1,	
  
DUSP16,	
   IRS2,	
  MAPKAPK3,	
   FBXO6,	
   RASD1,	
  DUSP5,	
   CISH	
   and	
   SLAMF1,	
   several	
   of	
  which	
   are	
  
related	
  to	
  MAPK	
  signaling	
  pathways,	
  an	
  area	
  of	
  change	
  that	
  we	
  have	
  previously	
  identified	
  as	
  
one	
  of	
  the	
  changes	
  induced	
  by	
  IL-­‐3	
  [10].	
  

3)	
  There	
  were	
  some	
  notable	
  changes	
  in	
  receptor	
  proteins	
  (IL-­‐2R,	
  CXCR4,	
  CD11a,	
  EBI2,	
  TNFR-­‐
SF4,	
   SIGLEC6,	
   IL17RB,	
   GPR56	
   and	
   CD300LF).	
   The	
   change	
   in	
   IL17RB	
   transcripts	
   raises	
   the	
  
possibility	
   for	
   the	
   addition	
   of	
   a	
   receptor	
   for	
   IL-­‐25	
   on	
   basophils.	
   There	
   was	
   also	
   a	
   36	
   fold	
  
change	
   in	
   IL-­‐2Rβ,	
   a	
  3	
   fold	
   change	
   in	
   IL-­‐2Rα	
  and	
  1.8	
   fold	
   change	
   in	
   IL-­‐2Rγ	
   (the	
   changes	
  are	
  
actually	
  greater	
  than	
  this	
  calculation	
  indicates	
  because	
  the	
  transcripts	
  for	
  these	
  proteins	
  were	
  
not	
  present	
  prior	
  to	
  culture	
  and	
  became	
  present	
  with	
  culture,	
  see	
  methods).	
  There	
  are	
  modest	
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changes	
  in	
  CRLF2	
  (the	
  TSLPR,	
  see	
  IL-­‐33	
  section	
  below)	
  but	
  this	
  transcript	
  shows	
  the	
  low	
  EC50	
  
for	
  IL-­‐3	
  that	
  characterizes	
  a	
  large	
  group	
  of	
  genes.	
  

The	
   change	
   in	
   IL-­‐2R	
   (CD25)	
   was	
   further	
   explored	
   by	
   flow	
   cytometry,	
   comparing	
   the	
  
expression	
  of	
  CD25	
  on	
  day	
  0	
  and	
  day	
  2	
  or	
  3	
  (based	
  on	
  studies	
  noted	
  below,	
  the	
  change	
  in	
  IL-­‐
2Rα	
  and	
   IL-­‐2Rβ	
  were	
   similar	
   after	
   one	
  day	
  of	
   culture	
  with	
   IL-­‐3,	
   so	
   an	
   intermediate	
   culture	
  
length	
  was	
  used	
  for	
  some	
  of	
  the	
  flow	
  cytometric	
  studies).	
  The	
  expression	
  of	
  CD25α	
  appears	
  
complex.	
  In	
  resting	
  cells	
  there	
  is	
  little	
  expression	
  with	
  the	
  exception	
  that	
  there	
  is	
  sometimes	
  a	
  
positive	
  tail	
  to	
  the	
  distribution	
  but	
  the	
  median	
  for	
  the	
  distribution	
  is	
  only	
  marginally	
  different	
  
than	
  the	
  isotype	
  control.	
  After	
  culture,	
  the	
  distribution	
  becomes	
  normally	
  distributed	
  and	
  the	
  
median	
  is	
  different	
  than	
  the	
  isotype	
  control	
  (Fig	
  A2).	
  The	
  differences	
  between	
  day	
  0	
  and	
  day	
  3	
  
cells	
  varied	
  considerably,	
  averaging	
  a	
  2.5	
  fold	
  increase	
  (range	
  1.5-­‐4.5).	
  The	
  changes	
  in	
  surface	
  
CD25β,	
  detected	
  by	
  flow	
  cytometry,	
  were	
  also	
  modest.	
  By	
  Western	
  blot,	
  the	
  changes	
  in	
  CD25α	
  
were	
   also	
  modest	
   (0.9	
   –	
   5.9	
   fold).	
   There	
  were	
   no	
   changes	
   in	
   HLA-­‐DR	
   transcripts	
   although	
  
there	
  was	
  modest	
  expression	
  of	
  HLA-­‐DRA	
  transcripts	
  and	
  very	
  poor	
  expression	
  of	
  the	
  DR1-­‐5	
  
series.	
  

4)	
   There	
   were	
   several	
   changes	
   in	
   transcription	
   factors.	
   Some	
   notable	
   transcription	
   factor	
  
transcripts	
   were	
   IER3,	
   FOS,	
   FOSB,	
   HOXA5,	
   and	
   GFI1	
   and	
   two	
   chromatin	
   re-­‐organization-­‐
related	
  transcripts,	
  NCOR2	
  and	
  RCBTB2.	
  The	
  changes	
  to	
  these	
  transcripts	
  was	
  large	
  but	
  some	
  
of	
   the	
  changes	
  were	
  not	
  strictly	
  a	
   function	
  of	
   IL-­‐3	
  actions	
  but	
   instead	
  related	
  to	
   isolating	
  or	
  
culturing	
  the	
  cells.	
  

5)	
  There	
  were	
  only	
  a	
  few	
  changes	
  to	
  proteins	
  that	
  might	
  be	
  packaged	
  in	
  the	
  basophil	
  granule.	
  
As	
  described	
  previously	
  by	
  Tschopp et	
  al.	
   [11],	
   there	
  was	
  a	
  136	
   fold	
  change	
   in	
  granzyme	
  B	
  
(GZMB).	
   Cathespin	
   L	
   (CTSL1)	
   and	
   eosinophil	
  major	
   basic	
   protein	
   increased	
   23	
   and	
   26	
   fold	
  
respectively.	
  

	
  

IgE-­‐mediated	
  stimulation	
  

A	
   similar	
   analysis	
   of	
   the	
   5	
   areas	
   of	
   interest	
   examined	
   for	
   IL-­‐3	
   reveals	
   a	
   very	
   short	
   list	
   of	
  
recognizable	
  and	
  understandable	
  changes.	
  There	
   is	
  a	
  short	
   list	
  of	
  cytokines	
  and	
  chemokines	
  
(IL-­‐4,	
  IL-­‐3,	
  IL-­‐8,	
  CCL5,	
  CCL3,	
  CCL3L1,	
  CCL3L3	
  and	
  CCL4L1)	
  consistent	
  with	
  previous	
  studies.	
  
There	
   is	
   only	
   one	
   obvious	
   ion	
   channel	
   (KCNJ2)	
   and	
   a	
   few	
   potentially	
   interesting	
   signal	
  
transduction	
  elements,	
  LAX1,	
  DUSP5,	
  SOCS1,	
  SOCS2,	
  PTPN7,	
  CISH,	
  SH2D2A,	
  MAPK13,	
  PLCXD1	
  
and	
   SGK.	
   Most	
   of	
   these	
   are	
   first	
   thought	
   of	
   as	
   signal	
   termination	
   molecules	
   that	
   might	
   be	
  
considered	
  consistent	
  with	
  a	
  response	
  to	
  restore	
  the	
  activated	
  state	
  of	
  the	
  cell.	
  However,	
  most	
  
of	
   the	
   changes	
   are	
   modest	
   and	
   possibly	
   result	
   in	
   only	
   subtle	
   changes	
   in	
   protein	
   if	
   the	
  
experience	
   presented	
   in	
   Table	
   A2	
   is	
   a	
   guide.	
   There	
   are	
   several	
   transcription	
   factors	
   that	
  
change,	
   IER3,	
   NFKB1D,	
   EGR1,	
   2	
   &	
   3	
   although	
   most	
   of	
   these	
   change	
   with	
   other	
   forms	
   of	
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stimulation	
   and	
   are	
   not	
   qualitatively	
   unique	
   for	
   IgE-­‐mediated	
   stimulation.	
   There	
   are	
   few	
  
potentially	
   interesting	
   receptor	
   changes,	
   C5AR1	
   (complement	
   5	
   receptor),	
   NTRK1	
   (TRKA	
  
receptor,	
   see	
   NGF	
   response),	
   and	
   CD69.	
   There	
   are	
   inconsistent	
   changes	
   (2	
   of	
   the	
   3	
  
experiments)	
  in	
  CRLF2	
  but	
  since	
  IL-­‐3	
  induces	
  modest	
  increases	
  in	
  this	
  transcript	
  even	
  at	
  low	
  
concentrations,	
  it	
  is	
  possible	
  this	
  response	
  represents	
  an	
  autocrine	
  feedback	
  response	
  due	
  to	
  
the	
  secretion	
  of	
   IL-­‐3	
  from	
  IgE-­‐mediated	
  stimulation	
  of	
  basophils.	
  The	
  elevation	
  also	
  persists	
  
through	
   the	
   first	
   15	
   hours.	
   In	
   the	
   last	
   category,	
   there	
   are	
   no	
   obvious	
   changes	
   in	
   granule	
  
protein	
  mRNAs,	
  which	
  might	
  be	
  surprising	
  given	
  the	
  degranulation	
  response	
  of	
  the	
  cell.	
  

	
  

IL-­‐33	
  stimulation	
  

The	
   changes	
   induced	
   by	
   IL-­‐33	
   after	
   removing	
   changes	
   associated	
   with	
   culturing	
   and	
   the	
  
absence	
  of	
   IL-­‐3	
  were	
  very	
   restricted.	
  But	
  a	
   couple	
  were	
  notable	
   for	
   the	
   implied	
  biology.	
  On	
  
this	
   list	
   were	
   CRLF2	
   (a	
   subunit	
   of	
   the	
   TSLP	
   receptor)	
   and	
   THBS	
   (thrombosponin)(both	
  
showing	
  approx.	
  20-­‐fold	
  increases).	
  While	
  both	
  anti-­‐IgE	
  Ab	
  and	
  IL-­‐3	
  induce	
  a	
  modest	
  increase	
  
in	
  CRLF2,	
  the	
  change	
  with	
  IL-­‐33	
  is	
  considerably	
  greater.	
  Given	
  the	
  current	
  interest	
  in	
  the	
  role	
  
of	
   TSLP	
   in	
   the	
   atopy,	
   this	
  may	
  be	
   an	
   interesting	
   observation	
   except	
   that	
   the	
  TSLP	
   receptor	
  
works	
  in	
  tandem	
  with	
  CD127	
  (IL7R)	
  and	
  the	
  changes	
  to	
  this	
  component	
  are	
  modest	
  following	
  
exposure	
  to	
  IL-­‐33	
  (≈2	
  fold).	
  

These	
  results	
  for	
  IL-­‐33	
  can	
  also	
  be	
  viewed	
  from	
  the	
  perspective	
  of	
  whether	
  changes	
  induced	
  
by	
  IL-­‐3	
  occur	
  with	
  IL-­‐33.	
  Working	
  from	
  a	
  list	
  of	
  469	
  changes	
  greater	
  than	
  2.5	
  fold	
  induced	
  by	
  
IL-­‐3	
  (and	
  excluding	
  cultureEffect	
  transcripts),	
  for	
  339	
  of	
  these	
  changes,	
  there	
  was	
  no	
  change	
  
induced	
  by	
  IL-­‐33	
  and	
  for	
  a	
  subset	
  of	
  these,	
  31	
  change	
  more	
  than	
  10	
  fold	
  with	
  IL-­‐3	
  treatment	
  
but	
  do	
  not	
  change	
  following	
  IL-­‐33.	
  The	
  remaining	
  130	
  transcripts	
  show	
  modest	
  change	
  with	
  
IL-­‐33,	
  17	
  in	
  the	
  opposite	
  direction	
  of	
  IL-­‐3,	
  with	
  rest	
  following	
  IL-­‐3.	
  Only	
  for	
  those	
  changes	
  that	
  
increase	
   following	
   either	
   IL-­‐3	
   or	
   IL-­‐33	
   is	
   there	
   a	
   correlation.	
   An	
   interesting	
   example	
   is	
   the	
  
AQP9	
   (aquaporin	
   9)	
   increases	
   approximately	
   20	
   fold	
   with	
   both	
   IL-­‐33	
   and	
   IL-­‐3.	
   If	
   the	
  
transcriptional	
  program	
  of	
  AQP9	
  were	
  known,	
  there	
  might	
  be	
  a	
  clue	
  to	
  the	
  shared	
  aspects	
  of	
  
regulation	
  by	
  IL-­‐3	
  and	
  IL-­‐33.	
  

These	
  24	
  hour	
  tests	
  demonstrate	
  that	
  while	
  there	
  were	
  very	
  few	
  unique	
  changes	
  induced	
  by	
  
IL-­‐33,	
  it	
  did	
  initiate	
  a	
  mixed	
  program	
  of	
  changes	
  that	
  included	
  many	
  genes	
  that	
  changed	
  with	
  
IL-­‐3,	
  but	
  sometimes	
  in	
  an	
  opposite	
  direction.	
  But	
  IL-­‐3	
  up-­‐regulates	
  the	
  receptor	
  of	
  IL-­‐33,	
  ST2,	
  
on	
  basophils	
  so	
  a	
  couple	
  of	
  experiments	
  examined	
  whether	
  the	
  incubation	
  with	
  IL-­‐3	
  changes	
  
the	
  response	
  to	
  IL-­‐33.	
  Changes	
  that	
  had	
  been	
  shown	
  to	
  be	
  specific	
  for	
  IL-­‐33	
  were	
  found	
  to	
  be	
  
completely	
  blunted	
  by	
   the	
  prior	
   IL-­‐3	
   treatment;	
   (for	
  33	
  genes	
   the	
   log	
   fold	
   change	
   for	
   IL-­‐33	
  
stimulation	
  without	
  prior	
  IL3	
  treatment	
  =	
  0.652±.247	
  and	
  after	
  IL-­‐3	
  treatment,	
  0.05±0.11,	
  an	
  
average	
   4.5	
   fold	
   change	
   blunted	
   to	
   1.13	
   fold).	
   In	
   a	
   subset	
   of	
   the	
   transcripts	
   that	
   normally	
  
change	
   in	
   a	
   direction	
   opposite	
   of	
   IL-­‐3,	
   IL-­‐3	
   also	
   dominated	
   the	
   response,	
   reversing	
   the	
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response	
  to	
  IL-­‐33	
  (or	
  from	
  the	
  perspective	
  of	
  IL-­‐3,	
  IL-­‐33	
  did	
  not	
  alter	
  the	
  normal	
  progression	
  
of	
   events	
   mediated	
   by	
   IL-­‐3).	
   Looking	
   at	
   only	
   the	
   transcripts	
   that	
   changed	
   in	
   opposite	
  
directions	
   for	
   IL-­‐3	
  &	
   IL-­‐33,	
   from	
  D1	
   to	
  D2,	
   changes	
   in	
   the	
   presence	
   of	
   IL-­‐3	
   alone	
   averaged	
  
0.36±0.03	
  (log-­‐fold	
  change)	
  and	
  with	
  IL-­‐33	
  included,	
  =	
  0.37±0.04	
  (log-­‐fold	
  change).	
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Appendix	
  Figure	
  and	
  Table	
  Legends	
  

Fig	
  A1:	
  IL-­‐3	
  dose	
  response	
  curves	
  for	
  the	
  expression	
  of	
  CD32a	
  (●)	
  or	
  CD32b	
  (○).	
  The	
  mRNA	
  
expression	
   results	
   are	
   derived	
   from	
   the	
   microarray	
   results.	
   The	
   grey	
   lines	
   show	
   protein	
  
expression	
   results	
   derived	
   from	
   a	
   previous	
   study	
   [12]	
   and	
   these	
   results	
   are	
   plotted	
   as	
   a	
  
fraction	
  of	
  the	
  maximum	
  increase	
  observed	
  at	
  10	
  ng/ml	
  of	
  IL-­‐3.	
  

	
  

Fig	
   A2:	
   Flow	
   cytometry	
   for	
   cell	
   surface	
   IL-­‐2alpha	
  on	
  purified	
  basophils.	
   Panel	
  A	
   shows	
   the	
  
profile	
  for	
  day	
  0	
  basophils,	
  light	
  gray	
  line	
  is	
  the	
  isotype	
  control	
  antibody	
  and	
  the	
  darker	
  line,	
  
the	
  anti-­‐CD25α	
  antibody;	
  panel	
  B	
  is	
  for	
  Day	
  2	
  IL-­‐3	
  treated	
  basophils.	
  Panel	
  C	
  is	
  derived	
  from	
  
another	
  experiment,	
  day	
  0	
  profiles,	
  and	
  Panel	
  D,	
  the	
  day	
  3	
  profiles.	
  

	
  

Table	
  A1:	
  Differences	
  between	
  changes	
  in	
  expression	
  following	
  IL-­‐3	
  on	
  Day	
  1	
  (n=6)	
  vs.	
  Day	
  3	
  
(n=4).	
  Text	
  in	
  bold	
  highlights	
  notable	
  differences.	
  

	
  

Table	
  A2:	
  Fidelity	
  of	
  the	
  microarray	
  changes	
  as	
  assessed	
  by	
  either	
  qPCR	
  or	
  Western	
  blotting	
  
for	
  the	
  related	
  protein.	
  In	
  some	
  cases,	
  the	
  comparison	
  was	
  made	
  between	
  the	
  microarray	
  and	
  
qPCR	
  while	
  in	
  other	
  cases,	
  the	
  comparison	
  was	
  between	
  the	
  microarray	
  and	
  protein	
  changes	
  
assessed	
  by	
  either	
  Western	
  blots	
  or	
  flow	
  cytometry.	
  *	
  measured	
  at	
  45	
  minutes,	
  **	
  measured	
  
after	
   18	
   hours	
   incubation.	
   None	
   of	
   the	
   comparisons	
   are	
   matched	
   samples,	
   i.e.,	
   these	
   are	
  
unpaired	
  comparisons	
  that	
  are	
  reflective	
  of	
  the	
  general	
  changes	
  observed.	
  

Table	
   A3:	
   Listing	
   of	
   the	
   unique	
   genes	
   used	
   for	
   the	
   combined	
   signature	
   analysis	
   shown	
   in	
  
figure	
  4.	
  There	
  are	
  several	
  groups	
  that	
  test	
  for	
  the	
  presence	
  of	
  IL-­‐3,	
  high	
  or	
  low	
  concentrations	
  
of	
  IL-­‐3,	
  short	
  or	
  long	
  exposure	
  to	
  IL-­‐3,	
  exposure	
  to	
  IL-­‐33	
  or	
  IgE-­‐mediated	
  stimulation.	
  In	
  some	
  
of	
  the	
  table	
  cells	
  labeled	
  ‘Ratios’,	
  there	
  are	
  two	
  numbers.	
  When	
  present,	
  the	
  genes	
  are	
  used	
  in	
  
two	
  similarity	
  determines	
  or,	
  in	
  the	
  case	
  of	
  the	
  IL-­‐3	
  reciprocal	
  set,	
  used	
  for	
  two	
  correlations.	
  
For	
  the	
  genes	
  labeled	
  ’24	
  reciprocals’,	
  the	
  first	
  ratio	
  is	
  the	
  training	
  set	
  determined	
  change	
  in	
  
the	
  absence	
  of	
  IL-­‐3	
  and	
  the	
  second	
  number,	
  the	
  change	
  in	
  the	
  presence	
  of	
  IL-­‐3.	
  For	
  the	
  genes	
  
labeled	
   ‘short	
  vs.	
   long	
  IL-­‐3’,	
   the	
   first	
  number	
   is	
   the	
  ratio	
  after	
  24	
  hours	
  of	
  exposure	
  and	
  the	
  
second	
  number	
  is	
  the	
  ratio	
  after	
  72	
  hours.	
  	
  

	
  

S1	
  Table:	
  Synopsis	
  of	
  26	
  experiments	
  used	
  in	
  the	
  analysis.	
  Where	
  measured,	
  the	
  viability	
  and	
  
recovery	
  of	
  basophils	
  after	
  culture	
  is	
  noted.	
  The	
  starting	
  basophil	
  purity	
  is	
  noted	
  and	
  where	
  
relevant,	
   the	
   percent	
   histamine	
  with	
   an	
   optimal	
   concentration	
   of	
   anti-­‐IgE	
   Ab	
   is	
   noted.	
   The	
  
column	
  designated	
  as	
  CHIP#	
  shows	
  which	
  Illumina	
  slide	
  (numbered	
  to	
  distinguish	
  one	
  slide	
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from	
   another)	
   an	
   experiment	
   was	
   run	
   on.	
   The	
   column	
   designated	
   Service	
   #	
   shows	
   which	
  
reagent	
  preparation	
  was	
  used	
  to	
  run	
  an	
  experiment.	
  This	
  refers	
  to	
  the	
  practice	
  by	
  the	
  service	
  
lab	
  of	
  running	
  a	
  set	
  of	
  experiments	
  on	
  different	
  slides	
  but	
  with	
  the	
  same	
  amplification	
  reagent	
  
preparation.	
  It	
  is	
  provided	
  to	
  allow	
  comparisons,	
  where	
  appropriate,	
  that	
  should	
  yield	
  optimal	
  
results.	
  	
  

Available	
  on	
  http://www.basophil.net	
  and	
  http://162.129.217.250/basophilMicroarrays.	
  

	
  

S2	
  Table:	
  IL-­‐3	
  induced	
  changes	
  that	
  exceed	
  the	
  Benjamini-­‐Hochberg	
  FDR	
  of	
  0.30	
  to	
  3.31	
  fold	
  
for	
   IL-­‐3	
   at	
   10	
   ng/ml	
   (n=11	
   experiments).	
   The	
   left-­‐most	
   columns	
   (n=289)	
   do	
   not	
   exclude	
  
cultureEffect	
   genes,	
   the	
  middle	
   set	
  of	
   columns	
   (N=207)	
  exclude	
   the	
   cultureEffect	
   genes	
  and	
  
the	
  rightmost	
  set	
  of	
  columns	
  show	
  the	
  same	
  as	
   the	
  middle	
  but	
  ranked	
   for	
   the	
  magnitude	
  of	
  
change.	
  	
  

Available	
  on	
  http://www.basophil.net	
  and	
  http://162.129.217.250/basophilMicroarrays.	
  

	
  

S3	
  Table:	
  Basal	
  expression	
  of	
  miRNA	
  in	
  basophils	
  and	
  the	
  effect	
  of	
  IL-­‐3	
  on	
  miRNA	
  expression.	
  
The	
  data	
  is	
  unprocessed	
  from	
  the	
  miRNA	
  arrays	
  and	
  not	
  normalized	
  for	
  differences	
  in	
  average	
  
intensity.	
  There	
  were	
  5	
  experiments	
  for	
  basal	
  levels	
  and	
  in	
  two	
  of	
  these	
  5,	
  a	
  paired	
  set	
  of	
  data	
  
for	
  treatment	
  with	
  IL-­‐3	
  at	
  10	
  ng/ml	
  for	
  3	
  days.	
  The	
  average	
  intensity	
  data	
  is	
  provided	
  for	
  the	
  5	
  
experiments	
  and	
  the	
  average	
  intensities	
  for	
  experiments	
  4	
  and	
  5	
  for	
  the	
  D0	
  time	
  point	
  and	
  the	
  
D3	
  IL-­‐3	
  at	
  10	
  ng/ml	
  time	
  point.	
  	
  

Available	
  on	
  http://www.basophil.net	
  and	
  http://162.129.217.250/basophilMicroarrays.	
  

	
  

S4	
  Table:	
  Culture	
  Effect	
   list	
  used	
  to	
  ignore	
  changes	
  that	
  occur	
  regardless	
  of	
  the	
  presence	
  of	
  
IL-­‐3.	
   The	
   list	
   is	
   not	
   exhaustive	
   but	
   curated	
   for	
   consistency	
   across	
   the	
   two	
   Illumina	
   array	
  
products	
  used	
  in	
  these	
  studies.	
  	
  

Available	
  on	
  http://www.basophil.net	
  and	
  http://162.129.217.250/basophilMicroarrays.	
  

	
  

S5	
  Table:	
   IL-­‐33	
  response:	
   selection	
  of	
  32	
   transcripts	
   that	
   resulted	
   from	
  the	
  Benjamini	
  FDR	
  
threshold	
   filter	
  after	
  subtracting	
  cultureEffect	
  and	
  no	
  IL-­‐3	
  genes.	
  The	
   list	
   is	
  sorted	
  for	
  those	
  
changes	
  similar	
  to	
  IL-­‐3	
  vs.	
  those	
  that	
  are	
  not.	
  	
  

Available	
  on	
  http://www.basophil.net	
  and	
  http://162.129.217.250/basophilMicroarrays.	
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GeneName Gene ID D1/D0 D3/D0 
 

GeneName Gene ID D1/D0 D3/D0 

Transient increases 
 

Rise then fall 

PRG2 5553 26 3.6 
 

DUOXA2 405753 7.3 0.4 

MMP1 4312 7.1 1.4 
 

IL1RL1 9173 4.1 0.38 

FCGR2A 2212 7.5 1.4 
 

PDE4B 5142 2.2 0.21 

FCGR2B 2213 5.3 1.6 
     ACSS2 55902 5.5 1.1 
 

Fall then rise 

EDARADD 128178 5.3 1.8 
 

FFAR2 2867 0.31 3.5 

GPR109B 8843 4.9 1.6 
 

FBP1 2203 0.46 3.1 

KCNJ2 3759 4.1 1.7 
 

ID2 3398 0.48 3.3 

     
ITPR3 3710 0.50 2.1 

Transient decreases 
 

TMC6 11322 0.67 2.7 

HIST1H1C 3006 0.14 1.00 
     CECR1 51816 0.28 1.50 
     MYD88 4615 0.19 0.64 
     NPC2 10577 0.28 0.88 
     SSH2 85464 0.13 0.54 
     TOMM7 54543 0.21 0.62 
 

Not significant on D1 but significant on D3 

USF2 7392 0.27 0.76 
 

DPYSL2 1808 0.94 7.7 

ZNF511 118472 0.43 0.90 
 

NKG7 4818 2.10 8.2 

     
NEK6 10783 1.10 5.4 

Further change between D1 & D3 
 

LAGE3 8270 0.88 6.5 

EMP 2012 5.3 28.0 
 

NCOR2 9612 1.10 6.5 

LGALS1 3956 3.0 15.0 
 

PKM2 5315 2.70 6.6 

FLJ14123 79899 3.8 14.0 
 

HAVCR2 84868 1.40 5.6 

MRPS6 64968 4.3 11.0 
 

HES6 55502 1.10 3.5 

NGK7 4818 2.1 8.2 
 

HNRPLL 92906 1.20 3.2 

LRP5L 91355 0.4 0.09 
 

DUSP16 80824 0.48 0.09 

LGALS12 85239 0.18 0.1 
 

GPR65 8477 0.88 0.18 

S100P 6286 0.2 0.04 
 

ITGAX 3687 0.89 0.24 
	
  

Table	
  A1	
  



Table	
  A2	
  
	
  
	
  
Protein Condition Fold-µarray n Fold qPCR n Fold protein n 
FcεRIbeta day 3 IL3 4.8 7 3.5-16 5 2.0-30 7 
FceRIalpha day 1 IL3 1.0 7 0.9 8   
syk day 3 IL3 3.7 7 4.0 7 1.40±0.15 9 
Orai 1 day 1 IL3 3.3 2 5.3 2 1.24±0.11 5 
 day 3 IL3 2.3 7 5.2 2 1.26±0.11 6 
STIM1 day 1 IL3 0.8 2   1.16±0.09 5 
 day 3 IL3 1.2 7 1.15 7 1.14±0.14 6 
IL-4 2 hr aIgE 3.0 2 5.5* 2   
        
maxi-K day 1 IL3 5.0 3   1.14±0.08 2 
TRPM2 day 3 IL3 6.2 7   1.15±0.20 2 
IL-2Ralpha-flow day 3 IL3 3.0 7   3.0±1.5 3 
IL-2Ralpha-
western day 3 IL3     3.1±1.5 3 
IL-2Rbeta-flow day 3 IL3 79.0 7   1.3 1 
HSP90beta day 1 IL3 2.0 7     
 day 3 IL3 2.9 7   0.86±0.04 2 
IRX3 – flow day 1 IL3 93 11   1.53 2 
Egr-3 2 hr aIgE 19.0 2   1.0±0.06** 3 
FosB 2 hr aIgE 2.0 2   2.0±0.10** 4 
CXCR4 day 1 IL3 0.01 11   0.77±0.03 2 
CD62L(SELL) day 1 IL3 0.02 11   0.53±0.07 2 
HOXA5 – flow day 1 IL3 0.03 11   1.16 1 
	
  



Gene	
  name	
   Gene	
  ID	
   Ratios	
   Gene	
  Name	
   Gene	
  ID	
   Ratios	
  
CCL23 6368 0.23; 12.0 24 reciprocals THBS1 7057 23 IL33 set 
CCL3 6348 0.12; 3.9 for IL3 detection CRLF2 64109 18 

 CCL5 6352 0.12; 4.1 
 

OLR1 4973 10 
 CISH 1154 0.26; 6.7 

 
SOD2 6648 4.2 

 DCUN1D3 123879 0.3; 8.5 
 

PTPRC 5788 3.7 
 DUSP5 1847 0.11; 2.5 

 
STAG3L1 54441 3 

 IL17RB 55540 0.16; 2.9 
     FLJ14213 79899 0.16: 4.2 
 

EGR1 1958 20 34 aIgE(2hr) set 
IFITM1 8519 0.29; 3.4 

 
CCL3L1 6349 14 

 LST1 7940 0.18; 3.3 
 

CCL3L3 414062 14 
 LTB 4050 0.13; 16.0 

 
CCL4L1 9560 12 

 NFS1 9054 0.18; 4.4 
 

CCL3 6348 11 
 PMP22 5376 0.19; 2.1 

 
LAX1 54900 5.8 

 PTGER3 5733 0.19; 4.8 
 

AXUD1 64651 3.8 
 SFXN1 94081 0.31; 3.6 

 
OSM 5008 3.6 

 SOCS1 8651 0.19; 5.1 
 

TMEM88 92162 3.6 
 UPP1 7378 0.13; 3.7 

 
CD69 969 3.5 

 ECHDC3 79746 3.4; 0.21 
 

CCNA1 8900 3 
 GNLY 10578 22; 0.36 

 
MGC4677 112597 2.9 

 LGALS12 85329 4.9; 0.21 
 

C5AR1 728 2.8 
 RGS1 5996 3.1; 0.13 

 
MCL1 4170 2.8 

 TFDP1 7027 2.9; 0.16 
 

NFKBID 84807 2.8 
 TMEM71 137835 4.2; 0.31 

 
SGK 6446 2.8 

 VNN2 8875 6.2; 0.20 
 

NR4A3 8013 2.7 
 

    
PLCXD1 55344 2.6 

 GZMB 3002 136 >high IL3 HMGA1 3159 2.5 
 IL2RB 3560 48 

 
NR4A2 4929 2.4 

 IL1B 3553 31 
 

SOCS2 8835 2.3 
 HAL 3034 0.09 

 
BIRC3 330 2.2 

 DPEP2 64174 0.05 
 

METRNL 284207 2.2 
 RARRES3 5920 0.04 

 
ARHGEF3 50650 0.48 

 CXCR4 7852 0.02 
 

HMGN4 10473 0.48 
 

    
HIST1H2AC 8334 0.47 

 IL1RL1 9173 6.9 >moderate IL3 CP110 9738 0.45 
 DPYD 1806 4.5 

 
LMBRD1 55788 0.45 

 OBFC2A 64859 3.5 
 

TPRG1L 127262 0.45 
 FHL1 2273 0.37 

 
FAM96A 84191 0.44 

 
    

HAGH 3029 0.44 
 PRG2 5553 26.0; 3.6 20 short vs. long VNN3 55350 0.44 
 FCGR2A 2212 7.5; 1.4 IL-3 ZNF608 57507 0.39 
 DUOXA2 405753 7.3; 0.4 

 
MCM7 4176 0.38 

 MMP1 4312 7.1; 1.4 
     FCGR2B 2213 5.3; 1.6 
 

PRPSAP1 5635 6.8 16 aIgE(15hr) set 
EMP 2012 5.3; 28.0 

 
ATXN2 6311 5.5 

 MRPS6 64968 4.3; 11.0 
 

ABCC5 10057 4.3 
 IL1RL1 9173 4.1; 0.38 

 
CA8 767 4.1 

 FLJ14123 79899 3.8; 14.0 
 

ZNF439 90594 4.1 
 LGALS1 3956 3.0; 15.0 

 
XPO1 7514 3.8 

 NGK7 4818 2.1; 8.2 
 

MNDA 4332 3.7 
 NEK6 10783 1.1; 5.4 

 
ACVR1 90 3.6 

 NCOR2 9612 1.1; 6.5 
 

FAM111A 63901 3.6 
 DPYSL2 1808 0.94; 7.7 

 
RASA1 5921 3.6 

 LAGE3 8270 0.88; 6.5 
 

TTC15 51112 3.6 
 LRP5L 91355 0.35; 0.09 

 
ARHGAP19 84986 3.3 

 FFAR2 2867 0.31; 3.5 
 

CDC16 8881 3.2 
 S100P 6286 0.2; 0.04 

 
KIAA0240 23506 3.2 

 LGALS12 85239 0.18; 0.05 
 

NFKB2 4791 0.28 
 HIST1H1C 3006 0.14; 1.0 

 
TNFAIP3 7128 0.22 

 	
  

Table	
  A3	
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