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Background: The domestic mitesEuroglyphus mayneiand Blomia tropicalis
frequently co-inhabit homes in subtropical/tropical regions around the world. Both
species are the source of substances that cause allergic reactions in patients.
Objective: The purpose of this study was to examine the immunologic cross-

reactivity betweenE. mayneiandB. tropicalis.
Methods: Sera of 19 mite-sensitive patients who were skin test positive toB.

tropicalis and/or RAST positive toE. mayneiwere used to probe immunoblots or
crossed radioimmunoelectrophoresis (CRIE) gels.
Results:Western blotting showed that individual sera had IgE that bound to 0 to

17 and 2 to 15 proteins inE. mayneiand B. tropicalis extracts, respectively.
Corresponding IgE-binding proteins of 105, 75, 57, 18, and 14 kD were detected in
bothE. mayneiandB. tropicalisextracts. The majority of IgE-binding proteins did
not show corresponding bands in both extracts. Heterologous CRIE showed IgE
binding to six of the nineE. mayneiantigens precipitated by anti-B. tropicalisserum
with individual sera recognizing 0 to 4 of the six allergens. In the reciprocal
reaction, 10 of the 12 proteins ofB. tropicalis that were precipitated by anti-E.
mayneiserum bound IgE with individual sera binding to 0 to 5 proteins.
Conclusion:This study indicated thatE. mayneiandB. tropicalisare the source

of both species-specific and cross-reactive allergens, but most allergens in each
extract were species-specific.
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INTRODUCTION
The domestic mitesBlomia tropicalis
and Euroglyphus mayneico-inhabit
homes in the subtropical regions of the
United States1,2 and in tropical climates
around the world.3–7 Both mite species
induce allergic sensitization in pa-
tients.7–11 Significant percentages of
mite-sensitive patients give positive
skin reactions to both species even
when they reside in regions where
these mites have not been reported.
These mites are the source of multiple
allergens and several studies have at-
tempted to characterize the proteins
produced by each species. Previous
immunoblotting studies reported that
B. tropicalis is the source of 16 to 25

allergens with four important allergens
of 11 to 13, 33, 36, and 64 kD.12–14

Another study used crossed radioim-
munoelectrophoresis (CRIE) to dem-
onstrate thatB. tropicalis was the
source of 21 allergens of which# four
were cross-reactive with the other
astigmatid mitesDermatophagoides
farinae, D. pteronyssinus, and Ty-
rophagus putrescentiae.15 Immunoad-
sorption experiments usingD. pteron-
yssinus extracts also showed that
approximately 70% of IgE antibody
directed atB. tropicalis recognized
species-specific epitopes.16 Similar
characterization studies have been car-
ried out usingE. mayneiand have de-
termined this mite to be the source of
both cross-reactive and species-spe-
cific allergens.7,17–19 No study, how-
ever, has examined the potential cross-
reactivity of B. tropicalis and E.
maynei.
The purpose of this study was to

directly examine the immunologic

cross-reactivity ofB. tropicalisandE.
maynei.

METHODS

Antigen extracts
Extracts were prepared from whole
mite bodies collected from pure cul-
tures ofBlomia tropicalisandEurogly-
phus maynei as previously de-
scribed.15,17 Briefly, dried mites were
ground, defatted, extracted 1:10 (wt/
vol) in glass distilled water, centri-
fuged, and the supernatant (extract)
was filter sterilized and stored at 4 °C
until used. Protein concentrations were
determined by the Bradford method
using bovine plasma albumin as the
standard.20

Antisera
Antisera toB. tropicalisandE. maynei
were produced previously by immu-
nizing New Zealand White rabbits
with extracts prepared from whole
mite bodies.15,17

Human Sera
Human sera were obtained from 19
asthmatic individuals (mean age of 30
years) who live in Tampa, FL, an area
where bothB. tropicalisandE. maynei
are prevalent.1,2 Patients were skin test
positive toB. tropicalisand/or radioal-
lergosorbent test (RAST) positive toE.
maynei.21 Serum was also obtained
from two individuals residing in an
area whereD. farinae andD. pteron-
yssinus, but not B. tropicalis and E.
maynei are found. These sera were
RAST negative to bothD. farinaeand
D. pteronyssinusand were used as
negative controls.

PAGE/Immunoblotting
Sodium dodecylsulfate-polyacrylamide
gel electrophoresis (PAGE) and immu-
noblotting were performed to deter-
mine the molecular weights of proteins
and IgE-binding allergens contained in
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both mite extracts. Electrophoresis was
carried out on 12% acrylamide gels
under non-reducing (no reducing agent
added to sample buffer) conditions us-
ing the method of Laemmli.22 Each
lane was loaded with 15-mg of protein
and Kaleidoscope prestained standards
(Bio-Rad, Hercules, CA) were used to
provide molecular weight references.
Proteins on parts of each gel were vi-
sualized by silver staining.23,24 PAGE-
resolved proteins were electrophoreti-
cally transferred to Pro-Blott PVDF
(polyvinylidene difluoride) membrane
(Applied Biosystems, Foster City, CA)
in 10 mM CAPS (3-[cyclohexy-
lamino]-1-propanesulfonic acid), 10%
methanol, pH 11 according to the man-
ufacturer’s recommendations. Blots
were cut into pieces containing lanes
with standardB. tropicalisandE. may-
nei. These strips were blocked over-
night with a solution composed of
8 M urea, 0.1 M 2-mercaptoethanol
and 5 mg/mL bovine serum albumin
(BSA).23,24 Each strip was incubated
overnight at room temperature in 1 mL
serum diluted in 25 mL of 0.1 M phos-
phate buffer, pH 7.5 with 2 mg/mL of
BSA and 1% Tween 20 (RAST A buff-
er). IgE-binding allergens were visual-
ized as previously described23,24 by
incubating strips with 1 million cpm
125I-labeled anti-human-IgE (Kalles-
tad™ Allercoat™ RAST isotope re-
agent, Sanofi Diagnostics Pasteur,
Chaska, MN) diluted in 20 mL buffer.
Blots were washed, dried and placed in
cassettes with tungsten-enhancement
screens and Kodak X-OMAT LS film
at280 °C. Film was exposed for one,
three, or ten days. To standardize and
to make comparisons, all blots were
processed identically in one batch with
one lot of reagents.
Following autoradiography, IgG an-

tibody binding to the strips was de-
tected using peroxidase-labeled goat
anti-human-IgG (Fisher Scientific,
Pittsburgh, PA) at 1:2,000 in RAST
buffer. All strips were developed
for five minutes using the CND
(4-chloronapthol/3,39-diaminobenzidine/
H2O2) chromogenic substrate of
Young.25

Several strips were also probed with
the mouse monoclonal antibodies 1D8,
7A1 and aDpX (obtained from Dr.
Martin D. Chapman, University of Vir-
ginia, Charlottesville) to identify group
2 allergens.26 Murine antibody was di-
luted 1:400 in RAST A buffer and
applied to strips for three hours at
room temperature. Antibody binding
was detected using alkaline phos-
phatase-labeled goat anti-mouse-
IgG (Fisher Scientific) at 1:2,000
followed by development for 30 min
with Biømeda BCIP/NBT (5-bromo,
4-chloro,3-indolylphosphate/nitroblue
tetrazolium) chromogen (Fisher Scien-
tific). This yielded a purple precipitate
that was clearly distinguishable from
the red/brown bands produced in the
human IgG development reaction.

CIE AND CRIE
Crossed immunoelectrophoresis (CIE)
was performed to visualize individual
antigens contained in the two mite ex-
tracts as previously described.15,17 Fif-
teen microliters of mite extract (53mg
of B. tropicalisand 45mg ofE. maynei
protein) was electrophoresed in the
first dimension 1% agarose gel for 35
minutes at 200 V. Antigen-containing
lanes were excised and placed trans-
versely on a sheet of GelBond. An
upper gel (anodic) containing 300mL
of rabbit antiserum in 3 mL of 1%
agarose and a lower gel (cathodic) with
50 mL of serum in 1 mL of agarose
were poured and electrophoresed over-
night at 50 V. Both homologous (B.
tropicalisextract reacted withB. tropi-
calis antiserum andE. mayneiextract
reacted withE. mayneiantiserum) and
heterologous (B. tropicalis extract re-
acted withE. mayneiantiserum andE.
mayneiextract reacted withB. tropica-
lis antiserum) reactions were per-
formed. Gel plates were washed,
pressed, dried and stained with Coo-
massie Brilliant Blue R-250.
IgE-binding allergens were visual-

ized by crossed radioimmunoelectro-
phoresis (CRIE) using unstained gels
as previously described.15,17 Briefly,
CIE gels were incubated overnight in
0.5 mL human serum diluted with 20
mL RAST A buffer. Gels were

washed, incubated with125I-labeled an-
ti-human-IgE, washed, dried, placed in
cassettes and subjected to autoradiog-
raphy as described above for immuno-
blots.

Immunoadsorption
A pool of mite-allergic serum was pre-
pared using serum from.50 E. may-
nei and/or B. tropicalis-allergic sub-
jects (nine subjects from this study).
Two 0.5-mL aliquots of this serum
were diluted with 20 mL RAST A
buffer. One sample was incubated se-
quentially with 13E. mayneihomolo-
gous gels for 8 to 24 hours each to

Figure 1. Silver stained, 12% PAGE gel of
15-mg aliquots ofBlomia tropicalis (BT) and
Euroglyphus maynei(EM) extracts run under
non-reducing conditions. Locations of molecular
weight (MW) markers are shown for reference.
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remove E. maynei-reactive IgE and
IgG while the second sample was de-
pleted ofB. tropicalis-reactive IgE and
IgG by similar incubation withB.
tropicalis homologous gels.125I-Anti-
human IgE binding to the thirteenth gel
in each series was negligible. AnE.
mayneihomologous gel was then incu-
bated overnight in theB. tropicalis-
depleted serum while aB. tropicalis
gel was placed in theE. maynei-de-
pleted serum. IgE binding to all gels
was visualized as outlined above and
all gels were exposed to film at the
same time.

RESULTS
Aqueous extracts of bothE. maynei
andB. tropicalis showed.50 protein
bands when resolved by non-reducing
12% PAGE. Proteins were visible
throughout the 5 to 200 kD molecular
weight range for each extract (Fig 1).
Comparison of the banding profiles of
the two mite extracts showed some
matched and some unmatched molec-
ular weight proteins. Immunoblots of
the PAGE-resolved proteins of both
species showed that many of these pro-
teins (allergens) bound IgE present in
the serum from the 14 mite-sensitive
reference subjects (Figs 2 and 3).
At least 20 proteins of different mo-

lecular weights in theE. mayneiex-
tract bound immunoglobulin. Most
bands bound both IgE and IgG how-
ever the intensity of binding of these
two classes of antibody was generally
inversely related. Individual sera con-
tained IgE and IgG that bound to 0 to
17 and 5 to 20 proteins, respectively.
Nine of 14 sera had IgE that bound to
13 or more allergens inE. maynei. The
E. maynei allergens appeared rela-
tively evenly distributed from 5 to 200
kD (Figs 2 and 3).
At least 20 PAGE-resolved proteins

in B. tropicalisextract bound IgE and
IgG antibody. Again, most bands
bound both antibody types. Individual
sera from these subjects showed IgE
binding to 2 to 15B. tropicalis aller-
gens and IgG binding to 5 to 20B.
tropicalis proteins. Most sera had IgE
to 8 or more allergens. The proteins
that bound IgE most frequently had

molecular weights of 5 to 20 kD and
40 to 150 kD (Figs 2 and 3).
Comparing the two extracts, only

five immunoglobulin-binding bands of
the same molecular weights were ob-
served in bothE. mayneiandB. tropi-
calis extracts (Fig 3). Proteins of ap-
proximately 105, 75, 57, 18, and 14 kD
were detected in bothE. mayneiandB.
tropicalis lanes by 2 (14%), 7 (50%), 5
(36%), 1 (7%), and 7 (50%) of the 14
subjects, respectively. These five pro-

teins with corresponding molecular
weights bound both IgE and IgG.
Three of the subjects (21%) did not
recognize any of the cross-reactive
proteins and none of the subjects had
immunoglobulin that bound to all five
proteins. When blots were subse-
quently probed with the mouse mono-
clonal antibody 1D8 (that recognizes
Der p 2 but not Der f 226), this antibody
bound to the 14 kD band inE. maynei
identifying it as the allergen Eur m 2.

Figure 2. Representative immunoblots ofBlomia tropicalis (BT) and Euroglyphus maynei(EM)
extracts resolved on 12% PAGE gels under non-reducing conditions. Blots were incubated in serum from
mite-allergic subjects and were probed for IgG and IgE binding as indicated in the “Methods.”

Figure 3. Representative immunoblots ofBlomia tropicalis (BT) and Euroglyphus maynei(EM)
extracts resolved on 12% PAGE gels under non-reducing conditions. Blots were incubated in serum from
mite-allergic subjects and were probed for IgG and IgE binding as indicated in the “Methods.” Molecular
weights are indicated for those IgE-binding allergens visualized in both the BT and EM lanes.
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No binding was observed in theB.
tropicalis lane using this or two other
anti-group 2 monoclonals (7A1 or
aDpX26).
Serum from 17 mite-allergic indi-

viduals was then used to probe forE.
mayneiandB. tropicalisallergens us-
ing homologous and heterologous
CRIE gels (Fig 4). Individual subjects
had circulating IgE that bound to three
to ten of a possible 15E. mayneialler-
gens precipitated in homologous
CRIE17 and to one to eight of a possi-
ble 21B. tropicalis allergens precipi-
tated in homologous CRIE.15

WhenE. mayneiextract was reacted
with B. tropicalisantiserum, nine dif-
ferent cross-reactive antigen/antibody
precipitates were detected on the Coo-
massie blue stained CIE gels (Fig 5).
Six of these bound IgE and were de-
tected on autoradiograms (Fig 4). Indi-
vidual sera showed IgE binding to zero
to four of the six cross-reactive aller-
gens. Each cross-reactive allergen was
recognized by 5 (29%) to 9 (53%) of
the subjects.
In the reciprocal reaction,B. tropi-

calis extract was reacted with anti-
serum raised againstE. maynei.
Crossed immunoelectrophoresis gels
showed eight Coomassie blue staining
antigen-antibody precipitates (Fig 5).
Using the 17 subjects’ sera and auto-
radiography, ten IgE binding allergens
were identified (Fig 4). Six of these
allergens were visible on both autora-
diograms and Coomassie blue stained
CIE gels while four were only visible
by autoradiography. Two antigen-anti-
body precipitates were detected with
Coomassie blue staining but did not
bind IgE (were not seen on autoradio-
grams); therefore, at least 12 proteins
from a B. tropicalis extract could be
precipitated byE. mayneiantiserum.
Individual sera showed IgE binding to
zero to five of the ten cross-reactive
allergens. Each cross-reactive allergen
was recognized by one (6%) to seven
(41%) of the 17 subjects.
One subject showed antibody bind-

ing to three species-specificE. maynei
and two species-specificB. tropicalis
antigens but did not have circulating
immunoglobulin that recognized any

of the cross-reactive allergens. Two
non-mite-allergic subjects were used
as negative controls in this study. Nei-
ther of these sera showed any IgE
binding to any of the homologous or
heterologous CRIEs.
Homologous CIE gels were also

used to deplete a sample of pooled
allergic serum of cross-reactive IgE
and IgG. When aB. tropicalishomol-
ogous CRIE gel was incubated in se-
rum that had been depleted ofE. may-
nei-specific IgE and IgG by sequential
incubation with 13 homologousE.
maynei gels, all of theB. tropicalis
allergens visualized using fresh serum
were still visible (Fig 6). The recipro-
cal experiment, incubation of a homol-
ogousE. mayneigel in serum depleted
of B. tropicalis-specific IgE and IgG,
yielded even more striking results

since more IgE-binding allergens were
visualized on the autoradiogram of this
gel than were seen using fresh serum
(Fig 6).

DISCUSSION
Using PAGE/immunoblotting we de-
termined that extracts ofBlomia tropi-
calisandEuroglyphus mayneihad five
corresponding IgE-binding allergens
with molecular weights of 105, 75, 57,
18, and 14 kD in bothB. tropicalisand
E. mayneiextracts, although each ex-
tract appeared to have. 20 immuno-
reactive (IgE and/or IgG) bands. A
monoclonal antibody probe for Der p 2
demonstrated that the 14-kD protein in
E. maynei had the same antigenic
epitope as Der p 2 and was the group 2
allergen Eur m 2. This monoclonal an-
tibody did not react with epitopes on

Figure 4. Homologous (EM x EM and BT x BT) and heterologous (EM x BT and BT x EM) CRIE
showing IgE binding for three representative sera.
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any other protein ofE. maynei. In con-
trast, the matching 14-kDB. tropicalis
allergen did not contain the corre-
sponding Der p 2 antigenic epitope nor
did this antibody bind toB. tropicalis
proteins of other molecular weights.
The heterologous CRIE reactions re-

vealed thatE. mayneiextract contained
at least six allergens that were precip-
itated by anti-B. tropicalisserum while
B. tropicalis extract contained ten al-
lergens which were precipitated byE.
mayneiantiserum. Most of these cross-
reactive allergens were recognized by
fewer than half of the patients studied.
Previous CRIE characterizations of the
allergens of these mites demonstrated
that E. mayneiandB. tropicaliswere
the sources of 15 and 21 allergens,
respectively15,17; therefore, about half
of the allergens of each species had
cross-reacting epitopes. Removal of
antibody directed at cross-reactive
epitopes from serum by immunoad-
sorption resulted in increased IgE
binding to species-specific allergens
and IgE binding to a greater number of
allergens. This was presumably due to
removal of cross-reactive IgG (in ad-
dition to IgE) that had otherwise
prevented binding of IgE to nearby
species-specific epitopes. These heter-
ologous CRIE and immunoadsorption
studies clearly indicate that bothE.
mayneiandB. tropicalisare the source
of both species-specific and cross-re-
active allergens.
The discrepancy in the numbers of

cross-reactive allergens detected by
PAGE/blotting (five allergens) versus
CIE/CRIE (six to ten allergens) is not
surprising. Proteins of different molec-
ular weight can have the same
epitopes. Likewise, as we illustrated
with the monoclonal antibodies, a pro-
tein of the same molecular weight may
possess different allergenic epitopes.
In addition, proteins may exhibit a
large amount of amino acid sequence
and epitope homology and yet not run
with the same mobility on PAGE due
to differences in size, glycosylation,
etc. Additionally, multiple proteins of
similar size but different pI (isoelectric
point) may run with the same Rf (rel-
ative electrophoretic mobility). This

could cause several individual aller-
gens to behave as though they were a
single protein. Two-dimensional elec-
trophoresis was not performed to eval-
uate this possibility. Crossed immuno-
electrophoresis remains a better
technique for the evaluation of anti-
genic and allergenic cross-reactivity
since in it proteins in one sample are
precipitated by antibodies raised
against a second sample. This means
that only those proteins of the first
sample possessing epitopes shared by
proteins in the second sample are pre-
cipitated.
Demonstrating that these two mites

each possess both unique and cross-
reactive proteins has important impli-
cations for the diagnosis and control of
mite-induced allergy. The majority of
reference sera contained IgE directed
at species-specific allergens and not
cross-reactive allergens. Also, this
study demonstrated that more than half
the allergens produced by each mite

are unique while the others have both
shared and unique epitopes. Skin test,
RAST, ELISA, immunoblot, and
CRIE studies had earlier shown that
both B. tropicalis andE. mayneihad
proteins which cross-react with the
Dermatophagoides mites as well as
proteins that are unique.7,8,10,12,15–

18,21,27–32Taken together, this and pre-
vious studies reinforce the assertion
that in areas where these mites (D.
farinae, D. pteronyssinus, E. maynei,
andB. tropicalis) are found, successful
control of mite allergy will only be
achieved when patients are diagnosed
and treated with extracts of all mite
species found in the local environment.
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the monoclonal antibodies used in this
study.
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INTERLEUKIN-13 ALLERGIC RHINITIS

One of the functions of interleukin (IL)-13 demonstrated in vitro is the
stimulation of IgE and IgG4 synthesis in B cells in the presence of CD40 ligand,
similar to IL-4. This study investigated IL-13 gene expression in the nasal
mucosa of atopic patients with dust mite-sensitive perennial allergic rhinitis
(PAR) compared to subjects with chronic infectious rhinitis and to normals. The
cellular localization of IL-13 protein was also determined.
Interleukin-13 gene expression was found in 18 of 19 patients with PAR but

was not detectable in patients with infectious rhinitis or in normals. The primary
cellular sources were lymphocytes and mast cells. There was a strong correlation
between gene expression and total as well as antigen specific IgE. Gene expres-
sion was not found in peripheral blood mononuclear cells.
The authors conclude that IL-13 gene expression and its correlation with

serum IgE suggest an important role in the pathogenesis of PAR, probably
through enhancement of IgE production. The absence of gene expression in the
peripheral blood suggests a locally active effect.
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