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In tropical and subtropical regions of the world, allergens produced by Blomia tropicalis are an impor-
tant cause of IgE-mediated itization among p. ts with asthma. We compared the relative im-
portance of sensitization to the two mite species among asthma patients from Florida, Puerto Rico,
and Brazil (n = 83), who were concurrently exposed to B. tropicalis and D. pteronyssinus, with patients
from the United States and from the United Kingdom (n = 56) exposed to D. pteronyssinus. In addition,
molecular cloning techniques were used to clone and express a major B. tropicalis allergen. There were
significant differences between IgE antibody responses to B. tropicalis and D. pteronyssinus that were
related to exposure: only 22% of patients exposed to both species had a high ratio (> 10) of IgE
D. pteronyssinus:B. tropicalis, whereas 68% of patients exposed only to D. pteronyssinus had a ratio of
> 10 (p < 0.001). A major 14-kD allergen (Blo t 5), cloned from a B. tropicalis cDNA library, showed
43% sequence homology to D. pteronyssinus Der p 5. Recombinant Blo t 5 produced in E. coli reacted
with 45 to 69% of sera from B. tropicalis-allergic asthmatics and induced positive immediate skin tests
at 1073 to 1 ug/ml. In vivo and in vitro comparisons of IgE responses to B. tropicalis, D. pteronyssinus,
rBlo t 5, and rDer p 5, showed that B. tropicalis has unique allergens that cause specific IgE responses.
The results suggest that B. tropicalis is an independent cause of sensitization and that use of recom-
binant Blo t 5 should lead to a better understanding of the role of B. tropicalis in causing asthma in
tropical environments. Arruda LK, Vailes LD, Platts-Mills TAE, Fernandez-Caldas E, Montealegre
F, Lin K-L, Chua K-Y, Rizzo MC, Naspitz CK, Chapman MD. Sensitization to Blomia tropicalis in

patients with asthma and identification of allergen Blo t 5.
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There is increasing evidence that exposure to indoor allergens
is a causative factor for the development of asthma among per-
sons who are genetically predisposed to make IgE antibody (ab)
responses (1-7). Sensitization to indoor allergens is the strongest
independent risk factor associated with asthma (odds ratios > 10).
Allergens derived from house dust mites have been recognized
as an important cause of IgE ab responses for more than 30 yr,
and Dermatophagoides species (family PYROGLYPHIDAE) are the
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predominant fauna in house dust worldwide. At least seven
groups of protein allergens have been defined and cloned from
Dermatophagoides spp, and used in etiologic studies investigat-
ing the role of dust mites in asthma (reviewed in References 2
and 8). A recent survey in the United States revealed that, along
with D. pteronyssinus and D. farinage, the most common mite
species in the house dust fauna were Blomia tropicalis and Eu-
roglyphus maynei (9).

Blomia tropicalis (family GLYCYPHAGIDAE) and D. preronys-
sinus occur with high frequency and at high levels of infestation
in houses from tropical and subtropical areas of the world. These
regions include the southern states of the United States, Central
and South America, Hong Kong, Taiwan, India, and Egypt
(9-12). Epidemiologic studies in Sdo Paulo, Brazil, have shown
that sensitization to Blomia is strongly associated with childhood
asthma (13, 14). No significant evidence of sensitization or expo-
sure to cat, cockroach, grass pollens, or Aspergillus was found
among children in Sdo Paulo, and dust mites appear to be by
far the most important allergens associated with asthma in Brazil.
A recent multicenter skin testing study in several Latin American
countries, including Brazil, Venezuela, and Colombia, confirmed
the high prevalence of sensitization to mites, notably, B tropicalis,
in patients with asthma (15).
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Evaluation of the role of B tropicalis allergens in asthma has
been complicated by the fact that concurrent sensitization oc-
curs in houses where both B. tropicalis and D. pteronyssinus are
present. In contrast to D. pteronyssinus, allergens from B. trop-
icalis are poorly defined, and no major allergen has yet been iden-
tified. Previous immunochemical studies showed that B tropicalis
does not produce allergens homologous to the Group 1 and Group
2 Dermatophagoides spp. allergens. Inhibition studies suggested
that B. tropicalis allergens were species-specific, and the extent
of cross-reactivity with D. preronyssinus was estimated at ~30%
(13, 16-19). We have investigated sensitization to B. fropicalis and
D. pteronyssinus among patients with asthma exposed to both
mite species or exposed primarily to D. preronyssinus. We have
also cloned and expressed an important allergen from B rropicalis
(Blo t 5), which shows homology to D. pteronyssinus allergen
Der p 5. The recombinant Blo t 5 will facilitate clinical and im-
munologic studies of the role of B. tropicalis in asthma, and it
offers the prospect of developing new strategies for the diagno-
sis and treatment of asthma in tropical and subtropical areas of
the world.

METHODS
Subjects

A total of 139 patients were enrolled in the present study. Sixty-two were
children 3 to 14 yr of age with moderate to severe asthma who attended
the Pediatric Allergy Clinic of Paulista School of Medicine, Sdo Paulo,
Brazil. Sixteen were asthmatic children from Poole, United Kingdom,
who had participated in a previous study (1). Thirty-six were adult pa-
tients with asthma: 14 from Ponce, Puerto Rico; seven from Tampa,
Florida; 15 from Charlottesville, Virginia. Twenty-five were children or
adult patients with atopic dermatitis seen at the University of Virginia,
Charlottesville, VA. The patients from Brazil, Puerto Rico, and Florida
(n = 83) were selected on the basis of a positive immediate skin test
to D. pteronyssinus and/or B. tropicalis, and a positive radioallergosor-
bent test (RAST) (> 40 units/ml) to B. tropicalis extract. The group of
patients with asthma or atopic dermatitis from Charlottesville and Poole
(n = 56) were selected on the basis of positive immediate skin tests and
RAST (> 40 units/ml) to D. preronyssi Serum les from patients
in Brazil, Puerto Rico, and Florida were collected in 1993; the serum
samples from Charlottesville and Poole were collected between 1989 and
1994. Serum samples were stored at —20° C. Nine children 7 to 12 yr
of age with rhinitis and/or asthma from Brazil, and five nonallergic adult
subjects from Manchester, UK (20), underwent skin testing with recom-
binant allergens.

IgE Antibodies to D. pteronyssinus and B. tropicalis

Serum IgE antibodies (ab) to D. preronyssinus and B, tropicalis were
measured by quantitative RAST, as described previously (21). The assay
was calibrated using a control curve of D. farinage discs and serial 2-fold
dilutions of a mite allergic serum pool (UVA 87/01), contmnmg 1,000
units/ml of IgE ab. The UVA serum pool was sub d against

immunoassay. Double stranded sequencing of b1 2B DNA was carried
out by dideoxynucleotide chain termination using a Sequenase kit (USB
Biologicals, Cleveland, OH). The FASTA program was used to search
the NBRF, GenBank, and Swiss-Prot databases for sequence homolo-
gies (23). The protein encoded by the bt 2B cDNA clone was designated
Blo t 5, according to the WHO/IUIS allergen nomenclature (24).

Expression of Recombinant Group 5 Mite Allergens

Polymerase chain reaction (PCR) was used to generate a 366 bp Blo t
5 DNA fragment containing BamH [ and Xho [ restriction enzyme sites,
which allowed subcloning into the pGEX-4TI expression vector (Phar-
macia Biotech, Piscataway, NJ). Fifty of Blo t 5 plasmid
DNA were amplified by PCR using Pfu DNA polymerase (Stratagene).
Reactions were carried out in 50 pl volume, with denaturation at 94° C
for 1 min, annealing at 37° C for 1 min, and extension at 72° C for
3 min for 30 cycles. An initial 5-min incubation step at 94° C was per-
formed, and each reaction was terminated for 15 min at 72° C. Primers
for PCR were as follows: 5 CGC GGA TCC CAA GAG CAC AAG
CCA AAG 3 (sense); and 5 CCG CTC GAG TTA TTG GGT TTG AAT
ATC ¥ (antisense). The PCR amplified Blo t 5§ DNA did not contain
the 5' noncoding sequence and the predicted signal peptide sequence
(nucleotides 1 to 83). Ligation of the 366 bp Blo t 5§ DNA into BamHI1/
Xholdlsesled pGEX-4T} and formation of ¢ Escherichia
coli strain TOPIOF' (Invitrogen) were performed as “described (25).

Expression of Blo t 5 as a fusion protein with glutathione-S-transferase
(GST) was induced with | mM IPTG, and purification from bacterial
Iysates was performed over glutathione sepharose (Pharmacia Biotech)
followed by elution with 10 mM reduced glutathione. Digestion with
thrombin (10 units/mg protein for 18 h at room temperature) released
the recombinant 14 kD Blo t 5 protein (rBlo t 5), which was collected
in the flow through after further purification over glutathione sepharose.
Recombinant Der p 5 (rDer p 5) was prepared as for Blo t 5. Briefly,
E. coli strain TG transformed with a pGEX-2T Der p 5 construct was
grown at 37° C, and expression of rDer p 5 as a fusion protein with
GST was induced with | mM IPTG. Purification of rDer p § from bac-
terial lysates was carried out over glutathione sepharose, followed by
elution with 10 mM reduced glutathione and digestion with thrombin,
releasing the 14 kD rDer p 5 protein (26). The purity of rBlo t S and
rDer p 5 was assessed by silver-stained SDS-PAGE using an 8 to 25%
gel on a PhastSystem (Pharmacia), and the N-terminal amino acid se-
quence was determined by Edman degradation. The yield of recombinant
Group 5 allergens was 1.0 1o 1.5 mg/L of culture.

IgE Antibodies to Recombinant Group 5 Allergens

IgE ab to rBlo t 5 and rDer p 5 were measured in sera from 138 or 136
mite-allergic patients, respectively, using an antigen-binding RIA (27).
Two serum samples were not available for the Der p § assay. Briefly,
20 pg rBlo t 5 and rDer p 5 were radiolabeled with 0.5 mCi '**1, using
the chloramine-T technique (specific activity, 21.5 pCi/ug and 16 pnCi/pg,
respectively), Sera diluted 1/2 and 1/10 were incubated with 2 ng 'I-
rBlot 5 or "**l-rDer p 5 (~100,000 cpm added) for 4 h at room tempera-
ture. IgE myeloma serum {P S.) diluted 1:200 was used as a carrier. Im-

mune compl wWere p itated overnight at 4° C with 50 pl sheep

an international reference serum pool (National Institute of Biological
Standards and Control: Code No. 82/528), and one RAST unit is equiva-
lent to ~0.1 ng of IgE (21).

Molecular Cloning of B. tropicalis Allergens

Total RNA was extracted from 3.8 g B. tropicalis whole bodies, using
5M idi isothiocy 0.01 M EDTA, 5% 2-ME/0.05 M TRIS
HCI at pH 7.5 (22). Messenger RNA was obtained using a FasfTrack
kit (Invitrogen, San Diego, CA). A B tropicalis cDNA library was pre-
pared in the UniZAP-XR expression vector (Stratag La Jolla, CA),
using 12 ug B tropicalis mRNA. The cDNA library (amplified titer, 7 x
10° pfu/ml) was screened with IgE antibodies obtained from eight asth-
matic children with a high B. tropicalis RAST (600 to 4,700 units/ml,
i.e., 6010 470 ng/ml IgE ab). The B. tropicalis library (400,000 pfu) was
screened as described previously, and eight positive plaques were identi-
fied and cloned (22). Partial nucleotide sequencing revealed that 7/8
cDNA clones were identical. One of the cDNA clones, bt 2B (537 bp),
was further screened against individual sera from 139 patients by plaque

antil 1gE (The Bmdmg Site, San Diego, CA), washed, and counted
in a y-counter. The assays were quantitated using control curves con-
structed with serial 2-fold dilutions of patients’ sera No. 37 (Brazil) or
V.P. (Charlottesville), for the rBlo t 5 and rDer p 5 assays, respectively.
Each serum was assigned 1,000 units/ml of IgE antibody.

Immediate Skin Testing

Skin prick tests were performed using commercial D preronyssinus (10,000
AU/ml; Bayer Corp., Spokane, WA). B fropicalis extract was prepared
from mites cultured on a medium of autoclaved nude mice food and
Brine shrimp (1:1), and separated using a Tullgren apparatus. In this sys-
tem, the photophobic live mites are induced 1o pass through six layers
of cheese cloth to escape the light and heat produced by a 60-W light
bulb, allowing collection of > 95% pure mite bodies. Whole mite bod-
ies were defatted and extracted in 100 mM ammonium bicarbonate. Af-
ter centrifugation, the supernatant was dialyzed against distilled water
and filtered (12). The protein concentration of the B. tropicalis extract
was 1,900 pg/ml. Purified rBlo t § and rDer p 5 were used for prick
tests at 5 ug/ml. A wheal of 2 4 x 4 mm diameter 15 to 20 min after
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TABLE 1

COMPARISON OF THE RATIO OF IgE ANTIBODIES
TO DIFFERENT MITE SPECIES IN SERA FROM
THE AMERICAS AND EUROPE*

Dpt:Bt RAST
Sera from Patients in: n Ratio > B
sdo Paulo, Brazil 62 17 (27%)
Puerto Rico 14 0 (0%)
Florida 7 1 (14%)
All 83 18 (22%)1
Charlottesville, VA, and Poole, UK 56 38 (s8%) 1

“ 19k antibodies Lo D. pteronyssinus and B. tropicalis wete measured by quantitative
RAST, and the ratio IgE ab to 0. pteconyssinus: B tropicalis was calculated. The number
of sera from different patient groups with a ratio > 10 are shown, with percentage values
shown in parentheses.

t p < 0.001 (chi-square test),

injection was regarded as a positive prick test. Quantitative intradermal
skin tests were carried out sequentially with 0.03 ml of 10-fold dilutions
of rBlot S or rDer p §, from 10 to 10° ng/ml, as previously described,
and a 2 6 x 6 mm diameter wheal was considered positive (28). Skin
{ests using mite extracts and recombinant allergens were approved by
the Human Investigation Committees of the University of Virginia and
the Paulista School of Medicine.

RESULTS
Analysis of IgE ab to B. tropicalis and D. pteronyssinus

Sera for these studies were obtained from patients with asthma
and/or atopic dermatitis living in selected geographic areas where
exposure to B tropicalis and D. Ppteronyssinus are known to dif-
fer. Patients living in Brazil, Puerto Rico, and Florida were ex-
posed to both B fropicalis and D, preronyssinus (11). In contrast,
patients from Charlottesville and Poole were exposed to D. pre-
ronyssinus but not to B. tropicalis. Extensive mite counts car-
ried out in the 1980s (in more than 200 homes) failed to detect
B. tropicalis in Charlottesville or Poole (T. A. E. Platts-Mills and
S. Wilkins, unpublished data); indeed, B tropicalis has never been
reported in the UK. The 139 sera were analyzed for IgE ab to
B tropicalis and D. pteronyssinus by RAST to assess the degree
of cross-reactivity between both species in exposed and unex-
posed pepulations.

Among patients exposed to both B tropicalis and D. pteronys-
sinus who had detectable 1gE ab 1o B, tropicalis (RAST > 40
units/ml), 84% also had IgE ab to D pteronyssinus. Conversely,
among patients exposed to D, pleronyssinus but not to B. tropi-
calis, 50% had detectable IgE ab to B, tropicalis. Differences be-
tween B. tropicalis exposed and nonexposed patients were fur-
ther assessed by comparing the ratio of IgE ab to D. pteronyssinus
and B. fropicalis (Figure 1). Only 22% of the patients exposed
lo B. tropicalis had a ratio > 10, whereas in those not exposed
Lo B. tropicalis, the ratio was > 10 in 68% of patients (p < 0.001)
(Table 1 and Figure 1). These results showed that although as
much as 50% of patients from Charlottesville and Poole had
detectable IgE ab to B. rropicalis, the levels of IgE ab to D. pte-
ronyssinus were 10 to 100-fold higher than to 8. tropicalis. The
Charlottesville/Poole patienis included 25 with atopic dermati-
tis who had remarkably high levels of IgE ab to D. pteronyssinus
(RAST, 240 to 34,770 units/ml), and 18 of 25 of these patients
(72%) had IgE ab to B. tropicalis. In contrast, only 32% of mite-
allergic asthmatic patients (D, Ppleronyssinus RAST, 78 to 10,000
units/ml) had IgE ab to B tropicalis (p < 0.05, chi-square test).

Identification of Blomia tropicalis Allergen Blo t 5
by cDNA Cloning

To further examine the antigenic relationship between B. tropicalis
and D. pteronyssinus, molecular cloning was used to identify
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Figure 1. 1gE antibodies to D. pteronyssinus and B. tropicalis (D.pt:Blo-
mia RAST) in sera from patients living in Sao Paulo, Brazil; Charlot-
tesville, VA, Florida, and Puerto Rico, USA; and Poole, UK. Closed tri-
angles represent patients from Florida and Puerto Rico included in
the USA group (n = 21).

B. tropicalis allergens. A B. tropicalis cDNA library was screened
with IgE ab in pooled sera from mite-allergic children. Eight posi-
tive plaques were identified, and partial 5 end-sequencing re-
vealed that seven of eight clones were identical. One cDNA clone
(b1 2B) was fully sequenced and further screened with 139 in-
dividual sera by IgE plaque immunoassay. Among patients from
Brazil, Puerto Rico, and Florida, 57 of 83 (69%) had IgE ab to
the protein encoded by clone bt 2B. These results suggested that
the protein encoded by cDNA clone bt 2B was an important al-
lergen. In contrast, only 13 of 56 (23%) of the Charlottesville/
Poole patients had IgE ab to this protein (p < 0.001). Another
¢DNA clone (b1 8) coded for a protein with sequence homology
to troponin-C and reacted with 49% of the patients’ sera (se-
quence data on this allergen will be published elsewhere) (Table
2). Nucleotide-sequencing revealed that ¢ 2B cDNA contained

TABLE 2

PREVALENCE OF IgkE TO THE PROTEINS EXPRESSED
FROM B. tropicalis cDNA CLONES™

Clone Number

Bt 2B
Sera from Patients in: n (Blo t 5) s, Bt 87
Sao Paulo, Brazil 62 42 (68%) 32 (52%)
Puerto Rico 14 9 (64%) 6 (43%)
Florida i 6 (86%) 3 (43%)
All 83 57 (éW)T 41 (49%)
Charlottesville, VA, and 56 13 (23%)F ND
Poole, UK

* Determined by plaque immunoassay,
T Significant. differances between the prevalence of IgE ab in these groups (p <
0.001); ND = not done.
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129 CAC TTG TTG ATC GAA CAG GUA AAC CAT GCT ATC GAA AAG GGA 174
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171 GAA CAT CAA TTG CTT TAC TTS CAA CAC CAA CTC GAC GAA TTG 212
E H @ L &L ¥ L o H @ L 0 2 L
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213 AAT CGAA AAC AAG AGC AAC GAA TTG CAA CAC AAA ATC ATT CGA 254
R B N =] K E L Q E X E r R

255 GRA'CTT GAT GIT GTT TGC GCC ATG ATC GAA GGA GOC CAA GGA 295
E L P V ¥ C A M I E B o @

297 GOT TTG GAA COT AR TTG AAG COA ACT GAT CTT AAC ATT TT 338
A L E ® B L % R T P L N T

338 GAA CGA TTC BAC TAC GAA GAG GCT CAA ACT CTC AGC ARG ATC 380
B R : 4 N ¥ E E A Q T L g E I

381 TTG CTT AAG GAT TTG ARG GAA ACC GAA CAA AAA GTG AAG GAT 422
L L K o L K E T )1 K v E D

423 ATT CAA ACC CAMN TAA AAA TTT AGA ATT GTA CAA TTT TAC ATT 464
T

465 TIT GAT ATG ATT AAA TGT CAA TAR ATG FIC BAT AAM TAA ATT 506

507 CAR TTT TTA ACT AT, 537

Figure 2. Nucleotide and deduced amino acid sequence of cDNA
clone bt 2B, encoding B. tropicalis allergen Blo t 5. The predicted trans-
lation initiation codon ATG is typed in bold. The putative signal pep-
tide cleavage site is located between residues A7 and Qs (in bold).
The 17 N-terminal amino acid residues include 13 hydrophobic
residues, forming a classic signal peptide sequence (29). A potential
N-linked glycosylation site is indicated (bold dot) and the stop codon
TAA (asterisks) is shown. A polyadenylation site (AATAAA) is under-
lined. Numbering indicates the nucleotide position. The sequence
data presented here have been submitted to GenBank under the ac-
cession number U59102.

a 432 open reading frame encoding a 134 amino acid residue pro-
tein, The sequence included an ATG start codon at positions 33
to 35, and a 17-residue putative signal peptide (nucleotides 36
to 83) with a predicted cleavage site between Alanine,, and
Glutamine,q residue (Figure 2) (29). The mature protein contains
117 amino acid residues, with a predicted molecular mass of
13,876 D.

Homology to D. pteronyssinus Allergen Der p 5

Sequence similarity searches of the NBRF, GenBank, and Swiss-
Prot databases revealed that the only protein with significant
similarity to the deduced amino acid sequence of cDNA clone
bt 2B was a 14 kD D. pteronyssinus allergen, Der p 5. This aller-
gen was originally identified and cloned by Tovey and colleagues
(30) and further sequenced and expressed by Lin and colleagues
(26). Comparison of the amino acid sequences showed 43% ho-
mology between the protein encoded by cDNA clone b¢ 2B and
Der p 5 (Figure 3). The b 2B protein is the first B. {ropicalis
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Figure 4. SDS-PAGE analysis of recombinant Blo t 5 expressed in E.
coli as a fusion protein with glutathione-S-transferase. The fusion pro-
tein was purified from E. coli lysates by glutathione affinity chroma-
tography (A), followed by digestion with thrombin (8). Recombinant
Blo t 5 was recovered in the flow-through after passage over gluta-
thione sepharose (C). Purification of rDer p 5 was carried out under
similar conditions (D).

allergen that has been cloned and fully sequenced. In accordance
with the WHO/IUIS nomenclature, the protein was designated
Blomia tropicalis allergen 5 (Blo t 5) based on its sequence ho-
mology to Der p 5, rather than on the chronologic order of its
discovery (24). This also distinguished Blo t 5 from the Group
1 allergens of Dermatophagoides spp., which are structurally un-
related (8).

IgE Antibody Responses to Recombinant Group 5 Allergens

Recombinant Blo t 5, i.e,, the protein encoded by ¢cDNA clone
bt 2B, was expressed in E. coli and gave a single 14-kD band on
SDS-PAGE (Figure 4). In addition, the 8 N-terminal amino acid
residues of rBlo t 5 were identical to the predicted sequence from
the cDNA. IgE ab to rBlo t 5 was measured in sera from 138
mite-allergic patients by antigen-binding RIA. The prevalence
of IgE to rBlo t 5 among patients from Brazil, Puerto Rico, and
Florida was 45% (37 of 83), and among patients from Charlottes-
ville and Poole, it was 20% (11 of 55). The levels of IgE ab were
also significantly lower in the group from Charlottesville and
Poole when compared with the group from Brazil, Puerto Rico,
and Florida (GM: 29.2 units/ml and 106 units/ml, respectively;
p < 0.005) (Figure 5A). In contrast, there was no difference be-
tween IgE ab to rDer p § in the two groups of patients (p = 0.38)
(Figure 5B). As much as 41% of radiolabeled rBlo t 5 or rDer

5 60
EHOLLYLOHQLDELNENKSK

LQEQINHFEEKPTX
60

Figure 3. Sequence alignment between 8. tropicalis Blo t 5 and D. pteronyssinus Der p 5 (26, 30). Identical
amino acid residues (:) or conserved substitutions (.) are indicated (overall homology, 43%).
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Figure 5. Comparison of IgE antibodies to recombinant Group 5 allergens in sera from patients living in
Brazil, Florida, and Puerto Rico exposed to both D. pteronyssinus and B. tropicalis (closed symbols), and
patients from Charlottesville, VA, and Poole, UK exposed only to D. pteronyssinus (open symbols). IgE ab
to Blo t 5 (A) or Der p 5 (B) were measured by antigen binding RIA, and sera from patients with asthma
(circles) or atopic dermatitis (triangles) are indicated. Horizontal bars indicate the geometric mean values,
and the dashed line is the minimal level of sensitivity of each assay. Student’s ¢ test was used to analyze
differences between patient groups, and the p value is indicated above each figure.

p 5 could be bound by IgE ab from mite-allergic patients (maxi-
mum, 46,000 cpm bound), whereas sera from four nonallergic
patients consistently gave background binding (< 0.5% radio-
activity or 400 cpm bound). The results suggest that IgE ab re-
sponses to rBlo t 5 in unexposed patients reflect antigenic cross-
reactivity with D. pteronyssinus allergen Der p 5.

Linear regression plots were also used to compare IgE ab to
the Group 5 allergens in B. tropicalis-exposed and -unexposed
patients. A high proportion of sera from exposed patients had
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IgE ab to both rBlo t 5 and rDer p 5 (24 of 58, 41%), and in
this group significant numbers of patients had IgE ab specific
for either Der p 5 (36%) or Blo t 5 (22%) (Figure 6A). These
results suggest that both rBlo t 5 and rDer p 5 are necessary to
evaluate IgE ab responses in patients exposed to the two mite
species. In contrast, among patients exposed to D. pteronyssi-
nus but not to B. tropicalis, the majority (66%, 21 of 32) had
IgE ab to Der p 5, but not to Blo t5, and only eight sera had
IgE ab to both allergens (Figure 6B).
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Figure 6. Correlation between IgE antibodies to rBlo t 5 and rDer p 5 in sera from mite-allergic patients.
(A) Sera from patients in Brazil, Florida, and Puerto Rico with detectable serum IgE ab to Group 5 allergens
(n = 58). (B) Sera from Charlottesville/Poole patients with IgE ab to Group 5 allergens (n = 32). Open
symbols indicate sera from mite-allergic patients who had no detectable IgE ab to Group 5. Dashed lines

indicate the minimal levels of assay sensitivity.
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Biologic Activity of Recombinant Group 5 Allergens

To investigate the biologic activity of rBlo 1 5, selected mite-
allergic patients with asthma and/or rhinitis underwent skin test-
ing with the recombinant allergens. Positive immediate prick tests
were obtained using rBlo t 5 at a concentration of 5 pg/ml and
intradermal tests at a concentration as low as 10" ug/ml, whereas
no reaction was observed in nonallergic patients with rhinitis.
These results confirmed that the B. rropicalis allergen Blo t §
produced in bacteria retains 1gE binding capacity in vive. Simi-
larly, rDer p 5 induced positive skin testing in mite-allergic pa-
tients, as previously reported (26) (Table 3).

DISCUSSION

Comparison of IgE ab responses in sera from exposed and un-
exposed asthma patients, together with the cloning and expres-
sion of a major allergen, has made it possible to investigate the
molecular basis for sensitization to B. tropicalis and D. pteronys-
sinus. Several lines of evidence from the present study suggest
that B tropicalis is an independent cause of sensitization in trop-
ical and subtropical countries where patients may be exposed
to this species as well as to D. pteronyssinus. A significant num-
ber of patients living in these areas make higher levels of IgE
ab to B. tropicalis than to D. pteronyssinus; they are more likely
to make IgE ab responses to both Group 5 allergens; and ~20%,
make IgE ab responses to Blo t 5, but no detectable response
to Der p 5. B. tropicalis appears to be a primary cause of sensiti-
zation in Brazil, Florida, and Puerto Rico, and the results would
also be expected to apply Lo other regions where Blomia spp con-
stitute a large proportion of the acarofauna in houses. The results
show that patients exposed to D pteronyssinus make partially
cross-reactive IgE ab responses to R tropicalis. However, the mag-
nitude of the IgE anti-D. preronyssinus response is greater than
10 B. tropicalis, and most of these patients (66%) make IgE ab
to Der p 5, but not to Blo t 5. Recent skin test studies on a group
of adult patients with asthma in Manchester, UK, have shown
positive intradermal skin tests to Der p 5, but not to Blo 1 §, in
~50% of D. pteronyssinus-sensitive patients (20). Thus, the de-
gree of structural homology between the Group 5 allergens (43%)
is not sufficient in most cases to elicit cross-reactive IgE ab re-
sponses. The cross-reactivity to B. tropicalis observed in D. ptero-
nyssinus-sensitized patients usually involved patients with very
high IgE ab levels (e.g., from asthma/atopic dermatitis patients),
who would be expected to make more polyclonal responses. An
important clinical application of our results is that B tropicalis
should be included in the panel of allergen extracts used for evalu-
ation and treatment of immediate hypersensitivity in patients with
asthma living in areas where B tropicalis is prevalent.
Although several Dermatophagoides spp. allergens have been
purified, cloned, and sequenced in the past decade, Blot 5 is
the first allergen from B. tropicalis to be defined and produced
as a recombinant protein. In addition to sequence homology, Blo
t 5 and Der p 5 share other structural features. Inspection of two
additional Der p 5 cDNA clones revealed that the sequences have
132 amino acid residues, including a 19-residue putative signal
peptide sequence and a mature protein containing 113 residues
(predicted molecular mass, 13,585 D) (26). Similarly, Blo 1 5 is
a 134-residue sequence containing a 17-residue putative leader
sequence, with a 117-residue mature protein (estimated molecu-
lar mass, 13,876 D). Blo t 5 has one potential N-linked glycosy-
lation site and one cysteine residue, neither of which are present
in Der p 5. Despite their overall similarities, there are sufficient
differences in the sequence and/or potential glycosylation of the
two allergens to explain the differences in IgE ab responses. To
date, no significant sequence homology between the Group 5
mite allergens and other proteins has been found, and the bio-

logic function of these proteins remains to be determined. Re-
cently, a partial cDNA sequence has been identified that has T8
identity to the C-terminal half of Blo t 5, and it appears to be
a truncated form of Blo 1 5, or of a Blo t 5 isoform (GenBank
accession number, U27702; submitted by L. Caraballo, unpub-
lished).

The results show that the recombinant Group 5 allergens have
excellent immunologic activity in vitro and in vivo and that both
allergens can be produced in bacteria with a consistent yield and
high degree of purity (> 95%). This raises the possibility that
the recombinant allergens could be used for diagnostic and clin-
ical purposes. In keeping with previous studies on Der p 5, the
prevalence of IgE reactivity to Group 5 allergens (50 to 70%a)
was lower than that reported for the Group 1 or Group 2 Der-
matophagoides spp allergens (~90%) (2). Although the devel-
opment of a specific test for IgE ab to B tropicalis could not
be achieved using rBlo 1 5 alone, our results suggest that it would
be possible to use rBlo t 5 for diagnostic purposes in combina-
tion with another cloned B. tropicalis allergen (e.g., the troponin
allergen, bt 8). The use of recombinant Blomia allergens for evalu-
ation of immediate hypersensitivity is currently being investigated
as part of a multicenter skin test trial being carried out in the
United States, the United Kingdom, Brazil, Argentina, and Sin-
gapore,

Epidemiologic studies using monoclonal antibody (mAb)-
based assays for ing Der phagoides and other aller-
gens in house dust have provided strong evidence that indoor
allergen exposure is a major risk factor for asthma (1-3, 6, 13,
14). Assessment of exposure to Blomia, on the other hand, has
been based on a few published reports of the prevalence of B frop-
icalis and B. kulagini in addition to our own acarologic studies
(unpublished). The availability of rBlo t 5 will enable immuno-
assays to be developed for monitoring allergen exposure, for al-
lergen purification, and for structural and functional studies of
the allergen. Several mAb to rBlo t 5 have recently been produced
in our laboratory and a mAb-based assay for measuring Der p §
has also been developed (31). Thus, it will soon be possible to
make quantitative comparisons of the levels of exposure to these
homologous allergens in exposed and unexposed patients.

The use of recombinant Group 5 allergens also has applica-
tions in cellular studies of asthma. These include studies of al-
lergen accumulation in the airways after bronchial challenge, as
has recently been demonstrated with Der p 1, and analysis of
mediator release and cellular recruitment after allergen challenge
(32). The sequence information is an essential prerequisite for
studying T-cell proliferation in patients with asthma and for defin-
ing the epitopes involved. Increasingly, T-cell-based peptide vac-
cines are being considered as a new therapeutic approach to al-
lergen immunotherapy, and preliminary trials with T-cell peptides
derived from Fel d 1 have shown promising results in asthmatic
patients allergic to cats (33). An alternative approach is the de-
velopment of modified allergens with decreased 1gE-binding ca-
pacity (also dependent on having expressed, recombinant aller-
gens) that contain a broad repertoire of T-cell epitopes (34). These
novel treatment strategies will now become applicable to Blo-
mia spp using Blo t 5 and other allergens identified using molec-
ular cloning technigues (35).

In conclusion, the present study provides strong evidence for
an important role of Blomia tropicalis allergens as an indepen-
dent cause of sensitization among patients with asthma living
in tropical areas of the world. Detailed comparisons of IgE re-
activity to B. tropicalis and D. pteronyssinus supports the view
that B. tropicalis contains unique allergens, and therefore should
be included in the evaluation of immediate hypersensitivity in
patients exposed to both mite species. The identification of Blo
t 5 as amajor B tropicalis allergen, and its production as a recom-
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TABLE 3

SKIN TESTS AND SERUM IgE ANTIBODIES TO B. fropicalis AND
D. pteronyssinus ALLERGENS IN CHILDREN FROM BRAZIL

rDerp 5

8. tropicalis D. preconyssinus Blot 5

RAST RAST gt iget
Patient Mo, Skin Test* {umits/mi) {units/mif) Skin Test {units/mi) Skin Test {umnits/mi)
1 10=6 1,460 > 10,000 64 175 107} 480
2 626 1,605 1,500 6%5 425 102 <4
3 78 336 10,000 103 <4 4=5 108
4 =5 40 > 10,000 103 <4 5=5 154
5 7=7 0 1,800 7=5 10 =7 120
6 58 680 > 10,000 ! <4 103 <4
7 66 30 > 10,000 1074 <4 77 276
Control subjects, Heg < 10 < 10 Neg < 4 Neg <4

n=7%

* Skin tests are reported as either the wheal diameter (in mm) on prick test er as the concentration of allergen (in ug/ml) that caused
a pmllwe reaction (> 6 = & mm wheal diameter) 15 min alter intradermal injection
T Measured by antigen binding RiA.
¥ Controls were two children with rhinitis and negative skin tests to O preranyssinus and B tropicalis and five nonallergic adult subjects
wha ted to i skin tests with Blo 1 5 and rDer p 5 (20). The control children bad either negative skin prick
tests to Group 5 allergens or gave negalive reactions (< 6 = & mm wheal diameter) on intradermal skin testing using 1 pgiml rBlo 1 5
or rDer p 5

binant protein, will make possible investigation of the structure
of Group 5 mite allergens, the localization of 1gE and T-cell epi-
topes on these molecules, and further epidemiologic studies of
the role of B. tropicalis in allergic asthma.
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