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Background: Lately, renewed interest has arisen in the new 
forms of  allergen immunotherapy because they may offer al- 
ternatives for drug treatment. 
Objective: The purpose of this study was to develop a well- 
characterized preparation of the main respiratory cow dan- 
der allergen, Bos d 2, with attenuated allergenic activity. 
Methods: The immunologic characteristics of Bos d 2 prepa- 
rations were studied by indirect IgE ELISA, ELISA inhibi- 
tion, Western blotting, histamine release, skin prick tests, 
and the proliferation tests of allergen-specific T-cell Clones, 
Results: The complete recombinant Bos d 2 was observed 
to bind effectively, IgE of cow-allergic patients in indirect 
ELISA. In other experiments, the igE:binding capacity of 
recombinant Bos d 2 proved to be lower compared with 
native Bos d 2. When the two overlapping recombinant 
fragments of Bos d 2 (corresponding amino acids 1-131 
and 81-172, respectively) covering the whole molecule were 
compared with the complete recombinant Bos d 2 with sev- 
eral methods, 0nly a low level of residual reactivity was 
observed. For example, recombinant fragments could not 
bind antibody at all in ELISA inhibition tests retaining, 
however, some reactivity in skin prick tests. In contrast, 
the fragments were able to stimulate Vigorously Bos d 2- 
specific T-cell clones. 
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Conclusion: The approach we have taken may offer a simple 
and reproducible way to produce hypoailergenic preparations 
for immunotherapy, circumventing simultaneously some of 
the problems of other experimental methods such as individ- 
ual T-cell epitope recognition in peptide-based immunother- 
apy. (J Allergy Clin Immunol 1997;100:721,7.) 

Key words: recombinant allergen, fragment, cow, allergic asthma, 
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Allergen  immunothe rapy  has recent ly aroused in- 
creasing interest .  Partly this is due to the be t te r  
unders tanding  of the mechanisms of  Cellular regula- 
tory events in allergy, especially of  the role of  T- 
he lper  cell subsets a, 2 and partly because  of  the great  
progress  in al lergen research.  In addit ion,  there  is an 
increasing amount  of  data  showing that  immunother -  
apy, by repea ted  subcutaneous  injections,  is ef fect ive?  
Fur the rmore ,  the aim of immunotherapy ,  that  is, the  
downregula t ion  of  inf lammatory  processes  at the level 
of  a shock organ, is in good concordance  with the 
current  concept  of  pa th0gene t ic  mechanisms of  aller- 
gic diseases. 4 

The efforts to develop more  efficient modalities of 
immunotherapy have been hampered considerably by 
the poorly standardized composit ion of allergen extracts, 
often containing a mixture of allergenic and nonaller- 
genic proteins. However,  this problem has been disap- 
pearing during recent  years in parallel with the increas- 
ing number  of allergens defined by sequential data. 5 
Most of the credit of this progress is due to the methods 
of modern  molecular  biology. These methods allow 
targeted modification of allergenic molecules so that 
new approaches, such as the use of selected T-cefi 
epitope-containing sequences, can be adapted for immu:  
notherapy. 6 
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Abbreviations used 
APC: Antigen-presenting cell 

Bos d 2: Bos domesticus ailergen 2 
GST: Glutathione-S-transferase 
HR: Histamine release 

mAb: Monoclonal antibody 
nBos d 2: Native Bos d 2 

PBMC: Peripheral blood mononuclear cell 
PBS: Phosphate-buffered saline 

PCR: Polymerase chain reaction 
PHA: Phytohemagglutinin 

rBos d 2: Recombinant Bos d 2 
rIL-2: Recombinant IL-2 

SDS-PAGE: Sodium dodecylsulfat e-polyacrylamide 
gel electrophoresis 

SPT: Skin prick test 
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FIG, 1. Correlation of anti-rBos d 2 and anti-nBos d 2 IgE titers of 
cow-asthmatic farmers (r = 0.98, p = 0.003). Regression curve is 
indicated. 

The  deve lopment  of safer and more  to lerable  prepa-  

rat ions for immuno the rapy  is one of the  aims of al lergen 

research.  Since most  of the  side effects of i m m uno t he r -  
apy in the  immedia te  type of allergy are the resul t  of 

IgE-media ted  reactions,  it is reasonable  to aspire to 
decrease  allergenicity (capacity to b ind  IgE) of the  

p repa ra t ion  while main ta in ing  its reactivity with the  

o ther  componen t s  of the i m m u n e  system, such as T cells. 
We  have adap ted  this approach  for the  main  bovine  
dander  allergen, Bos d 2, 7 which recently has  b e e n  

shown to be long to a group of prote ins  called lipocalins, s 

We  show in this repor t  tha t  by delet ing a segment  f rom 
ei ther  amino  or carboxy te rminal  end  of Bos d 2, its 

IgE-binding capacity could be  significantly diminished.  
This t r e a tmen t  did not  affect the  capacity of the  frag- 

ments  to induce T-cell prol iferat ion.  W e  expect tha t  this 

simple t echn ique  for developing low-allergenic prepara-  

t ions for immuno the rapy  could also be  adap ted  for Other 

allergens. 

METHODS 
Antibodies 

Thirteen patients with clinically diagnosed cow asthma were 
included in the study (eight men, five women). Sera were 
Collected from 12 patients. The mean age of the group was 42 
years (range 25 to 58 years). The bovine origin of the asthma 
was confirmed at the Pulmonary Clinic of Kuopio University 
Hospital as described elsewhere. 9 For a person to be classified 
as being asthmatic to cow-derived material, inhalation test with 
skin prick test and/or RAST had to be positive. 

The production and purification of the three monoclonal 
antibodies (mAbs 1 through 3) against Bos d 2 has been 
described elsewhere. 9,10 

Allergen preparations 
Bos d 2 was purified from commercial raw material with 

affinity chromatography and gel filtration as described previous- 
ly. 9 

The production of recombinant Bos d 2 has been described in 
detail elsewhere. 8 In brief, rBos d 2 and its fragments were 

produced as follows. The cloning vector for expression was 
pGEX2T, which expresses sequences fused to the carboxy 
terminus of glutathione-S-transferase from Schistosoma japoni- 

cue.  lI The numbering of the amino acids was started at the first 
methionine of the open reading frame. 8 For the construction of 
the rBos d 2 (1-131.) expression plasmid, StuI and EcoRI 

restriction sites in the pGEX2T-POT clone were used accord- 
ing to a standard procedure. 12 The generation of the rBos d 2 
(81-172) insert was carried out by polymerase chain reaction. 
The Bos d 2-specific primers including 5' and 3' cloning sites for 
the pGEX2T expression vector were used in PCR reaction with 
the clone Pot128 to produce a DNA fragment encoding the 
carboxy terminal fragment (corresponding amino acids 81-172) 
of the Bos d 2 sequence. The recombinant expression vectors 
were transformed into Escherichia coli strain TG10B. Fusion 
protein expression and purification were performed with the 
GST Gene Fusion System according to the manufacturer's 
procedures (Pharmacia Biotech). 

For ELISA inhibition experiments and SPTs, the sodium 
dodecyl sulfate polyacryiamide gel electrophoresis gels of re- 
combinant protein preparations were analyzed densitometri- 
cally by a flatbed scanner and the NIH Image program, and the 
proportions O f recombinant proteins were calculated to deter- 
mine "effective" protein concentrations. Preparations used for 
SPTs were dialyzed against 0.15 mol/L NaC1/0.01 mol/L bicar- 
bonate buffer, pH 9.2. For histamine release tests, recombinant 
proteins were gel-filtrated similarly as described above. 

All the protein concentrations were determined by the 
method of Bradford 13 with the use of bovine serum albumin as 
a standard. Sterile-filtered preparations were stored either at 
4 ° C or frozen at -70 ° C. 

Measurement of specific IgE 
The levels of specific IgE antibodies against nBos d 2, rBos 

d 2, fragments, or GST were measured with ELISA similarly 
as described before. 9 Serum samples were tested in duplicate 
at several dilutions beginning from the dilution of 1:10. 
Reagent blank absorbance values were subtracted from the 
results. Background absorbances obtained from anti-GST 
IgE measurements were subtracted from the results of 
recombinant preparations. Final results were then deter- 
mined as titers from the dilution curve, with the absorbance 
of 0.3 as a cutoff. 
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FIG. 2. IgE titers against rBos d 2 (gray columns), rBos d 2 (1-131) (open columns), and rBos d 2 (81-172) (black 
columns) of cow-asthmatic farmers. Letters indicate patients. 

ELISA inhibit ion 

The capacity of nBos d 2, rBos d 2, fragments, and GST to 
inhibit the binding of mAbs 1 and 3 to the solid-phase rBos d 2 
or nBos d 2 and on the other hand, patient IgE to the 
solid-phase nBos d 2, was examined by a similar ELISA 
technique as described previously34 First, several dilutions of 
each preparation (0.001 to 10 ixg/ml) were allowed to react with 
a predetermined dilution of an antibody in a test tube for 30 
minutes at 37 ° C. The inhibited antibody as well as the unin- 
hibited control antibody then were transferred into the wells of 
a microwell plate. In IgE inhibitions, the ELISA procedure was 
completed as described above. In the inhibitions of mAbs, the 
bound antibody was detected with horseradish peroxidase- 
conjugated rabbit anti-mouse immunoglobulins (Dako A/S, 
Glostrup, Denmark; P161). Finally, the amount of each prep- 
aration that could cause 50% inhibition of the maximal absor- 
bances obtained in the wells without an inhibitor was deter- 
mined. 

Western blott ing 

The IgE reactivity of recombinant proteins was detected by 
sodium dodecylsulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE) and immunoblotting as described before, 9,15 with 
modifications. The antigens separated in SDS-PAGE were 
transferred to a Hybond-ECL nitrocellulose membrane (0.45 
>m, Amersham International, Buckinghamshire, England). 
The membrane strips were incubated overnight at room tem- 
perature in sera (diluted 1:10) from the cow-asthmatic subjects, 
washed in Tween-PBS, and then incubated with peroxidase- 
labeled rabbit anti-human IgE (Dako P295). The reactive bands 
were visualized with ECL detection reagents (Amersham). The 
analyses were performed in the same way with mAbs (diluted 
1:10), with the peroxidase-labeled conjugate being rabbit anti- 
mouse immunoglobulins (Dako P161). 

Histamine release 

Release of histamine from peripheral blood leukocytes was 
studied as described by Cromwell et al., 16 using nBos d 2, rBos 
d 2, rBos d 2 (1-131), and GST as antigens. Supernatants were 
stored at -70 ° C until the measurement of histamine. Histamine 
was measured by a high-performance liquid chromatography 
method as described by Yamatodani et al. 17 

Skin prick tests 

Skin prick tests were performed according to Nordic recom- 
mendations I8 on the back of cow-asthmatic patients in duplicate 
with nBos d 2, rBos d 2, fragments, and GST. Six 10-fold 
dilutions of each preparation were used. The strongest concen- 
tration of nBos d 2 was 100 ixg/ml. The strongest concentration 
of other preparations was 200 Fg/ml. Histamine (10 mg/ml) and 
diluent PBS were included as positive and negative controls. 
After 15 minutes, the wheals were marked and documented 
with a strip of tape. The diameters were calculated with the 
formula (d . . . .  + dmin)/2 = d . . . .  " 

T-cell clones 

For the cloning of antigen-specific T cells, peripheral blood 
mononuclear cells, separated from the heparinized peripheral 
blood of cow-asthmatic farmers by Lymphoprep (Nycomed 
Pharma AS, Oslo, Norway) density gradient centrifugation as 
described elsewhere, 9 were cultivated in 24-well plates (Corn- 
ing) at a density of 1.5 × 106 cells/well with nBos d 2 (50 ixg/ml) 
for 5 days in a humidified 5% CO2 incubator at 37 ° C. Growth 
medium was RPMI 1640 (Gibco) supplemented with 2 mmol/L 
L-glutamine, 20 ixmol/L 2-mercaptoethanol, sodium pyruvate 
(Gibco), nonessential aminoacids (Gibco), 100 IU/ml penicillin, 
100 ixg/ml streptomycin, and 5% human AB serum (Finnish 
Red Cross). After the initial stimulation, the cells were culti- 
vated for 3 days with human recombinant IL-2 (rIL-2; CLB, 
Amsterdam, Netherlands) at a suboptimal concentration of 5 
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FIG. 3. Inhibition of the binding of mAb3 to rBos d 2 by nBos d 2 
(filled circles), rBos d 2 (open circles), rBos d 2 (1-131) (filled 
squares), and rBos d 2 (81-172) (open squares). 

IU/ml and for additional 4 days at a concentration of 25 IU/ml. 
Blasts were then separated by density gradient centrifugation 
and restimulated (106 cells/well) with nBos d 2 (50 ixg/ml) and 
irradiated autologous PBMCs (60 Gy, 106 cells/well) as antigen- 
presenting cells in 24-well plates. Blasts were further cultivated 
with increasing concentrations rIL-2 as described above. Estab- 
lished T-cell lines (106 cells/well) were expanded with phytohe- 
magglutinin (11.3 ixg/ml; PHA), rIL-2 (25 IU/ml) and irradiated 
allogeneic PBMCs (106 ceils/well) as feeder cells. Antigen- 
reactive T-cell lines were used for cloning according to the 
limiting dilution method, as reported previously. 19 T cells were 
seeded in the wells of round-bottomed 96-well microtiter plates 
(Coming) at a concentration of 0.3 or 1 cells/well with feeder 
cells (300 000 cells/well), PHA (11.3 ixg/ml), and rlL-2 (25 
IU/ml). Cultures were then refed weekly with feeder cells (200 
000 cells/well) and rIL-2 (25 IU/ml). When the growth of the 
clones became visible (days 14 to 20), the cultures were 
expanded with PHA, feeder cells, and rIL-2. 

The phenotype of T-cell clones was examined by flow cytometry 
on a FACScan machine (Becton Dickinson) with the use of the 
CD4FITC+CDSPE+CD3PerCP reagent (Becton Dickinson). 

Antigen specificity of the clones was tested with lymphocyte 
proliferation assay as described elsewhere. 9,19 T cells were 
stimulated in triplicate in the wells of round-bottomed 96-well 
microtiter plates (50 000 cells/well) with test antigens (nBos d 2, 
rBos d 2, fragments, or GST) at predetermined optimal con- 
centrations and APCs (100 000 cells/well). Plates were incu- 
bated for 3 days in an incubator, and the cultures were pulsed 
for 16 hours with 0.5 mCi of SH-thymidine (specific activity 2.0 
Ci/mmol; Amersham International plc) per well. Radionuclide 
uptake was measured with scintillation counting and the results 
expressed as a stimulation index (SI, ratio between the mean 
counts per minute obtained in cultures stimulated with APC 
plus antigen and the mean counts per minute obtained in 
cultures with APC alone). 

RESULTS 
IgE measurements by ELISA 

IgE responses of asthmatic farmers were measured by 
ELISA against native and recombinant  Bos d 2. As 
shown in Fig. 1, there was a good correlation between 

TABLE I. A m o u n t s  o f  c o w  a l le rgen  p repa ra t i ons  

able to  cause the 20% re lease o f  h i s tam ine  in HR 

assay 

Preparations (r~g/rnl) 

Patient nBos d 2 rBos d 2 rBos d 2 (1-131) GST 

B 2.2 × 10 2 4.1 0.3 - -  
D 8.6 × 10 5 0.3 0.8 - -  
K 5.1 × 10 .6 9.3 x 10 4 0.1 0.18 

IgE titers against the two preparations (Spearman rank 
correlation; r = 0.98,p = 0.003). 

The IgE titers of individual farmers to rBos d 2 and its 
fragments are shown in Fig. 2. Only one patient (C) had 
IgE antibodies reactive to the amino terminal fragment of 
rBos d 2 (rBos d 2 [1-131]), the titer being 10% of the titer 
against the complete rBos d 2. The carboxy terminal 
fragment of rBos d 2 (rBos d 2 [81-172]) turned out to be 
more reactive. Only three of the asthmatic patients did not 
exhibit any reactivity against rBos d 2 (81-172), whereas the 
other nine patients had some reactive IgE antibodies to this 
fragment. However, the mean level of anti-rBos d 2 
(81-172) IgE titers was 6% (range 0% to 25%) of the titers 
against the whole rBos d 2 molecule. The IgE titers against 
the complete rBos d 2 correlated moderately with the titers 
against the carboxy terminal fragment of rBos d 2, but the 
correlation was not significant (Spearman rank correlation; 
r = 0.55,p > 0.05). 

Antibody responses by Western blotting 

IgE responses of farmers were further examined by 
the immunoblott ing technique after the separation of 
protein components in SDS-PAGE. All the 12 sera 
reacted with the complete rBos d 2, whereas none of the 
sera reacted with rBos d 2 (1-131) and only three with 
rBos d 2 (81-172) (data not shown). These three sera 
(patients E, F, and K) had high anti-rBos d 2 (81-172) 
IgE titers in ELISA. 

The reactivity of rBos d 2 and its fragments was also 
studied with three ant i-Bos d 2 mAbs. All the mAbs 
recognized rBos d 2 well but  failed to recognize any of 
the fragments (data not shown). 

Inhibition of ELISA 

To study the IgE-binding capacity of Bos d 2 and its 
f ragments  in the fluid phase, a series of inhibi t ion 
experiments  was per formed with an t i -Bos  d 2-specific 
mAbs ( m A b l  and mAb3) and five randomly selected 
pat ient  sera (pat ients  B, D, F, I, and K). In experi- 
ments  with mAbs,  r ecombinan t  or native Bos d 2 was 
at tached to the solid phase; rBos d 2, nBos d 2, and 
recombinan t  fragments were used as inhibitors.  Re- 
gardless of the solid-phase ant igen or mAb,  the results 
were similar (Fig. 3). At  the concentra t ions  used, the 
fragments of rBos d 2 did not  inhibi t  an t igen-ant ibody 
reactions at all. In all four experimental  situations, the 
most efficient inhibi tor  was nBos d 2; 19 to 26 times 
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TABLE II. Proliferative responses of Bos d 
2-specific T-cell clones against rBos d 2 and its 
fragments 

Stimulation index/preparation 

Clone rBos d 2 rBos d 2 (1-131) rBos d 2 (81-172) GST 

KE 17 37 53 < 2 < 1 
KE 3-2 337 2 368 < 1 
KE 9-10 370 < 1 350 < 1 
FV 1-1 63 51 1 < 1 
FV 1-9 322 1 250 < 1 
FV 5-12 8 3 33 < 1 

Results are indicated as stimulation indexes. 

more of rBos d 2 was needed to cause the same level 
of inhibition (50% of the maximum reaction without 
inhibitor). The results of IgE inhibition experiments 
were comparable to those made with mAbs. The 
fragments did not cause any inhibition (data not 
shown), and rBos d 2 was a weaker inhibitor than nBos 
d 2. On an average, 60 times more (range 34 to 111) of 
rBos d 2 was needed to cause the same level of 
inhibition as nBos d 2. 

In all experiments with mAbs, nBos d 2 completely 
inhibited the reaction between the solid-phase antigen 
(rBos d 2 or nBos d 2) and the antibody (Fig. 3). 
However, inhibition was not complete when human IgE 
was used as an antibody. The maximal inhibition (pla- 
teau) was obtained in all cases with the second-highest 
Bos d 2 concentration (1 ~g/ml), and residual reactivity 
varied between 4% and 25% (mean 13%), depending on 
the serum. 

Histamine release 

The histamine-releasing capacity of rBos d 2 and its 
amino terminal fragment was examined with the periph- 
eral blood leukocytes of three randomly selected asth- 
matic patients (B, D, and K). The complete rBos d 2 was 
clearly the less efficient histamine releaser than nBos d 2 
(Table I); quantitatively, thousands of times more of 
rBos d 2 was needed to release the same amount of 
histamine. The poor IgE binder, rBos d 2 (1-131), also 
turned out to be capable of releasing histamine, al- 
though in two cases it was less efficient than the com- 
plete rBos d 2. In one case (patient B), the amount of 
rBos d 2 (1-131) that induced the 20% release of 
histamine was approximately 10 times lower than that of 
the complete rBos d 2. For this patient, the complete 
rBos d 2 also turned out to be an especially weak 
inhibitor in the ELISA inhibition test (it was needed 111 
times more than nBos d 2; see above) and his IgE 
reacted weakly against rBos d 2 in the immunoblotting 
(data not shown). 

Skin tests 

Seven cow-asthmatic patients were subjected to SPTs. 
Fig. 4 shows the results of six patients with skin reactivity 
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FIG. 4. Cumulative diameters of skin prick test reactions of six 
cow-asthmatic patients against different preparations at the high- 
est protein concentrations used (nBos d 2 100 ;~g/ml, recombinant 
proteins 200 #g/ml). Different patterns in columns indicate differ- 
ent patients. 

against the complete rBos d 2. The six patients gave 
strong positive reactions (diameter -> 3 mm; mean 4.5 
mm) with nBos d 2 at 100 ixg/ml. In contrast, rBos d 2 
induced only two clearly positive reactions (>  3 mm) at 
the highest protein concentration used (200 ~g/ml). 
Three of the four remaining patients had skin reactivity 
between -> 2 to 3 ram. One patient showed only a weak 
reaction (1 mm). As shown in Fig. 4, the fragments were 
less effective than rBos d 2 in inducing skin reactivity. 
The residual reactivity observed was mainly induced by 
the carboxy terminal end of the molecule, the cumula- 
tive diameter of the reaction being about 50% (7.2 mm) 
of that induced by the complete rBos d 2 (14.7 mm). In 
part, the residual reactivity of rBos d 2 (81-172) could 
have been caused by GST (cumulative diameter of 3.4 
r a m ) .  

Responses of T-cell clones 

Six rBos d 2-reactive T-cell clones from two cow- 
asthmatic patients (B and D) were tested with the 
fragments of rBos d 2. All these clones were CD4 ÷ by 
FACS analysis. As shown in Table II, the clones re- 
sponded to either amino or carboxy-terminal fragment 
of the molecule, with stimulation indices being at the 
same level between the complete molecule and the 
fragments. 

DISCUSSION 

One of the aims of allergen research in recent years 
has been the development of effective recombinant 
allergen preparations for immunotherapy at the same 
time minimizing the IgE-mediated side effects. Ideally, 
the construction of such preparations would start with 
detailed mapping of B-cell and T-cell epitopes of the 
allergen. This is not always feasible because great efforts 
are needed for such tasks. We have chosen another 
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approach based on the observation that allergen frag- 
ments seem to bind poorly to antibody. 

The high and significant correlation between the IgE 
levels against the recombinant and native Bos d 2 proved 
that rBos d 2, produced as a fusion protein in E. coli, 
exhibits its IgE-binding epitopes in an immunologically 
functional manner in indirect ELISA. The carboxy ter- 
minal part of the molecule seemed to be critical for IgE 
binding because most of the human humoral reactivity 
against rBos d 2 was directed to this part of the molecule 
when the binding of IgE to the fragments was analyzed 
by ELISA or Western blot. The good proliferative 
responses of T-cell clones indicated that rBos d 2 and its 
fragments exhibited their T-cell epitopes properly. 

Despite the fact that rBos d 2 bound efficiently IgE 
when it was attached to the solid phase, other experi- 
ments showed that the IgE-binding capacity of rBos d 2 
was not equal to that of nBos d 2. For example, 
approximately 20 times more of rBos d 2 than nBos d 2 
was needed in mAb-based ELISA inhibitions and ap- 
proximately 60 times more in ELISA inhibitions with 
human IgE to achieve the same level of inhibition. The 
results of histamine release assays as well as SPTs were 
concordant with these findings. There are similar data 
suggesting that in some cases, recombinant allergens do 
not bind IgE as efficiently as their native equivalents. 2°-22 
This phenomenon has been attributed to either dif- 
ferences in glycosylation between the native and recom- 
binant allergens, to isoallergens, or to the conforma- 
tional modifications of recombinant molecules. It is 
known that carbohydrate groups may contain IgE-bind- 
ing epitopes. 23 Recombinant allergens produced in bac- 
teria do not have these groups, but this explanation does 
not apply to rBos d 2 because nBos d 2 is not a 
glycoprotein (unpublished data) and its amino acid 
sequence does not contain sites for glycosylation. 8 The 
second possibility is that rBos d 2 represents just one of 
the isoallergens of Bos d 2. This we cannot rule out at 
the current stage of our cow allergen studies. However, 
this hypothesis does not explain the difference in the 
IgE-binding capacity of rBos d 2 between the solid and 
fluid phases compared with nBos d 2. The third possi- 
bility is that rBos d 2 does not take fully natural 
conformation, which is known to be important for IgE 
binding?0. 24 The weakness of IgE binding was promi- 
nent when rBos d 2 was in the fluid phase, not in the 
solid phase, and we find it interesting that this kind of a 
differential behavior of a recombinant allergen has been 
described previously. 22 As to the conformational 
changes of rBos d 2 and its reduced IgE-binding capac- 
ity, one possibility is that the reduced IgE binding is due 
to the fusion part of the molecule, as has been suggested 
previously with the major birch pollen allergen. 21 

The important finding in this study was that in prac- 
tically all analyses, the fragments of rBos d 2 exhibited 
less allergenic activity than the complete rBos d 2. There 
is scattered information suggesting that several allergens 
lose their allergenic properties if they are in the form of 
fragments.6, 24-26 It can be supposed that the diminished 

IgE binding of the fragments is due to the conforma- 
tional changes in their structure compared with the 
respective parts of the complete molecule. In the case 
that the epitopes are not destroyed by fragmentation, 
conformational changes may also cause the physical 
separation of epitopes within the fragment or between 
the fragments so that the cross-linking of IgE receptors 
on mast cells is not possible. 

Our observation may have significant consequences 
because it may offer a simple way to produce hypoaller- 
genic preparations for immunotherapy. The search for 
developing such preparations has been quite intense 
lately. One approach has been the use of shorter or 
longer peptides containing immunodominant T-cell 
epitopes. 27-29 Even though this approach is attractive, its 
main problem is that individuals exhibit considerable 
variation in their responses against the epitopes of 
allergens3°; therefore the minimum requirement for 
practical immunotherapeutic use of epitope-containing 
peptides would be an individual mixture of them. How- 
ever, the representative mapping of the epitopes to 
which an allergic individual's T cells react is a consider- 
able task. To circumvent this problem, Rogers and 
coworkers have suggested the use of recombinant pro- 
tein constructs that contain noncontiguous T-cell-reac- 
tive regions. 6 An alternative possibility might be offered 
by the finding that isoallergens may possess different 
capacities in binding IgE. 31 In this case, isoallergens of 
low IgE-binding capacity could be used for immunother- 
apy. 

Taken together, our results indicate that the frag- 
ments of rBos d 2 that have been produced in E. coli are 
less allergenic than the complete rBos d 2 and that these 
fragments are potent stimulators of specific T-cell 
clones. Although exact mechanisms of allergen immu- 
notherapy are not known, on the basis of the current 
knowledge on the regulation of T cells and the immune 
system, it can be anticipated that beneficial results in the 
therapy of allergic diseases could be obtained by target- 
ing immunomodulatory effects to T cells. 32 Because the 
production of defined recombinant proteins is within the 
reach of any competent immunologic laboratory and 
because allergen fragments in general may have a low- 
ered IgE-binding capacity, this technology may offer a 
reproducible, simple, and more universal way to develop 
a wide range of hypoallergenic preparations of different 
allergens than the methods described so far. An impor- 
tant aspect is also that by the use of overlapping 
fragments instead of peptides, the problem of individual 
T-cell epitope recognition can be solved. 

We thank Virpi Fisk and Riitta Korhonen for their technical 
assistance. 
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