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Background: Hemoglobins of the Diptera family are known as aggressive inhalant allergens. 
Methods: The whole sequence of the insect allergen Chi t I component III was studied for 
T-cell epitope activity in cell cultures of 15 sensitized patients with a panel of 17 overlapping 
synthetic peptides and 12 peptides obtained by qptic cleavage. 
Results: All but one of the peptides tested were found to be immunogenic. The nonstimulatory 
sequence 102-109 and two other byptic peptides (69-90 and 110-135) were used in inhibition 
experiments. The Chi t I-induced proliferation was downregulated by all tested peptides when 
compared with stimulation with Chi t I alone. 
Conclusions: Because stimulation with phytohemagglutinin or tetanus toxoid was not 
influenced by the above-mentioned peptides, this mechanism seems to be specific for the 
antigen. Specific immunomodulation with nonstimulating peptides may offer new therapy 
approaches. (JALLERGY CLIN IMMUNOL 1993;92:334-9.) 
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The Diptera family Chironomidae induces aller- 
gic reactions in approximately 20% of exposed 
persons.’ Relevant exposure can be occupational, 
environmental, or hobby-related.’ Hemoglobins of 
these insects have been identified as the causative 
allergenic substances.3 The hemoglobin Chi t I 
comprises 12 homologous components of the spe- 
cies Chironomus thummi.4 Chi t I component III, 
which has already been analyzed by x-ray studies,5 
is now studied in detail. Component III and a 
mixture of its peptides obtained by tryptic cleav- 
age were found to stimulate peripheral blood 
lymphocytes (PBLs) of sensitized patients.6 

Looking for T-cell epitopes, we tested individ- 
ual tryptic peptides of Chi t I component III in the 
lymphocyte transformation test. Twelve overlap- 
ping synthetic peptides of 21 amino acid lengths 
(20 amino-acid length for peptides 21-40 and 
41-60) were synthesized and tested as well. Fur- 
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Abbreviations used 
Chi t I: Hemoglobin of the species Chirono- 

mus thummi thummi 
MHC: Major histocompatibility complex 
PBLs: Peripheral blood lymphocytes 

SI: Stimulation index 
TI? Tetanus toxoid 

J 

thermore, four additional peptides were used for 
detailed immunogenic studies of C-terminal 
epitopes. One peptide (98-111) was synthesized 
corresponding to a Rothbard motif.’ The experi- 
mentally determined epitopes were compared 
with T-cell epitope predictions of Rothbard and 
Taylor’ and of Margalit et al.’ 

Inhibition studies with three tryptic peptides 
provided evidence for specific downregulation of 
the Chi t I immune response with peptides. Re- 
garding the epitope 90-110, it could be shown that 
a part of this sequence with little or no stimula- 
tion capacity still functions well as an inhibitor. 

METHODS 
Human PBLs were obtained from 15 patients who 

had bronchial asthma, rhinitis, and/or conjunctivitis as a 
result of contact with fish food. Each subject had a 
positive RAST and skin test results for Chi t I and 
showed a stimulation index (SI) with Chi t I component 
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FIG. 1. The 136 amino acids of Chi t I component III contain eight a-helical structures (A to ti). 
T-cell epitope predictions according to Rothbard and Taylor7 and Margalit et al.* are compared 
with results of lymphocyte transformation test. An SI of >2 with peptides obtained by tryptic 
cleavage and an SI of > 1.5 with synthetic peptides were regarded as positive. Because Chi t I 
component Ill consists of a neutral exchange isoleucinekhreonine in position 57,26 peptide 41-60 
was synthesized with isoleucine, as well as with threonine. With the exception of sequence 
102-109, all peptides stimulated lymphocytes in at least 20% to 40% of patients. 

III of at least 3.0 in the lymphocyte transformation 
test.6 Lymphocytes were separated by Ficoll density 
centrifuga.tion, washed twice with Hanks’ balanced salt 
solution, and suspended in RPM1 1640 (Gibco, Eggen- 
stein, Germany) supplemented with glutamine (Gibco), 
human AB serum (Baynisches Rotes Kreuz, Munich, 
Germany), and streptomycin/penicillin (Gibco). 

In 96-well, round bottom plates, 5 x lo4 cells per 
well were added to 100 ~1 allergen. The allergen 
concentration was 0.32 kmol/L for Chi t I and Chi i I 
component III and 3.2 pmol/L for the peptides. Inhi- 
bition studies were performed: (1) by adding the re- 
spective peptide (3.2 pmol/L) to Chit I-stimulated cells 
and (2) by adding the respective peptide (3.2 kmol/L) 
to phytohemagglutinin (5 pg/ml) or tetanus toxoid (‘IT) 
(5 kg/ml) stimulated cells. 

The control samples contained RPM1 instead of the 
allergen. Cultures were incubated in triplicate at 37” C 
in a humidified atmosphere of 5.8% CO, for five days. 
Thirty-seven kilobecquerels of tritiated thymidine 
(NEN, DuPont, Dreieich, Germany) per well were 
added, and cell proliferation was determined by triti- 
ated thymidine uptake during the last 6 hours of the 
culture period. After the plates were frozen each well 
was harvested on a cellulose filter, treated with scintil- 
lation fluid (Quickszint 1, Zinser Analytic Frankfurt, 
Germany), and counted with a p-counter (LKB, Turbo, 
Finland). 

Cleava:ge of Chi t I components was performed 
enzymatically with trypsin (5 hours at 37” C, Boehring- 
er-Mannheim GMBH, Mannheim, Germany) and argi- 
nine protease (1 hour at 20” C; 4 hours at 37” C, 
Boehringer-Mannheim GMBH). The cleavage proce- 
dure was stopped by lyophilization, and fragments were 
isolated by high-performance liquid chromatography.6 

Synthetic peptides were prepared by Fmoc chemical 

strategy and purified by high-performance liquid chro- 
matography.’ All tryptic and all but three synthetic 
peptides (41-60 Thr, 41-60 Ile, and 110-130) underwent 
amino acid analysis. Reaction of PBLs is given as SI 
(SI = counts per minute with allergen related to counts 
per minute without allergen). Background activity is 
between 500 and 1000 cpm, indicating an SI of 2.0 for 
1000 to 2000 cpm. SIs of responding patients showed a 
significant difference between the mean maximal 
counts of wells that contained the peptides and the 
wells that contained RPM1 at the p < 0.05 level (Stu- 
dent’s t test). 

RESULTS 

Fig. 1 summarizes the results of the epitope 
mapping compared with the predictions of Roth- 
bard and Taylor7 and Margalit et al.’ The predic- 
tions of Rothbard and Taylor’ comprise a certain 
motif (glycine followed by two hydrophobic amino 
acid residues), whereas Margalit et a1.8 define 
epitopes in regions with amphipathic helices. The 
percentage of patients reacting to each peptide is 
given. Because six nonexposed control subjects 
showed SIs between 0.8 and 1.8 with the tryptic 
peptides, values above 2.0 were regarded as pos- 
itive. With the exception of sequence 102-109, 
each tested peptide functions well as a stimulator. 
Regions of high immunogenicity, which stimulated 
PBLs in the majority of patients, were detected in 
the C-terminal sequence and in region 69-90. 

In control subjects PBLs were found not to be 
stimulated by synthetic peptides (SI 5 l), indicat- 
ing a positive reaction above 1.5. Synthetic pep- 
tides stimulated PBLs in at least 20% to 40% of 
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FIG. 2. Significant downregulation of the Chi t I or Chi t I component Ill induced tritiated 
thymidine uptake by two tryptic peptides. The modulatory functions of one stimulatory peptide 
(69-90) and one nonstimulatory (102-109) peptide were tested with Chi t I component Ill, 
phytohemagglutinin, and lT. Phytohemagglutinin-induced and TT-induced proliferation were not 
influenced by these peptides, proving the specificity of the reaction. The number of independent 
tests with PBLs from different patients is indicated as n over each bar. Regarding Chi t I 
downregulation, similar results were obtained with the stimulatory peptide 110-135. A value of 
100% indicates the SI of stimulation in the absence of peptides. 

tested patients. Comparison of the predicted with 
identified epitopes reveals that computer algo- 
rithms are not sufficient in this case. However, 
identified immunodominant regions such as the 
C-terminal site, which stimulated PBLs of all 
tested patients, are indicated by multiple epitope 
predictions (Fig. 1). 

The stimulation capacity of sequence 102-109, 
compared with sequence 90-110 or 98-111, is 
dramatically reduced (Fig. 1). Nevertheless, this 
short region functions well in downregulation of 
the Chi t I or Chi t I component III induced 
lymphocyte proliferation (Fig. 2). 

Fig. 3 shows the degree of reaction to the 
tryptic peptides in 14 patients tested. These data 
make clear that immunodominant regions are 
characterized by many reacting patients, as well as 
by high individual responses. Nevertheless, some 
peptides (1-15, 45-50) also induce strong cell 
proliferation in only a few patients. 

Fig. 2 demonstrates the inhibition of the Chi t I 

induced tritiated thymidine uptake with one stim- 
ulatory (69-90) and one nonstimulatory (102-109) 
peptide at a concentration of 3.2 pmol/L. A 
significant inhibition of between 50% and 70% 
was obtained with each peptide (p < 0.05). Sim- 
ilar results were found for the stimulatory peptide 
110-135 in Chi t I-stimulated cultures (percent 
stimulation with Chi t I and peptide 32.5 + 10.3 
[x + SEM; compared with Chi t I alone = lOO%, 
IZ = 81). Peptides 69-90 and 110-135 were used for 
inhibition studies as examples of well-stimulating 
peptides. We chose these peptides because of 
their immunodominance (recognized by 85.7% 
and 100% of the patients). The phytohemaggluti- 
nin-induced and TT-induced proliferation were 
not influenced by the nonstimulatory peptide 102- 
109 and the stimulatory sequence 69-90. These 
results show that only the specific immune re- 
sponse can be blocked. As shown by peptide 
102-109 (Fig. 4), this downregulation is dose- 
dependent. An individual, donor-specific pattern 
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peptides of Chi t I component Ill 

FIG. 3. Degree of reaction to 12 tryptic peptides in 14 patients. Because control subjects showed 
no reactions above 1.8, Sls above 2.0 were regarded as positive. 

0 ’ t I I I 
0.6 1.9 3.5 5.1 

concentration of peptide 102-109 (LJM) 

FIG. 4. Dose-dependent downregulation of Chi t I induced tritiated thymidine uptake with 
peptide 102-109 in four patients. 

of downregulation was measured. The concentra- 
tion of 3.:2 pmol/L was found to produce optimal 
results in three of four tested patients. 

DISCUSSION 
With the use of a panel of synthetic and natu- 

rally derived peptides the whole Chi t I compo- 
nent III was mapped for T-cell epitopes. 

In contrast to studies on single, defined 
epitopes,” Chi t I component III contains a lot of 

T-cell epitopes. Regarding computer algorithms, a 
low agreement of predicted sites and experimen- 
tally defined epitopes was found. These predic- 
tions proved to be insufficient for human T-cell 
lymphotropic virus proteins and Mycobacterium 
tuberculosis antigen.l’* I2 Many more epitopes, as 
predicted, were defined in the lymphocyte assay. 
As already mentioned for other antigens,lO, I2 
within Chi r I component III, we can only differ- 
entiate between immunodominant regions that 



338 Liebers et al. J ALLERGY CLIN IMMUNOL 
AUGUST 1993 

stimulate PBLs in the majority of patients and less 
immunogenic regions. However, when predicted 
sites according to Rothbard and Taylor7 were 
combined with those of Margalit et al.,* the agree- 
ment with our findings is much higher and gives 
an idea of the high immunogenicity of Chi t I 
component III. Whether immunodominant parts 
of the molecule include more often predicted sites 
(such as the C-terminal end of Chi t I component 
III) remains to be determined. This high amount 
of immunogenic regions in the chironomid hemo- 
globin yields strong reactions in most patients 
even in the case of different HLA types. Our 
previous studies revealed a significant association 
between the immune response to Chi t I and 
HLA-DR and HLA-DQ alleles13 in monosensi- 
tized subjects. In addition, antibodies to DR and 
in part also to DQ and DP were able to reduce 
the lymphocyte response to Chi t I.14 

Regarding our results, the length of T-cell 
epitopes does not seem to be restricted, because 
even the short peptides 45-50 and 117-121 are 
capable of stimulating PBLs in approximately 
40% of the tested patients. But an optimal length 
of 8 to 12 amino acids, as suggested by Rothbard 
and Taylor,7 seems to validate major histocompat- 
ibility complex (MHC) binding. Indeed, immu- 
nodominance was only measurable in peptides of 
19 to 25 amino acid lengths (10-30, 21-40, 80-100, 
110-135, and 117-136). In addition, T-cell epi- 
topes may contain “core regions,” which are spe- 
cifically involved in peptide binding and “tail 
regions,” which are important with regard to 
protein stabi1ization.l’ 

These results may explain the high percentage 
of patients reacting to any synthetic peptide. Each 
peptide with a length of 20 amino acids may 
contain some residues involved in binding, and all 
of these peptides may be structurally stable. T-cell 
epitopes are mostly expected to be linear. How- 
ever, three-dimensional structures are also impor- 
tant, as demonstrated by clones that recognize 
myoglobin but not apomyoglobin, which has an 
identical primary but different tertiary structure.” 
However, as consequence of structural features or 
direct involvement in binding as shown in our 
experiments for the peptides 102-109190-110 and 
l-15/ 1-17, the lack of only a few amino acids may 
dramatically reduce stimulation capacity. 

Regarding therapy, it will be of great interest to 
create peptides with low or even no immunoge- 
nicity that are still capable of blocking the im- 
mune response. That peptide-based therapies 
should be possible has already been mentioned by 

Wraith et a1.16 They succeeded in competitively 
inhibiting T-cell reactivity in vitro and in vivo with 
peptides not stimulating myelin basic protein- 
specific T-helper cells but binding to the MHC. 
Using this type of peptide-based strategy, they 
were able to block the induction of experimental 
autoimmune encephalomyelitis in mice. Adorini 
et al.” and Adorini and Naggil’ also observed that 
immunogenic and nonimmunogenic peptides of 
lysozyme can compete with each other for MHC 
binding in vivo. 

That inhibition may be due to competition at 
the MHC is shown for Dermatophagoides peptides 
by O’Hehir et a1.19 as well. Huang and Marshm 
could also prove with Amb a V clones that inhi- 
bition occurs at the MHC binding site. As de- 
scribed by Wraith et a1.16 inhibition may also 
involve the T-cell receptor, however. De Magistris 
et al.*l described antagonists of the T-cell recep- 
tor that act as antigen analogs. According to our 
studies, the site of competition may be the MHC 
molecule, as well as the T-cell receptor. However, 
as shown with one stimulatory peptide (69-90) 
and the nonstimulatory peptide (102-log), down- 
regulation is highly specific because phytohemag- 
glutinin-induced and ‘IT-induced proliferation 
are not influenced. 

In any case, specific downregulation of the 
Chi t I immune response is possible with each of 
the three tested peptides. Because T-cell epitopes 
are defined by cross reaction with the whole 
molecule, it has to be assumed that Chi t I-in- 
duced proliferation is inhibited by stimulating 
peptides. But nonstimulating peptides may not 
interact with any cell. This does not seem to be 
true for the sequence 102-109, because this pep- 
tide is able to block the immune response despite 
its nonstimulatory feature. In addition, no data 
exist on the question of whether the peptides 
tested in vitro also occur in vivo. Perhaps only a 
few of these sequences will be immunogenically 
relevant. As shown for the MHC molecule HLA- 
A 2.1, each bound peptide was nine residues long 
and shared a structural motif.** However, natu- 
rally processed peptides bound to MHC class II 
molecules were found to display a high degree of 
heterogenecity in length (13 to 25 residues) and in 
the site of terminal truncation.uX 24 As outlined by 
Chicz et al.,= it is possible that class II peptides 
are derived from a complex random mixture. 

In conclusion, there is evidence that evaluation 
of specific downregulation of the lymphocyte re- 
sponse will be a first step toward a new therapeu- 
tic strategy. Epitope prediction may be helpful in 
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identification and characterization of immuno- 
genic sites. Moreover, further studies should be 
focused on the question of whether special struc- 
tural features are responsible for allergenicity. 
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