Clinical and Experimental Allergy, 2001, Volume 31, pages 1881-1890

T cell responses to recombinant isoforms, synthetic peptides
and a mutant variant of Lep d 2, a major allergen from the
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Summary

Background The dust mite Lepidoglyphus destructor is an important cause of allergic
reactions to dust, especially in farming environments. Two isoforms, recombinant (r)Lep d
2.01 and rLep d 2.02, of the major allergen Lep d 2, have previously been expressed as
recombinant proteins. These isoforms differ 10.4% at the amino acid level. Furthermore, a
mutant form of Lep d 2.01 (rLep d 2.6Cys) with a highly reduced IgE reactivity, has also
been produced.

Objective To investigate the T cell responses to the recombinant isoforms of Lep d 2, the
Lep d 2.6Cys mutant and peptides of Lep d 2, in allergic and non-allergic individuals.
Methods Peripheral blood mononuclear cells from 18 allergic and 16 non-allergic
individuals were stimulated with the different antigens and the proliferative responses were
measured. The cytokine production (interleukin (IL)-4, IL-5 and interferon (IFN)-y) were
measured by ELISA.

Results Higher T cell proliferation was measured to isoform 01 than to 02 in 28/34
subjects. The responses to rLep d 2.6Cys were lower than to isoform 01 in most subjects,
but higher than to Lep d 2.02. Two immuno-dominant peptides, corresponding to amino
acid residue 11-25 and 61-75 were identified. The atopic subjects produced significantly
lower IFN-v in response to Lep d 2.01 as compared to the non-atopics.

Conclusions There was a significant difference in T cell response between the two
isoforms of rLep d 2. The hypoallergenic mutant rLep d 2.6Cys was able to evoke a T cell
response with a magnitude which is between the two isoforms. Amino acid residue 11-25
and 61-75 are the most frequently recognized parts of Lep d 2 and are likely to contain the
immuno-dominant T cell epitopes.
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Introduction
Allergic reactions to mites is a great problem, affecting

people all over the world [1]. The dust mites, including
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house dust mites and the formerly designated storage mites,
have been extensively studied and characterized and it has
been shown that the majority of mite allergic subjects are
sensitized to the group 1 and group 2 allergens [2—4]. The
dust mite Lepidoglyphus destructor is an important cause of
allergic reactions to dust in farming environments.

The group 1 mite allergens have been shown to be
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cysteine proteases [5] while the biological function of the
group 2 allergens remains unknown. The group 2 allergens
have a calculated molecular mass of approximately 14 kDa
and have a structure that is stabilized by three disulphide
bonds [6]. The group 2 allergens have been shown to be
readily expressed as recombinant proteins in E. coli with
preserved IgE reactivities [7—10].

We have previously cloned [11] and expressed two
isoforms of Lep d 2, recombinant (r)Lep d 2.01 and rLep d
2.02, in E. coli as well as in a baculovirus system [9]. The
deduced amino acid sequence of Lep d 2.02 differs in 13
residues out of 125 (10.4%) as compared to Lep d 2.01. No
significant difference in IgE binding between the two
isoforms was found when compared in vitro by immuno-
blotting, RAST inhibition, histamine release and ELISA [9]
or in vivo by skin prick test [12].

Well-characterized recombinant allergens are valuable
tools for improved diagnostics and for therapy of allergy,
since they provide pure and well-characterized allergens in
contrast to the crude allergen extracts in use today. In
addition, modified recombinant allergens with reduced IgE
reactivity, are believed to be potential tools for improved
specific immunotherapy if it can be shown that they evoke
T cell responses. The use of hypoallergenic modified
allergens would increase the safety of immunotherapy by
reducing the risks of anaphylactic reactions and also give
the possibility of applying higher allergen doses, which
may be of benefit for the clinical outcome of the treatment
[13]. Mutants of recombinant Der p 2, Der f 2 and Lep d 2
have been produced where the cysteine residues in the
allergens have been changed by site-directed mutagenesis,
leading to altered structures due to disruption in the
formation of disulphide bonds. This has resulted in various
degrees of reduction in IgE binding [14-16]. We have
recently produced several different mutants of rLep d 2,
which demonstrated different reactivities with IgE anti-
bodies [16]. One mutant form of Lep d 2.01, rLep d
2.6Cys, lacking all the 3 naturally occurring disulphide
bonds, has no detectable IgE reactivity in immunoblotting
and demonstrated a more than 100-fold reduced IgE
binding in RAST-inhibition experiments as compared to
the wild-type non-mutated rLep d 2. Furthermore, 15/18
rLep d 2 skin prick test positive subjects showed no skin
reaction to the rLep d 2.6Cys mutant (Kronqvist,
unpublished data).

T cell epitope mapping has been performed for other
group 2 mite allergens and van Neerven et al. [17] found
that Der p 2 contains multiple T cell epitopes that may
differ from individual to individual and that T cell lines
from five atopic individuals reacted with at least 10
different epitopes on the molecule. O’Hehir et al. [18]
found that T cell epitopes are present in all regions of Der p
2 but peptides 61-86 and 78—104 were the most frequently

recognized. In addition, half of the patients responded to T
cell epitopes in the region 11-50 of Der p 2.

In this study, we carefully evaluated the T cell response
to Lep d 2 using the two recombinant isoforms of Lep d 2,
the hypoallergenic rLep d 2.6Cys mutant, non-IgE binding
peptides of Lep d 2 and partly purified native Lep d 2.

Materials and methods

Atopic patients and healthy controls

The patients included in the study were 18 farmers (mean
age 44 years, range 31-58 years) from the Swedish island
of Gotland, all with an occupational exposure to L.
destructor. They were all skin prick test positive to rLep
d 2.01 and rLep d 2.02 as well as L. destructor whole
extract [12]. As control subjects, 16 non-atopic healthy
individuals (mean age 30 years; range 21-46 years) were
used.

The Ethics committee of the Karolinska Institutet,
Stockholm, Sweden, approved the study.

Stimulating antigens

Partially purified native (n)Lep d 2 was prepared from L.
destructor extract by precipitation with 3.3 M ammonium
sulphate as described earlier [9].

Recombinant Lep d 2.01 and rLep d 2.02, including C-
terminal O6Histidine-tags, were produced as previously
described in detail [9] using the expression vector pET-
17b (Novagen, R & D systems, Abingdon, UK) in the E.
coli expression strain BL21(DE3)pLysS (Stratagene, La
Jolla, CA, USA). The rLep d 2.6Cys mutant was produced
by oligonucleotide-directed mutagenesis of the cDNA
encoding isoform Lep d 2.01 as described previously [16]
in the phage vector system M13mpl9, according to the
method of Kunkel [19] as modified by Geisseloder [20].
Oligonucleotides were designed to introduce altered bases
at the 6 cysteine codons, resulting in serine codons and
thereby preventing the three naturally occurring disulphide
bonds to form in the mutant protein. Expression of rLep d
2.6Cys was performed as described earlier [16].

Thirteen synthetic peptides were used in this study, each
was 15 amino acid residues in length and with 5 amino acid
residues overlap in each end, Fig. 1. These peptides,
synthesized by MTC peptide Synthesis (Karolinska Insti-
tutet, Stockholm, Sweden), have previously been investi-
gated in a separate study and shown to be non IgE-binding
[21].

All antigens were diluted in sterile phosphate buffered
saline (PBS). Five pg/mL of phytohaemagglutinin (PHA)
(Pharmacia Biotech, Uppsala, Sweden) were used as a
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Fig. 1. Synthetic peptides of Lep d 2 used for stimulation of PBMCs. The peptides were 15 amino acids in length and were overlapping
by 5 amino acids at each end. The peptides were designed to isoform Lep d 2.01 except for peptide 9, which were synthesized in two
variants i. ¢ 9 : 1 corresponding to Lep d 2.01 and 9 : 2 corresponding to Lep d 2.02. Dashes (—) represent amino acids that are conserved
between the isoforms. The cysteine residues are indicated with asterisks.

positive control in the proliferation assays and PBS and
medium alone were used as negative controls.

Proliferation assay of peripheral blood mononuclear cells

Peripheral blood mononuclear cells (PBMC) were isolated
by gradient centrifugation on Ficoll Paque (Pharmacia
Biotech) and cultured in round-bottomed 96-well culture
plates (Falcon, Becton Dickinson, Franklin Lakes, NJ,
USA) at 2 x 10° cells/well in Iscove’s modified Dulbec-
co’s medium (Gibco BRL, Life Technologies, Paisley, UK)
supplemented with 5% pooled heat-inactivated human
AB* sera, 25 pg/mL gentamicin, 2 mM L-glutamine,
100 IU/mL  penicillin, 100 pg/mL streptomycin and
50 uM 2-mercapto-ethanol. The PBMCs were stimulated
with two concentrations of the antigens (1 and 10 pg/mL)
and grown for 7 days (37 °C, 6% CO,). During the last
18 h of culture, 1.0 wCi/well of [3H]thymidine (Amersham,
Buckinghamshire, UK) was added to each well and the
thymidine incorporation was determined by scintillation
counting. Triplicate cultures were set up and the results
were expressed as mean cpm values and as stimulation
indexes (SI) which were calculated as mean cpm for
antigen-stimulated PBMCs divided by mean cpm for
PBMC cultures in medium alone. Table 1 shows the
highest SI obtained, regardless of the concentration
(1 pg/mL or 10 pg/mL) used. In the majority of cases,
the highest proliferation was achieved with 10 pg/mL.
Initially, T cell lines were established and stimulated
with antigen in the presence of autologous irradiated
PBMCs. However, since high background proliferation was
obtained, leading to low SI values for the whole allergens
and complete masking of the peptide responses, PBMC
cultures were used throughout the study. The T cell
responses to the peptides were also masked by the presence
of human AB sera in the culture media and therefore, the
peptide studies were carried out in serum-free medium.

Consequently, PBMCs (2 x 10° cells/well) were cultured
in Aim-V serum free medium (Gibco BRL) for 7 days
(37 °C, 6% CO,) in the presence of 100 wg/mL of the
respective peptide. The proliferative responses to the peptides
were carried out using thawed cells and the proliferation
were determined as described above.

Cultures for cytokine production

Long-term PBMC cultures were grown to obtain super-
natants for cytokine measurement [22]. PBMCs (2.5 x 10°
cells/well) were cultured in Iscove’s modified Dulbecco’s
medium (Gibco BRL) with the supplements described
above, in flat-bottomed 12 well culture plates (2.5 mL/
well) (Falcon), and were stimulated with rLep d 2.01
(10 pwg/mL). At day 5 of culturing, 20 U/mL of interleukin
(IL)-2 (Pharmacia Biotech) was added and the cells were
cultured for another 3 days when 20 U/mL of IL-2 was
added together with 1.5 mL of fresh media. The super-
natants were then collected at day 11 and kept in — 20 °C
until assessment.

Cytokine measurements

IL-4, IL-5 and interferon (IFN)-y were measured in long-
term PBMC culture supernatants by solid phase ELISA
using the Cytoscreen’™ Human IL-4 Ultrasensitive kit
(Biosource, Camarillo, CA, USA), CytoscreenTm Human
IL-5 kit (Biosource) and the QantikineR Human IFN-v,
Immunoassay kit (RD Systems, Minneapolis, MN, USA),
respectively, following the manufacturers protocols. The
detection range for the IL-4 assay was 0.39-25 pg/mL,
4.0-750 pg/mL for the IL-5 assay and 3.0-10 000 pg/mL
for the IFN-y assay. The samples were analysed in
duplicates. Samples with concentrations above the upper
detection range were further diluted and re-analysed.
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Table 1. Stimulation indexes to the Lep d 2 variants measured after 7 days of culture, serum levels of L. destructor specific IgE and skin

prick test to rLep d 2.01

sIgE
rLep d 2.01 rLep d 2.02 rLep d 2.6Cys nlLep d 2* L. destructor SPT
Subject (SDH (SDH (S (SDH kU/L} rLep d 2.01
1 2.4 1.6 1.6 nd 1.87 3+
2 34 11.9 22 18 3.0 3+
3 3.0 1.3 3.1 nd 3.21 4 +
4 4.0 1.1 2.5 nd 0.37 2+
5 8.5 32 1.8 nd 1.51 3+
6 4.7 2.5 4.7 5.1 0.42 3+
7 12 3.6 3.7 nd < 0.35 2 +
8 2.1 0.8 34 nd 1.96 3+
9 3.0 1.0 1.9 nd 5.04 3+
10 4.8 2.9 4.0 43 8.47 3+
11 4.7 1.9 2.8 5.0 2.12 3+
12 8.2 2.5 3.9 nd 1.8 3+
13 0.2 0.6 0.2 nd 0.66 3+
14 1.0 0.7 0.9 nd 3.8 3+
15 3.2 0.7 0.9 nd < 0.35 3+
16 2.8 1.0 1.1 12.3 0.58 3+
17 5.8 32 6.8 nd 12.6 4 +
18 5.0 1.5 4.3 6.4 3.92 4 +
na 1 23.7 24.5 30.7 nd < 0.35 nd
na 2 0.7 0.9 0.7 nd < 0.35 nd
na 3 2.6 2.2 1.1 nd < 0.35 nd
na 4 7.4 6.7 3.1 nd < 0.35 nd
na 5 2.6 7.0 1.1 nd < 0.35 nd
na 6 2.9 3.0 4.4 nd < 0.35 nd
na 7 2.7 2.4 1.6 nd < 0.35 nd
na 8 2.1 2.0 1.1 nd < 0.35 nd
na 9 1.8 1.6 1.2 nd < 0.35 nd
na 10 3.9 2,2 2.9 nd < 0.35 nd
na 11 4.5 1.4 2.5 nd < 0.35 nd
na 12 2.2 1.4 1.4 nd < 0.35 nd
na 13 6.1 2.0 4.1 nd < 0.35 nd
na 14 5.0 4.3 4.0 nd < 0.35 nd
na 15 9.7 8.3 8.2 nd < 0.35 nd
na 16 6.3 2.4 3.8 nd < 0.35 nd

nd = not done; SI = Stimulation index; SPT = skin prick test.
1-18 = atopic subjects, na 1-16 = non-atopic subjects.
*partly purified native Lep d 2.

tPharmacia & Upjohn CAP System FEIA, Pharmacia AB Diagnostics, Uppsala, Sweden. Reference range < 0.35 kU /L.

Statistical analysis

Friedman ANoOvA and Wilcoxon matched pairs test were
used for comparison of proliferation to the different rLep d
2 variants. Mann—Whitney U-test was used for comparison
of differences in proliferation and cytokine production
between atopic subjects and healthy controls. Correlation
was calculated using the Spearman rank correlation
analysis. P < 0.05 was considered statistically significant.

Results

Proliferative responses to partially purified native Lep d 2

To compare the proliferative response to rLep d 2 with the
response to the native allergen, PBMCs from 6 L. destructor
allergic subjects were stimulated with partially purified
native Lep d 2 and rLep d 2.01. There was a correlation
between the proliferation to nLep d 2 and rLep d 2.01

© 2001 Blackwell Science Ltd, Clinical and Experimental Allergy, 31, 1881—-1890
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(rs = 0.89, P = 0.01) in these six selected subjects. The
results showed nearly equal reactions in three subjects (SI
nLep d 2: 43-5.1, SI rLep d 2.01: 4.7-4.8), one subject
reacted stronger to rLep d 2.01 (SI = 34) than to nLep d 2
(SI = 18) and two subjects reacted stronger to the native
allergen (SI = 6.4 and 12.3) than to rLep d 2.01 (SI = 5.0
and 2.8). The stimulation indexes are shown in Table 1.

Proliferative responses to rLep d 2.01 and rLep d 2.02

In the whole study population (n = 34), a correlation
between the proliferation to rLep d 2.01 and rLep d 2.02
(r¢ = 0.7, P < 0.001) was found. However, the SI values
(Table 1) for rLep d 2.01 was significantly higher than for
rLep d 2.02 (P < 0.001), Fig. 2.

In 17 of the 18 L destructor allergic patients the
proliferative response to rLep d 2.01 was higher than to
rLep d 2.02. Sixteen patients had SI values higher than 2.0
to isoform 01 (range 2.1-34.8) and 7 to isoform 02 (range
2.1-11.9). The difference between the two isoforms varied

40

35

34)

30 ¢

25

20

15

10

Sl, atopic+non-atopic subjects (17

1 :
T =

rLep d 2.01 rLep d 2.02

rLep d 2.6Cys

Fig. 2. Stimulation indexes to rLep d 2.01, rLep d 2.02 and rLep
d 2.6Cys. Boxes enclose 25th—75th percentile and medians are
marked. PBMC from 18 L. destructor allergic patients and 16 non-
allergic controls were stimulated with rLep d 2.01, rLep d 2.02
and rLep d 2.6Cys for 7 days. Stimulation indexes were calculated
as mean cpm for antigen-stimulated PBMC divided by mean cpm
for un-stimulated PBMC. Significantly higher proliferation was
obtained to rLep d 2.01 compared to rLep d 2.02 (P = 0.001). The
proliferation to rLep d 2.6Cys was significantly lower than to rLep
d 2.01 (P = 0.005) but significantly higher than to rLep d 2.02
(P = 0.035).

between 1.5 and 5.5 times higher response to rLep d 2.01
(median value = 2.5). No correlation was found between SI
values for rLep d 2.01 and RAST values for L. destructor
whole extract.

In the group of 16 controls, the proliferative response
varied as in the allergic group and 12/16 of the subjects had
a stronger reaction to rLep d 2.01 than to rLep d 2.02. The
SI values for rLep d 2.01 ranged between 0.7 and 23.7 and
for rLep d 2.02, between 0.9 and 24.5, Table 1. There was
no significant difference in proliferation to rLep d 2.01
(P = 0.6) and rLep d 2.02 (P = 0.08) between the atopic
and the nonatopic subjects.

Proliferative response to rLep d 2.6Cys mutant

The proliferation to mutant rLLep d 2.6Cys was significantly
lower than to rLep d 2.01 (P = 0.005) but significantly
higher than to rLep d 2.02 (P = 0.035). Two patients
reacted stronger to rLep d 2.6Cys than to rLep d 2.01. Five
of the 18 patients had equal reactions to the two allergens,
11 reacted stronger to rLep d 2.01 (1.5-5 times more). In
the non-allergic group, the SI values ranged between 0.7
and 23.7 to rLep d 2.01 and between 0.7 and 30.7 to rLep d
2.6Cys. Thirteen out of 16 had a higher proliferative
response to rLep d 2.01 than to rLep d 2.6Cys. Two
controls reacted stronger to the rLep d 2.6Cys mutant than
to rLep d 2.01. The stimulation indexes are shown in
Table 1. Although the SI values were lower, rLep d 2.6Cys
showed a good correlation with rLep d 2.01 (r; = 0.8,
P =0.001). No significant difference in proliferation
against rLep d 2.6Cys was observed between patients and
controls (P = 0.9).

Proliferative responses to peptides of Lep d 2

Responses to Lep d 2 derived peptides were investigated in
13 of the 18 L. destructor allergic subjects and in all of the
non-atopic controls (n = 16). SI values higher than 2.0
were regarded as positive and the results are shown in
Table 2.

Two out of 13 allergic subjects responded to peptide 1
(amino acid (aa) 1-15), 7 to peptide 2 (aa 11-25), 1 to
peptide 4 (aa 31-45), 12 to peptide 7 (aa 61-75), 1 to
peptide 8 (aa 71-85), 3 to peptide 9 : 1, corresponding to aa
81-95 in isoform Lep d 2.01, 3 to peptide 9: 2,
corresponding to aa 81-95 in isoform Lep d 2.02, 2 to
peptide 11 (aa 101-115) and 4 to peptide 12 (aa 111-125).
None of the patients had an SI > 2.0 to peptide 3, 5, 6 or
10. One patient did not respond with SI > 2.0 to any of
the peptides. Three of the atopic subjects responded to one
peptide, 3 to two peptides, 2 to three peptides, 3 to four
peptides and one patient responded with SI > 2.0 to eight
of the peptides.

© 2001 Blackwell Science Ltd, Clinical and Experimental Allergy, 31, 1881-1890
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Table 2. Stimulation indexes (SI) to the Lep d 2 peptides after 7 days of culture

Peptide Peptide Peptide Peptide Peptide Peptide Peptide Peptide Peptide Peptide Peptide Peptide Peptide
Subject 1 2 3 4 5 6 8 9:1 9:2 10 11 12
2 39 4.9 39
4 3.0 43 2.7
5 2.8 4.0 54 24
6 43 2.7
7 4.0 33 4.9 2.0
10 2.7
12 32
14 2.9 32 2.5 34 3.6 24 35 2.6
15 2.5 10
16 4.5
17 2.1 53
18 3.1 4.5 3.2 39
na 2 2.0
na 3 2.6 23 2.3 34
na 5 4.7 2.7 2.1
na 10 5.5 4.9 39 2.4
na 11 32 35
na 12 34 5.6 2.8 3.1
na 13 6.0 2.4 59
na 15 2.7 29
na 16 2.1

2-18 = atopic subjects, na 2—16 = non-atopic subjects.
Stimulation indexes = 2.0 are given.

Atopic subject no. 11 and non-atopic subjects 1, 4, 6-9 and 14 gave no specific proliferation to any of the peptides (SI < 2.0).

In the non-atopic group, 7/16 did not respond with
SI > 2.0 to any of the peptides. Three out of 16 responded
to peptide 1, 4 to peptide 2, 1 to peptide 3, 7 to peptide 7, 4
to peptide 8, 2 to peptide 9 : 2 and 3/16 to peptide 12. None
of the non-atopics had SI > 2.0 to peptide 4, 5,6,9 : 1, 10
or 11. Two healthy controls responded to one peptide, 2 to
two peptides, 2 to three peptides and three to four peptides.

In total, 11/21 of the subjects who responded to the
peptides did react with peptide 2 (aa 11-25) and 19/21 of
these subjects reacted to peptide 7 (aa 61-75).

Cytokine production

The results of the IFN-y measurements are shown in Fig. 3.
The IFN-y production was significantly lower in the
atopics as compared to the non-atopic subjects. The levels
of IFN-y in the atopic group varied between (113—
11 900 pg/mL, median 1139 pg/mL) and in the non-atopic
group  (306-22 174 pg/mL, median 4387 pg/mL),
P =0.02.

The levels of IL-4 were higher in the atopic group (0.5—
103 pg/mL, median 12.3 pg/mL) in comparison with the

non-atopic group (0.89-72.2 pg/mL, median 4.9 pg/mL),
Fig. 4(a). Likewise, the atopic subjects produced higher IL-
5 (170-1743 pg/mL, median 569 pg/mL) than the non-
atopic subjects (26.5-1922 pg/mL, median 250 pg/mL),
Fig. 4(b). Although the production of IL-4 and IL-5 was
higher in the atopic group it did not reach statistical
significance. However, significantly higher IL-4/IFN-vy
ratio (P = 0.02) and IL-5/IFN-y ratio (P = 0.003) was
found in the atopic group. When cytokine production was
compared with the SI values obtained for rLep d 2.01, a
correlation (rg = 0.7, P = 0.003) between proliferation and
production of IFN-y was found in the group of healthy
controls, Fig. 5, but not in the atopic subjects.

Discussion

The use of recombinant allergens in diagnosis and
treatment of allergic disease require a careful evaluation
of the immunological properties of these proteins. The
individual reaction pattern of patients with respect to both
humoral and cellular responses has to be studied to ensure
an optimal clinical outcome. Cloning of allergen genes
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Fig. 3. IFN-vy production in long-term PBMC cultures. 2.5 x 10°
cells were cultured in the presence of 10 wg/mL rLep d 2.01 for
11 days. Significantly lower (P = 0.02) IFN-y production was
measured in long-term PBMC cultures from atopic individuals
(n = 18) compared to non-atopic controls (n = 16).

have shown that several major allergens exist as multiple
isoforms due to polymorphism in the genes [4]. It has also
been shown that different sources of mite allergens can
contain different spectra of isoforms, i.e. isoforms of
allergens isolated from environmental mites and from
commercial mite extracts have been shown to differ [23].
This becomes an important aspect when preparing reagents
for therapeutic purposes since the isoforms to which the
patient is sensitized may not be present in the preparations
available for clinical use.

In this study we found that most of the subjects had a
higher PBMC response to isoform 01 than to isoform 02 of
Lep d 2. Interestingly, in vitro studies [9] and skin prick test
[12] have previously shown that the isoforms have
comparable IgE reactivity. The deduced amino acid
sequence of Lep d 2.02 differs in 13 residues out of 125
(10.4%) as compared to Lep d 2.01. When we first cloned
these allergens [11] we observed that the cDNA encoding
isoform 01 was more frequently found in the L. destructor
mites we used than that of Lep d 2.02. This may reflect that
Lep d 2.01 is a more common isoform than Lep d 2.02,
leading to a higher degree of sensitization to this isoform.
The peptides used in this study were designed according to
the Lep d 2.01 sequence, except for peptide 9 (aa 81-95)
which was synthesized in two versions, corresponding to
the isoforms Lep d 2.01 and Lep d 2.02. The by far most
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Fig. 4. IL-4 and IL-5 production in long-term PBMC cultures.
2.5 x 10° cells were cultured in the presence of 10 pg/mL rLep d
2.01 for 11 days. There were no significant differences in the
levels of (a) IL-4 production and (b) IL-5 production between
atopic (n = 18) and non-atopic subjects (n = 16).

immuno-dominant peptide, peptide 7, differ in two amino
acid positions compared to Lep d 2.02 (aa 74 F/V and aa 75
I/L) and this fact might partly explain why we observed a
lower proliferative response to Lep d 2.02 than to Lep d
2.01. The importance of these individual amino acids
should be further evaluated.

The rLep d 2.6Cys mutant showed a lower degree of T
cell reactivity than the non-mutated rLep d 2.01 in a
majority of the patients although the reversed situation was
found in four subjects with higher responses to the mutant.
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indexes to rLep d 2.01 and IFN-y
production. A positive correlation

(r¢ = 0.7, P = 0.003) was found between

0 4 8 12 16
SlrLep d 2.01

However, the proliferation to rLep d 2.6Cys was sig-
nificantly higher than to rLep d 2.02. The reason why the
mutant gave a lower T cell reactivity than rLep d 2.01 in
the majority of subjects might be due to the fact that the
structure of this mutant is irreversibly denatured, since all
the cysteines are substituted for serine residues in order to
prevent the disulphide bonds to form. This may lead to a
change in the recognition by antigen-presenting cells, in the
processing and ultimately in the presentation of peptides to
the T cells. The most frequently recognized peptides i.e.
peptide 2, 7 and 12 all contain cysteins, namely C21 in
peptide 2, C72 in peptide 7 and C117 in peptide 12. It is
possible that point mutations at these sites in Lep d 2.6Cys
also influence the T cell epitopes. However, it remains to
be elucidated if this reduction in T cell reactivity will affect
the beneficial aspects of using this mutant in specific
immunotherapy in L. destructor allergic patients when
considering its greatly reduced IgE reactivity. The rLep d
2.6Cys mutant have been used in skin prick test in the same
patients investigated in this study. All of the patients
showed a positive skin prick test to non-mutated rLep d 2
but only 3 of them had a weak positive Skin prick test to r
Lep d 2.6Cys while 15 were negative even at the highest
concentration applied (100 pg/mL)(Kronqvist, unpublished
data). These results indicate promising possibilities to apply
even higher doses of the allergen in vivo with reduced risk
of anaphylactic reactions.

It has previously been shown that non-allergic indivi-
duals have an in vitro T cell response to inhaled allergens
[18,24-26] and that they react to the same epitopes as
allergic individuals [27,28]. We also observed T cell
responses to the recombinant L. destructor allergens among
the non-atopic subjects and there was no significant

proliferation to rLep d 2.01 and IFN-y
production in the group of non-atopic
controls (n = 16).

24

difference in the proliferation as compared to the atopic
subjects. Furthermore, in agreement with other studies
[27,28], we found no differences in epitope recognition
between atopic subjects and healthy controls. However, the
non-atopic subjects produced significantly higher IFN-v in
response to rLep d 2.01 and had significantly lower
IL-4 : IFN-y and IL-5 : IFN-v ratios. Furthermore, there
was a correlation between the SI values for Lep d 2.01 and
IFN-vy production in the non-atopic subjects, indicating that
a strong proliferative response is accompanied by a Thl-
like response in the non-atopic individuals.

There might be an advantage of using whole modified
allergens instead of peptides since the whole T cell epitope
repertoire is present in the full length protein and epitope
specificity may vary considerably between patients [17,18].
For example, in the study on Der p 2 T cell epitopes
performed by O’Hehir er al. [18], each of the peptides
investigated were shown to be detected by at least three of
the 18 subjects tested. However, the responses to the Lep d
2 peptides were more homogenous. Peptide 2 (aa 11-25)
and peptide 7 (aa 61-75) were the most frequently
recognized peptides and may contain the most relevant T
cell epitopes of Lep d 2. These immuno-dominant peptides
may be considered for designing peptide vaccine for Lep d
2-immunotherapy. In order to perform a complete mapping
of the CD4 T cell epitopes of Lep d 2, peptides with greater
overlap, e.g. 11 amino acids overlap, have to be used.
Miiller et al. [29] have in a human system, performed
immunotherapy using a mix of three immuno-dominant T
cell peptides from the bee venom allergen PLA,, which
resulted in epitope-specific anergy in peripheral T cells. In
addition, Hoyne et al. [30] have demonstrated linked
suppression to Der p 1 in mice by administration of Der p 1
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peptides suggesting that immuno-dominant T cell peptides
can be used for immunotherapy.

In this study, we have carefully evaluated the capacity of
different Lep d 2 variants to evoke T cell responses. It has
previously been demonstrated that isoforms of allergens
can differ in their capacity to evoke immune responses [31]
and we now show for Lep d 2 that the isoforms differ in
their ability to stimulate T cells. This aspect becomes
important when designing immunotherapy schemes since it
must be ensured that the patient in fact reacts to the specific
isoform used. We have also demonstrated that the
hypoallergenic rLep d 2.6Cys is able to induce a T cell
response, although lower than to the non-mutated counter-
part. Furthermore, we found that Lep d 2 contains two
major immuno-dominant regions. Further studies are
needed to evaluate the use of rLep d 2.6Cys for
immunotherapy and to investigate if administration of the
immuno-dominant peptides would have a protective effect
and lead to linked suppression to the whole allergen.

Acknowledgements

We thank Dr Joost van Neerven for helpful discus-
sions. This work was supported by grants from the
Swedish Medical Research Council (grant 13497), the
Swedish Council for Work Life Research, the Swedish
foundation for Health Care, Sciences and Allergy Research,
the Hesselman Foundation, the Swedish Asthma and
Allergy Association, the Swedish Society of Medicine,
the Consul Th. C Berghs Foundation, the Trygg-Hansa
Foundation Fund and the Karolinska Institute, Stockholm,
Sweden, the Committe for Health Care Science at the
Karolinska Institute.

References

1 Thomas WR, Smith W, Hales BJ. House dust mite allergen
characterisation. implications for T-cell responses and immu-
notherapy. Int Arch Allergy Immunol 1998; 115:9-14.

2 Baldo BA, Ford SA, Tovey ER. Toward a definition of the
complete spectrum and rank order of importance of the house
dust mite: Dermatophagoides pteronyssinus. Adv Biosciences
1989; 74:13-31.

3 Johansson E, Borga A, Johansson SGO, van Hage-Hamsten M.
Immunoblot multiallergen inhibition studies of allergenic
cross-reactivity of the dust mites Lepidoglyphus destructor
and Dermatophagoides pteronyssinus. Clin Exp Allergy 1991;
21:511-8.

4 Thomas WR, Smith W. House-dust-mite allergens. Allergy
1998; 53:821-32.

5 Chua KY, Stewart GA, Thomas WR et al. Sequence analysis
of cDNA coding for a major house dust mite allergen Der p I,
homology with cysteine proteases. J Exp Med 1988; 167:175—
82.

6 Nishiyama C, Yuuki T, Takai T, Okomura Y, Okudaira H.
Determination of three disulfide bonds in a major house dust
mite allergen, Der f II. Int Arch Allergy Immunol 1993;
101:159-66.

7 Chua KY, Dilworth RJ, Thomas WR. Expression of
Dermatophagoides pteronyssinus allergen, Der p II, in
Escherichia coli and the binding studies with human IgE. Int
Arch Allergy Appl Immunol 1990; 91:124-9.

8 Yuuki T, Okumura Y, Ando T et al. Synthesis of biologically
active recombinant Der f II. Int Arch Allergy Appl Immunol
1991; 94:354-6.

9 Olsson S, van Hage-Hamsten M, Whitley P et al. Expression
of two isoforms of Lep d 2, the major allergen of
Lepidoglyphus destructor, in both prokaryotic and eukaryotic
systems. Clin Exp Allergy 1998; 28:984-91.

10 Eriksson TLJ, Johansson E, Whitley P, Schmidt M, Elsayed S,
van Hage-Hamsten M. Cloning and characterization of a group
II allergen from the dust mite Tyrophagus putrescentiae. Eur J
Biochem 1998; 251:443-7.

11 Schmidt M, Olsson S, van der Ploeg I, van Hage-Hamsten M.
cDNA analysis of the mite allergen Lep d 1 identifies two
different isoallergens and variants. FEBS LETT 1995;
370:11-4.

12 Kronqvist M, Johansson E, Magnusson CGM et al. Skin prick
test and serological analysis with recombinant group 2
allergens from the dust mites L. destructor T. putrescentiae.
Clin Exp Allergy 2000; 30:670-6.

13 Chapman MD, Smith AM, Vailes LD, Arruda LK, Dhanaraj
V, Pomés A. Recombinant allergens for diagnosis and therapy
of allergic disease. J Allergy Clin Immunol 2000; 106:409-18.

14 Nishiyama C, Fukada M, Usui Y et al. Analysis of the IgE-
epitope of Der f 2, a major mite allergen, by in vitro
mutagenesis. Mol Immunol 1995; 32:1021-9.

15 Smith AM, Chapman MD. Reduction in IgE binding to
allergen variants generated by site-directed mutagenesis.
contribution of disulphide bonds to the antigenic structure of
the major house dust mite allergen Der p 2. Mol Immunol
1996; 33:399-405.

16 Olsson S, van Hage-Hamsten M, Whitley P. Contribution of
disulphide bonds to antigenicity of Lep d 2, the major allergen
of the dust mite Lepidoglyphus destructor. Mol Immunol
1998; 35:1017-23.

17 Neerven RJJ, van t'Hof W, Ringrose JH et al. T cell epitopes
of house dust mite major allergen Der p II. J Immunol 1993;
151:2326-35.

18 O’Hehir R, Verhoef A, Panagiotopoulou E et al. Analysis of
human T-cell responses to the group II allergen of Dermato-
phagoides species: Localisation of major antigenic sites. J
Allergy Clin Immunol 1993; 92:105-13.

19 Kunkel TA. Rapid and efficient site-specific mutagenesis
without phenotypic selection. Proc Natl Acad Sci USA 1985;
82:488-92.

20 Geisselorder J, Witney F, Yuckenberg P Efficient site-directed
in vitro mutagenesis. Bio Techniques 1987; 5:786-91.

21 Elfman LHM, Whitley P, Schmidt M, van Hage-Hamsten M.
IgE binding capacity of synthetic and recombinant peptides of

© 2001 Blackwell Science Ltd, Clinical and Experimental Allergy, 31, 1881-1890



1890 T L. J. Eriksson et al.

the major storage mite (Lepidoglyphus destructor) allergen,
Lep d 2. Int Arch Allergy Immunol 1998; 117:167-73.

22 Tengvall-Linder M, Johansson C, Bengtsson /f\, Holm L,
Hirfast B, Scheynius A Pitrosporum orbiculare-reactive T-
cell lines in atopic dermatitis patients and healthy individuals.
Scand J Immunol 1998; 47:152-8.

23 Thomas WR, Smith WA, Hales BJ. Allergen-Sequence
diversity and T-cell recognition. ACI Int 1998; 10/1:16-22.

24 Upham JW, Holt BJ, Baron-Hay MJ et al. Inhalant allergen-
specific T-cell reactivity is detectable in close to 100% of
atopic and non-atopic individuals: covert responses are
unmasked by serum-free medium. Clin Exp Allergy 1995;
25:634-42.

25 Hales BJ, Thomas WR. T-cell sensitisation to epitopes from
the dust mites Dermatophagoides pteronyssinus and Euro-
glyphus maynei. Clin Exp Allergy 1997; 27:868-75.

26 Hales BJ, Shen H-D, Thomas WR. Cross-reactivity of T-cell
responses to Dermatophagoides pteronyssinus and Dermato-
phagoides farinae. Studies with group 1 and 7 allergens. Clin
Exp Allergy 2000; 30:927-33.

27 van Neerven RJJ, van de Pol MM, Wierenga EA, Aalberse

RC, Jansen HM. Peptide specificity and HLA restriction do
not dictate lymphokine production by allergen-specific clones.
Immunology 1994; 82:351-6.

28 Ebner C, Schenk S, Najafian N. Siemann, Steiner R, Fischer
GW, Hoffmann K, Szépfalusi Z, Scheiner O, Kraft D.
Nonallergic individuals recognize the same T-cell epitopes
of Bet v 1, the major birch pollen allergen, as atopic patients. J
Immunol 1995; 154:1932—40.

29 Miiller U, Akdis CA, Fricker M et al. Successful immunother-
apy with T-cell epitope peptides of bee venom phospholipase
A, induces specific T-cell anergy in patients allergic to bee
venom. J Allergy Clin Immunol 1998; 101:747-54.

30 Hoyne GF, Jarnick AG, Thomas WR, Lamb JR. Characterisa-
tion of the specificity and duration of T-cell tolerance to
intranasally administered peptides in mice: a role for intramo-
lecular epitope suppression. Int Immunol 1997; 9:1165-73.

31 Ferreira F, Hirtenlehner K, Jilek A et al. Dissection of
immunoglobulin E and T lymphocyte reactivity of isoforms of
the major birch pollen allergen Bet v 1: potential use of
hypoallergenic isoforms for immunotherapy. J Exp Med 1996;
183:599-609.

© 2001 Blackwell Science Ltd, Clinical and Experimental Allergy, 31, 1881—-1890



