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One prerequisite for developing peptide-based allergen immunotherapy is knowing the T cell epitopes of an allergen. In this study,
human T cell reactivity against the major dog allergen Can f 1 was investigated to determine peptides suitable for immunotherapy.
Seven T cell epitope regions (A–G) were found in Can f 1 with specific T cell lines and clones. The localization of the epitope regions
shows similarities with those of the epitopes found in Bos d 2 and Rat n 1. On average, individuals recognized three epitopes in
Can f 1. Our results suggest that seven 16-mer peptides (p15–30, p33–48, p49–64, p73–88, p107–122, p123–138, and p141–156),
each from one of the epitope regions, show widespread T cell reactivity in the population studied, and they bind efficiently to seven
HLA-DRB1 molecules (DRB1*0101, DRB1*0301, DRB1*0401, DRB1*0701, DRB1*1101, DRB1*1301, and DRB1*1501) predom-
inant in Caucasian populations. Therefore, these peptides are potential candidates for immunotherapy of dog allergy. The
Journal of Immunology, 2005, 175: 3614–3620.

A llergen immunotherapy, conducted by administering in-
creasing doses of allergen s.c., is a widely recognized
and recommended alternative for treating allergy (1). It

is directed toward the cause of allergy, the Th2-driven IgE re-
sponse. One particular aim of allergen research is to develop im-
munotherapy preparations with reduced capacity to induce IgE-
mediated immediate reactions. Short peptides of an allergen that
lack the three-dimensional structure important for the cross-linking
of IgE on mast cells and basophils but able to stimulate T cells are
expected to be effective in specific immunotherapy (2, 3).

Early animal studies indicated that administration of allergen
peptides can inhibit T cell and Ab responses to the entire molecule
(4, 5). Recent trials suggest that such peptides can also be used to
treat humans with allergy. It was observed that treatment with Fel
d 1 peptides decreased immunological parameters, such as the pro-
liferation and cytokine production of PBMCs upon stimulation
with whole cat dander. This suggests that anergy is a possible
mechanism for the effect (6). In another study, the level of IL-10
increased, which points to the possible role of regulatory T cells
(7). However, recent studies underline that to obtain bronchial hy-
poresponsiveness, high doses of peptides are needed (7–9). An
alternative could be the use of superagonists that are effective at
lower doses than natural allergen peptides (10, 11).

The problems associated with peptide-based allergen immuno-
therapy include the multitude of HLA class II alleles present in a
population and the inherent capacity of these alleles to bind aller-
gen peptides that are irrelevant for T cell recognition. Therefore, it
is important to identify the T cell epitopes in the allergen and to
assess which of them are suitable for treating a population of in-
dividuals with different HLA types. In this study, we have mapped
the antigenic determinants of Can f 1, the major dog allergen,
using specific T cell lines and clones and measured the binding of
Can f 1 peptides to several MHC class II molecules. We observed
that the epitopes of Can f 1 are clustered in few regions in the
molecule. Consequently, we are able to suggest seven peptides,
one from each of the epitope regions, to be used in specific im-
munotherapy of dog allergy. These peptides were bound by a large
number of MHC class II alleles, and all subjects in the study rec-
ognized one to four of them.

Materials and Methods
Subjects

The study included 25 allergic patients whose allergy to dog was confirmed
at the Pulmonary Clinic of Kuopio University Hospital, as described in
detail elsewhere (12). For a person to be classified as dog-allergic, the
following criteria were adopted: specific IgE by the dog UniCAP fluoroen-
zyme-immunometric assay (Pharmacia) of �0.7 kU/l and a skin prick test
(SPT)3 with dog allergen (epithelial preparation from ALK Abelló) of �3
mm. One of the subjects who had clinical symptoms upon exposure to dog
and a positive SPT with dog allergen had no measurable IgE Ab to dog.
Thirteen of the dog-allergic subjects were found to be sensitized to Can f
1 by SPTs with rCan f 1, as described previously (12). Twelve randomly
selected healthy nonatopic dog owners served as control subjects. HLA
class II genotyping for DRB1, DQB1, and DPB1 loci was performed at the
Department of Tissue Typing, Finnish Red Cross (Helsinki, Finland).

Can f 1 and the synthetic peptides

rCan f 1 was produced in Pichia pastoris, as described previously (12). Its
16-mer peptides, overlapping by 14 aa and covering the entire sequence,
were synthesized using PerSeptive 9050 Plus automated peptide synthe-
sizer (Millipore) with Fmoc strategy. The peptides were purified by HPLC
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(Shimadzu) with C18 reverse phase column (Vydac) and verified with a
MALDI-TOF mass spectrometer (Bruker). One of the 71 peptides could
not to be tested due to low solubility.

Generation of T cell lines and clones

Can f 1-specific T cell lines were generated as described previously (13)
with some modifications (10). In brief, PBMCs were cultivated on 12-well
plates (Corning Scientific) at a density of 6 � 106 cells/well in complete
culture medium in the presence of 100 �g/ml rCan f 1. On day 6, human
rIL-2 (Strathmann Biotech) was added to a final concentration of 5 U/ml.
On day 9, rIL-2 concentration was optimized to 20 U/ml. On day 14, the
cells were restimulated with rCan f 1 on 12-well plates at a density of 3 �
106 cells/well together with 6 � 106 gamma-irradiated (3000 rad) autolo-
gous PBMCs as feeder cells. The restimulation was completed as described
above.

T cell clones were isolated from rCan f 1-specific T cell lines by the
limiting dilution method, as described previously (13). In brief, T cells
were seeded out in the wells of round-bottom 96-well plates (Corning
Scientific) at 0.3 or 1 cell/well containing irradiated (6000 rad) allogenic
PBMCs as feeder cells (3 � 105/well), PHA (1 �g/ml), and rIL-2 (25
U/ml). From day 5 onward, the cultures were refed with fresh medium and
rIL-2 (25 U/ml) at 2–3 day intervals and on day 7 with feeder cells (2–3 �
105 cells/well) and rIL-2. When the growth of the clones became visible
(days 12–20), the cells were tested for specificity in the proliferation assay.

The clonality of the T cell clones was examined by a FACScan flow
cytometer (BD Biosciences) and the CellQuest 3.1 software (BD Bio-
sciences) using fluorochrome-labeled Abs to CD4, CD8, CD3 (BD Bio-
sciences), and to 24 TCR V�-chains (IOTest � Mark kit; Immunotech), as
described previously (10).

Lymphocyte proliferation assays

The responses of T cell lines (5 � 104 cells/well) and CD4� T cell clones
(2.5 � 104 cells/well) were tested in triplicate on 96-well round-bottom
microtiter plates (Corning Scientific) with the peptides (10 �g/ml) and
rCan f 1 (100 �g/ml), as described previously (10, 13). Gamma-irradiated
(3000 rad) autologous PBMCs at a 2-fold higher density than the T cells
served as APCs. Wells containing PHA (1 �g/ml) and those without a
stimulant were included as positive and negative controls, respectively.
After a 3-day culture, the cells were pulsed for 16 h with 1.0 �Ci of
[3H]thymidine (Amersham Biosciences)/well. Radionuclide uptake was
measured by scintillation counting (MicroBeta Trilux; Wallac), and the
results were indicated as mean counts per minute or as stimulation indices
(SIs: ratio between the mean counts per minute in cultures with Ag and the
mean counts per minute in cultures without Ag). In epitope mapping, the
responses with SI � 2 by T cell lines, and the responses with SI � 10 by
T cell clones were regarded as specific. The HLA restriction of T cell
response to Can f 1 was examined with specific T cell clones upon stim-
ulation with peptides by inhibiting their proliferative response with mAbs
to HLA-DR, -DP, or -DQ at several dilutions between 0 and 500 �g/ml
(BD Biosciences).

HLA class II peptide-binding assays

Purification of HLA-DR and HLA-DP4 molecules and peptide binding
assays were performed as described previously (14 –16). Briefly,
HLA-DR and HLA-DP4 molecules were purified from EBV homozy-
gous cell lines (kindly provided by Dr. C. de Toma, Centre d’Etude du
Polymorphisme Humain, Paris, France) by affinity chromatography
using L243 and B7/21 Abs, respectively. They were incubated with
different concentrations of the competitor peptide and an appropriate
biotinylated peptide as described previously. The bound peptide was
assessed in a fluorescence assay. Peptide concentration that prevented
binding of 50% of the labeled peptide (IC50) was calculated. Means
were deduced from two to three independent experiments. To assess the
validity of each experiment, unlabeled forms of the biotinylated pep-
tides were used as reference peptides. Their IC50 variation did not ex-
ceed a factor of 3. These reference peptides were also used to take into
account the disparity of the binding sensitivity between the different
HLA class II molecules. For DRB1*0101, a very good binder displays
an IC50 �1 nM, although for DRB1*0301, a very good IC50 is �300
nM. To facilitate the comparison of binding activity from one HLA
class II molecule to another, we therefore expressed the data as the ratio
between the IC50 of the tested peptides and that of the reference. A
ratio � 100 identifies peptides with a good affinity for a given MHC
class II molecule. Specifically, HA 306-318 (PKYVKQNTLKLAT) was
used as a reference peptide for DRB1*0101, DRB1*0401, DRB1*1101, and
DRB5*0101. YKL (AAYAAAKAAALAA), A3 152-166 (EAEQLRAY
LDGTGVE), MT 2-16 (AKTIAYDEEARRGLE), B1 21-36 (TERVR

LVTRHIYNREE), LOL 191-210 (ESWGAVWRIDTPDKLTGPFT), and E2/
E168 (AGDLLAIETDKATI) were used for the DRB1*0701, DRB1*1501,
DRB1*0301, DRB1*1301, DRB3*0101, and DRB4*0101 alleles, respec-
tively. Oxy 271-286 (EKKYFAATQFEPLAARL) was used as a reference
peptide for HLA-DPB1*0401 and HLA-DPB1*0402 molecules.

Sequence alignments and the prediction of HLA-DR-binding
ligands

For the alignment analyses, the sequential data of Can f 1 (accession no.
O18873) (17), Bos d 2 (Q28133) (18), �-lactoglobulin (P02754), and Rat
n 1 (P02761) were obtained from the Prosite database of the ExPASy
molecular biology server of the Swiss Institute of Bioinformatics (19). The
amino acid sequences were aligned by the multiple sequence alignment
program of the Baylor College of Medicine Search Launcher with the
method ClustalW 1.8 (http://searchlauncher.bcm.tmc.edu/multi-align/
Options/clustalw.html). The DR-binding peptide motifs in Can f 1 were
predicted using the ProPred (20) and SYFPEITHI (21) programs.

Results
T cell epitopes of Can f 1 are clustered in few regions

As the reactivity of Can f 1-allergic and nonallergic subjects’
PBMCs to Can f 1 was weak, to obtain specific T cell lines (22),
two stimulation cycles with rCan f 1 were required. To identify the
epitopes of the allergen, 13 Can f 1-specific T cell lines (from 13
subjects) and 10 clones (from 7 subjects) with a sustained expan-
sion capacity were selected. The proliferative responses of four
Can f 1-specific T cell lines are shown as representative results of
epitope mapping (Fig. 1). Proliferation tests with five Can f
1-specific T cell clones showed that their responses were restricted
by HLA-DR (data not shown).

Results compiled in Fig. 2 show that Can f 1 contains few T cell
epitopes in the molecule. The number of antigenic determinants
recognized by a T cell line ranged from one to seven and was, on
average, three. The length of the core sequences (the amino acids
within a particular region which were shared by two to five con-
secutive stimulatory peptides) was 11.2 � 0.35 (SE).

The epitopes appeared to be clustered in certain regions of the
molecule (Fig. 2, regions A–G). When the sequences of Can f 1
and Bos d 2 were aligned (Fig. 3), the epitope regions A, B, and F
of Can f 1 were observed to colocalize with those we previously

FIGURE 1. Proliferative responses of Can f 1-specific T cell lines from
allergic and nonallergic subjects upon stimulation with the overlapping
16-mer peptides of the allergen. The background proliferation of the cell
lines ranged from 60 to 2196 cpm. The results are indicated as counts per
minute and they are representative of 13 T cell lines.
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detected in Bos d 2 (13). In the analysis between Can f 1 and Rat
n 1, the epitope regions A, C, D, and F of Can f 1 colocalized with
those reported for Rat n 1 (23) (data not shown). In contrast, the
epitopes recognized by human T cells on �-lactoglobulin (24) did
not show obvious colocalization with those of Can f 1 (data not
shown).

An HLA class II allele can bind several Can f 1 peptides and
one peptide can be bound by several alleles

To verify the data obtained from the epitope mapping with T cell
lines and clones, the binding of Can f 1 peptides to HLA class II
molecules was determined. To conform the peptide binding motifs
of HLA-DR (25, 26) and HLA-DP4 molecules (16), we selected
25 peptides in the Can f 1 sequence based on the presence of an
aliphatic or aromatic residue in position 3 or 4. These residues are
found to be preferentially accommodated in the P1 pocket of the
HLA class II binding groove and constitute the main anchor res-
idue. Each DRB1 allele was observed to bind five to sixteen pep-
tides strongly, while the other DRB alleles bound two to six pep-
tides (Table I). Only two peptides bound to HLA-DP4 molecules.
One of the peptides, p73–88 (in region D), was efficiently bound
by all DRB1 alleles and by DRB5 (Table I). Almost equally broad
binding capacity was seen with p9–24 (in region A), as six of
seven DRB1 alleles bound it efficiently. In addition, three peptides,
p15–30 (in region A), p81–96 (in region D), and p123–138 (in
region F) were bound by five DRB1 alleles each. The first of these
three peptides, p15–30, was also bound by DRB4 and DRB5, the

second one, p81–96, by DRB5, and the last one, p123–138, by
DRB3 and DP402.

Candidate peptides of Can f 1 for allergen immunotherapy

A peptide or a few peptides that are recognized by a number of
individuals with different MHC class II alleles can be consid-
ered ideal for peptide-based allergen immunotherapy. In this
respect, the pool of seven 16-aa long peptides of Can f 1 (p15–
30, p33– 48, p49 – 64, p73– 88, p107–122, p123–138, and p141–
156) appears promising because the T cells of all 15 people with
various HLA genotypes recognized one to four of the peptides
(Table II). At least one of the peptides elicited �90% of the
maximal response in 10 of the 13 individual T cell lines. The
response was 52 and 56% of the maximum in two T cell lines
(data not shown). Moreover, the responses of the T cell clones
from persons with T cell lines showing no reactivity to the
candidate peptides were strong (SI 79 – 643) to a candidate pep-
tide. Table II identifies the individuals showing their T cell
responses to the candidate peptides and their MHC class II al-
leles able (or predicted) to bind the peptides. The number of
candidate peptides, which the DRB1 alleles of an individual
could bind, varied from three to six (Table II). For 10 of the 15
individuals in the study, the number of peptides with a potential
to be bound by DRB1 alleles was at least five. These DRB1
alleles are representative of Caucasian populations because
DRB1*0101, DRB1*0301, DRB1*0401, DRB1*0701, DRB1*1101,

FIGURE 2. Core sequences of the T cell epitopes of Can f 1 revealed by the proliferative responses of specific T cell lines (lines) and clones (boxes)
upon stimulation with the overlapping 16-mer peptides of the allergen. The core sequence was defined as those amino acids within a particular region which
was shared by two to five consecutive peptides able to stimulate a T cell line or clone.

3616 MAJOR DOG ALLERGEN PEPTIDES IN ALLERGEN IMMUNOTHERAPY



DRB1*1301, and DRB1*1501 comprise the majority (�60%) of
their DRB1 alleles (14).

Discussion
Recent studies have revealed that almost all important mammal-
derived respiratory allergens are lipocalins, the one exception be-
ing Fel d 1 of cat (27, 28). Despite this, human T cell epitopes of
lipocalin allergens are largely unknown. Information on their lo-
cation is only available for Bos d 2, the major bovine respiratory
allergen (13), Rat n 1, the major rat urinary allergen (23), and
�-lactoglobulin, a milk allergen (24, 29, 30). In the present study,
we have mapped the antigenic determinants of the major dog al-
lergen, Can f 1, because knowing these determinants is a prereq-
uisite for the development of peptide-based modes of allergen
immunotherapy.

Can f 1 resembles other animal allergens in that it contains few
T cell epitopes (31). These epitopes appear not to be distributed
randomly in the molecule but are clustered in seven regions (A–G).
Interestingly, the localization of epitope regions in Can f 1 shows
similarities with those in Bos d 2 and Rat n 1. In particular, the
epitope regions A, B, and F of Can f 1 colocalized with those of
Bos d 2 (Fig. 3), while the epitope regions A, C, D, and F colo-
calized with those of Rat n 1 (data not shown). However, we did
not observe this kind of association between Can f 1 and �-lacto-
globulin. The difference may be partly due to the fact that Inoue et
al. (24) examined �-lactoglobulin with long peptides, which had a
short overlap. This approach does not allow an exact determination
of the epitope cores. In fact, the seven long T cell epitopes of
�-lactoglobulin detected by Inoue et al. (24) cover the molecule
almost completely. Another possibility for the difference between

these two allergens is the route of sensitization. It is reasonable to
assume that the environments in the airways and in the gastroin-
testinal tract differ to such an extent that it affects, for example, the
way the Ag is processed. Our present results suggest that one start-
ing point for mapping the T cell epitopes of other respiratory li-
pocalin allergens can be the known epitope regions of Bos d 2, Rat
n 1, and Can f 1.

It is of interest that the first epitope region in Bos d 2, Rat n 1,
and Can f 1 colocalizes within the structurally conserved region of
lipocalins containing the signature motif G-X-W because this se-
quence is also present in human endogenous lipocalins (32). The
sequential similarity between lipocalins is not limited to this region
because, for example, Can f 1 and human tear lipocalin (von Eb-
ner’s gland protein (VEGP)) share an overall amino acid identity
of 57% (the SIB BLAST network service at the Swiss Institute of
Bioinformatics, October 19, 2004). If the epitope regions A–G of
Can f 1 are analyzed with ProPred at a threshold level of 10%, in
22 of the predicted HLA-binding sequences the amino acids in P1
positions are identical with those in VEGP (data not shown).
Moreover, the identity between Can f 1 and VEGP along these
9-mer sequences could be up to 8 aa. These observations lead us
to ask whether the similarity between endogenous and exogenous
lipocalins could contribute to the quality of immune response
against exogenous lipocalin allergens (33), especially as the human
PBMCs and murine spleen cell responses to lipocalin allergens are
weak (13, 23, 34). However, our results (Fig. 2) and the data of
others (35–37) indicate that the amino acid sequence per se cannot
determine the allergenicity of a protein because allergic and non-
allergic people often recognize the same epitopes or regions in the
molecule. One possibility to explain the Th2-deviated immune re-
sponse by atopic individuals to a lipocalin allergen could be the
way the allergen peptide is recognized by Th cells. For example,
our present results show that the subjects did not recognize the
cores of the epitopes identically, even though they could react to
the same epitope region. Our previous study has shown that al-
though two T cell clones restricted by HLA-DR4 recognized the
same 16-mer peptide containing the immunodominant epitope of
Bos d 2 the fine specificity of the clones was completely different
(10). Interestingly, the clones recognized the epitope in a subop-
timal way; when they were stimulated with a good agonist peptide,
they favored the production of IFN-�. As the weak T cell recog-
nition has been observed to favor Th2-type responses (38–40), it
is conceivable that the recognition of an epitope by the Ag TCR
can contribute to the allergenic potential of a protein. Collectively,
these observations suggest that the amino acid sequence of an
epitope as such is not a valuable tool for predicting the qualitative
outcome of a T cell response.

An attractive prospect would be to use a single peptide for the
allergen immunotherapy of individuals with a variety of MHC
haplotypes. To be feasible, the peptide should be promiscuous, i.e.,
able to bind to several MHC class II molecules (41, 42). In Can f
1, p73–88 fulfils this requirement because all seven DRB1 alleles
analyzed bound it efficiently (Table I). Other peptides with almost
as good binding capacity as p73–88 are p9–24, p15–30, p81–96,
and p123–138. However, as observed in other forms of allergy,
such as Japanese cedar pollen allergy (43), bee venom allergy (44),
or cat allergy (45), a factor undermining the usability of a single
peptide in allergen immunotherapy is that individual reactivity to
the epitope regions of the allergen can vary considerably (Table
II). Moreover, the peptides of Can f 1 bound or predicted to be
bound by a MHC allele did not elicit a T cell response in all
persons bearing the allele (Table II). This latter phenomenon can
result from “a hole in the T cell repertoire” (46) or from the im-
munodominance of some epitopes of an Ag over the other upon T

FIGURE 3. Alignment of the epitope regions A, B, and F of the major
dog allergen Can f 1 with the corresponding regions of the major cow
allergen Bos d 2. Lines above the sequences represent the cores of the
epitopes.
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cell response. Factors contributing to the immunodominance com-
prise, for example, differences in the TCR affinity for peptide-MHC
complexes (47) and steps involved in the Ag processing (48) and
presentation (49), including competition between peptides for binding
to MHC molecules (49, 50). To overcome the problems, a reasonable
approach in Can f 1 allergy can be the use of several peptides from the
major epitope sites of the allergen because the T cells of all 15 people
were shown to recognize at least some of the candidate peptides (Ta-
ble II). In accordance with this view, Sone et al. (43) have shown that

a mixture of six peptides from Cry j 1 and Cry j 2 stimulated the
PBMCs of allergic persons more efficiently than single peptides did.

The seven candidate peptides bound or were predicted to bind to
several DR molecules (Table II). In Caucasian populations, the
seven DRB1 alleles examined (DRB1*0101, DRB1*0301,
DRB1*0401, DRB1*0701, DRB1*1101, DRB1*1301, and
DRB1*1501) predominate, exceeding 5% in the allelic frequency
(14). Among these, each allele could bind three to five of the can-
didate peptides, an observation that indicates a good probability for

Table II. HLA-DRB alleles associated with a T cell response to the candidate peptides

HLA-DRB Allele
Binding or Predicted to

Bind the Peptideb
Persons with the

Allele

Candidate Peptides with T Cell Response (Persons Responding Indicated by Capital Letters)a

p15–30 p33–48 p49–64 p73–88 p107–122 p123–138 p141–156

1*0101 A, F, H, J � A, H A, F, H, J A, H, J � � �
1*0301 None � � � � � � �
1*0401 C, O O � � � � � C
1*0404 L, N � � L, N � � � �
1*0701 B, I B, I � � B, I � I �
1*0801 E, L E E � � � E �
1*0901 B, E B, E � � � � E �
1*1101 D, I, M I D, M � I D, M D, I, M �
1*1301 F, M � � � � M M �
1*1501 A, D, G, H, J,

K, N, O
O � A, D, H,

J, N
A, H, J � D �

3*0101 F � � � � � � �
4*0101 B, I, E, L, N, O B, E, I,

O
� � � O � �

5*0101 A, D, G, H, J,
K, N, O

O � � A, H, J D, H, K, O, J � �

a A–O, persons showing DR binding and a T cell response; �, DR binding or positive prediction for binding; �, no binding.
b Alleles were determined to bind the peptides at IC50 ratio � 100 in comparison with control peptides. For the alleles with no binding data available, binding was predicted

by ProPred at a 3% threshold (B1*0404, B1*0801) or SYFPEITHI (B1*0901).

Table I. Binding capacities of the 16mer Can f1 peptides to HLA class II moleculesa

Peptides

DRB1 Alleles

DRB3 DRB4 DRB5 DP401 DP4020101 0301 0401 0701 1101 1301 1501

p3–18 1,265 10 1 104 385 – 1,975 1,048 2,174 120 5,000 –
p9–24 324 1 3 81 37 1 41 333 162 120 642 310
p15–30 107 3 1 73 15 – 44 372 26 65 – 115
p19–34 2,739 2 215 17,143 – – – – 885 – 2,400 –
p25–40 93,541 – 1,419 2,965 – – – – 913 – – –
p33–48 49 – 1,452 784 8 – – 286 276 250 – –
p45–60 235 – 83 4,060 1,158 – 24 184 780 648 – 801
p49–64 74 3 26 115 138 – 10 137 172 854 592 1,417
p51–66 458 1 54 88 173 1 173 83 71 9,000 102 219
p61–76 12,247 – 8 1,624 7 – 721 1,190 1,000 4,000 – –
p63–78 8,944 – 16 923 510 – 278 381 1,739 290 – –
p73–88 7 23 16 6 47 13 14 110 612 37 235 196
p77–92 55 – 11 11 825 – 332 619 3,913 2,200 2,200 603
p81–96 5 34 17 15 295 – 20 143 179 5 8,000 526
p89–104 1,006 90 1,774 215 3,158 – 26 857 28 3,600 9,000 968
p93–108 489 20 87 1,035 100 – 31 952 2 657 9,000 439
p101–116 332 102 331 14 5 327 190 12 239 887 670
p107–122 221 2 110 4,571 8 5 565 286 12 1 2,000 703
p111–126 11,304 10 581 42 2,105 – – 2,857 722 1,342 – –
p123–138 1,396 17 645 25 1 11 21 33 263 205 661 28
p127–142 188 – 7 26 1 – 315 1,000 – 68 – –
p129–144 353 – 6 17 2 – 16,000 286 – 53 – –
p135–150 6,325 127 1,290 10,000 1,158 – 2,449 – 2,826 – 1,300 55
p139–154 116 103 59 1,005 1,053 – 162 – 1,304 – – 6,250
p141–156 200 – 42 1,754 7,368 – 714 – 4,348 – – –

a Binding capacity of Can f 1 peptides to HLA class II molecules was determined as described in Materials and Methods. IC50 ratios are expressed as compared with IC50

values obtained with reference peptides. These peptides corresponded to the unlabeled form of the biotinylated peptides used in the assays. They exhibited the following IC50

values: DRB1*0101, 1 nM; DRB1*0301, 288 nM; DRB1*0401, 29 nM; DRB1*0701, 4 nM; DRB1*1101, 13 nM; DRB1*1301, 418 nM; DRB1*1501, 7 nM; DRB3*0101, 26
nM; DRB4*0101, 8 nM; DRB5*0101, 7 nM; DPB1*0401, 6 nM; and DPB1*0402, 11 nM. The ratios inferior to 100 are in bold; a dash means that no binding was observed
at the maximum concentration of 100,000 nM.
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covering �60% of Caucasians (14). The frequencies of the alleles
vary from 53% (in Spain) to 82% (in Denmark). In the United
States and Canada, they represent 58 and 55% of the population,
respectively (51). Moreover, the T cells of two subjects who had
only DRB1 alleles 0404, 0801, and/or 0901 responded to two and
three of the candidate peptides, respectively. Because these alleles
were predicted to bind the candidate peptides (Table II), the can-
didate peptide pool could cover �85% of the Caucasian popula-
tions (51). The less polymorphic HLA-DRB molecules (DRB3,
DRB4, and DRB5) are also present with high allelic frequencies in
the Caucasian populations covering, on their own, 45% of the al-
leles (51). In the present study, their capacity to bind three of the
candidate peptides suggests their involvement in the T cell re-
sponses (Table II).

In this report, we have identified T cell epitopes of the major dog
allergen, Can f 1. To date, it is the third lipocalin allergen with
known antigenic determinants, after bovine Bos d 2 (13) and rat
Rat n 1 (23). The present results indicate that the peptide pool
composed of seven peptides from Can f 1 could be useful in the
immunotherapy of dog allergy. The peptides exhibit a verified T
cell reactivity, and they bind efficiently to the HLA-DRB1 mole-
cules most commonly expressed in Caucasian populations.
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