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Major T cell epitope-containing peptides can elicit
strong antibody responses
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Peptides containing major T cell epitopes have the capacity to induce T cell anergy and have
therefore been proposed for the treatment of allergic and autoimmune diseases. Such pep-
tides should not be immunogenic, i.e. should not contain a B cell recognition site. We have
evaluated in BALB/c mice the therapeutic potential of a 15-mer peptide (p21–35) derived
from Der p2, a major allergen of the house dust mite Dermatophagoides pteronyssinus,
which contains a dominant T cell epitope but is not recognized by antibodies to Der p2.
Unexpectedly, p21–35 elicited strong immune responses, suggesting the presence of a
cryptic B cell epitope. Similar results were obtained with mice of three additional MHC hap-
lotypes. A core sequence of four amino acids (Ile-Ile-His-Arg) corresponding to residues
28–31 was shared by the B and T cell epitopes. Critical residues for B cell recognition were
Arg31 and Lys33, while Ile28 was essential for T cell recognition. A Lys33Ala mutant of
p21–35 still activated T cells but had much reduced immunogenic properties, making it a
suitable alternative peptide for T cell anergy induction. Careful investigation of the immuno-
genic potential of peptides used to induce T cell anergy should be carried out prior to their
clinical application.
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1 Introduction

Administration of T cell epitope-containing peptides has
been proposed for the treatment of IgE-mediated allergic
diseases and some autoimmune diseases [1]. As the
production of high-affinity Ab, including IgE, is T cell
dependent, it was suggested that a strategy through
which specific T cells would be anergized instead of acti-
vated would be of therapeutic value.

CD4+ T cells recognize specific peptides presented in the
context of MHC class II determinants. T cell activation,
however, requires the expression by presenting cells of a
number of co-stimulatory molecules, including CD80/87
and CD40 [2]. In the absence of such co-stimulation, T
cells are rendered functionally inoperative, or anergized,
often after a short period of activation [3]. The mecha-
nisms by which T cells are anergized are the matter of
intensive studies [4], yet incompletely understood. Nev-

ertheless, based on results of animal experiments, a
number of peptides have already been designed which
contain single or combinatory T cell epitope(s) represen-
tative of immunodominant T cell epitopes [5–7].

For the therapy of allergic diseases, targeting directly
allergen-specific T cell functions was therefore an attrac-
tive possibility. This could be accomplished by using
allergen-specific peptides that contain functional T cell
epitopes but lack IgE binding capacity [8], and indeed a
number of clinical trials have been carried out with pep-
tides derived from major allergens of cat or ragweed [9,
10].

The concept is valid insofar as the peptide is not immu-
nogenic per se, namely it does not contain a binding
region for B cells (Ab). B and T cell epitopes are usually
separated on a protein, although often adjacent, which is
deemed necessary for an efficient T-B collaboration [11].
A few exceptions to this paradigm have, however, been
described, in which epitope contingency or partial over-
lap was found [12], without obvious hampering of T-B
cooperation. B and T cell epitopes have different struc-
tural requirements: B cell epitopes are often discontinu-
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Fig. 1. T cell proliferative response of p21–35-immunized
BALB/c mice. T cells obtained from five mice were pooled
and tested for in vitro reactivity against different concentra-
tions of p21–35, as indicated. Peptide from tetanus toxoid
(TT, amino acid 830–844, 30 ? g/ml) and PHA (10 ? g/ml)
were included as negative and positive controls, respec-
tively. Results are expressed as mean (+ SD) of triplicates
after subtracting the mean cpm obtained with wells without
peptide. The experiments were repeated twice with similar
results.

ous [13], which contrasts with the continuous nature of T
cell epitopes. This applies in particular to IgE Ab, the epi-
topes of which are in general highly conformation depen-
dent [14]. T cell epitopes in most cases are distinct from
IgE Ab binding domains within an allergen [15].

However, an actual separation of B and T epitopes might
not always occur. Studies carried out in allergic diseases
with T cell epitope-containing peptides have shown that
Ab, including IgE, can be induced which recognize the
peptide immunogen [16], with the risk of triggering ana-
phylactic reactions. The length of the peptide used in
such studies was apparently sufficient to form a novel
epitope for Ab (IgE or IgG). There are, however, other rea-
sons for which the presence of a B cell epitope on such
a peptide can be overlooked. The B epitope can be cryp-
tic, namely not be recognized by Ab elicited towards the
full-length parent antigen. Ab generated towards cryptic
epitopes may in turn not recognize the antigen and
therefore escape detection with native allergen. The
design of a T cell epitope-containing peptide usually
includes addition of amino acids, in particular whenever
several epitopes are linked together, which can generate
new binding moieties for B cells. Whatever the case, any
peptide contemplated for use in induction of T cell
anergy should be carefully checked for its capacity to
bind Ab and/or elicit an Ab response.

We have investigated in a mouse model the therapeutic
potential of a major T cell epitope of Der p2 [17, 18], one
of the main allergens for the house dust mite Dermato-
phagoides pteronyssinus, for its use in IgE-mediated
allergic diseases. However, we soon realized that the
selected peptide was immunogenic. We therefore ana-
lyzed the basis of this immunogenicity to determine
whether it was possible or not to use mutant peptides
with T cell-anergizing properties only.

2 Results

2.1 p21–35 contains a major T cell epitope

BALB/c mice (n = 5) were immunized by footpad injec-
tions of 10 ? g rDer p2 emulsified in CFA and boosted 2
weeks after with the same dose in IFA. T cells from dain-
ing regional LN were purified and used for in vitro prolif-
eration assay. Significant proliferation was obtained with
both rDer p2 and p21–35 (data not shown), indicating
that the p21–35 region contained a major T cell epitope.
To ensure that p21–35 contained the full-length
sequence required for efficient T cell activation, BALB/c
mice (n = 5) were immunized with 50 ? g/ml p21–35
alone. Results presented in Fig. 1 show that T cells pro-
liferate with p21–35 in a dose-dependent manner, as

well as with rDer p2. This indicated that the T cell epitope
on p21–35 is readily accessible and fully efficient to trig-
ger an anti-rDer p2 immune response.

2.2 p21–35 elicits the production of specific Ab

However, it was soon realized that immunization with
p21–35 also elicited a specific Ab production. As shown
in Fig. 2, mouse serum recognizes the immunizing pep-
tide but not the two adjacent peptides which share five
amino acids each with p21–35, suggesting that critical
residues for Ab binding were located within the middle
region of p21–35. Interestingly, however, no reactivity
was observed with full-length rDer p2, suggesting that
the B cell epitope was cryptic.

2.3 p21–35 triggers T and B cell responses in
mice with different MHC haplotypes

The relevance of these findings to the possibility of using
p21–35 for immunotherapy was evaluated by determinig
whether p21–35 was recognized in the context of other
MHC haplotypes. Thus, C57BL/6 (H-2b), C3H (H-2k) and
SJL (H-2s) mice were immunized with p21–35 and the
presence of specific T cells and Ab was checked by pro-
liferation and antigen-binding assays, respectively. The
results shown in Fig. 3 A and B demonstrate that the T
cell epitope of p21–35 is recognized by the three mouse
strains and that a cryptic B cell epitope is also present.
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Fig. 2. Binding of anti-p21-35 antisera to p21–35 and the
two adjacent peptides, p11–25 and p31–45, or rDer p2. A
serum pool of three p21–35-immunized mice was diluted
1:100 and added in duplicates to peptide-or rDer p2-coated
plates. Binding is expressed as net absorbency after sub-
tracting values obtained with the same dilution of normal
mouse serum. The experiments were repeated twice with
similar results.

Fig. 3. T and B cell responses to p21–35 in three mouse
strains with different MHC haplotypes. Six to eight mice
from each strain (H-2b, H-2k and H-2s) were immunized with
p21–35. (A) T cells were pooled in each group and tested for
in vitro reactivity against p21–35 (30 ? g/ml). TT was used as
negative control. Results are expressed as mean cpm (+ SD)
of triplicates after subtracting mean cpm obtained from
wells without peptide. (B) A 1/100 serum dilution was tested
in duplicates for recognition of p21–35 and rDer p2. Binding
is expressed as net absorbency after subtracting values
obtained with the same dilution of normal mouse serum. Val-
ues are expressed as mean OD (+ SD) of five mice from the
same groups.

Fig. 4. T cell and B cell epitope mapping on p21–35. (A) T
cells were obtained and pooled from five p21–35-
immunized mice and tested for in vitro reactivity against a
panel of synthetic 12-mer peptides (30 ? g/ml) covering the
Der p2 sequence residues 10 to 39, with one amino acid off-
set from the previous peptide. Numbers given on the hori-
zontal axis correspond to the N-terminal peptide residue.
Results are expressed as mean cpm (+ SD) of triplicates
after subtracting the mean cpm obtained from wells without
peptide. (B) Anti-p21-35 pooled mouse sera were tested in
duplicates against a panel of synthetic peptides encom-
passing residues 10 to 39 with one amino acid offset from
the previous peptide. Binding is expressed as net absor-
bency after subtracting values obtained with the same dilu-
tion of normal mouse serum. The experiments were carried
out in duplicates and repeated two times with similar results.

2.4 p21–35 B and T cell epitopes partially overlap

The presence of both a T and B cell epitope on p21–35
prompted us to determine to what extent the two epi-
topes overlapped. To map pecisely the two epitopes
within p21–35, we made use of overlapping, 12-amino

acid-long peptides encompassing the whole 21–35
sequence with one amino acid offset from the previous
peptide. Soluble peptides were used for T cell prolifera-
tion assays and biotin-labeled peptides were used to
delineate the B cell epitope by ELISA after immobiliza-
tion on neutravidin-coated plates. Fig. 4 A shows the
results of the T cell proliferation assay carried out with
regional LN T cells from p21–35-immunized BALB/c
mice. A significant proliferative response was observed
with peptides 20–31 to 24–35 (30 ? g/ml), indicating that
the amino acid sequence 24–31(SEPCIIHR) was essen-
tial for the constitution of the T cell epitope. Fig. 4 B
shows that Ab of mice immunized with p21–35 recog-
nized peptides 20–31 to 28–39, indicating that amino
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Fig. 5. T cell proliferative response to p21–35. (A) Sequence
of wild-type and the four mutants of p21–35. The core epi-
tope sequence is underlined with arrows indicating residues
that were predicted to bind MHC class II molecules (H-2d).
(B) A T cell pool from five p21–35-immunized mice was
tested for reactivity towards p21–35 or each of the four
mutants (30 ? g/ml). Results are expressed as mean of tripli-
cates (+ SD) after subtracting mean cpm obtained from con-
trol wells without peptide.

Fig. 6. Binding of mAb C10H7 to p22–34 or analogue pep-
tides. (A) Amino acid sequence of wild-type and analogues
of p22–34. (B) Binding of mAb C10H7 (5 ? g/ml) to p22–34
and analogue peptides. Unit values were computerized after
densitometric scanning of the membrane. Letters shown on
the horizontal axis correspond to substituted positions.

acid sequence 28–31 (IIHR) was sufficient for the binding
of Ab. A mouse mAb (C10H7) produced towards p21–35
exhibited similar binding characteristics, i.e. it recog-
nized amino acid sequence 28–35 (data not shown).

2.5 B and T cell epitopes exhibit distinct critical
amino acid residues

As B and T cell epitopes partially overlap, we went on
determining whether they shared critical amino acid resi-
dues. For the T cell epitope, we first identified the puta-
tive binding motifs for Ia molecules (H-2d) using known
algorithms [19]. Glu25, Ile28, His30 and Lys33 were

selected as such for positions 1 (P1), 4 (P4) 6 (P6) and 9
(P9), respectively. Since the residue at P1 appears to be
degenerated, we selected Ile28 as a target residue for
substitution and produced two mutants with substitution
Ile28Asn and Ile28Ala/Phe35Ala, respectively. Two other
mutants were used as controls, carrying substitutions
located outside of the main T cell epitope core, namely
Gly23 and Gly32, each replaced with a Thr (Fig. 5 A).
Proliferation assays showed that substitutions of Ile28
and Il28+Phe35 completely abrogated the response
obtained with p21–35. Substitution at positions 23 and
32 somewhat reduced but did not abolish the prolifertive
response (Fig. 5 B).
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Fig. 7. Comparison of T cell and B cell reactivities to
p21–35 and rDer p2 using three mutant peptides. Groups of
five mice were immunized with p21–35, p21-Arg31Ala, p21-
Lys33Ala or p21-Arg31Ala/Lys33Ala, respectively. (A) T cells
were pooled in each group and tested for in vitro reactivity
against p21–35 and rDer p2 (30 ? g/ml each). Results are
expressed as mean (+ SD) of triplicates after subtracting
mean cpm obtained from wells without peptide. (B) A 1/100
serum dilution was tested in duplicates for recognition of
p21–35 and rDer p2. Binding is expressed as net absor-
bency after subtracting values obtained with the same dilu-
tion of normal mouse serum. Values are expressed as mean
OD (+ SD) of five mice from the same group.

An Ala-scan strategy was used to determine the critical
residues for Ab binding. Since a conservative estimate of
B cell epitope encompassed residues 28–35, mAb
C10H7 was used for further mapping. Thirteen-mer pep-
tides were constructed on a cellulose membrane in
which each amino acid of the 22–34 peptide was substi-
tuted in turn by Ala (Fig. 6 A). The results given in Fig. 6 B
show that two residues, Arg31 and Lys33, were crucial,
as Ab binding to Arg31Ala or to Lys33Ala was reduced
by fivefold. Interestingly, it can be seen that substitution
by Ala of some amino acids such as Ile28 resulted in an
increased mAb binding.

2.6 The B cell response can be abrogated

Based on the above experiments, it appeared possible
to produce analogues of p21–35 which would activate T
cells but not B cells, thereby fulfilling the requirements
for a safe candidate for T cell anergy-based immunother-
apy. Thus, three mutants of p21–35 were synthesized, in
which residues Arg31, Lys33 or Arg31/Lys33 were sub-
stituted by Ala, respectively. BALB/c mice were immu-
nized in the footpad with such mutant peptides. The
results indicate that mice immunized with the p21-
Arg31Ala mutant maintain their capacity to produce Ab
towards p21-35 (Fig. 7 B), while exhibiting a much
reduced capacity to recognize the T cell epitope of wild-
type p21–35 (Fig. 7 A), suggesting the recruitment of an
alternative T cell epitope. By contrast, mice immunized
with mutant peptide p21-Lys33Ala still showed T cell
proliferation in response to the wild-type peptide and to
rDer p2 (Fig. 7 A), but have lost the capacity to elicit spe-
cific Ab to the same antigen (Fig. 7 B). The mutant pep-
tide p21-Arg31Ala/Lys33Ala lost their capacity to acti-
vate T cells and B cells (Fig. 7, A and B).

3 Discussion

Immunotherapeutic strategies based on the use of T cell
epitope-containing peptides to treat allergic our autoim-
mune diseases have recently become popular. Such
peptides, which can readily be selected by T cell prolifer-
ation assays, have the capacity to induce T cell anergy in
a highly specific manner if they are presented to T cells in
the absence of co-stimulatory signals. Induction of T cell
anergy has been attempted in a number of studies,
including clinical, with variable but promising results [6,
7, 10]. However, in some cases such peptides were
rather unexpectedly shown to induce the production of
specific Ab [16].

We have investigated the immunogenicity of a 15-mer
peptide containing a major T cell epitope of Der p2, one

of the main allergens of the house dust mite D. pteronys-
sinus, and show that such peptide contains both a T and
B cell epitope. Similar results were obtained in the con-
text of four different mouse MHC haplotypes, suggesting
that p21–35 could behave as a universal T cell epitope.
Preliminary experiments made with human T cells have
indeed confirmed this prediction (our unpublished data).
The B and T cell epitopes partially overlap while keeping
full function. Critical residues for T cell activation (and/or
MHC class II anchorage) and Ab recognition were never-
theless distinct, allowing us to construct mutants with
isolated B or T binding properties.
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Short peptides can elicit Ab production only when carry-
ing three recognition sites, i.e. sites recognized by B cell
surface Ig, MHC class II molecules and T cell § g recep-
tors, which is apparently the case for p21–35, as judged
from its immunogenic properties.

From the results obtained using overlapping peptides it
was possible to identify the sequence SEPCIIHR as the
core epitope for T cell recognition. Residues critical for
H-2d MHC class II anchoring were then identified using
available algorithms [19]. Assuming that residue Glu25
corresponds to the relative P1 position, residues
involved in MHC binding would be found at P4 and P6,
namely Ile28 and His30, respectively [19]. These amino
acids can be direct contact moieties, but may also indi-
rectly influence peptide binding by altering the confor-
mation of adjacent amino acid side chains [17, 20]. The
amino acid at P9 (Lys33) is another predicted anchoring
residue, which is located outside of the core T cell epi-
tope of p21–35, but still within the MHC II peptide bind-
ing groove. P4 and P9 generally contribute to peptide
binding, while other positions such as P6 further restrict
the specificity of binding [21]. The degeneracy of P1
anchoring positions for I-A molecules might explain the
apparently short (six to seven residues) minimal core
sequence of peptides binding to I-A molecules [22]. Our
data suggest the importance of Ile28 for p21–35 binding
to I-Ad molecules, which interestingly, is similar to find-
ings in atopic subjects [23]. The presence of Lys at posi-
tion 33 is, however, less critical as the p21-Lys33Ala ana-
log peptide maintains T cell activation properties. More-
over, the fact that Gly23Thr and Gly32Thr mutants of
p21–35 significantly decreased T cell proliferative
response demonstrates that residues outside the motif
sequence may also substantially affect peptide binding
to MHC II molecules, and as such exert an influence on
the T cell response [24].

The results of the Ala scanning study showed that amino
acids Arg at position 31 and Lys at position 33 are
required for maintaining the B cell epitope within
p21–35, since Ab binding was very much reduced when
Arg31 or Lys33 was substituted by Ala. On the other
hand, the magnitude of mAb C10H7 binding to some of
the mutant peptides (Ala23, Ala25, Ala27 and Ala28) was
higher than binding to the corresponding wild-type pep-
tide under the same assay conditions. In particular, a
70 % higher response was recorded in the Ala28 pep-
tide. Our work provides evidence that in the complex of
the mAb C10H7 with peptides, the key binding contacts
are provided by Arg31 and Lys33, but that the affinity of
binding is most readily improved by altering other resi-
dues. Similar results have been reported [25]. Two cate-
gories of amino acids can therefore be identified in
p21–35: (1) amino acids that determine Ab affinity and

specificity, such as Arg31 and Lys33, and; (2) amino
acids that can be accommodated by Ab but contribute
to decrease the binding affinity, such as Ile28.

We show in the present study that a short peptide that
contains partially overlapping T and B cell epitopes has
the capacity to trigger both T cell proliferation and Ab
production. Our data show that the T cell epitope shares
four amino acids (28, 29, 30 and 31) with the B cell epi-
tope within p21–35, pointing to the amino acid sequence
IIHR as pivotal for both T cell proliferation and Ab bind-
ing. Interestingly, Ile28 was identified as a key amino acid
for T and B cell epitope and possibly MHC II anchoring,
as substitution of Ile28 eliminated the capacity of induc-
ing T cell proliferation, while increasing the binding
capacity for Ab. It is commonly admitted that optimal
responses are obtained when T and B cell epitopes are
located at some distance from each other [26]. By con-
trast, complete overlap between the two epitopes seems
to abrogate Ab formation [11], although a number of
exceptions have been reported [12]. Partial overlap
between a B and a T cell epitope poses an interesting
case in point, in particular when the same amino acid
substitutions abrogate both T and B cell activation
capacities. Such partial overlap is thought to impair the
production of Ab [27] but again exceptions have been
reported [12, 28]. We offer here another example of an
efficient immune response with a peptide containing par-
tially overlapping B and T epitopes. The reason why an
overlap of epitopes decreases the efficiency of an
immune response is likely related to the fact that binding
and internalization of a peptide through B cell-specific
surface Ig block the transfer of the peptide to MHC class
II molecules [26]. However, as the initial T cell priming
depends on antigen presentation by dendritic rather than
B cells, such priming is independent of surface IgG rec-
ognition. Primed T cells can then provide specific B cells
with appropriate help towards Ab production.

We conclude that T cell epitope-containing peptides
contemplated for use in immunotherapy of allergic or
autoimmune diseases may also contain B cell epitopes.
Injection of peptides having characteristics similar to that
of p21–35 can elicit the production of specific Ab which,
in presence of the right cytokine environment [29], could
include specific IgE Ab and, hence, a risk of anaphylaxis.
Any T cell epitope-containing peptide, in particular
whenever used in combination, should be checked for
the presence of B cell binding sites.

Our data show that it is possible, at least in some cases,
to derive mutant peptides with only T cell-activating and/
or -anergizing properties, even in situations in which B
and T cell epitopes overlap. Such results provide poten-
tially important information for the design and use of
peptide vaccines.
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Table 1. Seqences of peptides

4 Materials and methods

4.1 Animals

BALB/c (H-2d) and C57BL/6 (H-2b) mice were obtained from
the University of Leuven animal facilities. C3H (H-2k) and
SJL (H-2s) were purchased from Harlan, Netherland. Female
mice 6–8 weeks of age were used in all studies.

4.2 Synthetic peptides

Three 15-mer peptides covering Der p2 amino acids 11–45
with five overlapping amino acids and a panel of peptides
(m10–m39) containing 12 amino acids covering Der p2
amino acids 10 to 39 with one amino acid offset from previ-
ous peptide are listed in Table 1. For the use of NeutravidinTM-
coated ELISA plates (see below), peptides m10–m39 were
labeled with biotin. All synthetic peptides were purified and
labeled by Eurogentec (Seraing, Belgium) based on the
known Der p2 sequence [30]. The purity was n 85 %.

4.3 Production of rDer p2

Der p2 mRNA obtained from mite culture extract was
transcribed into cDNA and amplified by PCR using spe-
cific Der p2 primers. The products of amplification were

cloned into the pGE4T-2 vector and introduced into the
Escherichia coli strain DH5 § . Positive colonies were cho-
sen and amplified. Plasmid DNA was prepared by PCR
with primers specific for Der p2. Expression of the rDer
p2 protein was induced by the addition of isopropyl- g -
thiogalactopyrenoside (IPTG) and produced by growth of
positive colonies. The glutathione S-transferase-fused
Der p2 was identified by sequencing and molecular
weight determination and reactivity with a panel of spe-
cific Ab produced in our laboratory.

4.4 ELISA

4.4.1 Assay for polyclonal Ab in mouse serum and mAb
in culture supernatant

Polystyrene microtiter plates (Nunc, Roskilde, Denmark)
were coated with peptide diluted in 0.1 M carbonate-
bicarbonate buffer, pH 9.6, by an overnight incubation at
4 °C, and blocked with 1 % skimmed milk in PBS-Tween-80
(PBST). After washing, serum (1:100) or hybridoma super-
natant was added and incubated for 1 h at 37 °C. The plates
were washed again before incubation with peroxidase-
conjugated goat anti-mouse IgG (Bio-Rad, CA) diluted
1:2000 for 1 h at 37 °C followed by the substrate (o-
phenylenediamine). The reaction was stopped by addition of
2 N H2SO4. Absorbency was read at 490 nm and 650 nm
with a Precision Microplate Reader. Coefficients of variation
(CV) of X 10 % were obtained.

4.4.2 NeutravidinTM-coated ELISA plate

Plates (Pierce, Rockford, IL) were incubated with 1 ? g/ml
biotin-labeled peptide for 2 h at room temperature in 100 ? l
PBS, pH 7.2. The plates were washed in PBST and blocked
with 0.5 % PBS-BSA. After washing, serum (1:100) was
added and incubated for 2 h at room temperature. The
plates were washed and the binding of Ab was evaluated as
above using peroxidase-conjugated goat anti-mouse IgG.
Such an assay procedure gives CV of X 5 %.

4.5 Ala-scan

p22–34 and a set of 13-mer analogue peptides substituted
by Ala were synthesized on a cellulose membrane by the
spot method [31]. The membrane was washed with TBS
buffer, and then incubated overnight with blocking buffer.
After washing with TBS-Tween-20 (TBS-T), the membrane
was incubated with Ab diluted in blocking buffer for 90 min
at 37 °C. Alkaline phosphatase-conjugated goat anti-mouse
IgG (Bio-Rad) diluted at 1 :2000 was then added and incu-
bated for 90 min. After washing with TBS-T followed by Tris
pH 8.5, the substrate was added to the membrane for
30 min, color intensity was recorded by scanning and quan-
titated by image analysis.
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4.6 T cell purification from draining LN

Mice were immunized s.c. in the footpads with 50 ? g pep-
tide emulsified in CFA and boosted at day 14 with the same
dose of antigen in IFA. Ten days later, popliteal LN were
removed, a single-cell suspensions were obtained. T cell-
enriched fractions of these LN cells were prepared by nega-
tive selection using the MACS® system and anti-CD45R,
anti-CD11b and anti-CD11c Ab (all conjugated to magnetic
beads), according to the manufacturer’s specifications (Mil-
tenyi Biotec GmbH, Germany). The purity of the T cell sus-
pension was usually n 97 %.

4.7 T cell proliferation assay

Purified T cell suspensions were adjusted at a concentration
of 4 × 106 cells per ml in RPMI 1640 supplemented with
2 mM L-glutamine, 100 U penicillin per ml, 100 ? g strepto-
mycin per ml, 5 × 10–5 M 2-ME, and 10 % heat-inactivated
FCS. Of the T cell-enriched fraction, 100 ? l (4 × 105 cells per
well) was cultured in 100 ? l of the medium-described above
containing different concentrations of test peptide and irra-
diated syngeneic naive spleen cells as a source of APC
(4 × 105 per well). Incubation was carried out for 4 days in a
humidified atmosphere of 5 % CO2 in air. Cultures were
pulsed during the final 18 h incubation with 1 ? Ci [3H] thymi-
dine per well. Cells were then harvested onto glass fibers by
using a multiple-cell harvester. Radioactivity incorporated
into proliferating cells was determined in a liquid scintillation
counter. All tests were carried out in triplicates. The prolifera-
tive response was expressed as ¿ cpm × 10–3 after sub-
tracting background value of wells without antigen.
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