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SUMMARY

Severalin vitro andin vivo studies indicate that application of high doses of dominant T cell epitopes
can induce a state of antigen-specific non-responsiveness (anergy). In the present study, we developed a
murine model of an allergic immune response to Bet v 1, the major birch pollen allergen. Mice were
sensitized by injection of rBet v 1 and the allergic state was proven by the presence of allergen-specific
IgE and positive immediate-type skin tests to Bet v 1. In epitope mapping experiments, an immuno-
dominant T cell epitope of Bet v 1 in BALB/c mice was identified by the use of overlapping peptides.
This peptide (BV139) was subsequently employed for treatment. Two tolerization protocols were used:
in one approach, the peptide was administered to naive mice before immunization (group BV139-S), in
the second, already sensitized mice were treated (S-BV139). The results demonstrated that adminis-
tering high doses of the dominant T cell epitope of Bet v 1 profoundly diminished T cell proliferation to
the peptide in the BV139-S group, and to the peptide as well as to the whole protein in the S-BV139
group. Skin test reactivity to Bet v 1 was reduced in the BV139-S group. However, no differences in
terms of specific antibody production between treated and untreated mice could be observed. This study
provides evidence that administration of dominant T cell epitopes can down-regulate the allergen-
specific T cell response. Proceeding on the assumption that the T lymphocyte response to allergens is
crucial for the induction and maintenance of the allergic disease, a modulation of the immune response
to allergens by treatment with T cell epitope peptides could represent a promising concept for
immunotherapy in the future.
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INTRODUCTION shift from the type | allergy-associated Th2-like cytokine pattern to

e . ne resembling ThO/Th1 (decreased IL-4 production and increased
Specific immunotherapy (SIT) has been successfully used in thfgnterferon-gamma (IFNy) production) in allergen-specific T cells

treatment of type | allergies for more than 80 years [1]. Thefrom treated patients [7—9]
otential risk of severe immediate-type side-effects during this ) L S .
P ' T v ! ! ype st uring t Severaln vitro andin vivo studies indicate that presentation of

treatment (injection of allergen extract) is well established [2,3].hi hd f dominant T cell epit to T cells under ronriat
The precise mechanisms by which SIT achieves clinical improve- gh doses of domina cell epitopes fo T Celis under appropriate

) ) ditions can induce antigen-specific non-responsiveness [10—13].
ment are poorly understood [4]. CDA cells, which play a crucial cond . . - L
role in thepimmyu:e responsé c])f the atopic :)vat:entp agpearutc: be This is consistent with the ‘two-signal model’ of T cell activation
important target in SIT [5]. CD# Th2 cells provide B cell help, a[r14]: T cells require both, T cell receptor signalling and a second

induce IgE class switch, and, in addition, contribute significantly tong%%l \32 !%?“er']_()fr;zﬁ?nor CC;:—II;A‘(:P(S -go(r:eg:f'r'/g:t 22?061?;”
the allergic inflammatory response by secretion of proinflamma- igen-p ng ict vatl

tory cytokines [6]. Recent studies investigating patients who ha&ls_lg]' Anergy is induced under certain conditions provided that

undergone successful SIT, indicated a modulation of the immunéu;teo?oe jgnqgr:zt(rj:tlév?rzzg.aEzjrrI:iitistlf;isovr\llecljfa;nioyn:ﬁuﬂbﬁgﬁinant
response at the level of T lymphocytes. This is represented by

peptide in naive and primed mice reduced T cell reactivity as well as
Correspondence: Christof Ebner MD, Institute of General and Experi-SPECIfiC 19G antibody production [19,20]. Treatment with T cell

mental Pathology, AKH, University of Vienna, Wenger Gutel 18—20,  Peptides could therefore tolerize Th cells and at the same time make

A-1090 Vienna, Austria. SIT safer, since it does not bear the potential risk of cross-linking
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IgE antibodies on mast cells [21]. In recent years, T cell epitopes oAustria) [30,31]. The peptide BV139 of a purity in excess of
several major allergens have been identified [21-28], and firs@5%—as determined by high performance liquid chromatography
clinical trials of T cell peptide treatment in allergic individuals are (HPLC; pi-Chem, Graz, Austria)—was used for treatment.
now under way [29].

In the current study, we established a murine model of type [Treatment protocol
allergy to Bet v 1, the major birch pollen allergen. We presentTwenty-five mice were investigated.
direct evidence byn vitro andin vivo analyses that a naive as well Group S.Five mice were injected on four occasions, 12 days
as an ongoing allergic immune response can be modulated bgpart with 1ug rBet v 1 mixed with 5@ PBS and 10 Al(OH) 3
application of high doses of the dominant T cell epitope in (Serva, Heidelberg, Germany; 2 mg/animal) intraperitoneally.
experimental animals. This may also be a feasible way in the Group BV139-SFor induction of tolerance, eight mice were
human system to ameliorate allergic symptoms in the atopidnjected subcutaneously at three dorsal sites with@5f the Bet v
patient. 1 peptide MGETLLRAVESYLL (representing the Bet v 1-aa 139—
152, from now on referred to as BV139) in 180PBS on 5
consecutive days 7 days before sensitization, following the sche-
dule described above.
Mice Group S-BV139Eight mice were immunized according to the
Female BALBI/c, 6 weeks of age, were obtained from Charlesprotocol described. Two weeks after sensitization, mice were
River (Sulzfeld, Germany). All experimental animals used in thistreated with peptide BV139. One week after peptide application,
study were covered by a protocol approved by the local ethicgnice were subcutaneously rechallenged with rBet v 1 at the dose

MATERIALS AND METHODS

committee of the University of Vienna, Austria. described for immunization.
Group N.A control group was neither sensitized nor treated.
Epitope mapping Blood was taken from the tail vein before the first injection

A panel of 50 peptides was synthesized according to the Bet v WithrBetv 1 or peptide BV139 and thereafter four times (BV139-S)
sequence by Cambridge Research Biochemicals Ltd (Cambridgend five times (S-BV139), respectively. The last collection was
UK). The dodecapeptides were overlapping for three amino acidperformed 1 day before skin testing and cellular analyses. Immu-
(neighbours shared nine residues). To examine cellular reactivitpization and tolerance induction protocols are summarized in
to the peptides, spleens were removed from the animals 10 daysg. 1.

after immunization. Cells were forced through a stainless steel

mesh, mononuclear cells (MNC) were purified by density gradientProliferation assays

centrifugation (Lympholyte, Cedarlane, Ontario, Canada), washedspleens were removed from the animals 10 days after the last
and cultured at 1-210° cells/well in 96-well round-bottomed immunization. Culture conditions were as described for epitope
plates (Nunclone; Nunc, Roskilde, Denmark). Peptides were addeghapping. Antigen concentrations used in proliferation assays were
at a concentration of gg/ml. Cells were cultured at 3C in 5% 10ug/ml for Bet v 1 and ug/ml for the peptides.

CGO, in RPMI 1640 supplemented with 10% fetal calf serum (FCS),

2 mm glutamine, @1 mg/ml gentamycine, and 5 2-mercapto-  Intradermal skin testing

ethanol for 5 days. In the last 16 h of cultuild-TdR (Amersham,  Skin testing was performed according to a protocol described [32],
Aylesbury, UK; 05 uCi/well) was added and incorporated radio- 10 days after the last immunization. For each skin test| 8®test

activity was measured by scintillation counting. solution were injected intradermally. The concentrations of rBet v
1 in PBS solutions were-&7ug/ml and 167 ng/ml, respectively.
Antigens The mast cell degranulation compound 48/80 (Sigma Chemical

Purified rBet v 1 was obtained from Biomay/Biotechnik (Linz, Co., St Louis, MO) at a concentration ofufy/ml served as positive

Tolerance induction in naive mice (BV139-S)

1 5 10 15 20 25 30 46 56
| | | | | | | /. | J
44044 ’ s » A Analysis
Peptide BV139 rBetv 1 rBet v 1 rBetv1 rBetv1
s.C. i.p. i.p. i.p. i.p.
Serum Serum Serum Serum Serum

Tolerance induction in the ongoing immune response (S-BV139)

1 5 10 15 20 36 50 61 71
| | | | | I | I | | J
s A 4 A a0y a Analysis
rBet v 1 rBet v 1 rBetv1 rBetv1 Peptide BV139 rBetv 1
i.p. i.p. i.p. i.p. s.C. s.C.
Serum Serum Serum Serum Serum Serum

Fig. 1. Two different tolerization protocols of BALB/c mice with administration of high dosesZ5ug) of the dominant Bet v 1 epitope
BV139 before or after immunization with recombinant (r)Bet v 1. A non-treated and a non-sensitized, non-treated group of mice with
immunizations at the same time points are not shown. i.p., Intraperitoneal; s.c., subcutaneous.
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control, PBS being used as negative control. Before intraderma$JL/J, DBA/1 J, CBA/J, C57BI/6) were investigated. Six mice of
testing, Evans blue (Sigma) solution of a concentrationrSfd(w/v) each strain were immunized four times withd.of rBet v 1 mixed
was injected intravenously to visualize positive reactions. Mice werawith 50ul PBS and 10Q: Al(OH) 5 (Serva; 2 mg/animal) intraper-
killed 15 min after testing. Reactions were read on the reversed skiitoneally. A significant IgE antibody response could be induced in
and compared with controls. A reaction as strong as or stronger thaall mouse strains. IgE and IgG1 antibodies dominated in BALB/c
the positive control was scored as double-positiver}, single-  (data not shown), therefore this strain was used for all further
positive {+) referred to positive reactions weaker than positive experiments.
control, but larger than negative control.

BV 139 is the dominant T cell epitope of Bet v 1 in BALB/c mice
Measurement of serum antibodies In pilot experiments, 30 BALB/c mice were immunized with rBet v
An ELISA system was used to investigate Bet v 1-specific IgE,1 according to a protocol described for group S. Ten days after the
IgG1, 1gG2a, 1gG2b, 1gG3, and IgM antibody levels in sera. All last injection, splenic MNC were cultured with 50 overlapping
experiments were performed in one assay, and a reference serymeptides in proliferation assays. Lymphocytes of each mouse
pool was included as positive control. Microtitre plates (Nunc) proliferated (Sl of 4 or more) upon stimulation with rBet v 1 and
were coated with rBet v 1 (2g/ml carbonate buffer, pH8) at least with one of the peptides. Twenty-five of 30 (83%)
overnight at 4C. After washing twice with PBS containing recognized peptide 47 of the 50 mapping peptides (MGETLLRA-
0-05% Tween 20 (PBS-T), unspecific binding sites were saturate®ESY will be referred to as BV139), which clearly appeared to be
with PBS—T—1% bovine serum albumin (BSA) at room tempera-the immunodominant T cell epitope on Bet v 1 in BALB/c mice.
ture for 2 h. Thereafter, sera diluted in PBS—T5% BSA were  Therefore, peptide BV139 (Bet v 1l-aa 139-152) was used for
incubated overnight at°€ (Igg 1:20, IgG1 1:20000, IgG2a tolerance induction in all further experiments. The frequency of
1:1000, IgG2b 1:400, IgM 1:500). After five washings rat anti- recognition of overlapping peptides representing the whole Betv 1
mouse IgE, IgG subclass, and IgM antibodies (Pharmingen, Saprotein is summarized in Fig. 2. In five mice immunized according
Diego, CA) diluted 1:1000 in PBS—-T-8% BSA were added to a protocol described for group S, skin tests were performed using
overnight at 4C. After five washings bound anti-mouse antibodies BV 139 and rBet v 1. Immediate-type skin reactions could be
were detected using a horseradish peroxidase (HRP)-conjugatetserved for rBet v 1 (67ug/ml, 167 ng/ml) in all mice; in
mouse anti-rat IgG antibody (diluted 1 : 1000; Dianova, Hamburg,comparison, BV 139 in the same concentratiefl(-fold molar
Germany). Colour development was performed using 2,2 azinoexcess) was negative (not shown).
bis-3-ethylbenzthiazoline-6-sulfonic acid (ABTS; Sigma) as sub-
strate. OD was measured at 405/490 nm using a Dynatech micrdNo differences in terms of antibody production between sensitized

plate reader. Results are expressed in ELISA OD units. (S) and treated (BV139-S, S-BV139) mice

Specific IgE was induced only after two injections of rBet v 1 in
Cytokine assays Al(OH)3 (Fig. 3). Although the IgE antibody increase was gen-
In order to measure murine IL-4 and IFNlevels in primary cell  erally lower in group BV139-S, no marked differences could be
culture supernatants (SN), MNC were cultured atl4® cells/well found between the non-treated, sensitized (S) and peptide-treated

in 96-well round-bottomed plates without stimulation or with rBet groups (BV139-S, S-BV139; Fig. 3). The same was true for other
v 1 for 48 h. Ninety-six-well plates (Maxisorp; Nunc) were coated isotypes and subclasses of antibodies investigated (IgG2a, IgG2b,
with rat anti-murine IL-4 (Pharmingen) or rat anti-murine IRN- 1gG3, IgM; Fig. 4). A trend to higher IgG1 levels in the sensitized
(Pharmingen) antibodies fB/ml in carbonate buffer pH®) group could be observed. No specific antibody production was seen
overnight at 4C. Undiluted culture SN and standard solutions in group N.

were incubated overnight af@. Bound murine IL-4 and IFN-

were detected by incubation with biotinylated rat anti-murine IL-4 Effect of peptide treatment on skin test reactivity

(Pharmingen) or rat anti-murine IF{{{Pharmingen) antibodies at Skin test reactivity to rBet v 1 was reduced in pretreated, sensitized
1pg/ml in PBS-T-15% BSA. Bound antibodies were detected mice (group BV139-S) compared with sensitized, but untreated
using an HRP-conjugated avidin (Sigma) and ABTS (Sigma) asanimals (group S), but the difference did not reach the level of
substrate. Values were calculated according to standard curvesatistical significance Q< 0-12). No differences in skin test
obtained with mIL-4 (Pharmingen) and mIFN{Pharmingen); reactivity to rBet v 1 were observed between group S-BV139
sensitivity thresholds were 5 pg/ml for IL-4 and 25 pg/ml for IFN-

respectively.
30 100

Statistical analysis g 25 75
Immunoglobulin levels (OD values) and stimulation indices of T 'g¢ 20 ‘g
cell proliferation are expressed as the megase.m. Student'stwo- % 15 50 g
tailed unpaired-test matrix was used to determine the level of ¢ 10 25 &
difference between the four groups of mice investigated in the® 5

. o ; \ 0 0
study. In the case of skin test r.eactlwty, Fisher's exact test was J S %3 17 21 25 29 38 37 41 a5gao
used to determine the level of difference between groups. 3 7 1M 1519 23 27 31 35 39 43 S

Bet v 1 peptides o
RESULTS Fig. 2. BV139 is the dominant T cell epitope of Be 1 in BALB/c mice.
. ) ) Splenic mononuclear cells (MNC) of 30 allergic BALB/c mice were tested

Choice of appropriate mouse strains in proliferation assays with 50 overlapping peptides spanning the whole Bet

In preliminary experiments, five different strains of mice (BALB/c, v 1 amino acid sequence (stimulation indicélswere considered positive).
© 1997 Blackwell Science LtdClinical and Experimental Immunolog$07:536—541
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0-8 — - Table 1. Effects of peptide treatment as determined by intradermal skin
o _JP=NS testing
o ]] P=NS JP=NS
06 A ) P<0.001 P <001
PBS 5ng rBetv 1 50ng rBetv 1
R e G W G S Mice - 4+ -+ -+ 4y
..................... S 5 0 0 0 2 3 0 1 4
0-2 Pl BV139-S 7 0 0 4 2 1 2 4 1
1 S-BV139 7 0 0 0 4 3 0 3 4
W e | N 4 0 0 4 0 0 4 0 0
0 20 40 60 80
Days Skin testing was performed 10 days after the last immunizations. Test

. S . . lutions were inj intradermally. PBS, N iv n Positiv
Fig. 3. No significant difference between the sensitized and treated mousg0 utions were injected intradermally S, Negative contral, Positive

. ; . . reactions as strong as or stronger than positive contrgpsitive reactions
groups in terms of IgE antibody production. Bet v 1-specific/IgE-ELISA: 9 9 P AEQID

. - . ) which are weaker than positive contrel, negative skin reaction. In two
comparison of IgE antibody levels (values represent the arithmetic mean mice, positive controls (compound 48/80) were negative and these mice are
s.e.m. of one group) of four groups of mice (3)(BV139-S @), S-BV139 P P 9

(0), N (4)). OD, Optical density. not listed.

. . L . incubated with rBet v 1 for 48 h. Thereafter, the concentration of
and group S. No positive skin test reactivity to rBet v 1 was seen |qL_4 and IFN in the culture SN was measured. IFNwas

group N. Twenty-three of 25 mice reacted to the mast cell . "
degranulating compound 48/80; in two mice positive controlsdmect"jlble in the sensitized (group S) and treated groups
g 9 p ' p BV139-S, S-BV139) of mice, whereas IL-4 production was

were negative, and in these cases results were not interpretabl und in group S, exclusively (Table 2). According to their

No reactivity was observed to PBS, the negative control. Results . . . L
. . : . . Cytokine secretion pattern, the immune response of the mice in
from intradermal skin testing are summarized in Table 1.

group S could be classified as ThO-like, whereas the administration

Proliferation of splenic MNC from sensitized and treated (BV139-.0f high doses O.f peptlde_ BV139 (group§ BV139-S and S-BV139)

S, S-BV139) mice induced a Thl-_llke cytokine pattern. N_elth_er IL-4 nor IRNsould

Ten davs after the last i izati lenic MNC llect dbe measurgd in the culture SN of mice in group N. Results are
days after the last immunization, splenic were collecte resented in Table 2.

and investigated with rBet v 1, BV139, and a control peptide of Bet

v 1 KIVATPDGGSIL (referred to as BV103) in proliferation

assays. Proliferation to the dominant epitope (BV139) was reduced

to levels of the irrelevant peptides, i.e. responses to BV139

were markedly reduced (Fig. 5). In addition, in group S-BV139,

proliferation to the whole Bet v 1 molecule was decreased to the

same degree. This trend was also found in group BV139-S. No

proliferation was detected in group N (Fig. 5).

Effect of peptide treatment on IL-4 and IFNproduction
Ten days after the last immunization, splenic MNC were prepared,

IgG1 1gG2a IgG2b 1gG3 IgM

Fig. 4. No difference between sensitized and treated mouse groups in terms
of IgG subclass and IgM antibody production. Bet v 1-specific/lgG
subclass, IgM-ELISA: serum samples were taken 10 days after the last
immunization. Comparison of IgG subclass and IgM antibodies. Each barig. 5.Effect of peptide treatment on T cell proliferation to peptides BV103
represents the arithmetic mears.e.m. of the OD values of three groups of and BV139, and Bet v 1 of four groups of mice (S)( BV139-S &), S-
mice (S (), BV139-S @), S-BV139 {)). W, Control. OD, Optical  Bv139 (N), C (W)). Each bar represents the arithmetic meame.m. of SI
density. of one group of mice.

Sl
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Table 2. Effect of peptide treatment on the production of IL-4 and Wi has been postulated that tolerized CD# cells or an induced
four groups of mice (S, BV139-S, S-BV139, N) subset of regulatory T cells mediate cross-regulation of T cells

directed to other epitopes through inhibitory cytokines [37]. In this

group of mice, peptide application did not influence skin test

-4 PNy reactivity to Bet v 1 or specific IgE production (Table 1, Fig. 3).
IL-4-containing IFN+-containing Presumably, sufficient numbers of already primed mast cells were
Group supernatants  pg/ml  supernatants pg/ml  Present at the time of peptide treatment.
Taken together, two major differences could be observed after
S 2/5 8-91 3/5 25-389 peptide treatment between the immune reactivity of naive and
BV139-S* 0/3 <5 1/3 30 specifically preimmunized mice: (i) skin test reactivity to rBet v 1
S-BV139 0/8 <5 6/8 25-72 was only reduced in the pretreated animals (group BV139-S).
N 0/4 <5 0/4 <25 Although T cell reactivity was impaired in the preimmunized mice

(group S-BV139), one series of peptide administration might not
Splenic cells were cultured with rBet v 1. The supernatants werebe enough to abrogate skin test reactivity in mice with an ongoing
harvested after 48 h and cytokine levels determined by ELISA. *Spleeimmune response which possess sufficient numbers of primed mast
mononuclear cells (MNC) from eight BV139-S treated mice were collectedcells. However, it can be speculated that—as in patients under
in three pools (3-3-2). SIT—it takes several injections over a period of many weeks until
the first reductions in skin test reactivity can be seen; (ii) the group
of mice with an ongoing immune response, which received just one
allergen challenge after peptide treatment, developed a state of
Severalin vitro andin vivo models of tolerance induction using T cellular non-responsiveness both to the peptide and to the whole
cell epitopes have been established in antigen-specific systeniet v 1 molecule. In contrast, tolerance to Bet v 1 could be
[19,20,33,34]. In this study, we were able to tolerize T cells andovercome by several cycles of immunization in the pretreated
reduce skin test reactivity in a mouse model of an IgE-mediatedyroup of mice. Therefore, there is a need for studies as to whether
allergic immune response. We identified the peptide BV139 as thé¢his cross-regulatory effect of tolerance induction in T cells would
immunodominant epitope of Bet v 1 in BALB/c mice (Fig. 2). be sustained by several series of peptide treatments.
Interestingly, this peptide was also described as an important T cell  Interestingly, none of our treatment regimens led to substantial
epitope in patients suffering from birch pollen allergy [21,27]. By changes in antibody levels of any isotype (Fig. 4). Only small
using two different regimens, we were able to modulate (i) a naivedifferences could be observed between the treated and non-treated
and (ii) an ongoing immune response to rBet v 1 in BALB/c mice animals in IgG1 antibody levels. These findings depart from
by administration of high doses of the dominant T cell epitoperecently published results [19,20], which display a concomitant
BV139. In one approach, the peptide was administered in naivelecrease of specific IgG antibodies with a significantly impaired
mice before immunization, in the second, already sensitized micspecific T cell reactivity. Several lines of evidence for an altered
were treated (Fig. 1). cytokine profile in patients under SIT with a predominance of H-N-
Treatment of naive mice with high doses of peptide BV139 (or reduction of IL-4) have been provided by a number of groups [7—
followed by immunization (group BV139-S), markedly impaired T 9]. O’Hehir et al. demonstrated that exposure of T cell clones to
cell proliferation to the administered peptide (Fig. 5). This is supraoptimal concentrations of specific peptide followed by rechal-
consistent with the ‘two-signal model’ of T cell activation, sug- lenge led to undetectable levels of IL-4 release, while {N-
gesting that in addition to ligation of the T cell receptor (TCR) by production was not inhibited under this condition [10]. In this
antigenic peptide MHC complexes, costimulatory signals, such astudy, the trend of deviation from a ThO-like to a Th1-like cytokine
CD28 or CTLA-4 on T cells and CD80 or CD86 on APC, are a secretion pattern was observed in both groups of mice which
prerequisite for T cell activation and prevent anergy inductionreceived peptide treatment.
[15-18]. It can be assumed that peptides, when administered in The ability to influence T cell and skin test reactivity to Bet v 1
high doses, also target non-professional APC, which lack costimuin an animal model of type | allergy by subcutaneous injections
latory signals, and can thereby induce T cell anergy. Administra-of the immunodominant epitope was shown. Therapeutical
tion of the immunodominant peptide in naive mice followed by approaches based on these findings could lead to a treatment of
immunization strongly reduced skin test reactivity to the wholetype | hypersensitivities which would target allergen-specific
rBet v 1 molecule (Table 1). However, IgE levels were not T lymphocytes, without the potential risk of cross-linking IgE
significantly affected (Fig. 3). Therefore, the reduction in skin antibodies on mast cells.
test reactivity might be explained by the lack of priming, growth,
and activating signals (histamine-releasing factors (HRF), IL-3, ACKNOWLEDGMENTS
IL-4, 1L-9) delivered from T cells, i.e. a reduced histamine

releasability rather than by the lack of mast cell-bound IgEThis work was supported by Grant S 06704-MED of the ‘Fonds zur
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DISCUSSION

Treatment with the dominant peptide in mice with an ongoing
immune response (group S-BV139), markedly reduced T cel
reactivity toin vitro challenge with the peptide as well as with
the whole rBet v 1 molecule (Fig. 5). This remarkable finding of REFERENCES
tolerance to the whole Bet v 1 molecule induced by a single peptide; Noon J. Prophylactic inoculation for hay fever. Lancet 1411572-3.
confirms similar observations in experimental autoimmune ence-2 Malling HL, Weeke B. Position paper: immunotherapy. Allergy 1993;
phalomyelitis, house dust mite or cat allergen models [11,19,20]. It 14 (Suppl.):9-35.
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