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Abstract

Background: Bahia grass pollen (BaGP) is a major cause of
allergic rhinitis. Subcutaneous allergen-specific immuno-
therapy is effective for grass pollen allergy, but is unsuitable
for patients with moderate to severe asthma due to the risk
of anaphylaxis. T cell-reactive but IgE nonreactive peptides
provide a safer treatment option. This study aimed to iden-
tify and characterize dominant CD4* T cell epitope peptides
of the major BaGP allergen, Pas n 1. Methods: Pas n 1-spe-
cific T cell lines generated from the peripheral blood of
BaGP-allergic subjects were tested for proliferative and cy-
tokine response to overlapping 20-mer Pas n 1 peptides.
Cross-reactivity to homologous peptides from Lol p 1 and
Cyn d 1 of Ryegrass and Bermuda grass pollen, respectively,
was assessed using Pas n 1 peptide-specific T cell clones.
MHC class Il restriction of Pas n 1 peptide T cell recognition
was determined by HLA blocking assays and peptide IgE re-
activity tested by dot blotting. Results: Three Pas n 1 pep-
tides showed dominant T cell reactivity; 15 of 18 (83%) pa-
tients responded to one or more of these peptides. T cell

clones specific for dominant Pas n 1 peptides showed evi-
dence of species-specific T cell reactivity as well as cross-re-
activity with other group 1 grass pollen allergens. The dom-
inant Pas n 1 T cell epitope peptides showed HLA binding
diversity and were non-IgE reactive. Conclusions: The im-
munodominant T cell-reactive Pas n 1 peptides are candi-
dates for safe immunotherapy for individuals, including
those with asthma, who are allergic to Bahia and possibly
other grass pollens. Copyright © 2012 S. Karger AG, Basel

Introduction

Grass pollen allergens are a major cause of seasonal
allergic rhinitis and asthma which are rapidly increas-
ing health problems, particularly in developed countries
[1]. Much research has focused on temperate grasses, but
subtropical grasses such as Paspalum notatum (Bahia
grass) are also significant sources of grass pollen aller-
gens. Native to Central and South America, Bahia grass
is now also grown widely in lawns, feed crops and or-
chard underplanting in temperate as well as subtropical
regions of North America, Australia, Africa and Asia
[2]. P. notatum has a protracted period of pollination
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extending to late summer [3]. We reported previously
that Pasn 1 is the most important allergen of P. notatum,
showing serum IgE reactivity for 85% grass pollen-aller-
gic patients in a temperate zone [4]. Unlike other Pooi-
deae grasses, P. notatum does not have group 2 or 5 al-
lergens. Consistent with the 64-66% amino acid iden-
tity between Pas n 1 and the group 1 allergens of
temperate grasses, we showed clinically relevant IgE
cross-reactivity between P. notatum and Lolium perenne
(Ryegrass) but also evidence for Pas n 1 species-specific
IgE reactivity [5]. Others have shown unique IgE reac-
tivity with Bahia grass pollen (BaGP) allergens that was
not blocked by other grass pollens [6]. Given the phylo-
genetic and immunological differences between BaGP
allergens and those of other grass pollens and the in-
creasing distribution of Bahia grass, specific treatment
of grass pollen allergy should also target reactivity to
BaGP allergens.

Specific immunotherapy (SIT) has been successfully
used to treat grass pollen allergy [7] and has been shown
to decrease the risk of asthma development [8, 9]. How-
ever, conventional grass pollen SIT uses unmodified
complex allergen extract mixtures that are difficult to
standardize [10] and subcutaneous SIT with these ex-
tracts is unsuitable for patients with moderate-to-severe
asthma due to the risk of anaphylaxis [11]. The efficacy of
SIT is associated with the alteration of T cell responses to
allergens including the induction of T regulatory cells
(Treg) [12, 13]), anergy [14] and immune deviation from
predominantly Th2 to Th1/ThoO type [15, 16]. Targeting
allergen-specific CD4" T cells using T cell epitope-based
peptides offers an alternative and safer approach for SIT
(17, 18]. Unlike native allergens, short T cell-epitope-
based allergen peptides do not activate basophils and
mast cells to release inflammatory mediators, as they fail
to cross-link cell-bound allergen-specific IgE. Peptides
can also be produced to high pharmaceutical standards,
with improved purity, consistency and composition. T
cell epitope-based peptides from the major cat allergen
Fel d 1 have recently shown safety and efficacy in clinical
trials for cat allergy [19].

The objective of our study was to characterize T cell
reactive sites of the major BaGP allergen, Pasn 1, in order
to identify therapeutic candidates for peptide SIT. T cell
responses of BaGP-allergic subjects to the group 1 aller-
gens of Ryegrass and Bermuda grass were also investi-
gated. The latter grasses represent separate subfamilies of
clinically important grasses (Pooideae and Chloridoide-
ae, respectively) from Bahia grass (Panicoideae). All three
grasses are abundant sources of pollen allergens in tem-
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perate and subtropical regions. These data will aid in the
development of more refined immunotherapy for allergic
disease induced by Bahia and possibly other grasses.

Materials and Methods

Subjects

BaGP-allergic individuals were recruited from the Alfred
Hospital Allergy Clinic, Melbourne, Australia. Donors were se-
lected on the basis of clinical history, positive BaGP-specific IgE
[ImmunoCAP (Phadia Pty Ltd, Uppsala, Sweden) class =3] and/
or positive skin-prick test (SPT; wheal diameter =5 mm). Patient
demographics are shown in table 1. Selected subjects were HLA-
typed (HLA-DRBI, HLA-DQBI and HLA-DPBI, exon 2) by the
Victorian Transplantation and Immunogenetics Service, Mel-
bourne, Australia. The study was approved by the Alfred Hospital
ethics committee, and informed written consent was obtained
from each subject.

Antigens

Unfractionated aqueous BaGP extract was prepared as de-
scribed previously [20]. Pas n 1 was purified from the extract by
ammonium sulphate precipitation, hydrophobic interaction chro-
matography and size exclusion chromatography as described [21].

Peptides were purchased from Mimotopes (Clayton, Austra-
lia) and reconstituted at 2 mg/ml in 10% dimethyl sulfoxide/PBS.
These comprised peptides spanning the entire Pas n 1 sequence
([4]; Genbank accession number EU327342; 20-mers, 11 amino
acid overlap except for the last peptide which had a 15 amino acid
overlap), as well as 20-mer peptides of Lol p 1 and Cyn d 1 ho-
mologous with identified dominant T cell-reactive Pas n 1 pep-
tides [22, 23]. Antigens were confirmed as nonmitogenic and non-
toxic as described [23].

IgE Immunoblotting

BaGP extract proteins were separated by 14% sodium dode-
cylsulphate polyacrylamide gel electrophoresis using mini-gels
(SDS-PAGE; Invitrogen, Carlsbad, Calif., USA), transferred to ni-
trocellulose membranes, incubated with BaGP-allergic subject
sera (diluted 1:20) and bound-IgE detected as described [20].

Dot-Blot IgE Binding Assay

Nitrocellulose membrane (0.2 wm pore size) was dotted with
10 pg of Pas n 1 protein or 20 pg of Pas n 1 peptide, blocked with
TRIS-buffered saline containing 0.05% Tween 20 and 5% sucrose,
incubated with individual subject sera (diluted 1:10) and IgE
binding was assessed as described [24].

Peripheral Blood Mononuclear Cell Proliferative Response to

BaGP and Pas n 1

Peripheral blood mononuclear cells (PBMC; 1 X 10° cells/
well) were cultured in triplicate in 96-U-well plates in 200 .l com-
plete RPMI medium [cRPMI; RPMI 1640 medium (Gibco BRL,
N.Y., USA) supplemented with 2 mmol/l GlutaMAX I (Gibco)],
0.05 mg/ml gentamicin, 100 IU/ml penicillin-streptomycin and
5% heat-inactivated human AB serum (Sigma Aldrich, Mo.,
USA)] for 7 days in the presence of BaGP (25, 50 and 100 p.g/ml),
Pasn 1 (5, 10 and 20 pg/ml) or medium alone. Proliferation was
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Table 1. Clinical characteristics of BaGP-allergic subjects

Subject Age Sex Clinical ~ SPT (mean diameter, mm) Serum-specific IgE (kU /1)
(years) diagnosis . p RGP BeGP TotallgE  BaGP RGP BeGP
1 21 Male AR 9 12 8 274 53 >100 6.86
2 34 Female AAR 7 6 10 119 13.7 18 5.05
3 23 Female AAR 9 10 12 646 93.4 >100 64.9
4 25  Female AR 11 3 10 1,113 >100 100 53.7
5 25 Male AR 9 7 10 158 416 59.6 23.9
6 32 Male AR 10 13 10 594 17.8 >100 9.36
7 34 Male AR 13 7 6 119 14 415 9.26
8 25 Male AR 15 10 7 701 223 79.8 7.4
9 42 Female AR 8 10 8 151 495 14.9 2.16
10 38 Female AAR 9 14 10 1,245 92.5 >100 44.1
11 28 Female AR 8 8 12 867 100 >100 >100
12 21 Male AR 6 16 9 86 448 11 227
13 30  Female AAR 10 7 7 288 51.6 >100 16.4
14 4 Male AR 7 5 4 369 9.38 20.6 3.37
15 40  Male AAR 10 7 6 496 17.6 8.52 13
16 34 Female AAR 6 3 5 132 19 37.7 17.6
17 63  Male AR 5 9 5 136 6.21 8.3 0.9
18 52 Male AR 12 6 12 1,222 39.7 38 9.79
Median 9.0 7.5 8.5 328.5 207 50.55 9.75%
Interquartile range 7.0-103  6.0-10.5  6.0-10.0 135742 12.6-62.9 17.2-100  4.6-29.0

A = Asthma; AR = allergic rhinitis.

* Serum-specific IgE reactivity with BeGP was significantly lower (p < 0.001) than with RGP (Friedman’s ANOVA with Dunn’s

multiple comparison test for nonparametric data).

measured by the incorporation of tritiated thymidine *H-TdR;
0.5 wCi/well) during the last 16 h of culture. Stimulation indices
(SI) were calculated as the counts per minute (cpm) for cultures
with allergen divided by the cpm for cultures without stimulus,
and SI values =2.5 were considered positive.

Generation of Short-Term Oligoclonal Pas n 1-Specific TCL

Pas n 1-specific oligoclonal T cell lines (TCL) were generated
by culturing PBMC (2.5 X 10° cells/well) in 24-well plates (Co-
star, Mass., USA) with Pas n 1 (30 pg/ml) in cRPMI at 37°Cin a
5% CO, humidified incubator. At day 7, cells were washed and
restimulated in 24-well plates (5 X 10° cells/well) with Pasn 1 (30
wg/ml) in the presence of irradiated (3,000 rads) autologous
PBMC (5 X 10° cells/well) as a source of antigen-presenting cells
(APC). At day 2 following restimulation, recombinant (r) IL-2 (20
U/ml; Cetus, Emeryville, Calif., USA) was added. At day 4 after
restimulation, 1 ml of culture medium was removed and replaced
with fresh cRPMI and rIL-2 (20 U/ml). For certain experiments
to increase cell numbers, TCL were restimulated as described
above for a further week. In all experiments, T cells were rested
for 7 days after the last addition of antigen and APC before testing
for their reactivity to peptides.

Generation of Pas n 1 Peptide-Specific T Cell Clones
Pas n 1 peptide-specific T cell clones (TCC) were generated
from PBMC of subjects with BaGP allergy using 5,6 carboxy-

T Cell Epitope Peptides of the BaGP
Allergen Pasn 1

fluorescein diacetate succinimidylester (CFSE)-based method-
ology [25]. For this, CFSE-stained PBMC (2 X 10° cells/well,
150 pl) were cultured in 96-U-well plates with Pas n 1 peptides
(10 pg/ml) or as controls, tetanus toxoid (T'T; 10 LfU/ml; Statens
Serum Institute, Copenhagen, Denmark) or cRPMI alone, for
7 days at 37°C. After staining with phycoerythrin-labelled anti-
CD4 and 7AAD (BD Pharmingen, San Diego, Calif., USA),
CD4*CFSE4™m7A AD~-proliferating antigen-specific T cells were
sorted (1 cell/well) into 96-U-well plates containing irradiated
feeder cells (1 X 10° PBMC from each of 2 unrelated donors and
2 X 10* EBV-transformed JY cells), anti-CD3 (clone OKT-3; 30
ng/ml), rIL-2 (10 U/ml; Cetus) and Fungizone (Invitrogen). Cells
were cultured for 10-14 days, feeding with IL-2 as required, then
transferred to 48-well plates and tested for peptide specificity as
described [25]. Pas n 1 peptide-specific TCC and control TT-spe-
cific TCC were expanded with irradiated feeders (12 X 10° PBMC
from each of 2 donors and 2.4 X 10° EBV-transformed JY cells in
8 ml), anti-CD3 (30 ng/ml) and rIL-2 (50 U/ml) in T25 culture
flasks (BD, Franklin Lakes, N.J., USA) for 10-12 days.

T Cell Proliferation Assays

Proliferation assays were performed on 72-hour duplicate or
triplicate cultures of TCL or TCC in 96-U-well plates containing
1 X 10* T cells/welland 1 x 10*irradiated (5,000 rad) autologous
EBV-transformed PBMC (EBV-B cells) as APC together with an-
tigens as specified or as a negative control, cRPMI alone. Cells
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were pulsed with *H-thymidine (0.5 pCi/well) for the last 16 h,
uptake recorded as mean cpm of replicate cultures and SI deter-
mined as before.

T Cell Receptor VB Analysis

To assess the clonality of Pas n 1 peptide-specific TCC, espe-
cially those demonstrating cross-reactivity with homologous
peptides of RGP and BeGP, the T cell receptor V3 repertoire was
determined using the IOTest BetaMark TCR Vbeta Repertoire
Kitas per manufacturer’sinstructions (Beckman Coulter, Krefeld,
Germany) with the addition of APC-conjugated anti-CD4 anti-
body (BD Pharmingen) for T cell identification and 7AAD (BD
Pharmingen) for the exclusion of dead cells.

HLA Class II Blocking Assays

TCC and irradiated autologous EBV-B cells (1 X 10* of each)
were incubated with 0.1-10 pwg/ml blocking monoclonal antibod-
ies (mAD) against HLA-DR (L243, BD Pharmingen), HLA-DQ
(SVP-L3), HLA-DP (B7/21) (gifts from S. Mannering, St Vincent’s
Research Institute, Melbourne, Australia) or isotype control an-
tibodies (IgG2a, BD Pharmingen; IgG,, BioLegend, San Diego,
Calif., USA) for 1 h at 37°C before adding peptides (10 pg/ml) and
testing the proliferative response as above.

Cytokine Detection in Culture Supernatants

Levels of IL-4, IL-5, IL-10, IFN-y and TNF-a cytokines in the
supernatants of TCC proliferation assay cultures were measured
using the Cytometric Bead Array Human Cytokines kit (BD Bio-
sciences, San Jose, Calif., USA) according to the manufacturer’s
instructions. The standard curve ranged from 0 to 5,000 pg/ml
and the limits of detection were 2.6, 2.4, 2.8, 7.1 and 2.8 pg/ml for
IL-4, IL-5, IL-10, IFN-vy and TNF-a, respectively.

Results

Demographics of Bahia Grass Pollen-Allergic Subjects

Eighteen BaGP-allergic subjects were studied (table 1).
All subjects also showed positive specific IgE to Ryegrass
pollen (RGP) and Bermuda grass pollen (BeGP) by SPT
and/or ImmunoCAP. Allergic reactivity by SPT and Im-
munoCAP was comparable for BaGP and RGP, whereas
subjects showed significantly lower ImmunoCAP reac-
tivity with BeGP than with RGP. All 14 subjects for whom
additional serum was available for this study showed IgE
reactivity to Pas n 1 by immunoblotting (data not shown).

Primary T Cell Response to BaGP and Pas n 1

Allergens

PBMCfromall 18 BaGP-allergic subjects were screened
for reactivity to BaGP extract and purified Pas n 1 in
7-day proliferation assays to determine the optimal anti-
gen concentration for the generation of short-term Pas n
1-specific TCL. All subjects showed strong proliferative
responses to BaGP extract with a median maximal SI of
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13.4 [interquartile range (IQR) 10.2-24.1]. Pas n 1 also
induced positive proliferative responses in all but one
(subject 4) of the BaGP-allergic subjects tested, with a me-
dian maximal SI of 9.6 (IQR 4.0-20.1). The primary pro-
liferative response to Pas n 1 was typically dose-depen-
dentand 30 pg/ml was selected as the optimal concentra-
tion for generation of Pas n 1-specific TCL.

Identification of Pas n 1 Peptides Containing

Dominant and Subdominant CD4* T Cell Epitopes

Oligoclonal Pas n 1-specific TCL were generated from
the PBMC of each of the 18 BaGP-allergic patients. To
identify the highly T cell-reactive regions of Pas n 1, pro-
liferative responses of the TCL to 26 individual overlap-
ping Pas n 1 20-mer peptides spanning the entire Pasn 1
sequence were determined (table 2). Each of the 18 Pas n
1-specific TCL responded to at least one peptide. Twelve
(67%) Pas n 1-specific TCL responded to more than one
Pas n 1 peptide. Pas n 1 (100-119), (154-173) and (217-
236) were the most frequently and strongly recognized
peptides with 7 (39%), 8 (44%) and 6 (33%) of the TCL re-
acting to these peptides, respectively. The three domi-
nant peptides encompass distinct regions of Pas n 1 indi-
cating that each peptide contains at least one separate and
discrete T cell epitope. One or more of the dominant Pas
n 1 peptides was recognized by TCL from 15 (83%) of the
18 BaGP allergic subjects, with TCL from 2 (11%) subjects
recognizing all three dominant peptides.

Pas n 1 (127-146) and (190-209) were the next most
frequently recognized (subdominant) peptides. Both of
these subdominant peptides induced a response in Pas n
1-specific TCL from 5 (27.8%) subjects. Combined with
the three dominant peptides, these 5 peptides induced T
cell reactivity in 17 (94.4%) of the 18 BaGP-allergic sub-
jects.

Characterization of Cross-Reactivity of Pas n

1-Specific T Cells with Group 1 Grass Pollen Allergens,

Lolp I1and Cynd 1

The complete sequence of Pas n 1 has 64 and 66% ami-
no acid identity with the group 1 grass pollen allergens
Lol p 1 of RGP and Cyn d 1 of BeGP, respectively [4]. Ta-
ble 3 shows the sequence comparisons between the dom-
inant T cell-reactive peptides of Pas n 1 and homologous
peptides of Lol p 1 and Cyn d 1. The amino acid identity
and similarity with the homologs is highest for Pas n 1
(100-119) and least for Pas n 1 (217-236). Pas n 1-specific
TCL from BaGP-allergic subjects that reacted to the dom-
inant Pas n 1 peptides were therefore assessed for reactiv-
ity to the homologous peptides of Lol p 1 and Cyn d 1
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Table 2. TCL proliferative responses to 20-mer peptides spanning Pas n 1
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Background cpm with medium alone ranged from 136-13,993 cpm. Most frequently recognized peptides (boxed). NT = not tested.

White boxes: SI <2.5. Gray boxes: SI 22.5. Black boxes: SI >5.

(fig. 1). Two TCL specific for each dominant peptide were
tested. Proliferation was observed for Pas n 1 (100-119)-
specific and Pas n 1 (154-173)-specific TCL in response
to homologous peptides of Lol p 1 and Cyn d 1 (fig. la-d).
However, no proliferation was observed to homologous
peptides from Lol p 1 and Cyn d 1 for the Pas n 1
(217-236)-specific TCL (fig. 1e, f).

To confirm whether the multiple allergen reactivity
observed in some Pas n 1-specific TCL was due to cross-
reactivity of a clonal T cell population, Pas n 1 peptide-

T Cell Epitope Peptides of the BaGP
Allergen Pasn 1

specific TCC were generated and tested for proliferation
to homologous peptides from Lol p 1 and Cyn d 1 (fig. 2).
Eight (50%) of the 16 Pas n 1 (100-119)-specific TCC did
not react to either of the homologous peptides from Lol p
1 or Cyn d 1, while 4 (25%) cross-reacted to one of the
homologous peptides and 4 (25%) cross-reacted to both
Lol p 1 and Cyn d 1 peptides. Three (37.5%) of the 8 Pas
n 1 (154-173)-specific TCC did not react with either of
the homologous peptides from Lol p 1 or Cyn d 1. Two
(25%) Pas n 1 (154-173)-specific TCC cross-reacted to 1
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Fig. 1. Pas n 1 dominant peptide-specific TCL proliferative re- 1 (154-173)-specific TCL from patients 5 (c) and 2 (d) and Pasn 1
sponse to homologous peptides from Lol p 1 and Cyn d 1. Two  (217-236)-specific TCL from patients 13 (e) and 15 (f). Mean cpm
TCL specific for each of the 3 dominant peptides were tested. Pas  of triplicate cultures + SD shown. Ag = Antigen; *H-TdR = “H-
n 1 (100-119)-specific TCL from patients 13 (a) and 12 (b), Pasn  thymidine.

Table 3. Sequence alignments of Pas n 1 (100-119), Pas n 1 (154-173) and Pas n 1 (217-236) with homologous Lol p 1 and Cyn d 1 pep-
tides?

Peptide Amino acid sequence Identity Similarity®
Pasn 1 (100-119) 1 APYHFDLSGKAFGAMAKPG _ _

Lol p 1 (100-119) ialalalalalaialal s Il St G 85% 95%

Cyn d 1 (101_120) **A***************K* 90% 90%

Pasn 1 (154-173) GSNPNYLAMLVKFVADDGDI _ _

Lol p 1 (154-173) - Naliaiaiaiakalll Relakal 6l 0 Chalalad V) 70% 85%
Cynd 1 (155-174) FHGHHIFIAIK FAEFYAFGFFNF 70% 85%
Pasn1 (217-236) GKKVIAQDVIPVNWKPDTVY _ -

Lol p 1 (218-237) *T*SEFE****EG**A**S* 55% 60%
Cynd 1 (218-237) FGHFEQD***FED* A xxx 65% 80%

* Identical amino acids. Bold: conservative exchanges of amino acids. Underlined: semi-conservative exchanges of amino acids.

2 Lol p 1.0101 isoform (mature protein) and Cyn d 1.0102 isoform.

b Peptide sequences were aligned with ClustalW using the Blosum protein comparison matrix. The percentage identity was calcu-
lated by the number of identities between the two sequences divided by the length of the alignment. The percentage similarity was
based on the proportion of identical and conservative amino acid substitutions between sequences.
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Pas n 1 (217-236)-specific TCC

Pas n 1 (100-119)-specific TCC Pas n 1 (154-173)-specific TCC
Pasn1| Lol p1 [Cynd1 Pasn1| Lol p1|Cynd1 Pasn1 | Lol p1|Cynd1
(100-119)/(100-119) |(101-120) (217-236) [(218-237)((218-237)
Subject 13 TCC1 2.8 Subject 15 TCC 18 27.7 389 29.8 Subject 10 TCC9 9.0
Subject 12 TCC 6 TCC20 61.9 50.4 TCcC2
TCC TCC17 [V - TCC12
TCC 1 Subject8 TCC18 5.6 7.5 7.0 Subject 13 TCC3
TCC 14 Subject 10 TCC 2.1 43 TCC4
Subject 15 TCC 10 TCC32 TCCS5
TCC39 TCC2 TCC10
TCC23 b TCC27 TCC12
TCC 30 Subject 15 TCC 25
TCC34 TCC29
TCC3 TCC32
TCC 11 C TCC37
TCC25
TCC13
TCC 14
a TCC6

Fig. 2. Pas n 1-dominant peptide-specific TCC proliferative responses to homologous peptides from Lol p 1 and Cyn d 1. Summary of
reactivity of all the Pas n 1 peptide-specific TCC generated. SI <2.5 (white boxes), 5> SI =2.5 (gray boxes) and SI =5 (black boxes).

homologous peptide and 3 (37.5%) cross-reacted to both
homologous peptides. However, all except 1 of the 12
(91.7%) Pas n 1 (217-236)-specific TCC did not cross-re-
act to either of the homologous peptides from Lol p 1 or
Cyn d 1. Only one of 12 Pas n 1 (217-236)-specific TCC
cross-reacted to the equivalent Cyn d 1 peptide. Clonal-
ity of TCC specific for each dominant Pas n 1 peptide was
supported by T cell receptor V3 analysis. In particular,
TCC demonstrating cross-reactivity with homologous
RGP and BeGP peptides expressed a single VP chain

type.

Cytokine Profile of Pas n 1 Peptide-Specific TCC

The levels of cytokines (IL-4, IL-5, TNF, IFN- vy and
IL-10) were tested in the culture supernatants of Pas n 1
peptide-specific TCC following stimulation with Pasn 1
peptide (10 pg/ml) or homologous peptides from Lol p 1
and Cyn d 1 (table 4) to further confirm reactivity of T
cells to the dominant peptides and their homologs. The
cytokine profiles varied, with some allergen-stimulated
TCC producing predominantly Th2-type cytokines IL-4
and IL-5, and others producing high levels of IFN-y and
TNF and/or the regulatory cytokine, IL-10. In general,

T Cell Epitope Peptides of the BaGP
Allergen Pasn 1

levels of cytokines produced by the TCC mirrored the
proliferative responses to peptides. Where TCC showed
reactivity to 1 or more homologous peptides, cytokine
profiles were comparable to those for the ‘parent’ Pasn 1
peptide.

HLA Restriction Specificity of Dominant Pas n 1

Peptide T Cell Epitopes

HLA class II typing was performed on 8 BaGP-aller-
gic subjects reactive to the dominant Pasn 1 T cell epi-
tope peptides (table 5). To determine the HLA class II
restriction of each peptide T cell epitope, anti-HLA-DR,
anti-HLA-DP and anti-HLA-DQ mAb were used to
block epitope presentation to T cells. For each TCC test-
ed, epitope recognition was inhibited by 1 or more HLA
mAb in a dose-dependent manner. Isotype control an-
tibodies (10 wg/ml) had no effect (data not shown).
HLA-DR restriction was observed for 5 Pas n 1 (100-
119)-specific TCC from 3 subjects indicating preferen-
tial presentation by HLA-DR. To assess the potential for
degeneracy of epitope presentation by allelic variants of
HLA-DR, HLA alleles of the 5 subjects recognizing Pas
n 1 (100-119) were compared (table 5). The absence of a
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Table 4. Summary of cytokine production by 10 Pas n 1 peptide-specific TCC from 5 donors

Cytokine production (pg/ml)

Cytokine production (pg/ml)

1L-4 IL-5 TNF IFN-y IL-10 1L-4 IL-5 TNF IFN-y IL-10
Subject 13 Pas n 1 (100-119) TCCI Subject 8 Pasn 1 (154-173) TCCI8
No antigen 3.88 5.04 57.62 95.54 501.38  No antigen 2.51 3.03 11.47 1.66 11.5
Pasn 1 (100-119) 26.95 54.88 50.88 861.41 496.89 Pasn1(154-173) 1,561.8 4,254.1 2,444.6 1,236.2 44.61
Lol p1(100-119) 3.88 5.04 47.81 117.15 621.56 Lol p 1 (154-173) 2,481.3 4,781.9 1,751.7 479.11 41.34
Cynd 1 (101-120) 2.6 3.54 44.44 90.94 441.9 Cynd 1 (155-174) 2,046.9 4,696.6 1,192.3 149.75 35.79
Subject 12 Pas n 1 (100-119) TCC6 Subject 10 Pas n 1 (154-173) TCC32
No antigen 0 1.08 6.83 0 29.83 No antigen 45.39 126.49 9.73 13.61 22.63
Pasn 1 (100-119) 6,243.4 7,717.1 828.55 1,393.8 1,010 Pasn 1 (154-173) 2,241.7 2,787.1 879.11 612.14 164
Lol p 1(100-119) 0 1.05 3.5 0 25.59 Lol p 1 (154-173) 3,593.8 3,958.6 953.63 166.85 18.71
Cynd1(101-1,120) 3,618.6 6,588.8 347.25 565.71 259.76 Cynd1 (155-174) 3.34 73.99 5.19 22.37 19.7
Subject 12 Pas n 1 (100-119) TCC14 Subject 10 Pas n 1 (217-236) TCC9
No antigen 0 2.69 11.13  4.99 25.88 No antigen 2.62 5.32 2.15 1122 23.77
Pasn 1 (100-119) 9.25 173.14 435.2 3,682.1 60.92 Pasn 1 (217-236) 1,577.4 5,375.1 242.89 69.32 297.79
Lol p 1 (100-119) 0 3.54 9.31 9.15 25.29 Lol p 1 (218-237) 1.22 4.05 1.45 8.62 17.07
Cynd 1 (101-120) 0 2.61 7.94 3.92 27.4 Cynd 1 (218-237) 908.26 3,218.7 15.73 24.99 160.8
Subject 15 Pas n 1 (154-173) TCC20 Subject 13 Pas n 1 (217-236) TCC5
No antigen 0 2.33 21.68 2.05 1.58 No antigen 0 0 5.19 1.52 17.1
Pasn 1 (154-173) 0 1.85 181.06 15.36 2.59 Pasn 1 (217-236) 6.25 138.3 3,648.7 3,791.3 9.99
Lol p 1 (154-173) 0 5.41 43.34 1.95 1.33 Lolp 1 (218-237) 0 0 4.17 1.62 18.75
Cyn d1(155-174) 0 4.37 12.4 2.29 0 Cyn d1(218-237) 0 0 1.65 1.49 18.27
Subject 15 Pas n 1 (154-173) TCCI18 Subject 15 Pas n 1 (217-236) TCC32
No antigen 0 3.93 32.3 2.9 0 No antigen 1.54 160.08 43.29 10.18 0
Pasn 1 (154-173) 3.71 10.59 59.74 3.58 0 Pasn 1 (217-236) 5.48 184.18 129.58 13.17 1.7
Lol p 1 (154-173) 4.1 19.58 52.78 4.86 1.33 Lol p 1 (218-237) 0 131.16 7.97 7.58 0
Cynd 1 (155-174) 4.23 12.17 41.14 4.01 Cynd1(218-237) 0 120.88 4.47 9.12 0

Gray highlights peptides to which TCC showed proliferation.

common HLA-DR allele between these subjects (the
only overlaps were expression of HLA-DRB1*1101 by 2
subjects and HLA-DRB1*0401 by 2 others) indicates Pas
n 1 (100-119) epitope presentation by at least 3 different
HLA-DR molecules. HLA-DP and HLA-DR restriction
was observed for 1 and 2 Pas n 1 (154-173)-specific
TCC, respectively. Comparison of HLA class II alleles
from all 5 subjects reactive to Pasn 1 (154-173) indicates
epitope presentation by at least 3 HLA allelic variants.
HLA-DR restriction was observed for 4 Pas n 1
(217-236)-specific TCC from 2 individuals. The absence
of acommon HLA-DR allele between all 4 subjects reac-
tive to Pas n 1 (217-236) indicates epitope presentation
by at least 4 HLA molecules.

Testing Candidate Peptides for Serum IgE Binding
Serum from 4 BaGP-allergic subjects (subjects 2, 10, 13
and 15) and 1 nonatopic control was tested for IgE bind-
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ing by dot blot analysis (fig. 3). All patients showed clear
IgE reactivity to Pas n 1, but none of the dominant T cell-
reactive peptides bound patient serum IgE.

Discussion

Short T cell-reactive peptides of allergens provide a
safe and effective alternative to conventional native aller-
gen preparations for allergen-specific injection immuno-
therapy. In this study, we identify peptides suitable for
developing peptide immunotherapy for Bahia grass pol-
len allergy. The most important IgE-reactive allergen of
P. notatum, Pas n 1, was shown to also be a major T cell
allergen of this grass pollen, and the specificity and phe-
notype of the human T cell response to Pas n 1 in BaGP-
allergic subjects was characterized. By generating Pas n
1-specific TCL from a panel of BaGP-allergic subjects and
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BaGP-allergic subject number

10 2 15 13 NA

Pasn1 @ L - ‘

Pasn 1(100-119)

Pasn1(217-236)

Pasn 1(154-173) |‘|

Fig. 3. IgE reactivity of dominant Pas n 1 peptides. Dot-blots
showing binding of Pas n 1 or dominant Pas n 1 peptides by serum
IgE from 4 BaGP-allergic subjects or as a control, a nonatopic
(NA) donor. Boxes indicate Pas n 1 peptides to which the subject
has T cell reactivity.

testing their reactivity against overlapping 20-mer pep-
tides of Pas n 1, multiple T cell-reactive sites were identi-
fied throughout the Pas n 1 molecule, with 3 discrete re-
gions showing dominance, Pas n 1 (100-119), Pas n 1
(154-173) and Pas n 1 (217-236). Together, the dominant
peptides elicited responses in 83% of the BaGP-allergic
subjects. HLA restriction of peptide presentation and the
T cell cross-reactivity of these peptides with homologous
peptides of the major group 1 allergens of RGP and BeGP
were also examined. Our findings demonstrate that both
species-specific and cross-reactive T cell epitopes may be
recognized by allergen-specific T cells of grass pollen-
allergic patients.

Dominant T cell-reactive peptides of Pas n 1 were
identified on the basis of the frequency and strength of T
cell reactivity in the panel of BaGP-allergic patients test-
ed. In agreement with this selection is the high reactivity
of dominant Pas n 1 peptide-specific T cells to the ho-
mologous peptides in the major group 1 grass pollen al-
lergens of L. perenne (Lol p 1) and Cynodon dactylon (Cyn
d 1). In our previous studies on RGP and BeGP, 2 of the 3
homologous peptides for both Lol p 1 and Cyn d were also
found to be dominant T cell-reactive peptides [22-23].
Interestingly, 1 of the dominant T cell-reactive peptides,
Pasn 1 (100-119), is located in a highly conserved region
of the Pas n 1 molecule and contains a motif (HFD) that
is conserved in >80 different sequences of the biologi-
cally important expansin family [26]. While addition of
the subdominant T cell-reactive peptides to our domi-
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n.a.

HLA-DR

DPB1*0101, 0402/0602

DPB1%*0401

1101, 1401/54

0401, 1404

(100-119), (154-173), (217-236)

(100-119), (217-236)

(100-119)

HLA-DR

HLA-DR

DQB1*0301/09/19/21/22, 0503

13
12

n.a.

HLA-DR
n.d.
n.d.

n.a.

DQB1*0301/09/19/21/22, 0603

DPB1*0401, 0901

DPB1*0401

1101, 1301

DQB1*0201/02/04, 0301/09/19/21/22

DQB1*0301/09/19/21/22, 0302

0301, 0401

(100-119)

11
2
5

n.d.

n.d.
n.d.

DPB1*0201, 0402/0602

0403, 1104

(100-119), (154-173), (217-236)

(154-173)

DQB1%*0301/09/19/21/22,0402

DPB1%*0301/0502/2702, 0401

0401, 0801
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nant peptide panel would increase the frequency of rec-
ognition by BaGP-allergic subjects, proof-of-concept
studies on a peptide vaccine for cat allergy using domi-
nant T cell-reactive Fel d 1 peptides demonstrate linked
epitope suppression, indicating that the peptide mix for
immunotherapy does not require all possible T cell epi-
topes in order to be effective [27]. Immunotherapy with
single peptides representing immunodominant T cell
epitopes can modulate the immune response to the com-
plete allergen [27-28].

Importantly for use in therapy, immunodominant T
cell epitope-based peptides should induce T cell reactiv-
ity in a genetically diverse population by binding to mul-
tiple HLA class II molecules. Our HLA blocking studies
of Pasn 1 peptide-specific TCCindicate that Pasn 1 (100-
119) and Pas n 1 (217-236) are HLA-DR restricted while
Pasn 1 (154-173) can be presented by both HLA-DR and
HLA-DP. Together with the HLA typing information for
our subjects, these data demonstrate that each dominant
peptide shows substantial HLA-binding degeneracy. Us-
ing the ProPred program (http://bic.uams.edu/mirror/
propred/index.html) to predict MHC class II binding re-
gions [29], Pas n 1 (100-119) would bind 13 of 51 (25%)
HLA-DR molecules (including HLA-DRB1*1101 as ex-
pressed by subjects 12 and 15 of this study), Pasn 1 (154-
173) would bind 32 of 51 (63%) HLA-DR molecules (in-
cluding HLA-DRB1*0701 as expressed by subject 8) and
Pas n 1 (217-236) would bind 27 of 51 (53%) HLA-DR
molecules (including HLA-DRB1*0401 as expressed
by subject 13). Interestingly, the subdominant Pas n 1
peptides are predicted to bind a higher proportion of
HLA-DR molecules (75% for Pas n 1 (127-146) and 76%
for Pasn 1 (190-209)) than the dominant Pasn 1 peptides,
but it should be noted that the predicted MHC binding of
a peptide does not necessarily correlate with T cell recog-
nition. Such algorithms are useful for predicting poten-
tial T cell epitopes of allergens, but our experience shows
that validation is required by testing clinical samples, as
we have done in this study.

Although IgE cross-reactivity between different
group 1 temperate grass pollen allergens has been dem-
onstrated, the magnitude of response differs and both
species-specific IgE epitopes and asymmetric patterns of
IgE cross-reactivity are observed [30]. Cross-reactivity
between Pas n 1 and other group 1 allergens of clinically
important grass pollens at the T cell level has not been
investigated before. Peptide binding of HLA class II mol-
ecules is promiscuous and a high degree of variability
within an antigen is tolerable to retain functional T cell
epitopes. Therefore, T cell cross-reactivity is an expected
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phenomenon for peptides with similar amino acid se-
quences [31]. In this study, we showed that Pas n 1-spe-
cific TCL from BaGP-allergic subjects reacted to homol-
ogous group 1 major allergens from Lol p 1 and Cynd 1.
In order to confirm cross-reactivity, Pas n 1 peptide-spe-
cific TCC were generated and screened for reactivity to
corresponding peptides from Lol p 1 and Cyn d 1. We
employed a highly specific approach to increase cloning
efficiency by enriching for allergen-reactive T cells by in
vitro allergen stimulation of CFSE-labelled PBMC and
flow cytometric sorting of divided CFSE'®Y CD4* T cells
[32]. Cross-reactivity was observed in several Pas n 1
(100-119) and Pas n 1 (154-173) peptide-specific TCC,
but in only one Pas n 1 (217-236)-specific TCC. These
results are consistent with the higher degree of sequence
identity between equivalent Pas n 1 (100-119) and Pas n
1 (154-173) peptides from Lol p 1 and Cyn d 1, compared
to those for Pas n 1 (217-236). However, despite the high
degree of homology, only 50% of Pas n 1 (100-119)-spe-
cific and 62.5% of Pas n 1 (154-173)-specific TCC cross-
reacted with homologous peptides. The demonstration
of cross-reactivity of Pas n 1 peptide-specific TCC sug-
gests that the concurrent clinical reactivity to P. nota-
tum, L. perenne and C. dactylon in BaGP-allergic sub-
jects that we observed could be induced by T cell cross-
reactivity. However, the different cross-reactivity
patterns observed for Pas n 1 peptide-specific TCC in
this study, and as reported previously for other grass pol-
len allergens [33-36], demonstrates that unique species-
specific TCC also exist and that multiple T cell epitopes,
unequally represented in related allergens, may be recog-
nized by allergen-specific T cells of grass pollen-allergic
patients.

Another important criterion for peptide selection for
allergen immunotherapy is that the peptides do not bind
and cross-link cell-bound IgE. This ensures that the risk
of adverse events such as anaphylaxis during SIT is neg-
ligible compared with crude allergen extracts [37]. Our
dot blots confirmed the lack of binding of serum IgE
from BaGP-allergic subjects to either Pas n 1 (100-119),
Pasn 1 (154-173) or Pas n 1 (217-236). Therefore, these
dominant T cell epitopes of Pas n 1 are ideal candidates
for peptide SIT of patients allergic to BaGP, including
those with moderate to severe asthma. The cross-reac-
tivity profiles identified in this study allow us to assess
whether a single peptide from one grass pollen allergen
would be effective for the treatment of patients allergic
to homologous grass pollen allergens. Although a high
degree of sequence homology and some cross-reactivity
was observed in the Pas n 1 peptide-specific TCC, par-
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ticularly for Pas n 1 (100-119) and (154-173), there was
not complete coverage, which suggests the importance of
using individual dominant peptides from each of the
grasses for the most effective grass pollen allergy thera-

peutic.

—
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