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Introduction

Grass pollen allergens trigger typical symptoms of the
widespread pollinosis such as conjunctivitis, rhinitis, and
asthma bronchiale. The responsible allergenic components
can be classified into different groups according to their
physicochemical and immunological properties Ul.
Group I and V allergens are of special importance due to
their high sensitization index tl-31. Allergen-specific im-
mune responses can be merely understood, if more detailed
information is available about T cell epitopes regulating
specific IgE production [4].

Therefore, many appropriate investigations on the aller-
gen-specific T cell level have been performed in the mean-
time. In case of grass pollen allergens most data were pub-
lished about group I-III allergens of Lolium perenne [5, 6]
and group V/IX allergens of Poa pratensis tZ 81.

Some time ago we studied group V allergens on the anti-
body level, using suitable murine monoclonal antibodies
[9-ll]. Now we established T cell clones (TCC) from 3 dif-

Abstract
Twenty-seven T cell clones (TCC) reactive with groupV allergens of Phleum
pratense (PhlpV) were established from the peripheral blood of 3 patients al-
lergic to grass pollen. Twenty-four TCC showed the helper cell phenotype CD3+,
CD4+, CD8-; the remaining clones were CD3+CD4-CD8+. T cell recognition
of PhlpVwas exclusively HLA-DR restricted. Many of the Phlp Vreactive TCC
(19 of 27 ; 7 0%) were stimulated additionally by other group V allergens isolated
from Lolium perenne, Poa pratensls, and DacQlis glomerata. These data indi-
cate the existence of cross-reacting T cell epitopes among group V allergens of
different grasses. The PhlpV tnggered cytokine production demonstrated in 13
out of 24 CD4+ TCC a Th2-like pattern (high interleukin4ly-interferon ratios)
suggesting group V allergens as important targets of grass pollen specific IgE.

ferent allergic donors reactive to group V allergens from
timothy grass Phleum pratense; Phlp Z). These TCC were
c haracter ized r e garding the ir cro s s-reactiv itie s to other rele-
vant group V allergens as well as their lymphokine secre-
tion pattern after Phlp Zstimulation.

Materials and Methods

Allergens
The following lyophilized grass pollen extracts were generously

provided by Allergopharma (Reinbek, Germany): P. pratense (tim-
othy), L. perenne (ryegrass), P pratensis (Kentucky bluegrass), and
Dactyl i s gl o merata (orchard grass).

Group V allergens were isolated as described in detail elsewhere

Ul, l2l by immunoaffinity chromatography using monoclonal anti-
body lDll binding to a common epitope of group V allergens of vari-
ous grasses [9-ll]. After purification, all group V allergens were ho-
mogeneous by sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis. The degree of purity was estimated to be 94-960/o by
scanning using laser densitometer.
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Patients
Atopic status with grass pollen allergy was defined by typical

anamnesis, positive skin prick tests, and serum-specific IgE as mea-
sured by radioallergosorbent test (class III or IV). None of the 3 pa-
tients (FR, male, age 42 years, HLA: DR 8/13, DRw 52, DQw l/4; DW
male, age 35 years, HLA: DR 15, DQw l; CB female, age2l years,
HLA: DR 4/lZ DRw 52153, DQw 2/8) were receiving corticosteroid
therapy. All 3 patients had undergone allergen-specific immunothera-
py (AllergoviP; Allergopharma, Germany; an alum-adsorbed mixture
of six grass extracts): patients FR and DW I year and patient CB 2
years before establishing TCC. In all 3 patients immunotherapy was
successfull on the basis of symptom score as well as the consumption
of antiallergic drugs. In each case peripheral blood mononuclear cells
(PBMC) were obtained during the grass pollen season.

Isolation of PhlpV reactive TCC
Briefly, PBMC (2 x lOó/well) were srimulated in 24-well (final vol-

ume I ml) flat-bottom plates (NLINC, Roskilde, Denmark) using an
optimal concentration of purified PhlpV (5-l0pg/ml) for Tdays in
RPMI-1640 medium (Gibco, Paisley, UK) supplemented with
2 mmol/l l-glutamine (Sigma, St. Louis, Mo., USA) ,lo/o vlv antibiot-
ic-antimycotic solution (Sigma), and 10"/o inactivated human AB se-
rum (Sigma). After a further stimulation period of 7 days in the pres-
ence of interleukin 2 (IL-2:25 IUlml; Pharma Biotechnology, Han-
nover, Germany), lymphoblasts were enriched on density gradient
(Lymphoprep; Nycomed, Oslo, Norway). Then a second stimulation
cycle of l0 days with 5 x 105 lymphoblasts/well in the presence of irra-
diated (3,000 rad) autologous PBMC (5x105/well) ,  PhlpV ( l0pg/
well), and IL-Z (25 IU I w ell) followed.

The Phlp V reactive T cell lines obtained were tested regarding the
PhlpV specificity by a tritiated methylthymidine 13U-tdR; Amersham,
UK) incorporation assay as described under Proliferation Assays.
Thereafter, suitable T cell lines were cloned (0.3 cells/well, final vol-
ume 0.2 ml) in 96-well round-bottomed plates (NLINC) in the presence
of inadiated (3,000 rad) allogeneic PBMC (5 x10a/well), phytoheamag-
glutinin (l pglml; Biochrom, Berlin, Germany), andlL-2 (25|Ulml).

After 14 days microcultures were fed with fresh inadiated alloge-
neic PBMC, phytohemagglutinin, and lL-2. Furthermore, fresh IL-2
(25 lUlml) was added at 4- to 5-day intervals. Before performing al-
lergen-specific proliferation assays, the clones were settled for almost
l0 days after the last addition of irradiated allogeneic PBMC. Selected
PhlpV reactive TCC (5x105/well) were further expanded in 24-well
plates (NUNC; final volume I ml) by restimulation with phytohemag-
glutinin (2.5 lt glml} irradiated allogeneic feeder cells (5 x 105/well),
andlL-2 (25\Ulml).

Proli.feration Assays
The specificities of TCC were assessed as follows: T cell blasts (in

each case 2xl0a cells/well) were stimulated in triplicate cultures in
96-well round-bottomedplates (NUNC, final volume 0.2 ml) with dif-
ferent group V allergens (1, 10, and20 pglml) in the presence of irradi-
ated autologous PBMC (5 x lOr/well) as antigen-presenting cells. After
56 h rH-TdR (l pCi/well) was added for l6 h. proliferation (3H-TitR
incorporation) was measured using a Matrix g6betacounter (Canber-
ra Packard, Meriden, Conn., USA); the results are expressed as arith-
metic mean counts per minute (cpm) for triplicate cultures. Responses
were considered positive when the stimulation index (ratio between
cpm obtained in cultures with TCC plus irradiated autologous PBMC
plus group V allergens and the same cultures without group V aller-
gens) was greater than 10.

The standard error of the mean value for all experiments was
<20o/o. As negative controls, T cell blasts alone, inadiated allogeneic
PBMC, and an irrelevant antigen (tetanus toxoid, l0 pgiml; Behring-
werke, Marburg/Lahn, Germany) were tested simultaneously. In each
case the data from representative experiments are shown.

P ro I ife ra ti o n I nh i b iti on Exp e r iments
For testing of the HLA class [I restriction of TCC, monoclonal anti-

bodies (against HLA-DR, HLA-DP, or HLA-DQ; Becton Dickinson,
San Jose, Calif., USA) were added (5 pl/ml) to PhlpV (10 p"glml) dri-
ven T cell proliferation. The rH-TiJR incorporation of TCC in the ab-
sence and presence of different HLA class II specific monoclonal anti-
bodies was compared and expressed as percent inhibition (for calcula-
tion see legend to table 4).

Phenotype Analltsis o.f TCC
Analysis of TCC for expression of cell surface markers CD3, CD4,

and CD8 was performed by flow cytometry using appropriate fluo-
rescein isothiocyanate labeled monoclonal antibodies (Becton Dickin-
son) and FACScan (Becton Dickinson).

Cytokine Produc t ion oJ. TCC
PhlpV stimulated cytokine production (lL-4 and gamma interfe-

ron - y-lFN - for all TCC,IL-2 for selected TCC) was measured using
commercial enzyme-linked immunosorbent assay kits (lL-4: R/D Sys-
tems, Minneapolis, Minn., USA; y-lFN: Labosery GieBen, Germany;
IL-2: R/D Systems) according the manufacturers' instructions. In each
case I x 106 TCC per well (free of residual IL-2) were added to I x l0ó
inadiated autologous PBMC per well in the absence or presence of
10 pg/ml Phl p V in24-well flat-bottomed plates (NL|NC, final volume
I ml). After incubation for 36 h, the cells were centrifuged, and culture
supernatants were collected, filtered (0.22 pm), and stored in aliquots
at-20"C until testing. As controls supernatants from cultures contain-
ing inadiated feeder cells alone were used. The cytokine concentra-
tions were regarded as positive if the values were at least 5 standard
deviations above those of control supernatants.

Results

Altogether2T PhlpVreactive TCC (5 from donor FR, 12
from donor DW l0 from donor CB) were selected after
cloning of three T cell lines and analyzedindetail.

Flow Cytometric Analltsis
FACS analysis revealed the T cell phenotypes

CD3+CD4+CD8- for 24 TCC and CD3+CD4-CD8+ for
3 TCC (all from donor CB: CBll , CBI2. CBls).

Group V Specific Proliferation
During primary screening 27 TCC were selected with re-

gard to their proliferative response to purified Phlp Z(stim-
ulation index > l0). Thereafter all TCC were tested with
other purified group V allergens Lolpt4 PoapI4 and
Dac gV) using specific proliferation assays. The following
control assays were perforrned, with inconspicuous results:
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Table î. Proliferative responses of group V reactive TCC: .mono-

reactive clones' (Phl p Zspecific)
Table 2. Proliferative responses of group V reactive TCC: 'oligo-

reactive clones' (reactivities with two group V allergens)

ìH-TdR, cpmx l0l TCC tH-TdR, cpmx l0l

nega t i ve  Ph l  pV  Lo lpV
control '

P o a p V D a c g V negative Phl p V
control"

L o l  p V  R t u p V  D a c g V

FR6
F R I 2
DWI I
DW14
D W l 6
DW26
CB2
C B I 4

0 .  l 0
0 .50
0 . 1 8
0.03
0.04
0.45
0.03
0.02

2.20
4.60
1.90
2.70
1.80
4.20
t .00
0.28

0.32
L30
0.20
0.04
0.22
1.90
0.06
0 . r 2

0 .36
2.40
0.28
0 . 1 0
0.07
t . 2 0
0.20
0 . t 2

0.44
r . 8 0
0 . t 2
0.06
0.08
1 . 7 0
0.04
0.05

FR8
D W I
DW8
DW23
DW25
C B I b

0 .  l 5
0.40
0.22
0 . 1  I
0 . 1 6
0.04

I .ó0
8.20
6.60
5.80
4.20
0.56

0.70
0.07
r . 3 0
0 .  l 3
0.2s
0.2s

2.20
4.40
0.52
r .  t 0
1 .75
0.60

0.30
0. i l
2.80
0.26
0.65
0.24

For each clone the maximum rH-TdR incorporation after stimula-
tion with different concentrations (1, 10, or 20pglml) of purified
group v allergens is listed. Positive responses in italics (stimulation
index > l0). The standard error of the mean for all experiments was
<20o^. Data were obtained from several comparable experiments.
' Irradiated autologous antigen-presenting cells plus TCC in the ab-
sence ofgroup V allergens.

(l) TCC plus irradiated autologous antigen-presenring cells
without allergen (see tables l-3); (2) TCC plus irradiated
autologous antigen-presenting cells plus an irrelevant anti-
gen (tetanus toxoid, l0 prg/ml; data not shown), and (3) TCC
plus irradiated allogeneic antigen-presenting cells plus
Phlp V (10 pg/ml; data not shown).

Various groups of TCC appear after analysis of allprolif-
eration assays due to their proliferation patterns. whereas
some TCC are only 'monoreactive' (Phlp Zspecific, table l)
the majority of TCC was cross-stimulated (tables 2, 3) by
other group V allergens. Reactivities to 24 group V grass
pollen allergens have been found.

AII 24 CD4+ TCC were HlA-DR-restricted. Concern-
ing HLA restriction, selected data are shown in table 4.

Cytokine Production
The cytokine production of all TCC after stimulation

with PhlpV was measured (tables 5-7). Cytokine concen-
trations were regarded as positive if the values were 5 stan-
dard deviations above those ofcontrol supernatants (derived
from irradiated autologous antigen-presenting cells alone).
In control supernatants of all3 donors, the concentrations of
IL-4, y-IFN, andIL-2 were lower than the minimum detec-
table amounts (3 pglml for IL-4 and 20 pglml for y-IFN and
IL-2) of the assays used. Furthermore, a spontaneous cyto-
kine release (inadiated antigen-presenting cells plus TCC
without allergen) was not detectable. Allergen (phtp V) spe-
cific stimulation of 24 CD4+ TCC revealed a hish IL-4lv-

For further explanation see table L
See table L
CDS+ TCC.

Table 3. Proliferative responses of group V reactive TCC: 'multi-

reactive clones' (reactivities with at least three group V allergens)

TCC tH-TdR, cpmx l0l

n e g a t i v e  P h l p V  L o l p V  P o a p V  D a c g V
controla

FR2
FR7
DW24
DW28
DW29
C B I
CB4
C B I O
C B I 3
CB3
C87
C B I 2 b
C B I 5 b

0.20
0.25
0 . 1 0
0 .  1 5
0 .  l 3
0 . r 0
0 . r 2
0.04
0.05
0.06
0.02
0.02
0.07

7.70
3.00
7.30
6.00
4.80
3.  I0
4.80
2.70
0.60
3.20
0.30
0.40
0.70

9.20
2.70
2.20
4.00
0.93
0.50
0.60
0.s0
0 . r 5
0 .  l 5
0.20
0 .  l 0
1 .40

9.40
2.50
2.00
L 7 0
2.00
0.50
1.20
3 . 1 0
3.00
0.90
0.20
0.30
1.40

14.40
0.70
4.40
2.70
t .38
4.20
1.70
0 . 1 0
r.60
0.65
0.40
0.80
1.40

For further explanation see table l.
See table l.
CD8+ TCC.

IFN ratio lL-4 > 100 pglml, y-IFN <20 pglml for 13 (54%)
clones (Th2-like pattern). IL-4 as well as y-IFN were found
in2 of 24 supernatants (Th6-like pattern), whereas in 6 of 24
supernatants both lymphokines were not detectable. This
6 TCC (table 6) were tested additionally for allergen-trig-
gered IL-2 production. Two of the 6 TCC demonstrated a
significant IL-2 secretion. Two of 3 CD8+ TCC (table 7)
produced IL-4 and y-IFN (Thr-like pattern); the remaining
TCC showed no lymphokine production.
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Table 4. lnhibition of PH p Z specific
proliferation by anti-HLA monoclonal anti-
bodies: presentation of ten selected TCC

Table 5. Cytokine production of CD4+
TCC stimulated with Phl p V

TCC 'H-TdR, cpmx l0l

no monoclonal
antibody

antl-

HLA-DP

anti-
HLA-DQ

anti- % inhibition of
HLA-DR anti-HLA-DRu

DW25
DW29
DW28
DW23
C84
C B  I 5
C82
CB 14
FR2
FR7

2 . t l
1 .40
1 . 6 0
2 . t 0
0.40
0.50
1 . 0 0
0 . t 8
7.10
3.30

2.00
1.00
1 . 6 0
1 . 3 0
0.40
0.30
0.70
0 . r 2
7.40
2.80

t . 7 0
| . 2 0
t . 2 0
1.60
0.30
0.25
0.70
0 . l 6
7.60
2".70

0.03
0.02
0.01
0.03
0.07
0.07
0 . 1 6
0.03
0.40
0.3s

98.6
98.6
99.4
98.6
82.5
86.0
84.0
83.3
94.8
88.3

Phl p V reactive TCC (2 x lOa/well) were stimulated with Phl p V (10 Tt glml) and autologous
PBMC (5 x lOa/well) in the presence or absence of anti-HLA class II blocking monoclonal anti-
bodies.
o Vo inhibition by anti-HLA-DR.antibody is expressed as:

% inhibition _ cpm (- antibody) - cpm (+ antibody)
cpm(-ant luoag 

-x  loo%

No. TCC No. TCCtL-4
pglml

y-lFN
pglml

tL-4
pglml

y-lFN
pglml

l 3
t 4
l 5
r 6
t 7
1 8
l 9
20
2 l
22
23
24

I
2
a
J

4
5
6
7
8
9

1 0
l l
t 2

DW28
FR2
CB3
FR8
DWl l
C82
F R I 2
C B I 4
FR7
C B I
DW23
DW8

1,026
960
926
773
589
473
448
367
350
326
209
L7 l

< 2 0
<20
< 2 0
<20
< 2 0
<20
<20
< 2 0
<20
<20
<20
< 2 0

DWI
DW25
DW29
C B I O
FR6
DW26
DWl4
DWl6
DW24
C87
C B I 3
CB4

1 5 0  < 2 0
82 <20
32 <20
23 <20

1,920 4,520
>2,000 3,557
< 3  < 2 0
< 3  < 2 0
< 3  < 2 0
< 3  < 2 0
< 3  < 2 0
< 3  < 2 0

Supernatants were obtained by stimulating TCC (lxlO"/well, final volume I ml) in the
presence of l0pg/ml Phl p V and irradiated autologous PBMC 1lxl06/well)  for 36h. The
cytokine concentrations were regarded as positive if the values were at least 5 standard devia-
tions above those of control supernatants obtained from irradiated autologous antigen-present-
ine cel ls alone.

Discussion

Besides group I, group V allergens are the most impor-
tant major allergens of grass pollen [-3]. In the meantime
information about B cell epitopes of group V allergens in-
cluding cross-reactivities on the IgE level has been im-
proved 12,3,9-11]. On the contrary data on T cell epitopes

of group V allergens are rareU, S]. Therefore, we character-
rzedapanel of 27 PhlpV reactive TCC established from the
peripheral blood of 3 typical pollinosis patients. As expect-
ed, the majority of TCC (24127) showed the helper cell phe-
notype CD3+CD4+CD8-, whereas the remaining three
clones were CD3+CD4-CD8+. Others [e.g.', 13,14] report-
ed on isolation of CD3+CD4-CD8+ allersen reactive TCC

Múl I erlKaram fi lov/Fah lbusch/Vogel sang/
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l 9
20
2 l
22
z.)

24

<20
350
<20
<20
<20
475

Table 6. IL-2 production of six selected
CD4+ TCC stimulated with Phl p V

No . TCC n-2
pg/ml

Phlp V and Dac gV, as 12 of 19 cross-reacting TCC prolifer-
ate in the presence of Dac gV to.

Some of the PhlpV reactle TCC (FR2, FR8, CBl, and
CBl0) recognized common epitopes of other group V al-
lergens even more effective than for Phlp Zitself. Perhaps
minor variations of amino acid sequences/structural motifs
on homologeous epitopes could be the reason for this phe-
nomenon. Recently, comparable data have been published
for immunodominant epitopes on corresponding major al-
lergens of different tree pollens [19]. Previously the exist-
ence of intraspecies (LolpI, II, and III) and even interspe-
cres (PoapU Lolp I) T cell epitopes on grass pollen has been
described [6, 8]. Now appropriate investigations regarding
some cross-recognitions of our group V reactive TCC of in-
traspecies (Phlpl) as well as interspecies (Lolpl) group I
allergens are under way fmanuscript in preparation].

Besides we were especially interested in the functional
properties of the CD4+ TCC. Therefore, the production of
IL-4 and y-IFN after allergen-specific (Phlp Z) stimulation
was tested. We preferred this stimulation procedure, as
pathways which circumvent triggering the T cell receptor/
CD3 complex are not representative of the natural situation
[e.g., ref. l5]. Thirteen of 24 CD4+ TCC demonstrated
higher IL-41y-IFN ratios (Th2-like paftern; see table 5, Nos
l-13). Interestingly, among these clones nine belong to
cross-reacting TCC (see tables 1, 2 and 3). Such cross-rec-
ognition triggering IL-4 secretion could be responsible for
an'amplification'of IgE responses to homologeous major
allergens derived from various grass species. Two other
CD4+ TCC showed a Th6-like cytokine pattern (FR6 and
DW 26), whereas six clones (Nos. 19-24; table 5) produced
neither IL-4 nor y-IFN. As 2 of these 6 clones secreted IL-2
(table 6), they belong to Th1-like T helper cells. However, 4
TCC seem to be indeed 'nonproductive'. Perhaps such
clones may represent so-called precursor T helper cells
('Tho') isolated from atopic donors being in remission, as
shown recently by Spiegelberg et al. [20]. The results of in
vitro cytokine assays could be estimated as follows: The fre-
quent Th2-T helper cell status confirms indeed the real in
vivo situation of all 3 allergic patients at the time of TCC
isolation, in the midst of grass pollen season. Similar data
were published for many other allergen-specific TCC also
by others [a]. On the other hand, a random selection of TCC
has happened which is less representative of the clinical sit-
uation, as all 3 donors have already undergone specific im-
munotherapy. Therefore, future investigations should in-
clude TCC established from the same allergic donors before
and after (remission) immunotherapy. Furthermore, analy-
sis of grass pollen specific T cell responses of nonallergic
persons [e.g., ref.20] would be desirable. But all our at-

DWl4
DWl6
DW24
CB7
C B  I 3
C84

For further explanation see table 5.

Table 7. Cytokine production of CD8+
TCC stimulated with Phl p V

TCC] y- lFN
pg/ml

tL-4
pglml

C B I I
CBI2
C B  I 5

410
1 , 9 1 0
< 2 0

449
830
< 3

For funher explanation see table 5.

too. All three CD8+ TCC came from the same donor (CB).
Perhaps CD8+ allergen specific TCC arose from the more
prolonged (2 years) immunotherapy as compared with the
other 2 donors.

The Tcell recognition of PhlpV was always HLA-DR
restricted. obviously HLA-DR molecules restrict T cell re-
sponses of a majority of nominal allergens [e.g., 14-161.
Specific proliferation assays with various purified group V
grass pollen allergens allow several conclusions: The
'T cell repertoire' directed at Phlp V allergens encloses spe-
cres (Ppratense) specific as well as cross-reacting epitopes
(see tables l-3). Interestingly, 19 TCC seem to recognize
common/cross-reacting epitopes or structural motifs [17] of
amino acid sequences on different group V allergens. In the
meantime first data about such homologies between Phlp V
and Poa pV/lX (90% identities) as well as between phtpV
and Lolpv/lb (35% identities) have been published [18].
Obviously, the higher degree of sequence homologies of
Phl p V to Poa p V in comparison with Lol p V wlll be con-
firmed analyzingthe proliferative responses: l7 of l9 cross-
reacting TCC were reactive to Poa pV too, whereas only 7
of these clones recognized Lolp V additionally (see tables 2
and 3). Similar structural homologies seem to exist between
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tempts to isolate group V reactive T cell lines from healthy
persons failed throughout. Nevertheless, the presented data
obtained from this panel of group V reactive TCC allow the
following conclusions: The exact identification of cross-re-
acting (common) T cell epitopes on group V major grass
pollen allergens could be very sensible due to the critical

role of T cells in the regulation of allergen-specific IgE re-
sponses [21]. This knowledge couldbe utilizedto testpoten-
tial (immunodominant?) peptides concerning immune
mechanisms leading to an allergen-specific immunotole-
rance for a scientifically based immunotherapy 121,221.
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