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Background: Pollinosis, caused by grasses of the Poaceae
family, is a problem worldwide. The relative importance of
grass groups 1 and 5 major allergens is well established.
However, not much is known about the recognition of these
allergens by T cells and whether this T-cell reactivity corre-
lates with skin reactivity and serum IgE levels.
Objectives: The aim of this study was to characterize the
cross-reactive, grass allergen–specific T-cell responses from
patients allergic to grass and nonatopic individuals and to
investigate whether these responses correlate with grass-spe-
cific IgE and skin reactivity.
Methods: Skin prick test wheal areas and grass-specific se-
rum IgE levels were determined in all patients (n 5 21) and
nonallergic control donors (n 5 20). Peripheral blood mono-
nuclear cells were isolated and stimulated with grass allergen
extracts (Phleum pratense, Poa pratensis, Lolium perenne) and
immunoaffinity-purified group 5 allergens, and the produc-
tion of type 1 and type 2 cytokines was determined in the
patient group.
Results: Donors allergic to grass showed increased T-cell–
proliferative responses to grass allergens compared with
nonatopic control subjects. We find it interesting that the
magnitude of the patients’ T-cell responses could not be cor-
related with the individual skin prick test areas and specific
serum IgE levels, and several patients with allergies to grass
had group 5–specific T-cell responses in the absence of group
5–specific IgE. The absence of a correlation between T-cell
proliferation and IgE levels or skin prick test results may in
part be explained by the finding that patients predominantly
produced IL-5 in response to Phl p 5, the major allergen,
and predominantly IFN-g in response to Phl p extract. In
general, all donors responded equally well to all three
grasses. Additional experiments with Phl p 5–specific T-cell
lines indicated that the equal proliferation of peripheral
blood mononuclear cells to all three species is the direct re-
sult of cross-reactivity.
Conclusions: Grass allergen–specific T-cell responses are
highly cross-reactive, and patients with allergies exhibit
higher responses than nonallergic donors, suggesting that T
cells are involved in the allergic reaction to grass group 5

allergens. However, group 5–specific T-cell responses are also
found in donors without group 5–specific IgE, and the pa-
tients’ grass-specific T-cell responses and cytokine produc-
tion do not correlate to skin reactivity or to concentrations of
grass-specific IgE. (J Allergy Clin Immunol 1998;101:241-9.)
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Grass pollen derived from grasses of the Poaceae
family are a major source of airborne allergens, giving
rise to seasonal allergies with clinical manifestations
such as rhinitis and asthma.1 The IgE reactivity of
patients who are allergic to grass pollen allergens is well
documented,2 and group 1 and 5 allergens have been
shown to be the most important, clinically relevant
allergens. Both group 1 and group 5 allergens are
proteins with molecular weights in the range of 30 kd,
showing a wide isoelectric point (pI) variation in each of
the Poaceae grass species.2-4 Interspecies sequence ho-
mology of grass group 5 and group 1 allergens4-6 suggests
that members of these allergen groups induce immune
responses that cross-react with the homologous aller-
gens from other grasses. Several studies have reported
this cross-reactive recognition of grass allergens for IgE
reactivity2, 4 as well as for T-cell reactivity.7-9 As a result
of this cross-reactivity, patients with allergies respond to
different grasses with different geographic distributions,
which complicates allergen avoidance. Therefore, more
detailed studies on the cross-reactivity between different
grass species are important and may eventually lead to
the use of a single grass species for diagnosis and specific
treatment of allergy.

It is well established that allergen-specific TH2-like
cells play an important role in the induction of IgE
synthesis (IL4) and eosinophilia (IL5).10-13 Furthermore,
a higher frequency of infiltrating T cells producing TH1

cytokines (e.g., IFN-g)14-16 and an increase in allergen-
specific IgG17 are found after successful immunother-
apy. This stresses the importance of T cells in the allergic
immune responsiveness. Furthermore, enhanced aller-
gen-specific T-cell proliferation in atopic patients as
compared with nonatopic control subjects indicates that
T cells are involved in the allergic reaction. Increased
proliferative responses have been documented by sev-
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eral investigations,18-24 whereas this could not be dem-
onstrated in other studies.25-27

Skin prick test (SPT) results and allergen-specific IgE
measurements are widely used for the diagnosis of type
1 allergies, and even though there are some discrepan-
cies,28 the concordance between a positive skin test
reaction and the detection of specific IgE is high.29-32

Not much is known about a possible correlation between
allergen-specific T-cell proliferation, cytokine produc-
tion, allergen-specific IgE, and SPTs. Such information
may be of importance for diagnosis and specific treat-
ment of grass pollen allergies.

In this study we have addressed this question by
studying the T-cell response of patients with allergies
and control donors without allergies to grass pollen
extracts and purified group 5 major allergens. The
responses of patients and control donors were com-
pared, and the level of T-cell responsiveness of the
patients with allergies was compared with IgE reactivity
and SPT results to investigate a possible correlation,
whereas the cytokine production of the responding T
cells of atopic patients was determined to relate T-cell
reactivity to the atopic phenotype. In addition, the T-cell
responses to three different grass species were studied to
gain more insight into the cross-reactive nature of
immune responses to grasses.

METHODS

Characterization of blood donors

Blood samples from 21 patients with allergies and 20 nona-
topic persons were collected during the Danish grass pollen
season. All patients had a clinical history of allergy to grass
pollen and had high serum levels of Phleum pratense–specific
IgE (minimum MagicLite class 2, ALK A/S).29 None of the
patients had received specific immunotherapy. All patients had
a positive SPT result ($5 mm2)29 when tested with doses of 10
HEP Phleum pratense pollen extract (SoluPrick SQ, ALK A/S),
and the wheal reaction area was evaluated relative to a positive
histamine control (10 mg/ml). No patients showed skin reac-
tions when tested with SoluPrick dilution (ALK A/S) as a
negative control.

None of the control donors had a clinical history of allergic
reactions, and none had Phleum pratense–specific serum IgE
(MagicLite, ALK A/S) or a positive SPT reaction to Phl p. All
subjects provided written informed consent, and the protocol
was approved by the Danish ethic committee.

Allergens

Pollen extracts (Phl p, Poa p, and Lol p). Pollens from Phleum
pratense, Poa pratensis, and Lolium perenne were obtained from

Greer Laboratories and extracted as described elsewhere.2

Working solutions (1 mg lyophilized material/ml RPMI 1640
medium (Gipco) were sterile filtered and stored at –20° C until
used. The extracts contained all important allergens as evalu-
ated by sodium dodecylsulfate–polyacrylamide gel electro-
phoresis (SDS-PAGE) immunoblotting.

Affinity purification of grass group 5 allergens. Group 5 aller-
gens (Phl p 5, Poa p 5, and Lol p 5) were affinity purified on a
HiTrap affinity column (Pharmacia, Uppsala, Sweden) accord-
ing to the manufacturer’s description by use of Phl p 5–specific
mouse monoclonal antibody PpV8.5 Briefly, 10 mg of grass
pollen extract, 10 mg/ml in PBS, 0.5 mol/L NaCl (pH 7.2) was
added to the column (10 ml), and the column was washed 10
times with 10 ml of phosphate-buffered saline (PBS) and 0.10
mol/L glycine (pH 2.7). Group 5 allergen was eluted by adding
10 times 10 ml of PBS, 0.10 mol/L glycine, 0.15 mol/L NaCl (pH
11) and collected in buffer for neutralization. The fractions
containing group 5 allergen identified as a homogeneous band
pattern in sodium dodecyl sulfate–polyacrylamide gel silver
staining33 were pooled and lyophilized. The group 5 allergens
were dissolved in RPMI 1640 medium, sterile filtered, and
stored at –20° C until used.

The concentrations of group 5 allergens were determined by
evaluation in rocket immunoelectrophoresis34 with PpV8 in the
gel.

PBMC stimulation assay

PBMCs were isolated from freshly drawn heparinized blood
by gradient centrifugation on lymphoprep (Nycomed), washed
twice with RPMI (Gibco), and resuspended in RPMI medium
supplemented with 5% vol/vol AB-serum (AH Diagnostics),
0.29 (mg/ml l-glutamine (Gibco) 100 units/ml penicillin, and 0.1
mg/ml streptomycin (Sigma, St. Louis, Mo.) (referred to as
AB-medium). The PBMCs were stimulated with serial dilutions
of grass allergen extracts (100 to 6.25 mg/ml of Phl p, Poa p, and
Lol p) and purified group 5 allergens (60 to 1.6 mg/ml) in
96-well, round-bottomed microtiter plates with 2 3 105 cells/
well in 200 ml AB-medium/well. Optimal conditions for the
proliferation assays were determined by pilot studies with
allergen concentrations from 250 to 1 mg/ml and harvest of the
cells at day 4, 5, 6, 7, or 8 with PBMCs from donors with
allergies and nonatopic donors. PBMCs in cultures without Ag
were used as negative controls; PBMCs stimulated with 5 mg/ml
tetanus toxoid (TT) (Serum Instituttet) were used as positive
controls. The cells were cultured for 6 days in a humidified
atmosphere at 37° C, 5% CO2, followed by an 18-hour pulse in
the presence of 0.5 mCi of 3H-thymidine (NEN DuPont) per
well. The cells were harvested onto nitrocellulose filters and
thymidine incorporation was determined by liquid scintillation
counting. Maximal stimulation index (SI) values were calcu-
lated as the ratio of cpm at the optimal antigen concentration in
the stimulated cultures relative to the cpm in the unstimulated
cultures. All results represent the mean values of triplicate
cultures.

SDS-PAGE and electroblotting

SDS-PAGE and electroblotting were performed essentially
as described previously35 with the use of 400 mg crude grass
allergen extract in a 10 cm broad well in sodium dodecylsulfate–
polyacrylamide gel. After blotting, the nitrocellulose sheets
were cut into 0.5 cm lanes with approximately 20 mg grass
allergen extract per lane to probe with human serum samples
followed by detection with 125I-labeled anti-IgE (Pharmacia) by
autoradiography at –80° C for 10 days.

Abbreviations used
AB-serum: AB-negative human serum

PBMC: Peripheral blood mononuclear cell
PBS: Phosphate-buffered saline

PpV8: Monoclonal antibody to Phl p 5
SI: Stimulation index

SPT: Skin prick test
TT: Tetanus toxoid
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Cytokine production

PBMCs were thawed and stimulated in AB-medium with 50
mg/ml Phl p, 30 mg/ml Phl p 5, or medium control in 1 ml
cultures with 2 to 5 3 106 cells/ml. The cells were cultured in
humidified atmosphere at 37° C, 5% CO2; at day 6, superna-
tants were collected. Cells were resuspended in 500 ml AB-
medium and transferred to 96-well, round-bottomed microtiter
plates with 50 ml culture/well and pulsed for 18 hours with 0.5
mCi of 3H-thymidine per well to determine proliferation as
described for the PBMC assay.

Cytokine concentrations in supernatants were determined by
ELISA for IL-5 (Immunotech, Marseille, France) and for IL-4
and IFN-g (Mabtech, Nacka, Sweden) according to the manu-
facturer’s description.

Establishment of Phl p 5–specific T-cell lines

T-cell lines specific to Phl p 5 were established from PBMCs
of two patients allergic to grass. Isolated PBMCs (2 3 106/ml)
were stimulated in 1 ml bulk cultures in 24-well plates (Nunc)
with Phl p 5 (20 mg/ml) for 14 days with 10 IU, 5 IU, and 5 IU
r-IL2 (Chiron) added per well at days 5, 6, and 7, respectively.
After 14 days, T cells were isolated, washed, and restimulated in
culture with autologous EBV B-cells (105/well, irradiated 3,500
Rad), allogeneic PBMCs (106/well, irradiated 2,500 Rad), 10
mg/ml PHA-C (Boehringer Mannheim, Germany), and Phl p 5
(20 mg/ml), and r-IL2 was added at days 5, 6, and 7. The lines
were kept in culture with restimulation every 10 days and
addition of r-IL2 at days 3 to 5. The cell line cultures were
terminated after a period of 8 weeks.

T-cell stimulation assay

On day 10 after restimulation, T cells (2 3 104/well) were
cultured with autologous PBMCs (105/well, irradiated 2,500
Rad) in 200 ml AB-medium with or without antigen in
96-well, round-bottomed microtiter plates (Nunc). Cells
were cultured for 72 hours in a humidified atmosphere at
37° C, 5% CO2 followed by an 18-hour pulse with 0.5 mCi
3H-thymidine/well to determine proliferation as described
for the PBMC assay. Results are expressed as mean cpm
values of triplicate cultures.

Statistical analysis

The Mann Whitney U test was used to compare groups of
data with nonnormal distribution. Spearman rank order corre-
lation was used to detect correlation between different data
sets. All stochastic probabilities less than or equal to 0.05 were
considered significant. Analyses were performed with Statistica
(Stat Soft, Tulsa, Okla.).

RESULTS

SPTs and allergen-specific IgE

All patients had a positive skin reaction to Phleum
pratense and grass allergen–specific IgE in serum, but no
direct correlation between the patients’ area of SPT
wheal reactions and concentration of grass-specific IgE
in serum was found (Fig. 1). Total serum IgE levels
varied from 5 to 952.2 IU/ml and Phleum pratense–
specific IgE from 10 to 522 SU/ml. SPT areas varied
from 14 to 55 mm2 for the histamine control and from 6
to 60 mm2 for Phleum pratense. The negative control
(PBS) was less than 1 mm2 in all cases.

Proliferative T-cell responses to grass pollen

allergens

To detect differences in the T-cell responses of pa-
tients allergic to grass compared with nonatopic control
subjects, the proliferation of T cells in PBMC cultures
stimulated with various concentrations of grass allergens
was investigated. Both patients and control subjects
exhibited pronounced proliferative T-cell responses to
the allergen extracts with maximal stimulation in the
range of 5 to 50 mg allergen/ml (data not shown). Similar
dose-response curves were also found in the two groups
when PBMCs were stimulated with purified group 5
allergens, with maximal responses in the range of 5 to 30
mg allergen/ml (data not shown). T cells from the
majority of the donors from both groups were equally
activated by all the grass allergen extracts, but some
donors only recognized one or two of the purified group
5 allergens. The fact that all donors reacted to grass
allergens was not the result of mitogenic activity of the
preparations, because no mitogenic effect was found
when a Bet v 1–specific T-cell line36 was cultured in the
presence of different concentrations of Phl p 5 or Phl p
(results not shown). To ensure that the results are not
influenced by the variation in background counts, they
are expressed as maximal SI (Fig. 2). It should be noted,
however, that background values in the patients with
allergies were generally higher than in control subjects
(see legend of Fig. 2), resulting in lower stimulation
indices in respect to total counts. The mean responses
expressed as SI to grass allergens (Fig. 2, A and B) were
in all cases higher in the group with allergies than the
responses seen in the group without allergies. The mean
responses to the purified allergens Phl p 5 and Poa p 5
were significantly higher in the atopic group (Fig. 2, B).

FIG. 1. SPT versus specific IgE. SPT results are expressed as Phl
p wheal area relative to histamine control wheal area. Phl p–spe-
cific IgE concentrations were determined in MagicLite and are
expressed in standard units.29 Lower limits for MagicLite allergy
classes 1 through 5 are indicated by squares at the y-axis.
Spearman rank order correlation: r 5 0.15, p 5 0.58.
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In contrast, the response to TT as a control was higher in
the nonatopic group, but this difference was not signifi-
cant. Interestingly, when the results were expressed as D
cpm, all allergen-specific responses were found to be
significantly higher in the atopic group (p , 0.01), and
only the difference in responses to Lol p 5 failed to reach
significance (p , 0.06). Responses to the control antigen
TT were identical in both groups (p 5 0.92) when
expressed as D cpm (not shown).

Each donor group showed comparable mean re-
sponses to all three grass allergen extracts as well as to
the three purified group 5 allergens (Fig. 2, A and B).
The high level of Phleum pratense–specific T-cell prolif-

FIG. 2. Specific T-cell responses to grass allergen extracts (A), grass
group 5 allergens (B), and tetanus toxoid (C) in PBMC cultures from
patients with allergies to grass (closed circles) and nonatopic control
subjects (open circles). The maximal stimulations with crude ex-
tracts were 1000 to 40,000 cpm in PBMCs from donors with allergies,
whereas PBMCs from individuals without allergies in general show
maximal responses between 100 and 5000 cpm. Maximal responses
to purified group 5 allergens were in general between 1000 and 5000
cpm in the atopic group and 100 and 2000 cpm in the group without
allergies. The mean PBMC responses to TT (in cpm) were similar in
the two groups. The mean background value was higher in the
group with allergies (920 cpm compared with 450 cpm), but the
difference was not significant. Results are expressed as maximal SI.
Median values are indicated for each group. Median values in bold
are significantly higher than the median values of the control group
(p # 0.05).

FIG. 3. A, T-cell response versus specific IgE concentrations, Phl
p–specific T-cell responses in PBMC cultures expressed as maxi-
mum SI and Phl p–specific IgE concentrations were determined in
MagicLite and are expressed in standard units.29 Lower limits for
MagicLite allergy classes 1 through 5 are indicated by squares at
the y-axis. Spearman rank order correlation: r 5 0.06, p 5 0.80. B,
T-cell response versus SPT response. Phl p–specific T-cell re-
sponses in PBMC cultures expressed as max. SI and SPT results
are expressed as Phl p wheal area relative to histamine control
wheal area. Spearman rank order correlation: r 5 0.07, p 5 0.78.
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eration did not correlate with specific IgE concentra-
tions (Fig. 3, A) or SPT data (Fig. 3, B) of the individual
patients. Similar results were obtained when Phl p
5–specific T-cell proliferation was correlated with SPT
and IgE concentrations (not shown).

Grass group 5 allergen-specific IgE

Because allergen-specific T-cells induce the produc-
tion of specific IgE antibodies, one expects a correlation
between T-cell reactivity and IgE levels. Therefore the
sera of 13 patients with high T-cell responses to grass
allergens were selected to investigate the patients’ IgE
reactivity by SDS-PAGE immunoblotting. All patients
(except patient 10) had detectable IgE reactivity to one
or more allergens in all three grasses. IgE reactivity to
group 5 allergens were seen in most patients’ sera, but
the sera of some patients only contained detectable IgE
specific to the group 5 allergen in one or two of the
grasses. Interestingly, 5 of 13 patients who had good
proliferative responses to group 5 allergens had no
detectable group 5–specific IgE (Table I). These results
were confirmed by a fluid-phase assay (data not shown).

Cytokine profiles of the allergen-specific T-cell

response

To determine whether the cytokine production of the
patients was consistent with the atopic phenotype, su-
pernatants from Phl p 5– and Phl p–stimulated PBMCs
from 15 patients were assayed for production of IL-4,
IL-5, and IFN-g. Unexpectedly, all patients produced
significant amounts of IFN-g in response to Phl p,
whereas IL-5 was only produced by eight of 15 patients.
In contrast, in cultures stimulated with Phl p 5, 13 of 15
patients had significant IL-5 production, whereas low
levels of IFN-g were measured in only seven of 15 (Fig.
4). IL-4 could not be measured in any of the superna-
tants. The levels of IL-5 or IFN-g production did not

correlate to SPT reactions or specific IgE concentra-
tions.

Cross-reactivity of Phl p 5–specific T-cell lines

To distinguish between actual cross-reactivity of indi-
vidual T cells and separate T-cell populations’ equal
responses to different group 5 allergens, the responses of
T-cell lines were investigated. T-cell lines raised against
Phl p 5 exhibited extensive cross-reactivity with specific
responses to all crude grass extracts and all immunoaf-
finity purified grass group 5 allergens (Fig. 5, A and B).
T-cell reactivity of pt AGC and pt TL in the PBMC
cultures show a similar reactivity pattern (not shown).
The specificity of the cell lines did not change after
several restimulations.

DISCUSSION

This study showed that patients allergic to grass have
a slightly increased T-cell proliferative response to grass
allergens compared with control subjects without aller-
gies and that this difference reaches significance when
the responses to single grass group 5 allergens are
compared, even though grass allergen–specific T-cell
responses are present in both groups. The enhanced
T-cell proliferation of the atopic patients could neither
be correlated to skin reactivity nor to specific serum IgE
measurements, and some patients even had T-cell pro-
liferative responses to group 5 allergens in the absence
of specific IgE. Unexpectedly, the cytokine production
of patients allergic to grass in response to Phl p 5 was
dominated by the TH2 cytokine IL-5, whereas the cyto-
kine productions in response to Phl p was dominated by
the TH1 cytokine IFN-g. In addition, the present data
suggest that a major part of the simultaneous reactivity
of peripheral T cells to related grasses is the direct result
of cross-reactivity.

CD41 T cells have been shown to play an important

TABLE I. T-cell and IgE reactivity of 13 patients to grass allergen extracts and group 5 allergens

Patient

Allergen

Phl p Poa p Lol p Phl p 5 Poa p 5 Lol p

6 19.57 19.25 14.77 11.04 9.35 10.68
7 12.04 7.30 9.30 5.98 4.47 5.79
8 10.73 10.18 16.22 7.07 6.83 2.95
9 8.89 7.12 6.86 6.70 6.99 2.74

10 3.41 4.39 3.23 4.51 3.07 2.35
12 20.01 18.12 21.31 19.13 9.81 4.78
13 8.73 10.18 21.54 9.64 7.52 2.61
14 43.91 32.89 17.90 8.30 4.70 3.19
15 28.17 26.59 24.05 4.81 10.47 10.37
18 5.99 5.52 4.72 2.86 3.13 3.80
19 8.70 11.63 9.78 2.44 2.50 3.24
20 13.22 19.21 16.01 5.24 5.60 2.69
21 5.49 5.07 4.26 9.53 8.32 16.15

T-cell responses are expressed as maximum. SI found in PBMC cultures stimulated with various concentrations of each allergen and IgE reactivity was
detected by SDS-PAGE immunoblotting. Numbers indicate T-cell responses combined with IgE reactivity; numbers in bold indicate T-cell responses
without simultaneous IgE reactivity.

J ALLERGY CLIN IMMUNOL
VOLUME 101, NUMBER 2, PART 1
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role in the pathophysiology of allergic disease,10-13 and a
shift in their cytokine profile has been suggested as a
possible mechanism for successful specific immunother-
apy.14-16 The involvement of T cells in the regulation of
allergic disease would suggest that there is a direct
correlation between allergen-specific T-cell activation
and allergen-specific IgE-mediated reactions.

T-cell reactivity to the three grass extracts tested could
be demonstrated in the patient group as well as in the
control group. However, responses in the patient group
were higher than responses in the control group. When
grass group 5–specific T-cell reactivity was studied,
significantly higher responses to Phl p 5 and Poa p 5
were found in the atopic group and low mean responses
to all three group 5 allergens were found in the nona-
topic group (Fig. 2, A and B). The lack of a significantly
higher mean response to Lol p 5 in the atopic group may
be caused by the relatively low SI from a few allergic
individuals (Fig. 2), indicating that the difference might
reach significance in larger populations. The elevated
allergen-specific T-cell responses found in the atopic
group indicate that T cells from patients with allergies
are involved in the mechanisms of the allergic reaction
and therefore may be the actual target for specific
therapy.

Several studies have demonstrated that atopic patients
display higher T-cell–proliferative responses to aller-
genic extracts than control subjects without allergies.18-24

Some other studies, however, have not been able to
confirm this.25-27 Similarly, the data presented here show
that proliferative T-cell responses of T cells from donors
with allergies to grass pollen extracts were higher (but
not significantly higher) than responses from donors
without allergies. A possible explanation for this is that
allergenic extracts consist of complex mixtures of pro-
teins, possibly masking a significantly different response
to single major allergens. This is consistent with the
finding of other groups that a more pronounced differ-
ence between the T-cell reactivity to purified major
allergens compared with allergen extracts exists.37, 38

Because allergen-specific IgE can facilitate the presen-
tation of allergens through FceRI or RII, resulting in a
higher T-cell–proliferative response,39-41 studies per-

formed in autologous serum might be more relevant to
the in vivo situation. However, IgE-facilitated allergen
presentation is dependent on high levels of specific IgE
and may only be relevant in atopic dermatitis.40

Both significant and nonsignificant differences in
mean SI are further underscored by the fact that the
mean response to TT was (nonsignificantly) higher in
the nonatopic group, and, in addition, that the higher
background values in the atopic group have lowered the
SI values in this group. In addition, when data were
expressed as D cpm, significant differences were found
for both allergen extracts and purified allergens, but the
significance of the differences in the responses to the
allergen extracts were lost when the variability of the
baseline was included in the evaluation of the data (i.e.,
when data were expressed as SI). Responses to Phl p 5
and Poa p 5, however, remained significantly higher in
the atopic group. The enhanced T-cell responses to grass
allergens in the patient group could not be explained by
different dose-response curves (data not shown) but
rather indicate an increased frequency of allergen-spe-
cific T cells,22 implying that not only the cytokines these
allergen-specific T cells produce are affected in allergic
disease but that their frequency also is enhanced in the
peripheral blood of patients with allergies.

A positive SPT result and the presence of allergen-
specific serum IgE are normally concordant.29-32 The
inclusion criteria for patients of the present investigation
was positive SPT reaction ($5 mm2) to Phl p and
specific IgE concentrations above 4 SU/ml ($class 2).
However, no clear-cut correlation between the level of
SPT and the IgE concentrations of individual patients
could be found (Fig. 1). When SPT areas and specific
IgE determination are compared, a correlation was
found when SPT is expressed as end point titration.30, 42

However, the direct correlation of SPT with IgE mea-
surements is complicated by many different factors in-
volved in the determination of specific IgE concentra-
tions and skin reactivity, such as IgE affinity, total IgE
levels, the presence of blocking IgG, and varying mast
cell releaseability in the skin.42-44 The fact that enhanced
grass allergen–specific T-cell responses are found in the
peripheral blood of subjects with allergies suggests that

FIG. 4. IL-5 (y-axis) and IFN-g (x-axis) production of PBMCs from 15 patients with allergies to grass in cultures
with no allergen (left), 50 mg/ml Phl p (middle), or 30 mg/ml Phl p 5 (right). Supernatants were collected at day
6 after stimulation, and the concentrations of IL-5 and IFN-g were determined by ELISA. Ag, Antigen.
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the responding T cells are inducing the production of the
grass-specific IgE by B cells and subsequent skin reac-
tivity. Therefore a direct correlation between the level of
T-cell reactivity and allergen-specific serum IgE and SPT
areas could be expected. A correlation between IgE and
T-cell proliferative responses has been suggested,37, 45

whereas other studies indicate that allergen extracts also
contain proteins that induce T-cell proliferation in the
absence of IgE.46-48 However, in this study neither
specific serum IgE levels nor SPT areas could be corre-
lated to the level of Phl p or Phl p 5–specific T-cell
responses of the individual patients. In addition to the
parameters influencing SPT and IgE determination,
T-cell reactivity to proteins other than major allergens in
the grass extracts may complicate this kind of correla-
tion.

Interestingly, the fact that some patients had Phl p
5–specific T-cell responses in the absence of Phl p
5–specific IgE (Fig. 5) might indicate that these T cells
are not able to induce IgE production. In addition, the
group 5–specific T-cell proliferation found in several
nonatopic individuals (Fig. 2, B) indicates that a nonal-
lergic T-cell response to allergens is present in nonatopic
donors as well as in some patients with allergies to grass
without IgE specific to the allergen in question. This is in
concordance with findings by Spiegelberg et al.7 and
Schenk et al.,8 who showed that both allergen-specific
TH1 and TH2 clones can be established from the periph-
eral blood of patients with allergies to grass. However,
the specificity of the T cells and the IgE specificity of the
patients was not compared in these studies.

The production of IL-5 (typical TH2 cytokine) and
IFN-g (typical TH1 cytokine) was used to determine
whether the cytokine profile of the responding T-cell
population reflects the allergic phenotype of the pa-
tients. The production of IL-5 by PBMCs has recently
been reported to be found only in atopic patients and to
be correlated to the severity of the disease, indicating
that it is an excellent marker for TH2 activation in PBMC
cultures.49 The lack of detectable IL-4 production in the
allergen-stimulated PBMC cultures found here may be
the result of consumption in the culture, and it has
previously been shown that detectable IL-4 production
may require several allergen-specific T-cell stimula-
tions.50

The differential production of IL-5 (to Phl p 5) and
IFN-g (to Phl p extract) is puzzling. It may in part be
explained by the fact that the extract contains proteins
that activate TH1-like T cells that possibly are important
in skewing the T-cell response after specific immuno-
therapy. The production of IFN-g by the activated TH1

cells may directly inhibit the proliferation and produc-
tion of IL-5 by the Phl p 5–specific T cells, resulting in
the IFN-g–dominated response to Phl p. This is sup-
ported by a recent study demonstrating that IL-5 pro-
duction by PBMCs in response to allergens is completely
inhibited by the addition of IFN-g.51 However, neither
IFN-g responses nor IL-5 responses correlated with the
presence of specific IgE or SPT values. These results

show that even the production of a typical TH2 cytokine
as IL-5 does not correlate to specific IgE levels or SPT
results, as was also found for T-cell proliferation.

All patients and donors without allergies tested exhib-
ited equally strong T-cell responses to all three related
grass allergens. The extensive cross-reactivity of T-cell
lines generated by stimulation with Phl p 5 (Fig. 5, B)
shows that Phl p 5–specific T cells do react with group 5
allergens from other grass species, and it indicates that
the simultaneous response of PBMCs to multiple grasses
is in part the direct result of cross-reactivity. The cross-
reactivity was strongest between Phl p 5 and Poa p 5.
Even though these data are obtained from experiments
with a limited number of T-cell lines, the results are in
accordance with earlier findings by Müller et al.9 and
directly reflect the sequence homology between the
different grass allergens.6 Furthermore, cross-reactivity
of T-cell lines and clones specific to other allergens have
been reported,7, 8, 36 confirming that individual T cells
recognize homologous allergens from related allergen
sources.

The identified T-cell cross-reactivity pattern is similar
to the cross-reactivity pattern described on the IgE
level,4 and it may therefore be expected that these Phl p
5–specific T cells will provide help for the production of
Phl p 5–specific as well as Poa p 5– and Lol p 5–specific

FIG. 5. Grass-specific T-cell reactivity of Phl p 5–specific T-cell
lines established from the peripheral blood of two patients.
Proliferation is expressed as mean cpm of triplicate cultures, and
results represent two or more identical experiments. Similar
reactivity patterns were obtained when PBMCs from the two
patients were stimulated with the same allergens.
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IgE by B lymphocytes. Subsequently, allergen extracts
from different Poaceae grasses may be expected to
function equally well in diagnosis and treatment of grass
allergy. However, the T-cell and IgE reactivity patterns
of individual patients stress the importance of species-
specific diagnosis if purified single allergens are consid-
ered for treatment.

In conclusion, the results of this investigation show
that the cross-reactive grass group 5 allergen-specific
T-cell response of patients with allergies to grass is
higher than the response of nonatopic control subjects.
The lack of correlation between the skin reactivity and
T-cell reactivity or IgE concentrations is most likely to
reflect the complexity of the skin reactivity, whereas the
fact that the specific T-cell responses did not correlate to
the patients’ serum IgE indicates that at least some of
the responding T cells may be involved in immune
reactions other than the support of IgE production,
which was supported by the differential production of
the TH2 cytokine IL-5 (Phl p 5) and the TH1 cytokine
IFN-g (Phl p) by the responding T-cell populations.

The authors would like to thank Dr. J. S. van der Zee for
critically reviewing the manuscript.
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