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SUMMARY

 

Our objective was to characterize T-cell responses to 

 

Phleum pratense

 

 in grass pollen allergic individuals
and healthy controls using the fluorescent dye PKH26. Peripheral blood mononuclear cells were stim-
ulated with 

 

P. pratense

 

, or with recall antigens, and CD3

 

+

 

/CD4

 

+

 

 and CD3

 

+

 

/CD8

 

+

 

 T-cells that had pro-
liferated were analysed by flow cytometry. In the presence of 

 

P. pratense

 

 CD4

 

+

 

/CD3

 

+

 

 T-cells
proliferated more in grass pollen sensitive atopic patients than in nonallergic controls or in nongrass
pollen sensitive atopic subjects. PPD and TT recall antigens elicited uniformly high proliferation in all
T-cell subsets. Only half of pollen sensitive patients also had an increased proliferation of CD3

 

+

 

/
CD8

 

+

 

 T-cells in response to 

 

P. pratense

 

. We determined precursor frequency of CD4

 

+

 

 T cells in the orig-
inal population that responded to 

 

P. pratense

 

 and found values ranging from 1 

 

¥

 

 10

 

-

 

3

 

 to 0·6 

 

¥

 

 10

 

-

 

1

 

, in the
same range as those measured for PPD and TT. In conclusion, grass pollen sensitive atopic patients
show enhanced CD4

 

+

 

 T-cell reactivity to 

 

P. pratense

 

, and this could be related to the presence of ele-
vated numbers of circulating allergen-specific CD4

 

+

 

 T cells. This flow cytometric method should allow
the identification of other phenotypic markers such as intracellular cytokines in allergen specific
responding CD4

 

+

 

 T cells.
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INTRODUCTION

 

Allergen-specific T-cells in patients with allergic asthma or rhinitis
are characterized by abnormal expression of the Th2-type cytok-
ines interleukin-5 (IL-5) and IL-4 [1–3]. In these patients, IL-4
and IL-5 production by T-cells is thought to underlie B cell IgE
synthesis [4] and mucosal eosinophil recruitment and activation,
respectively. While evidence for imbalance of Th2 cytokine pro-
duction in atopic disease is compelling, many features of the aller-
gen-specific T-cell response remain unclear. For example, it is
controversial whether there is enhanced T-cell reactivity to aller-
gen reflecting increased numbers of allergen-specific T-cells in
atopic patients compared to nonatopic subjects, as well as Th2
deviation. Additionally, though it is sometimes presumed that 

 

in

vitro

 

 peripheral blood T-cell responses to allergen are the result of
CD4

 

+

 

 T-cell activation, the effects of allergen on CD4

 

+

 

 and
CD8

 

+

 

 T-cell activation and expansion have yet to be compared.
Evaluation of peripheral blood T-cell responses to aeroallergens
has been the subject of numerous investigations. The usual meth-
odology employed for quantifying such responses is based on the
incorporation into DNA of radiolabelled precursors in whole cul-
tures of cells and provides a snapshot of the rate of total cell pro-
liferation over a limited period of time. In the present study we set
out to perform a basic characterization of T-cell responses to grass
pollen allergen using a different approach – based on fluorescent
dye binding to plasma membranes and the subsequent dilution of
fluorescence intensity in proliferating cells [5]. In contrast to pre-
vious studies of allergen-T-cell responses this method permits
quantification of accumulated proliferating cells over the entire
culture period, the determination of precursor frequency, as well
as phenotypic characterization of these cells. We have used this
approach to characterize the CD4

 

+

 

 and CD8

 

+

 

 T-cell proliferative
responses to grass pollen allergen in atopic and nonatopic
subjects.
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MATERIALS AND METHODS

 

Patients

 

For the purposes of this study, atopic subjects were required to
have a positive skin prick test to one or more of a range of com-
mon aeroallergens in the presence of negative diluent and posi-
tive histamine controls. Grass pollen sensitive atopic subjects
were required to have a history of either seasonal rhinitis with
seasonal symptoms of nasal discharge, sneeze and/or discharge or
seasonal asthma (with recorded variability of 

 

≥

 

15% in the forced
expiratory volume in one second (FEV

 

1

 

) or peak flow rate
(PEFR) either spontaneously or in response to inhaled 

 

b

 

2-
agonist. Atopic nongrass pollen sensitive subjects were required
to have a negative skin test and normal levels of serum specific
IgE to grass pollen (

 

Phleum pratense

 

), but to be sensitized to one
or more other allergens using the same tests. Normal nonatopic
control subjects were required to be skin test negative with nor-
mal levels of serum specific IgE to a range of 12 common
aeroallergens. In addition these subjects were all required to have
a life long absence of symptoms suggestive of atopic disease. All
subjects were required to be 

 

>

 

18 year and 

 

<

 

55 year of age. The
study was performed with the approval of the local ethics com-
mittee and informed consent of all participants.

 

PBMC labelling with PKH26

 

Peripheral blood mononuclear cells (PBMC) from human atopic
or nonatopic donors were isolated by Ficoll-hypaque density gra-
dient centrifugation. PBMC were washed three times in PBS and
resuspended in Diluent C (Sigma, St. Louis, MO) at 10

 

6

 

 cells/ml.
The cell suspension was then diluted in the same volume of 2·5 

 

m

 

M

 

PKH26 dye stock (Sigma) (prepared in Diluent C), incubated for
3 min at room temperature and then added to an equal volume of
heat-inactivated fetal bovine serum (FCS) and incubated at room
temperature for a further 2 min to stop the labelling. Cells were
then washed three times in RPMI containing 10% heat-inacti-
vated FSC and resuspended in RPMI containing 1 m

 

M

 

 HEPES
(Life Technologies, Paisley, UK), 1% antibiotics (penicillin, strep-
tomycin and neomycin, Life Technologies) and 10% human AB
serum (Valbiotech AbCys, Paris, France) (culture medium).

 

Proliferation and quantification of proliferating T-cells
by flow cytometry

 

PBMC were resuspended in 96-well round bottomed plates at 10

 

5

 

cells/well with medium alone (negative control) or 

 

P. pratense

 

(20 

 

m

 

g/ml; kind gift of ALK-Abello, Horsholm, Denmark),
1 

 

m

 

g/ml of tuberculin purified protein derivative (PPD; Statens
Seruminstitut, Copenhagen, Denmark), or 10 

 

m

 

g/ml for tetanus
toxoid (TT, Biorad, Ivry-sur-Seine, France). All cultures were per-
formed in 6-replicate (6 wells by stimulation) at 37

 

∞

 

C in 5% CO

 

2

 

for 11 days and medium was changed on day 5–7. At the end of
the culture (day 11), cells from the 6 wells were harvested, pooled
and washed in PBS. Cells were then incubated for 30 min at 4

 

∞

 

C
in culture medium to block nonspecific binding by Fc-receptors.
Cells were then stained with anti-CD3 antibody (FITC conju-
gated: UCHT1, IgG1, Immunotech, Marseille, France) plus either
phycoerythrin-cyanin 5 (PC5) conjugated anti-CD4 (13B8·2,
IgG1, Immunotech) or PC5-conjugated anti-CD8 (B9·11, IgG1,
Immunotech). After 30 min incubation at 4

 

∞

 

C, cells were washed
twice and fixed in PBS containing 2% formaldehyde. Flow cyto-
metric measurements were performed using a Becton Dickinson
FACSscan cytometer. PKH26 fluorescent signal was collected in

the FL2 channel (560–579 nm). A minimum of 10 000 events was
analysed in each sample. In preliminary experiments, prolifera-
tion was measured after 7 and 11 days of 

 

P. pratense

 

- or recall
antigen-stimulation. For all three antigens tested the numbers of
cells that had undergone cell division were higher after 11 days
than 7 days, though the difference was most marked for grass pol-
len allergen (data not shown). Therefore in all subsequent exper-
iments, PKH26 fluorescence was performed at day 11

The absence of toxicity of PKH26 was confirmed as follows:
PBMC were labelled or not with PKH26, and cultured in same
conditions in the presence or absence of antigens or 

 

P. pratense

 

.
Overnight 

 

3

 

H-thymidine incorporations were performed after 7
or 11 days of culture. No differences (less than 10%) of prolifer-
ative response was observed between PKH26-labelled PBMC and
unlabelled PBMC (data not shown).

 

Data analysis

 

In most cases results are expressed as stimulation index (SI). SI
was calculated as the proportion of cells proliferating in response
to antigen stimulation divided by the proportion of cells prolifer-
ating spontaneously in medium. SI values 

 

>

 

2 were considered
as proliferative response. Statistical comparison of antigen-
dependent proliferation in atopic (grass pollen sensitive), other
atopic (i.e. nongrass pollen sensitive) and normal nonatopic
controls was performed with the Mann–Whitney 

 

U

 

-test  using
a commercially available statistical package (Statview

 

®

 

 4·5
Software, Abacus Concepts Inc., Berkeley, CA). 

 

P

 

-values less
than 0·05 were considered significant.

For determining the precursor frequency (PF) of CD4

 

+

 

 cells,
flow cytometric data files were analysed with the proliferation
Wizard module in ModFit LT Macintosh software (Verity
Software House, Topsham, Maine, USA). PF represents the fre-
quency of CD3

 

+

 

/CD4

 

+

 

 gated cells in the original population
(before culture) that had proliferated, as previously described [5].
Briefly, the Modfit software deconvolutes the fluorescence inten-
sity histogram with Gausian distribution centred on peaks at 19·9
channel intervals. The proportion of cells having undergone 3–8
divisions can be thus determined, and this in turn permits calcu-
lation of the PF [5].

 

RESULTS

 

Proliferation of CD4

 

+

 

 and CD8

 

+

 

 T-cells in response to stimula-
tion with grass pollen allergen (

 

P. pratense

 

), PPD or TT was eval-
uated in 10 grass pollen sensitive atopic subjects and 9 nongrass
pollen sensitive control subjects (4 atopic subjects and 5 non-
atopic subjects). In all cases, T-cells that had undergone prolifer-
ation were identified by flow cytometry as a result of diminution
of plasma membrane fluorescence from PKH26 labelling.
Figure 1 shows PHK26-fluorescence histograms obtained with 11-
day stimulated PBMCs, from one representative grass pollen sen-
sitive atopic subject. Cells proliferating in response to 

 

P. pratense

 

can be clearly detectable, as their PKH26-fluorescence intensity
was lower than the major population in the parental generation.
At the end of the culture period, cells that had proliferated rep-
resented 23% of the total PBMC (Fig. 1a). Gating CD3

 

+

 

/CD4

 

+

 

and CD3

 

+

 

/CD8

 

+

 

 cells separately, showed that among PBMCs,
CD4

 

+

 

 T cells, and to a lesser extent, CD8

 

+

 

 T cells (Fig. 1b,c)
responded to 

 

P. pratense

 

, with stimulation indexes of 10·6 and 4·1,
respectively. We performed similar analysis as the one shown in
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Fig. 1, on the 3 groups of subjects. As shown in Fig. 2, the propor-
tion of PBMCs that had proliferated in response to allergen, but
not to PPD or TT were higher in grass sensitive atopic patients
than in either nongrass pollen sensitive atopic (

 

P

 

 

 

=

 

 0·04) or non-
atopic controls (

 

P

 

 

 

=

 

 0·002). When cell division was examined in
CD4

 

+

 

/CD3

 

+

 

 and CD8

 

+

 

/CD3

 

+

 

 T-cell subsets however, only
CD4

 

+

 

/CD3

 

+

 

 T-cells in grass pollen sensitive atopics were charac-
terized by a statistically significant response to grass pollen
(

 

P

 

 

 

=

 

 0·002) 

 

versus

 

 nonatopic subjects. When responses to PPD
and TT recall antigens were analysed in both T-cell subsets, uni-
formly high proliferation was observed in all groups, in CD8

 

+

 

/
CD3

 

+

 

 as well as CD4

 

+

 

/CD3

 

+

 

 T-cells (Fig. 2).
We next determined the precursor frequencies of grass pol-

len-specific CD4

 

+

 

 lymphocytes in grass pollen sensitive atopic
subjects and compared these values with the precursor frequen-
cies of PPD- and tetanus toxoid-specific CD4

 

+

 

 cells. Precursor

frequency represents the proportion of CD4

 

+

 

 T cells present in
the original population that had proliferated during the 11 days of
culture in response to stimulation. Precursor frequency values
(after subtracting the background) were between 1 

 

¥

 

 10

 

-

 

3

 

 and
0·6 

 

¥

 

 10

 

-

 

1

 

, with an average of 1·9 

 

¥

 

 10

 

-

 

2

 

 

 

±

 

 0·7 

 

¥

 

 10

 

-

 

2

 

 in grass pollen
atopic subjects (Fig. 3). PF of PPD and TT CD4

 

+

 

 T cells were in
the same range (2·1 

 

¥

 

 10

 

-

 

2

 

 

 

±

 

 0·7 

 

¥

 

 10

 

-

 

2

 

 and 1·9 

 

¥

 

 10

 

-

 

2

 

 

 

±

 

 0·65 

 

¥

 

 10-2,
respectively). PF of grass pollen specific CD4+ cells in nongrass
pollen sensitive subjects was lower than PF calculated in grass
pollen atopic subjects (4·8 ¥ 10-3 ± 2·4 ¥ 10-3; mean ± sem; P =
0·04), with only 5 subjects with significant response (PF > 1 ¥
10-3), while PF of PPD- and TT- specific CD4+ T cells were in
the same range as those measured in grass pollen atopic subjects
(1·7 ¥ 10-2 ± 0·4 ¥ 10-2 and 1 ¥ 10-2 ± 0·2 ¥ 10-2, respectively). No
significant differences in PF values were measured between non-
atopics and atopic but nongrass pollen sensitive subjects (Fig. 3).

Fig. 1. Flow cytometric analysis of (a) whole PBMC, and of (b) CD4+ and (c) CD8+ T-lymphocyte subsets proliferation in one grass pollen
atopic subject, in response to grass pollen (P. pratense). Flow cytometry histograms show PKH26 fluorescence on (a) total cells (PBMC),
(b) CD3+/CD4+ T-cells and (c) CD3+/CD8+ T-cells. Values represent percentages of cells that have proliferated as a proportion of all gated
cells. Stimulation index (SI) represents the proportion of cells proliferating in response to P. pratense divided by the proportion of cells
undergoing background proliferation (in medium only).
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DISCUSSION

The data presented in this study confirmed our hypothesis that
peripheral blood mononuclear cells from subjects with seasonal
allergic disease show enhanced proliferation and cell division in
response to grass pollen allergen. This altered reactivity was con-
fined to allergen since responses to the recall antigens TT and
PPD were similar in atopic and nonatopic groups. Moreover, it
was not a feature of atopy or atopic disease per se, since grass pol-
len-dependent expansion was not observed in cells of patients
sensitized to allergens other than P. pratense. Although the asso-
ciations between allergic disease and aberrant Th2 cytokine
expression by allergen-specific and allergen-stimulated T-cells are

well established [1–3], the relationship between absolute numbers
of allergen-specific T-cells in the peripheral circulation and aller-
gic disease is more controversial. Some reports have described
similar reactivity to pollens in normal and atopic subjects [6,7].
Other data generated in pollen or house dust mite allergic
patients support the findings presented here that patients with
atopic disease are indeed characterized by more vigorous periph-
eral blood T-cell response to specific allergens compared to con-
trols and exhibited high frequency of allergen-specific T
lymphocytes [3,8,9]. In contrast to previous studies based on the
[3H]-thymidine incorporation into DNA in whole cell populations
that provide a rate of total cell proliferation over a limited period
of time, the technique used in this study allows phenotypic char-
acterization of accumulating proliferating cells. We showed that
when CD4+ and CD8+ subsets were analysed, statistically signif-
icant differences in T-cell responses were only observed in the
CD4+ population. This is consistent with the dominance of CD4+
cells in allergen-specific T-cell clones expanded from allergic
patients, and with the inhibition of peripheral blood mononuclear
cell responses by anti-CD4 antibodies or CD4+ T-cell depletion
[2]. We found precursor frequency values of grass pollen CD4+
responding cells between 1 ¥ 10-3 and 0·6 ¥ 10-1, in the same range
as those determined for PPD and TT recall antigens. These values
are also equivalent to those measured by Givan et al. [5] using the
same method with TT-stimulated PBMC. Precursor frequency of
grass pollen specific CD4+ cells in nongrass pollen sensitive sub-
jects was very low (under the limit of detection for 4 subjects, and
ranging from 1·8 ¥ 10-3 to 1·8 ¥ 10-2 for the 5 other subjects). Pre-
cursor frequency represents the proportion of CD4+ T lympho-
cytes present in the original population that proliferated during
the 11 days of stimulation. However, it must be noted that this cal-
culation was performed on cells that survived after 11 days of cul-
ture, and may thus not be considered the true frequency of

Fig. 2. Proliferation of whole PBMCs (�), CD3+/CD4+ (�) and CD3+/CD8+ (�) T-cells in response to grass pollen allergen (P. pratense),
PPD and TT in grass pollen sensitive atopic donors with seasonal allergic symptoms (n = 10), atopic donors not sensitized to grass pollen
(n = 4) or nonatopic normal control subjects (n = 5). *P < 0·05,  **P < 0·01.
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circulating allergen-specific CD4+ cells. However, by comparing
precursor frequency values of grass pollen- and recall antigen-
specific CD4+ cells in grass pollen sensitive and nongrass pollen
sensitive subject, our data thus support the idea that subjects with
seasonal allergic disease exhibited higher number of grass pollen-
specific CD4+ T, than control subjects.

In addition, it is noteworthy that there was also a marked
allergen-dependent proliferation of CD8+ cells in half of the grass
pollen-sensitive atopic patients. Whether this represents an acti-
vation of allergen-specific CD8+ T-cells or a bystander expansion
of CD8+ T-cells secondary to CD4+ T-cell stimulation and cytok-
ine production is unknown. Interestingly, a role for CD8+ T cells
in atopic diseases has been proposed by Cho et al. [10] who found
an increased frequency of circulating IFN-producing CD8+ T cells
in asthmatic patients compared with normal subjects. Character-
ization of the cytokine profile of these expanded peripheral CD8+
cells could indicate whether they may contribute to the allergic
process.

In conclusion, using the fluorescent dye PKH26, we showed
that grass pollen sensitive atopic patients show enhanced
CD4+ T-cell reactivity to P. pratense compared with nongrass pol-
len control subjects and this could be related to the presence of
elevated number of circulating allergen-specific CD4+ T cells.
Phenotypic characterization of accumulated proliferating CD4+
cells, such as intracellular cytokine staining, or Th2 specific mark-
ers quantification could be performed in association with PKH26
labelling to characterize allergen-specific proliferating cells.
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