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Abstract
Background: the resistance of t lymphocytes to fasmediated apoptosis is an important feature of atopic
asthma. the only effective causative treatment of
atopic diseases is immunotherapy. Clinical efficacy of
sublingual immunotherapy (SLit) has been already
proven, but there is still limited number of studies on
its influence on lymphocytes function.
Objectives: the aim of the study was to evaluate
whether SLit could restore the sensitivity of asthmatic t cells to undergo fas-mediated apoptosis.
Material and methods: Peripheral blood was collected
from 12 patients aged 8 ±2 years suffering from atopic
asthma and undergoing sublingual specific immunotherapy. to evaluate sensitivity to fas-mediated
apoptosis, the blood was transmitted to sterile tubes
and mixed with purified monoclonal antibody antiCd95. After incubation, leukocytes were stained with
Annexin V, propidium iodide, and monoclonal antibody against Cd2 conjugated with phycoerythrincyanin 5.1, and then analyzed with flow cytometry.
the procedure was repeated for each patient after 12
months of SLit.
Results: Stimulation with anti-Cd95 of t lymphocytes
from patients with atopic asthma before treatment increased the number of early apoptotic cells (from 19.5
±16.7% before stimulation to 26.6 ±16.7% Annexin V
positive cells after stimulation). After one year of
SLit anti-Cd95 still caused an increase of the early
apoptotic cells ratio in the lymphocyte population
(from 12.4 ±7.4% before stimulation to 24.7 ±15.4%
Annexin V positive t cells after Cd95 stimulation).
Although an increasing trend could be observed, differences between the analyzed groups were not statistically significant.
Conclusions: A year of SLit does not change the sensitivity of t lymphocytes from peripheral blood of
children suffering from atopic asthma to fas-mediated
apoptosis.
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introdUCtion
Asthma is a chronic inflammatory disease of airways.
it develops as a result of late phase hypersensitivity to
different allergens being driven by a specialized subset

of chronically activated t memory cells sensitized
against an array of antigens. Physiologically naive t
helper lymphocytes differentiate mainly to th1 subpopulation. the minority of the th0 cells differentiate
to th2 subpopulation under the influence of cytokines released from mast cells and other activated
th2 lymphocytes. in asthma, the balance between
both th lymphocyte subpopulations is shifted toward
th2. Cytokines produced by th2 lymphocytes cause
ige overproduction as well as proliferation of
eosinophils and basophils in the bone marrow. on the
other hand, ige causes degranulation of basophils and
mast cells, while released mediators contribute to the
development of chronic lung inflammation [1].
A sustained imbalance of th lymphocytes could be
a result of improper lymphocytic apoptosis. there are
three different mechanisms of programmed cell death.
A first one is generated by signals arising within the
cell, a second is triggered by death activators’ binding
to receptors at the cell surface (fasL, tnf-a), and a
third may be triggered by reactive oxygen species.
death of peripheral t cells requires the action of a
death receptor/ligand system, particularly fas (Cd95)and fas-ligand interaction. Pro-apoptotic signals lead
to the recruitment of pro-caspase-8 to the receptor,
forming the death-inducing signaling complex. once
activated, caspase-8 can initiate apoptosis of a cell [2].
Some data show a selective resistance of activated t
cells to fas-induced apoptosis in patients with asthma
compared with healthy subjects. it could be a potent
mechanism of persistent t cell activation and an impaired ratio of th cells [3]. the main apoptotic pathway is the system of the surface molecules fas-fas ligand expressed after activation of a cell. Modzelewska
et al [4] has described the presence of around 20% of
resting t lymphocytes, Cd2 positive, in peripheral
blood expressing Cd95 on the cell surface.
Atopic asthma could be treated with specific immunotherapy. Administration of increasing doses of
allergens might desensitize t cells against specific antigens [5]. nowadays, sublingual immunotherapy (SLit)
is of an interest of pediatric allergologists. this route
of delivery is patient friendly (especially in children),
safe, and can be administered at home [5-7]. Clinical
efficacy of SLit has already been proven [8, 9]. the
aim of the present study was to analyze whether SLit
cold restore the sensitivity of t cells in asthma to fasmediated apoptosis.
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MAteriAL And MethodS
PAtientS
the experiments were approved by the ethics Commission of Warsaw Medical University in Warsaw, Poland
and the blood was collected with parental approval.
twelve individuals aged of 8 ±2 years (before immunotherapy) suffering from atopic asthma, confirmed by skin prick test (positive to dermatophagoides pteronyssinus allergens), shortlisted for specific
immunotherapy, served as a studied group. none was
treated with antihistamine drugs or oral corticosteroids. 1 ml of blood, taken by venipuncture to vials
containing edtA (Medlab, Poland), was collected.
tests were performed before and after 12 months of
specific SLit. the patients were receiving Staloral 300
(Stallergenes, france) in concentration of 300 ir/ml
according to physician’s indications.
Anti-Cd95 StiMULAtion

200 µl of whole blood was transmitted to sterile vials
and mixed with 20 µl of purified monoclonal antibody
anti-Cd95 (Beckman Coulter, U.K.) in concentration
of 0.2 mg/ml. for the evaluation of spontaneous
apoptosis, 200 µl of whole blood from the same patient was mixed with 20 µl of phosphate buffered
saline (PBS). Vials were incubated for 24 h at 37 °C,
5% Co2, humidity 95%.

november 4, 2010

(Beckman Coulter, U.K.). A three-color analysis of
apoptosis within the mononuclear cell population was
performed. fluorescence compensation in the flow cytometer was set to minimize an overlap of the fluorescein isothiocyanate (fitC) phycoeritrine (Pe) and Pi
signals. A total of 20000 events were acquired for each
sample. the analysis was based on gating a subpopulation of cells by forward (fS) vs. side scatter (SS).
Mononuclear cells were analyzed with the fL2 protocol (Cd2-Pe) to separate t lymphocytes with a high
expression of Cd2 antigen. Gated t lymphocytes were
further analyzed with the fL1 (annexin V – fitC) and
fL3 protocols (Pi) to evaluate the presence and percentage of apoptotic cells among the examined cells.
results were presented as means ±Sd. Statistical
analysis was performed by using the Mann-Whitney U
test. P<0.05 was considered significant.

reSULtS
Percentages of early and late apoptotic t lymphocytes
were evaluated from the flow cytograms (fig. 1). Before SLit, 19.5 ±16.7% of t lymphocytes were Annexin V positive before fas stimulation compared with
26.6 ±16.7% positive cells after stimulation (fig. 2A).
After one year of SLit, 12.4 ±7.4% of t lymphocytes

AnneXin V And ProPidiUM iodide LABeLinG

the staining followed the instructions of a manufacturer of Annexin V Kit (Becton dickinson, USA).
Leukocytes were washed twice with cold PBS, resuspended in 100 µl of Binding Buffer, stained with 5 µl
of Annexin V and 5 µl of Pi, incubated for 15 min in
the dark at room temperature, and resuspended in 400
µl of Binding Buffer.
fLoW CytoMetry

Suspensions were analyzed with a Cytomics fC 500
flow cytometer equipped with argon laser (488 nm)

Fig. 2. Percentages of Annexin V positive t lymphocytes before and after fas stimulation in peripheral blood of children
before (Panel A) and after one year (Panel B) of sublingual
immunotherapy.

Fig. 1. examples of flow cytograms presenting t lymphocyte gating and AnnexinV/Pi staining within mononuclear cells. i –
layout of all blood populations in forward scatter/side scatter protocol after Annexin V/propidium iodide staining: region A –
peripheral blood mononuclear cells, region B – granulocytes; ii – gating of Cd2 positive t cells (region f); iii – evaluation of
Annexin V positive t cells among Cd2 positive lymphocytes: region d1 – t lymphocytes without phosphatydylserine expression, d2 – double positive lymphocytes.
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Fig. 3. Comparison of anti-Cd95 effect on t lymphocytes
before and after one year of sublingual immunotherapy
(SLit).

were Annexin V positive before fas stimulation compared with 24.7 ±15.3% positive cells after stimulation
(fig. 2B)
the results were also expressed as a ratio of the
percentage of Annexin V positive t lymphocytes in
children with atopic asthma after fas stimulation and
to that before fas stimulation, i.e., incubation with
anti-Cd95 monoclonal antibody. Stimulation of t
lymphocytes before SLit treatment, increased the ratio of the percentages of early apoptotic cells in the
lymphocyte population 1.7 ±0.7 times. After one year
of SLit treatment, anti-Cd95 caused a further increase in this ratio to 2.2 ±1.3 times; however, this
difference was not statistically significant (P = 0.22)
(fig. 3).

diSCUSSion
Apoptosis plays an essential role in every cellular system. it ensures death of cells with damaged dnA,
protects against impaired cell’s maturation, and guarantees the balance in the immunological system [10].
naive helper t lymphocytes differentiate mainly to
th1 subpopulation in healthy subjects. th2 lymphocytes stay in a minority. in asthma the balance is shifted toward the th2. th0 cells differentiate mainly to
th2 subpopulation [1, 11]. it is suggested that the imbalance is a result of a disturbed apoptosis process in
the t lymphocyte subpopulations [1, 3, 11-14].
it is postulated that t lymphocytes from asthmatic
children are resistant to fas-mediated apoptosis [3,
14]. in the present study, stimulation with anti-Cd95
(anti-fas) monoclonal antibody was performed to assess the sensitivity of asthmatic t cells to fas stimulation. in both studied groups of children suffering
from atopic asthma we observed decreased apoptosis
of t cells. it is in accordance with the results obtained
by other groups, showing that fas-mediated apoptosis
of lymphocytes from patients with asthma is impaired
[3, 14].
to examine the influence of SLit on the resistance
to fas-mediated apoptosis, the experiments were repeated after one year of immunotherapy. SLit is an
effective treatment in atopic diseases [8, 9]. Long-term

SLit improves the patient’s quality of life, allows decreasing the intake of antihistamine and oral corticosteroid drugs, and contributes to a decreased number
of asthmatic incidences after contact with allergens [7,
15, 16]. however, the influence of SLit on immune
cell functions remains unclear. there are few reports
describing the impact of SLit on t cell balance or enzyme release from eosinophils [15, 17-20]. nevertheless, the effect of SLit on fas-mediated apoptosis of
lymphocytes has not been examined to-date. Moreover, a majority of authors evaluate the SLit efficacy
in adults. only do scarce studies include pediatric patients and the results are less optimistic [21]. in the
present study, our aim was to assess the SLit influence on lymphocyte fas-mediated apoptosis. Bohle et
al [17] have reported that high dose sublingual immunotherapy may increase the apoptosis ratio among
th2 lymphocyte subpopulations. in that study, however, the surface Cd95 expression was not investigated.
other authors show that 18.0 ±6.4% of Cd2 positive
t cells express the Cd95 antigen on their surface [4].
on the other hand, Zak-nejmark et al [22] have reported a significantly lower Cd95 expression on the
resting lymphocytes (as low as 1%). those authors
have also analyzed the Cd95 expression on the cells
from sensitized patients after the proper allergen activation. A significant increase has been observed compared with the resting cells (up to 7.5 ±2.8%), albeit
lower than that obtained by us in a previous study
(18.0 ±6.4%) [23]. Since the fas pathway is regarded
as one of the most important triggers of apoptosis, its
relation and influence on the programmed death of
analyzed cells should not be ignored and further studies are needed to confirm our observations. We have
previously shown a significant difference in apoptosis
of non-stimulated and fas-stimulated peripheral blood
mononuclear cells from healthy individuals [23]. Similar results have also been obtained by Jayaraman et al
[3]. in the present study, fas stimulation of cells from
patients after immunotherapy caused a slight, insignificant increase of lymphocyte apoptosis. Perhaps, future
studies performed on larger populations of patients
would allow achieving straightforward conclusions.
the lack of a strong influence of SLit on fas-mediated apoptosis may also result from too short a period
of immunotherapy. one year of SLit, albeit clinically
effective, may not be sufficient to obtain substantial
inherent changes in the immune regulation [24]. it is
postulated to continue sublingual immunotherapy for
at least 2-3 years to get satisfactory results [5, 8]. thus,
the experiments should be repeated after a full course
of treatment.
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