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ABSTRACT: Theophylline has been shown by several investigators to attenuate
the late asthmatic response (LAR) to inhaled allergen, suggesting that it has anti-
inflammatory or immunomodulatory properties.  We have, therefore, undertaken
a double-blind, placebo-controlled study to examine the effects of low-dose theo-
phylline on bronchoalveolar lavage (BAL) and blood T-lymphocyte profile and acti-
vation in asthmatics following antigen challenge and the development of a LAR.

Peripheral blood and BAL samples were obtained from 17 subjects with mild
atopic asthma before and after 6 weeks of treatment with either oral theophylline
or placebo.  The mean serum theophylline concentration achieved was 6.6 µg·mL-1,
which is below the currently accepted therapeutic range.

Following theophylline therapy, there was a significant decrease in the number
of BAL lymphocytes compared to placebo. On flow cytometric analysis of BAL
cells, a significant loss of CD3+ T-lymphocytes, comprising both CD4+ and CD8+
subsets, was demonstrated.  Moreover, there was a decrease in the number of BAL
CD4+ T-cells expressing the activation marker very late activation antigen-1 (VLA-1),
and an apparent reduction in human leucocyte antigen-DR (HLA-DR).  Corres-
pondingly, this was accompanied in the blood by an elevation in the proportion of
activated CD4+ T-lymphocytes, in particular those expressing HLA-DR.

These findings provide further evidence that theophylline has an anti-inflamma-
tory action in asthma.
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Allergen inhalation challenge of subjects with atopic
asthma can provoke an early asthmatic response (EAR),
which is measurable as an immediate decrease in forced
expiratory volume in one second (FEV1).  This is often
followed by a second and persistent fall in FEV1, occur-
ring 2–6 h after antigen exposure [1–3]. Whereas the
early bronchoconstrictor response is primarily due to
mediator release from activated mast cells [4, 5], the late
asthmatic response (LAR) is accompanied by the infil-
tration and activation of various inflammatory cell types
in the airways [6–8].  Such inhalational challenge is com-
monly used as an experimental model to unravel inflam-
matory processes involved in asthma.

It is now well-recognized that inflammatory events
play a central role in the pathogenesis of asthma, and
early treatment with anti-inflammatory agents is cur-
rently recommended [9].  Theophylline, a drug widely-
used in asthma therapy for its bronchodilator effects, has
been demonstrated at therapeutic concentrations to inhi-
bit the activity of several immunocompetent cells in a
number of experimental and clinical situations [10–12].
Indeed, there is increasing evidence that theophylline
attenuates the LAR to inhaled allergen [13–15].  Rec-
ently, in our laboratories, this inhibition was achieved
at serum concentrations below the conventional range

for bronchodilation and was demonstrated to have an
immunomodulatory role, possibly through regulation of
T-lymphocyte activation [15].

T-lymphocytes, of a TH2-like phenotype [16], are
thought to play an important role in orchestrating the
asthmatic inflammatory response. Immunoglobulin E
(IgE) antibody production by B-lymphocytes and the
activation and recruitment of granulocytes to the lungs,
particularly eosinophils, are under the influence of T-
cell derived cytokines. With their capacity to release
basic proteins and lipid mediators, eosinophils are im-
plicated in the epithelial damage and bronchial hyper-
responsiveness characteristic of asthma [17, 18]. An
in-creased number of activated CD4+ T-cells has been
identified in peripheral blood of patients with acute
severe asthma [19].  In addition, analysis of blood and
bronchoalveolar lavage (BAL) lymphocytes in atopic
asthmatics after allergen exposure has revealed that
CD4+ T-cells are depleted in the circulation and seques-
tered in the lung [20, 21].  Moreover, an elevation in
CD8+ T-lymphocytes was observed in subjects who
developed isolated early asthmatic responses but not in
dual and late phase-responders, leading the investigators
to propose that CD8+ cells function to downregulate or
suppress the LAR [22].  We have, therefore, undertaken



IMMUNOMODULATORY ACTION OF THEOPHYLLINE 457

a double-blind, placebo-controlled study to investigate
the effect of low-dose oral theophylline treatment on the
expression of phenotypic and activation surface markers
in peripheral blood and BAL T-lymphocytes in atopic
asthmatics after allergen challenge.  The effects of theo-
phylline on the inflammatory cell population and medi-
ator levels in BAL fluid obtained after LAR was also
examined.  This report supplements our preliminary study
[23], which investigated the effect of theophylline on the
recruitment and activation of inflammatory cells in the
bronchial mucosa of these asthmatics.

Material and methods

Subjects

Nineteen subjects with mild asthma (FEV1 >80% pre-
dicted) participated in the study and were selected on
the basis of having positive skin-prick tests to house
dust mite extract, Dermatophagoides pteronyssinus (Der
p) and exhibiting a LAR to the inhaled allergen. This
was documented during a screening challenge performed
at least 2 weeks prior to participating in the main study.
The challenge was performed using increasing concen-
trations of nebulized allergen until a 15% reduction in
FEV1 occurred.  The LAR was then defined as a secon-
dary fall in FEV1 of at least 20% from baseline occur-
ring within 7 h of challenge. Control challenge with
diluent was also performed to document baseline varia-
bility. Subjects were excluded if they had more than a
10% fall in FEV1 after diluent inhalation.  All readings
for FEV1 were expressed as a percentage of postdiluent
values. The subjects had not experienced an exacerba-
tion of their asthma or respiratory tract infection at least
6 weeks prior to entry into the trial.  They were all non-
smokers, using only inhaled β2-agonists medication as
required. Caffeine intake was withheld 12 h before and
during each visit. Informed written consent was obtai-
ned from all subjects before participation and the study
was approved by the Ethics Committee of King's College
Hospital.

Two individuals from the placebo group withdrew
from the study, one due to exacerbation of asthma dur-
ing the treatment period and the other due to becoming
wheezy after the first bronchoscopy.

Study protocol

On commencement of the study (Day 1) subjects were
challenged with Der p (Pharmacia, Milton Keynes, UK)
using a concentration previously shown to produce an
EAR and LAR. Subjects inhaled allergen solution by
tidal breathing for 2 min through a Wright nebulizer
calibrated to an output of 0.13 mL·min-1.  Measurements
of FEV1 were recorded using a dry wedge bellows spiro-
meter (Vitalograph) before challenge, then at 5 min
intervals for 15 min, 10 min intervals for the first hour,
and thereafter at 30 min intervals until 6 h after chal-
lenge.  Peripheral blood samples were taken at baseline

(prechallenge) and at EAR, LAR and 24 h postchal-
lenge, for total and differential leucocyte counts (Coulter
Counter) and for flow cytometric analysis of T-cells.
Bronchoscopy and BAL were performed 24 h (Day 2)
after allergen challenge.  Subjects then received either
slow-release oral theophylline (Uniphyllin Continus tab-
lets, 200 mg b.i.d.; Napp Laboratories, UK) or placebo
for 6 weeks in a double-blind, randomized manner, after
which they reattended the laboratory for a repeat of Days
1 and 2.  Plasma theophylline levels were checked by
Acculevel, without the investigators' knowledge, on two
separate occasions during the treatment period to con-
firm compliance with the drug regimen.  Tablet counts
were also performed.  To calibrate final steady-state theo-
phylline concentrations, plasma levels were measured on
the last day of the study, 4 h after the last dose.  Records
of inhaled β2-agonist usage and morning and evening
peak expiratory flow rates (PEFR) were kept in diary
cards throughout the study.

Bronchoscopy and bronchoalveolar lavage

Fibreoptic bronchoscopy was performed 24 h after anti-
gen challenge by the same operator in all patients.  Each
subject was premedicated with atropine (0.6 mg, intra-
venously) and nebulized salbutamol (2.5 mg) 15 min
before the procedure.  Mild sedation was achieved with
intravenously administered midazolam or alfentanil, and
supplementary oxygen was given throughout the proce-
dure. Patient oxygenation was monitored by pulse oxi-
metry.  After applying 4% lignocaine spray to the nose
and throat of the subject, the flexible bronchoscope
(Olympus BF P20D, Tokyo, Japan) was introduced.  Local
anaesthesia of the larynx was achieved with topical 4%
lignocaine, whilst a 2% solution was used below the
vocal cords to suppress coughing. The bronchoscope was
wedged in the medial segment of the right middle lobe.
BAL was then performed with three 60 mL aliquots of
warmed (37°C) sterile saline (0.9% NaCl).  The fluid was
aspirated by gentle suction and collected into a sili-
conized glass flask cooled on ice. Salbutamol solution
(2.5 mg·mL-1) was instilled through the bronchoscope
after lavage if local bronchoconstriction had develop-
ed.  Subjects were observed for 3 h after bronchoscopy
before discharge from the hospital.

Sample processing

BAL fluid was gently shaken to homogeneity, filtered
through nylon gauze to remove any mucus and the re-
maining volume was recorded.  After removing a 1 mL
aliquot for differential cell counts, the sample was cen-
trifuged immediately at 200×g for 10 min.  The cell pel-
let was resuspended in phosphate-buffered saline (PBS,
1 mL) to be used for flow cytometric analysis, and the
aliquoted supernatant was snap-frozen under liquid nitro-
gen and stored at -70°C pending mediator measurement.

Total nucleated cells were counted using an improved
Neubauer haemocytometer and their viability assessed



by trypan blue exclusion.  Differential counts were perfor-
med on cytocentrifuge preparations (Shandon Cytospin
II) using 100 µL of cell suspension and centrifugation
at 800 rpm for 5 min. After air-drying, two slides per
BAL sample were stained with Diff Quick (Browns,
Reading, UK) and 1,000 cells were counted by scanning
several fields of view. Mast cell counts were made on
slides stained with alcian blue after fixation in Carnoy's
solution. Cell counts were performed by the same obser-
ver throughout and were validated by an independent
investigator.

Supernatants were thawed immediately before use
for the determination of the following eosinophil and
mast cell mediators, using commercially available radio-
immunoassay kits: eosinophil cationic protein (ECP),
tryptase (both Pharmacia Diagnostics, Milton Keynes,
UK), histamine (Serotec, Kidlington, UK); and prostaglan-
din D2 (PGD2; Amersham, Aylesbury, UK).

Flow cytometry

Specific binding of monoclonal antibodies (MoAbs)
was analysed by dual colour immunofluorescence stain-
ing to identify T-lymphocytes bearing phenotypic (CD3/
CD4, CD3/CD8) and activation (CD4/human leucocyte
antigen-DR (HLA-DR), CD4/very late activation antigen-
1 (VLA-1) or CD8/HLA-DR, CD8/VLA-1) surface mar-
kers. Whole blood or BAL cells in volumes of 100 µL
were incubated in the dark for 15 min in the presence
of saturating amounts of MoAbs directly conjugated
with fluorescein isothiocyanate (FITC) or phycoerythrin
(PE).  The mouse MoAbs used were: anti-CD3-PE, CD4-
FITC, CD8-FITC, HLA-DR-PE, CD4-PE, CD8-PE (all
Becton Dickinson, Oxford, UK) and VLA-1-FITC (Lab
Impex, Teddington, UK). Erythrocyte lysis was then
achieved by the addition of 2 mL of lysing solution
(FACS lysing solution, Becton Dickinson). Following
incubation for a further 10 min at room temperature,
cells were centrifuged at 250×g for 5 min and washed
twice in PBS pH 7.2 (Cell Wash; Becton Dickinson).
Stained cells were then fixed with 500 µL of 1% parafor-
maldehyde in sheath fluid (FACSFlow, Becton Dickinson),
equilibrated at 4°C and analysed within 24 h.

Flow cytometric analysis of T-cells for the surface
immunofluorescence was performed on a Becton Dickinson
FACScan equipped with an air-cooled argon-ion laser
and detectors for forward scatter (FSC), 90° light scat-
ter (side scatter, SSC), fluorescence FL1 (530 nm wave-
length, green) and FL2 (585 nm, red/orange).  Lymphocytes
were identified by their characteristic appearance on a
dot plot of FSC versus SSC and electronically gated to
exclude contaminating monocytes, granulocytes or red
cell debris. A minimum of 10,000 gated events (lym-
phocytes) were acquired and analysed using Consort 30
software. Lymphocytes stained with FITC- and PE-
labelled MoAbs were detected on the FL1 and FL2 chan-
nels, respectively.  Results were expressed as percentage
positive cells excluding nonspecific staining, assessed
using isotype control antibodies (Becton Dickinson) direc-
ted against an irrelevant target.  An aliquot of cells was

stained with anti-CD14-FITC (Becton Dickinson) to assess
monocyte or macrophage contamination of the lympho-
cyte gate, which was always <2%.  Using the total lym-
phocyte count, the absolute number of T-cells expressing
the various cell surface markers were calculated per mL
of BAL fluid recovered.

Although 17 individuals completed the study, for tech-
nical reasons flow cytometric data were not obtained
from one subject.

Statistical analysis

Spirometry data, which were normally distributed, was
compared by a paired Student's t-test. Changes in cell
counts, mediator levels and flow cytometry data within
the theophylline or placebo group were examined by the
Wilcoxon-rank sign test for paired data.  Differences oc-
curring between the two treatment groups were exp-
ressed as percentages of their respective baselines and
compared by the Mann-Whitney U-test.  Differences were
considered significant when the p-value was less than
0.05.

Results

Clinical data

The clinical characteristics of the study population are
shown in table 1. After allergen challenge, there were
no statistically significant differences in symptom scores,
daily PEFR value, or rescue medication use between the
treatment groups, which is not surprising in view of the
clinically mild condition of the study population.  There
was a trend towards an improvement in FEV1 during the
LAR at 6 h in the theophylline group (p=0.055), how-
ever no significant change was observed in the placebo
group (fig. 1). Baseline FEV1 following theophylline
treatment was significantly higher than in those subjects
receiving placebo (p<0.05) (data not shown).  The mean
final steady-state serum theophylline concentration was
6.6 µg·mL-1 (range 4.0–8.3 µg·mL-1), which is below the
currently regarded therapeutic range (10–20 µg·mL-1).
Using low-dose theophylline, the side-effects associated
with therapy were negligible and none of the subjects
opted to discontinue the study medication.  A more de-
tailed account of these results has been presented else-
where [23].
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Table 1.  –  Clinical characteristics of the study popula-
tion

Treatment group
Theophylline         Placebo

Age  yrs 26 (20–43) 27 (22–36)
Sex  F/M 4/6 5/2
Baseline FEV1 % pred 94 (81–114) 97 (81–115)

Values are presented as mean with range in parenthesis.  FEV1:
forced expiratory volume in one second; % pred: percentage
of predicted value.
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BAL mediator levels

There were no statistically significant differences bet-
ween the two treatment groups in the BAL concentra-
tion of ECP, histamine, tryptase and PGD2, although a
trend towards a decrease in the levels of these mediators
was observed after theophylline therapy (table 2).

BAL cellular profile

Following theophylline treatment, there was a reduction
in the overall number of BAL lymphocytes·mL-1 of fluid
compared to placebo, and the treatment-induced changes
between the groups were significant (p=0.013).  Although
there was also a fall in the percentage of lymphocytes
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Fig. 1.  –  Changes in mean FEV1 before (❏) and after (■) treatment with: a) theophylline or b) placebo.  Curve for early and late asthmatic
responses are shown as percentage fall in FEV1 from prechallenge baseline following allergen challenge.  Error bars represent SEM.  FEV1:  forced
expiratory volume in one second.

Table 2.  –  BAL fluid eosinophil and mast cell mediator levels pre- and post-treatment with either theophylline or placebo

Mediator                       Theophylline group (n=10)                                           Placebo group (n=7)
Pretreatment            Post-treatment                            Pretreatment              Post-treatment

ECP  ng·mL-1 17.0 12.2 16.0 20.0
(4.0–62.0) (1.2–70.0) (2.2–56.0) (10.0–180)

Histamine  ng·mL-1 2.8 2.1 1.3 2.9
(0.5–15.0) (0.2–10.0) (0.5–6.6) (0.4–4.3)

Tryptase  ng·mL-1 2.7 2.1 1.9 2.9
(0–10.5) (0.1–15.0) (0–2.8) (0.1–8.6)

PGD2 pg·mL-1 11.0 11.8 7.6 12.0
(3.4–60.0) (0–50.0) (1.0–33.0) (2.0–47.0)

All values are expressed as median, with range shown in parenthesis.  No significant differences were found between the treat-
ment groups.  ECP: eosinophil cationic protein; PGD2: prostaglandin D2; BAL: bronchoalveolar lavage.

Table 3.  –  Volume of BAL fluid recovered, total cell yield, viability and differential cell counts pre- and post-treatment
with theophylline or placebo

Theophylline group (n=10)                                        Placebo group (n=7)
Pretreatment             Post-treatment                           Pretreatment            Post-treatment

Volume  mL 93.7±9.6 82.8±10.9 95.4±8.6 101.0±7.4
Viability  % 70±5 74±4 70±2 73±5
Total cells  ×105·mL-1 1.8±0.2 1.7±0.2 1.5±0.2 2.6±0.8
Macrophages  % 67±4 71±5 64±4 67±5

×104·mL-1 12.1±1.5 11.5±1.2 8.9±0.9 15.2±2.9
Lymphocytes  % 17±3 12±1 15±3 14±2

×104·mL-1 2.7±0.4 1.9±0.3* 2.2±0.5 3.5±1.2
Neutrophils  % 3.1±0.7 3.9±2.4 4.2±2.4 3.6±1.5

×104·mL-1 0.6±0.2 1.1±0.8 0.6±0.4 1.2±0.7
Eosinophils  % 5.7±1.7 6.3±3.5 13.0±4.1 10.6±4.9

×104·mL-1 1.0±0.3 1.2±0.7 2.2±0.9 4.8±3.8
Epithelial cells  % 6.9±2.7 6.8±3.0 3.8±0.9 4.8±1.3

×104·mL-1 1.6±0.8 1.2±0.5 0.6±0.5 0.9±0.3

All values are presented as mean±SEM.  *: p<0.05, for comparison of treatment effect between groups.  BAL: bronchoalveolar
lavage fluid.



after theophylline therapy compared to placebo, this dif-
ference did not attain significance, possibly due to the
small study population used (table 3).  There were no sig-
nificant differences between the two treatment groups in
the number of total nucleated cells, and in the percent-
age and concentration of eosinophils, neutrophils and
epithelial cells. We were unable to make an accurate
quantification of mast cells metachromatically, as too few
(less than 0.1%) were detectable in BAL fluid.

Flow cytometric analysis of BAL cells revealed a reduc-
tion in the number of CD3+ lymphocytes, comprising
both CD4+ and CD8+ phenotypic subsets, after theo-
phylline therapy and the difference between the two treat-
ment groups was significant (p<0.02) (fig. 2).  Moreover,
there was a decrease in the number of CD4+ T-cells
expressing the very late activation marker VLA-1 (p<0.05),
and a trend towards a decrease in CD4+ cells bearing
the Class II molecule HLA-DR (p<0.1) (fig. 3).  No
differences were found between the treatment groups in

the percentages of these cells. Moreover, there was no
significant change between the two groups in the expres-
sion of all three activation markers by CD8+ T-cells (data
not shown).

Peripheral blood lymphocytes

After theophylline therapy, there was a significant elev-
ation in the percentage of CD4+ T-cells expressing HLA-
DR in peripheral blood samples obtained at baseline and
during the EAR and LAR, when the two treatment groups
were compared (p<0.05).  The percentage of CD4+ cells
bearing VLA-1 also tended to increase after theophyl-
line but these results did not reach significance (table 4).
Similar findings were obtained when comparisons in the
absolute numbers of these cells were made between the
two groups.  Furthermore, no difference between the treat-
ment groups could be determined in the percentage and
concentration of CD3+ lymphocytes and their respective
CD4+ and CD8+ subgroups, or in the expression of acti-
vation markers by CD8+ T-cells (data not shown).

Discussion

Our results provide evidence that 6 weeks of treatment
with oral theophylline, at a low dose that is well-tolerat-
ed, can modulate T-lymphocyte activation in subjects with
atopic asthma.  We have shown that the number of lym-
phocytes in BAL, sampled after antigen challenge and
the development of a LAR, was significantly reduced fol-
lowing theophylline therapy. On flow cytometric ana-
lysis, a loss in CD3+ T-lymphocytes, comprising both
CD4+ and CD8+ phenotypic subsets, was revealed.
Moreover, there was a decrease in the number of BAL
CD4+ T-cells expressing the activation marker VLA-1,
and an apparent reduction in HLA-DR. This was ac-
companied by an increase in the proportion of activated
CD4+ T-lymphocytes in the peripheral blood.

These findings complement those of KIDNEY and co-
workers [24, 25], who recently observed the opposite
effects following theophylline withdrawal, that is a fall
in the percentage of blood CD4+ T-cells bearing the acti-
vation marker CD25 and a concomitant increase of T-
lymphocytes in the bronchial epithelium.  Taken together,
these results suggest that theophylline treatment can  reduce
the number of T-lymphocytes in the lungs of asthmatics,
by modulating the egress and/or ingress of activated T-
cells between the airways and circulation.  This may be
due to an action of the drug on lymphocyte adhesion and
subsequent transendothelial migration. Compartmenta-
lization of activated T-cells to the lung in asthma has
been well-documented, and these results appear to cor-
relate with clinical indices of disease activity [26, 27].
Recently, it has been demonstrated that these activated
T-cells exhibit increased messenger ribonucleic acid en-
coding for interleukin (IL)-3, IL-4 and  IL-5, thus sug-
gesting that they are of the TH2-phenotype [16, 28].

In the current study, theophylline therapy appears to
be associated with a reduction in the overall numbers of
BAL CD4+ T-cells expressing activation markers but not
a decrease in the proportion of these cells. This suggests
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Fig. 2.  –  T-cell subpopulations in BAL of asthmatics pretreatment
(     ) and post-treatment (     ) with either: a) theophylline (n=10); or
b) placebo (n=7).  Data are expressed as mean±SEM.  Treatment-induced
changes in the number of CD3+ T-cells were significantly different
between the two groups (p<0.02).  BAL:  bronchoalveolar lavage.

Fig. 3.  –  BAL CD4+ T-cells expressing activation markers pretreat-
ment (     ) and post-treatment (     ) with either: a) theophylline (n=
10); or b) placebo (n=7).  Data are presented as mean±SEM.  Treatment-
induced changes in the number of CD4+ T-cells expressing VLA-1
were significantly different between the two groups (p<0.05).  HLA-
DR:  human leucocyte antigen-DR;  VLA-1:  very late activation anti-
gen-1;  BAL:  bronchoalveolar lavage.
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that the drug may have modulated the movement both
of activated and nonactivated lung CD4+ T-lymphocytes
equally, rather than acting directly to inhibit the activa-
ted status of CD4+ cells.

There is increasing evidence of a key role for activa-
ted CD4+ T-lymphocytes in orchestrating the asthmatic
inflammatory reaction.  Through release of multifunctio-
nal cytokines, these cells upregulate the function of mast
cells and eosinophils.  Our present data failed to demon-
strate any significant effect of theophylline on the num-
ber of eosinophils, neutrophils and epithelial cells in BAL
fluid after allergen challenge, although the concentration
of macrophages was apparently reduced compared to the
placebo-treated group. Moreover, although within the
constraints of the number of subjects studied there was
no significant decrease in the concentration of inflam-
matory mediators in the BAL fluid, a general downward
trend in the levels of these mediators, such as ECP, was
observed following theophylline treatment.  However, in
a complementary publication [23], we have described a
significant reduction after theophylline therapy in the
number of total eosinophils and EG2+ cells (an index of
eosinophil activation) in bronchial biopsies of essenti-
ally the same group of subjects.  Elevated levels of eosi-
nophils, both in the bronchial mucosa and in BAL fluid,
are a characteristic feature of asthma, and this eosinophi-
lia correlates with the severity of the disease [26, 29,
30].  Through their secretion of granule-derived cationic
proteins and lipid mediators, eosinophils may contribute
to the development of the LAR to allergen and the asso-
ciated bronchial hyperresponsiveness [31].  The recruit-
ment and degranulation of eosinophils in the bronchial
mucosa are thought to be under the influence of cytokines
produced by activated T-cells, particularly IL-3, IL-5 and
granulocyte-macrophage colony-stimulating factor [17,
32–34].  Our present data suggests that theophylline the-
rapy can modulate the activation of T-lymphocytes in
the lung, and it is possible that this would in turn reduce
the influx and activation of eosinophils.

The precise molecular mechanism of action of theo-
phylline remains uncertain, but perhaps the most likely
explanation is its nonspecific inhibition of phosphodies-
terase activity [35].  Indeed, modulation of intracellular

cyclic nucleotide levels has been demonstrated to func-
tionally modify the activity of many inflammatory cell
types [36].

An immunoregulatory action for theophylline, at the
currently recognized therapeutic concentrations (10–20
µg·mL-1), has been documented both in vivo and in vitro.
In these studies, the drug was demonstrated to increase
the number and activity of suppressor/cytotoxic T-cells,
particularly in asthmatics [37–40], to inhibit natural killer
cell activity [41, 42], and to reduce T-cell proliferation
and IL-2 production [43].  Theophylline, therefore, appears
at therapeutic levels to have a general immunosuppres-
sive action. The lower doses (range 4.0–8.3 µg·mL-1)
achieved in the present study, however, may be suffici-
ent for a beneficial immunomodulatory action in asthma
without the side-effects that currently limit the use of
this drug.  In addition, theophylline may have a more
selective effect on activated CD4+ T-cells at low con-
centrations, as no significant change in the number of
CD8+ cells expressing activation markers was observed
in this study.

Low-dose oral theophylline treatment reduces the num-
ber of T-lymphocytes in the airways of asthmatics.  The
mechanism by which this action is achieved is currently
unclear, but may be a consequence of the drug modulat-
ing the accumulation of CD4+ T-cells in the lung and
their subsequent activation.  These effects may contribute
to the therapeutic efficacy of theophylline in asthma.
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