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ABSTRACT

AIM: To investigate the effect of theophylline on the naive T cell differentiation and the probable role of interleukin-
12 (IL-12).  METHODS: Naive cord blood T cells were treated with theophylline 10 mg/L for 3 d after stimulation
with PHA 100 mg/L.  Differentiation of T cells was analyzed by flow cytometry.  Theophylline 10 mg/L and IL-12-
mAb 0.025 mg/L were added in cord blood mononuclear cell (CBMC) cultures primed with LPS 1 mg/L to detect
the levels of IL-12 and IL-12P40.  The whole blood cultures were obtained from twelve health volunteers with or
without administration of theophylline (200 mg).  Cytokines were measured by enzyme linked immuno-sorbent
assay.  RESULTS: Theophylline promoted T helper 1 (Th1) cells differentiation from naive T cells (21.9 %±10.3 %
vs 9.4 %±5.6 %, P<0.05), but had no significant effect on Th2 deviation.  But theophylline inhibited the production
of IL-12 and IL-12P40 by CBMC in vitro (28±6 ng/L vs 57±14 ng/L and 88±34 ng/L vs 214±82 ng/L, P<0.01) and
reduced IL-12 and IL-12P40 levels in whole blood cultures from healthy subjects (19±11 ng/L vs 31±15 ng/L and
92±13 ng/L vs 196±49 ng/L, P<0.01).  CONCLUSION: Theophylline promoted the differentiation of Th1 cells. IL-
12 seemed not to be involved in this process.

INTRODUCTION

Theophylline has been a popular medication for
asthma for over 50 years.  Though it has traditionally
been classified as a bronchodilator, which owes to its
inhibiting phosphodiesterase (PDE) enzyme effect, theo-
phylline is now believed to have more actions on asthma
including anti-inflammatory actions[1,2].  In previous
researches, theophylline down-regulated the function
of inflammatory and immune cells in vitro and in vivo
whether in animals with airway inflammation[3,4] or in
human with asthma[5,6].  However the mechanism of its

anti-inflammatory effect is not clear.
In asthma, more and more cells secreting T helper

(Th) 2 cytokines in lungs and in blood was found.  Th2
cytokines such as IL-4, IL-5, and IL-13 played an im-
portant roles in asthma[7].  The rise of IL-4/ IFN-γ ratio
would lead to aberrant IgE production in response to
both aeroallergens and sensitizations.  Since previous
researches found that theophylline reduced the eosino-
phils airway infiltration[5], decreased the numbers of
epithelial T cells containing IL-4 and IL-5, and down-
regulated serum and airway IL-4 and IL-5 production
in asthma patients[8,9], it was hypothesized that regula-
tion of the differentiation of CD4+ T cells might underly
the anti-inflammatory activities of theophylline.  In this
study, we investigated whether theophylline affected
naive T cell differentiation in vitro and in vivo and
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whether IL-12 was involved in this process.

MATERIALS  AND  METHODS

Cell isolation  Cord blood mononuclear cells
(CBMC) were obtained by centrifugation over lympho-
cyte separation medium (Shanghai Second Reagent
Plant, China), and then washed three times in Hanks’
solution.  Isolated CBMCs were either used immedi-
ately or preserved in RPMI-1640 (Gibco) with 1 % heat-
inactivated fetal calf serum (FCS, Gibco) for the next
isolation.

Cord blood adherent mononuclear cells (CBAMC)
were isolated by incubating CBMCs overnight in 75-
cm2 culture flask at 37 ºC, followed by removal of
nonadherent cells by three washes in Hanks’ solution[10].
CBAMCs were preserved in RPMI-1640/1 % FCS at
37 ºC in a 5 % CO2 incubator until use, usually within 1
h of purification.  These populations typically consisted
of a mixture of about 80 % monocytes and a smaller
number of B cells, few if any T cells remained in these
preparations.

CD4+ T cells were isolated from CBMCs by an
immunomagnetic method according to the manufacture’s
instruction.  In brief, CBMCs were incubated at 4 ºC
for 30 min with mouse anti-human-CD4 antibody
(PharMingen), and then cells were washed and incu-
bated at 4 ºC for another 15 min with human anti-mouse
IgG-coated magnetic beads (Dynal Biotech, Norway).
Positive cells were separated in magnetic particle con-
centrator (Dynal MPC, Dynal, Norway) and washed
thrice by RPMI-1640/1 % FCS.  Naive T cells
(CD4+CD45RA+ T cells) were obtained by secondly
positive selection using mouse anti-human CD45RA
antibody (PharMingen) as described above.  After wash-
ing thrice by RPMI-1640 /1 % FCS, the purity of the
naïve T cells were verified as over 98 % by FACS Calibur
(Becton Dickinson, American).

In vitro differentiation of human naive T cells
The differentiation assay was designed according to the
description[10,11].  Tissue culture 24-well plates were
seeded with 1×105 CBAMCs and 1×106 purified naive  T
cells.  The cultures were in the final volume of 1 mL of
RPMI-1640/10 % FCS and were further supplemented
with PHA (Alpha Biotech Company, China) at the con-
centration of 200 mg/L.  Either theophylline 10 mg/L or
culture medium of the same volume was added into the
culture.  The concentration of PHA was experimented
in advance as the most proper one to assure T cell activa-

tion, and theophylline 10 mg/L was the most likely to
prevent symptoms and decrease the need for rescue
therapy[1].  Seventy-two hours later, cells were washed
and put back in culture in the presence of IL-2 (2×105

U/L, Gene Drug LTD, Changchun).  After being rested
for another 72 h, T cells were collected and restimu-
lated with PMA, ionomycin, and monensin of indicated
concentrations under the manufacture’s guide
(CYTODETECT Kit, IQ company, Netherlands) .  Then
cells were fixed with paraformaldehyde and permeabi-
lized with saponin (contained in the CYTODE-TECT
Kit).  Fixed T cells were then incubated at 4 ºC for 30
min with a pair of antibodies: FITC-conjugated anti-
IFN-γ mAb and PE-conjugated anti-IL-4 mAb (IQ
company).  The proportion of 1 µL of antibody to 1×106

cells were chosen to optimize detection based on pre-
liminary experiments.  After washes twice with permea-
bilization buffer and wash once with staining buffer,
the cells were resuspended in staining buffer and sub-
jected to two-color FACSCalibur analysis.

Cell culture  The neonatal cord blood of thirty
donors was randomly designated into three groups.
CBMCs were obtained as described above and resus-
pended at 1×109/L in RPMI-1640/10 % FCS.  The cul-
tures were stimulated with IFN-γ 1×106 U/L (Peprotech,
American) and LPS 1 mg/L (Sigma).  Then the cells
were treated with theophylline 10 mg/L (Alexis,
American), IL-12 mAb 0.025 mg/L (Peprotech,
American), and culture medium of the same volume
respectively.  Cultures were incubated  at 37 ºC for 24
h in a 5 % CO2 incubator.

In vivo administration of theophylline  Twelve
nonsmoking healthy volunteers had no history of asthma,
allergic rhinitis, or atopic dermatitis.  Six subjects (26.2±
2.4 a and 55.9±6.4 kg) received theophylline tablets
(200 mg, Maite-Xinghua Pharmaceutical Factory,
Guangzhou), and six subjects (25.8±2.1 a and 57.6±7.3
kg) received no treatment and served as controls.  Blood
samples were obtained before and at 6 h after treatment
when theophylline concentration in plasma reached
maximum of about 7.9 mg/L[8].  Whole blood was seeded
in 24-well plates and stimulated with IFN-γ 1×106 U/L
and LPS 1 mg/L for 24 h.

Cytokine detection  After being incubated for
24 h, the supernatant of the in vitro culture and of the
whole blood culture was harvested.  IL-12 and IL-12-
P40 were measured by enzyme linked immunosorbent
assay (Gemyme, separated by Jingmei Biotech) accord-
ing to the manufacture’s instructions.
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Ethnics All in vivo experiments were permitted
by Renmin Hospital, Wuhan University and consented
by all volunteers.

Statistic analysis  Data were expressed as
mean±SD.  The paired t-test was used for the compari-
son of the naive CD4+ T cell differentiation.  The one-
way ANOVA was applied for the comparison of IL-12
and IL-12P40 levels in in vitro culture.  The classic t-
test was used for the comparison of cytokines levels of
whole blood culture. P<0.05 was considered significant.

RESULTS

Theophylline promoted the differentiation of
Th1 cells from naive T cells  Neonatal CD4+ T cells
preferentially developed into IFN-γ-secreting cells after
stimulation with PHA and a small population of Th2 cells
that produced only IL-4 not IFN-γ.  After the addition
of theophylline to the cell culture, a marked promotion
of the development of IFN-γ producing cells was ob-
served (P<0.05).  On the other hand, there was no sig-
nificant change of the population of Th2 cells in the
presence of theophylline (Tab 1, Fig 1).

Theophylline down-regulated IL-12 and IL-
12P40 production in CBMCs in vitro  Theophylline
inhibited production of IL-12 and IL-12P40 compared
with control group (both P<0.01, Tab 2).  In contrast,
IL-12 level in theophlline group was even significantly
lower than that in IL-12 mAb group (P<0.05, Tab 2).

 Effect of theophylline on IL-12 production of
whole blood culture after stimulation with LPS in
vivo  There was no significant difference in IL-12 and
IL-12P40 levels of whole blood cultures between con-
trol group and pre-theophylline-treated group.  Theo-
phylline decreased IL-12 and IL-12P40 production com-
pared with control and pre-administration group (both
P<0.01, Tab 3).

DISCUSSION

Our results showed that stimulation with PHA, a

Tab 1.  T cell differentiation in vitro after stimulation with
PHA 100 mg/L in the presence of theophylline 10 mg/L.  n=4.
Mean±SD.  bP<0.05 vs control group.

                                       Control group      Theophylline group

Th1 (IFN-γ)/% 9.4±5.6 21.9±10.3b

Th2 (IL-4)/% 1.0±0.8   0.8±0.9

Tab 2.  Effect of IL-12 mAb 0.025 mg/L and theophylline 10
mg/L on IL-12 and IL-12P40 production in CBMC cultures
after incubation with IFN-γγγγγ  1×106 U/L and LPS 1 mg/L.
Mean±SD.  cP<0.01 vs control group.  eP<0.05, fP<0.01 vs
IL-12 mAb group.

                                         Control      IL-12 mAb Theophylline
                                           group           group           group
                                           (n=10)     (n=9)    (n=11)

IL-12 level/ng·L-1   57±14 30±8c 28±6ce

IL-12P40 level/ng·L-1 214±82 27±6c 88±34cf

Fig 1.  FACS analysis of cell differentiation.  (A) Operational control.  (B) Cord blood- purified CD4+CD45RA+ T cells after
stimulation with PHA 200 mg/L in control medium.  The population of cells producing IFN-γγγγγ was 16.6 %, while the population
of cells producing IL-4 was 1.58 %.  (C) Cord blood-purified CD4+CD45RA+ T cells in the presence of theophylline 10 mg/L
after stimulation with PHA 100 mg/L.  The proportion of IFN-γγγγγ producing cells was promoted to 33.4 %, while the proportion
of IL-4 producing cells was 2.01 %.  One experiment out of four was present.
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substitute of antigen, could drive naive T cells to differ-
entiate to Th1 cells, which was consistent with the pre-
vious report[11].  Promoted Th1 differentiation was ob-
served but no changes in Th2 cells.  It suggested that
theophylline had no apparent effect on Th2 cell differ-
entiation when it was added in naive T cell culture.
However, in our study the mitogen PHA itself initiated
very small population of Th2 cells which could be the
explanation for the lower differentiation of Th2 popula-
tion in theophylline-treated group.

It is now clear that the imbalance of Th1/Th2 sub-
groups in airway and in blood is closely associated with
the inflammation in asthmatic patients.  In patients with
asthma, more T cells from bronchoalveolar-lavage fluid
(BALF) contained m-RNA for IL-3, IL-4, and IL-5 than
that from normal subjects[12].  And the same result was
obtained in bronchial-biopsy.  Th2 cells up-regulated IgE
production, recruited eosinophils, and were prominent
in the pathogenesis of allergic diseases, whilst the other
subset Th1 cells secreted IFN-γ and inhibited the syn-
thesis of IgE and the differentiation of precursor cells
to Th2 cells[13].  Just because there was a reciprocal
inhibition, that Th1-type cytokines inhibited the produc-
tion of Th2-type cytokines and vice versa, the predomi-
nance of Th1 cells might inhibit the function of Th2 cells.
So we conferred that theophylline might exert its anti-
inflammatory effect by regulating naive T cells to de-
velop toward Th1 cells and thus inhibiting the function
of Th2 cells though the specific mechanism was
unknown.

In vitro studies in both human[14] and murine[15]

systems and in vivo studies in mice showed that IL-12
promoted Th1 responses.  In this study, theophylline
was given in vivo at the dose of 200 mg, which was
demonstrated to be related with the plasma concentra-
tion of nearly 10 mg/L[5] which we choose for the in
vitro experiment.  Theophylline was a potent inhibitor

of IL-12 production by mononuclear cells when it was
either administered in vivo or added into in vitro cultures.
Theophylline and other PDE inhibitors could inhibit the
hydrolysis of cyclic AMP phosphodiesterases and thus
elevate intracellular cAMP concentration[16].  And the
increased intracellular cAMP level, was correlated with
the decrease of IL-12[17].  So this might be the explana-
tion of down-regulation of IL-12 in vivo and in vitro by
theophylline.

In our study theophylline promoted the differen-
tiation of Th1 cells though it seemed to be the IL-12
inhibitor.  We arranged the same condition for control
and theophylline group, and engaged autologous adher-
ent cells-CBAMC as antigen presenting cells for provid-
ing the second signal[10].  So we suspected that theo-
phylline promoted Th1 cell differentiation directly or
indirectly.  There might exist some other pathway to
affect the Th cell differentiation independent of IL-12.
Th1 cell differentiation was regulated in several
pathways.  For instance in transcription level there were
T-bet, Stat1, and Stat4, as well as in cytokine levels,
there were IL-12, IL-23, and IL-27[18].  Being secreted
by myeloid cells and composed of the cross subunit of
IL-12, IL-23, and IL-27 are both belonged to IL-12
family and are demonstrated to have the same action of
Th1 polarization[19, 20].

As there was no anti-IL-12 group involved in our
differentiation experiment, we could not be sure that
theophylline promoted Th1 differentiation in IL-12-in-
dependent pathway.

In conclusion theophylline could regulate naive T
cell developing toward Th1 cells.  It may be a useful
reference in the treatment of other allergic diseases such
as allergic rhinitis and dermatitis.  Whether theophylline
reverses the imbalance of Th1/Th2 in asthmatic patients
still needs further study.
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