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Effects of in vitro treatment with ¯uticasone propionate on natural

killer and lymphokine-induced killer activity in asthmatic and

healthy individuals

Background: Topical corticosteroids are bene®cial in the treatment of allergic
respiratory disorders; they exert effects on a number of cells involved in allergic
in¯ammatory reactions. On the other hand, major histocompatibility complex
(MHC)-unrestricted cytotoxicity (i.e., natural killer [NK] cell activity) may play a
role in the in¯ammatory allergic reaction. The objective was to gain insight into
the mechanisms of the therapeutic effects of ¯uticasone propionate (FP), an
inhaled corticosteroid used in asthma and rhinitis therapy. Therefore, we
evaluated the NK and lymphokine-activated killer (LAK) activity of effector
cells in vitro treated or not with FP.
Methods: Evaluations were made on peripheral blood mononuclear cells
(PBMNCs), obtained from healthy volunteers (n=10) and from asthmatic atopic
subjects (n=10) with allergy to Parietaria.
Results: Asthmatic patients had signi®cantly increased NK activity (P=0.0008),
and interleukin (IL)-2- (P=0.0005) and interferon (IFN)-a-induced LAK
activities (P=0.0005). In both groups, FP 10x7 M signi®cantly reduced NK
activity (P<0.0001), IL-2-induced LAK activity (P<0.0001), and IFN-a-
induced LAK activity (P<0.0001). Similar results were obtained
with FP 10x8 M.
Conclusions: Since MHC-unrestricted cytotoxicity has been implicated in the
development of allergen-induced eosinophilic airway in¯ammation, inhibition of
NK and LAK activity by FP may contribute to the steroid therapeutic effect in
asthma.
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Natural killer (NK) cells are recognized as an important
component in immune responses to tumors and a
number of pathogens (1, 2). NK cells rapidly produce
interferon (IFN)-c (3). They also produce several
immunoregulatory mediators including those involved
in the pathogenesis of allergic diseases (1±4). Recent
data show that NK cells determine the development of
allergic eosinophilic airway disease in mice (3). This
observation is compatible with the enhanced NK cell
activity observed in human asthma (5±7). NK cells
constitutively express IL-2 receptors (8) and respond to
the type-1 cytokine IL-2 by enhanced antitumor and
antiviral cytotoxic activities, cytokine secretion, and
regulation of other immunocytes (9). The major
histocompatibility complex (MHC)-unrestricted cyto-
toxicity of NK cells is believed to contribute at least
partly to the activity of lymphokine-activated killer
(LAK) cells, which are cytokine-dependent cytotoxic
effector cells capable of lysing a broad range of target
cells, including those typically resistant to NK cells (10).

Corticosteroids are potent anti-in¯ammatory agents
widely used in the management of asthma and other
allergic diseases (11, 12). Corticosteroid administration
produces multiple immunomodulatory effects, including
downregulation of cytokine production by CD4 T cells
(12±16) and NK activity impairment (17±19).

Fluticasone propionate (FP), a highly lipophilic
topical corticosteroid (Glaxo Wellcome, UK), has
been shown to be safe and effective in the treatment
of asthma and of both seasonal and perennial
rhinitis (11, 20±23). When taken by the inhaled
route, FP exerts a signi®cant bene®cial effect on
asthma. Moreover, in clinical studies, FP had a
higher therapeutic score than other inhaled cortico-
steroids (22, 23). To date, there are no studies of
the effect of FP on MHC-unrestricted cytotoxicity.
To gain insight into the mechanisms of the thera-
peutic effects of FP, we evaluated the NK and LAK
activity of effector cells in vitro, treated or not with
FP.

Allergy 2001: 56: 323±327
Printed in UK. All rights reserved

Copyright # Munksgaard 2001

ALLERGY
ISSN 0105-4538

323



Material and methods

Subjects

After informed consent was obtained, peripheral blood was sampled
from healthy laboratory staff (n=10) and from asthmatic atopic
subjects (n=10) with allergy to Parietaria. The severity of asthma
had been evaluated by the International Consensus Criteria (24). The
subjects had a history of more than 2 years of symptoms consistent
with asthma, and, by these criteria, they were classi®ed as having
persistent moderate asthma. They had a methacholine PC20 less than
16 mg/ml (25). Skin prick tests were performed and evaluated,
exactly as previously described (25, 26).

FP

Pure FP was obtained from Glaxo Wellcome (Verona, Italy) and
dissolved in anhydrous ethanol (95%) at a concentration of 10x3 M.
It was then diluted at a concentration of 10x7 or 10x8 M in complete
medium, i.e., RPMI-1640 (Gibco, Grand Island, NY, USA),
supplemented with a 10% heat-inactivated pool of AB sera (AB
Pool, Flow Laboratories, Irvine, UK), 1% glutamine (Flow
Laboratories), 80 mg gentamycin, 100 U/ml streptomycin, and 1%
Hepes buffer (Boehringer Mannheim, Germany). Control medium
was prepared with the same dilution of ethanol.

Cell lines

The human erythromyeloid leukemia-derived cell line K-562 was
maintained in complete medium, i.e., RPMI 1640 medium (Gibco,
Grand Island, NY, USA), supplemented with 10% heat-inactivated
fetal calf serum (Flow Laboratories), gentamycin, streptomycin, and
Hepes buffer (Boehringer Mannheim, Germany), at 37uC with 5%
CO2. Cultures were fed biweekly to maintain constant exponential
cell growth (27).

Effector cell preparation

Peripheral blood mononuclear cells (PBMNC) obtained from venous
blood drawn into heparinized-coated Vacutainer tubes (Becton
Dickinson, Mountain View, CA, USA) by centrifugation on Ficoll-
Hypaque (Nycomed As Diagnostica, Oslo, Norway) were washed
twice and resuspended in complete medium at appropriate
concentrations for the NK cell cytotoxicity assay (27).

To assess LAK activity, PBMNC (5r106/ml) were incubated v/v
with 500 UI/ml of IFN-a) (28) (Wellcome Italy Spa, Pomezia, Rome,
Italy) or with 100 UI/ml of recombinant interleukin-2 (Proleukin,
Chiron) (27) for 5 days, with and without FP 10x7 or 10x8 M.

Cytotoxicity assay

NK and LAK activities were assessed by a 51Cr release assay with
the K-562 line (33, 34). Brie¯y, 1r106 target cells were incubated
with 100 mCi of 51Cr (speci®c activity, 5 mCi/mmol; Amersham
Pharmacia Biotech, Buckinghamshire, UK) for 2 h in medium at
37uC, 5% CO2. After labeling, the cells were washed three times in
complete medium and counted in Trypan blue to assess viability,
which was always greater than 95%.

Both NK (with and without FP 10x7 or 10x8 M) and LAK
cytotoxicity tests were performed in standard V-shaped microplates
(Nunc, Kamstrups, Denmark) in a total volume of 200 ml. All tests
were performed in triplicate with 5000 target cells/well and with
effector-to-target ratios decreasing from 100:1 to 6.25:1. Plates were
centrifuged for 1 min at 100 g before incubation for 4 h at 37uC in a
humidi®ed incubator with 5% CO2. After incubation, the plates were
centrifuged for 10 min at 400 g. Then 100 ml of supernatant from
each well was harvested, and the radioactivity was assessed with a c
counter. Spontaneous and maximum releases were determined in
wells containing radiolabeled cells and complete medium or 1%

Triton X-100, respectively. The percentage of cytotoxicity was
calculated as follows (cpm: counts/min):

% cytotoxicity �
mean experimental cpmÿmean spontaneous cpm

mean maximum cpmÿmean spontaneous cpm
|100

Results are presented as lytic units (LU), de®ned as the number of
effector cells required to lyse 20% of target cells (LU20r10

x6
), and

were calculated with the exponential ®t equation described by Pross
& Lotzova (10). With this method, all the experimental data can be
reduced to a single numerical parameter that is directly proportional
to the lytic activity, thus resulting in a more accurate measurement of
cytotoxicity activity.

Statistical analysis

Final data, expressed as meanstSD, were derived with StatDirect
software (Tidestone Technologies, Inc, UK) on a computer. Analysis
of variance was used to compare inter- and intragroup differences in
LU20r10x6. A P value of less than 0.05 was considered signi®cant.

Results

As shown in Fig. 1, NK activity was signi®cantly
increased in asthmatic patients (15.27t0.7 vs 14.4t0.8
LU20r10x6; P=0.0008); this is consistent with earlier
®ndings (5). In both groups of subjects, treatment of the
cells with FP10x7 M signi®cantly reduced NK activity
(15.27t0.7 vs 11.8t0.7 and 14.4t0.8 vs 10.3t0.6
LU20r10x6) (P<0.0001). Similar results were obtained
with FP 10x8 M (15.27t0.7 vs 12.3t0.6 and 14.4t0.8
vs 12.3t0.8 LU20r10x6) (P<0.0001).

Recombinant IL-2-induced LAK activity (Fig. 2) was
also increased in asthmatic patients (23.5t1.0 vs 22.2t
0.8 LU20r10x6, P=0.0005). In both groups of subjects,
treatment of the cells with FP 10x7 M signi®cantly re-
duced LAK activity (23.5t1.0 vs 6.74t0.8 and 22.2t
0.8 vs 4.95t0.4, LU20r10x6) (P<0.0001). Similar
results were obtained with FP 10x8 M (23.5t1.0 vs
7.40t0.9 and 22.2t0.8 vs 5.65t0.5, LU20r10x6)
(P<0.0001).

IFN-a-induced LAK activity (Fig. 3) was increased in
asthmatic patients too (20.59t1.0 vs 19.28t0.9 LU20r
10x6; P=0.0005). In the two groups, the treatment of the
cells with FP 10x7 M signi®cantly reduced IFN-a-
induced LAK activity (20.59t1.0 vs 10.6t0.9 and
22.2t0.8 vs 8.74t0.6 LU20r10x6; P<0.0001). The
treatment of the cells with FP 10x8 M also reduced IFN-
a-induced LAK activity (20.59t1.0 vs 11.59t0.9 and
22.2t0.8 vs 9.69t0.6 LU20r10x6; P<0.0001).

Discussion

Topical corticosteroids have proven ef®cacy in the
treatment of allergic respiratory disorders and have
been shown to inhibit both the immediate and late
response to allergen provocation. Topical cortico-
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steroids exert effects on a number of cells involved in the
allergic in¯ammatory reaction, a fact which may explain
their potent effect in clinical allergy studies. Steroids may
exert direct inhibitory actions on several in¯ammatory
cells implicated in pulmonary and airway diseases (11,
29). They have a direct inhibitory effect on mediator
release from eosinophils, but are poorly effective in
preventing secretion of reactive oxygen species and
eosinophil basic proteins (20, 30). Steroids inhibit the
permissive action of cytokines such as interleukin (IL)-5
on eosinophil survival (31, 32), and this contributes to the
reduction in airway eosinophils seen with steroid ther-
apy. Steroids markedly reduce the numbers of dendritic
cells in nasal mucosa (33). Chronic steroid treatment is
associated with a marked reduction in mucosal mast-cell
number (34), and is very effective in inhibiting activation
of lymphocyte cells and in blocking the release of
cytokines that are likely to play an important role in
the recruitment and survival of in¯ammatory cells
involved in asthmatic in¯ammation (35±39).

Several of the effects exerted by FP may well account
for these results, notably the ability to induce eosinophil
apoptosis and to reduce type-2 cytokine production (6,
unpublished observations). Finally, the present study
and earlier reports have demonstrated that in vitro
treatment with steroids signi®cantly decreases NK and
LAK activities (17±19, 40±43). Since NK cells have been
implicated in the development of allergen-induced
eosinophilic airway in¯ammation (6), NK and LAK
inhibition may contribute to its therapeutic effect in
asthma. In fact, NK cells play a critical role in
immunization and the subsequent development of
allergen-induced airway in¯ammation (3). These new
data suggest the possibility of a pathogenic role for the
increased MHC-unrestricted cytotoxicity observed in
asthma (5±7) and suggest that NK cell activity may be
one of the factors governing the development of allergic
eosinophilic airway disease.

The mechanism by which glucocorticoids inhibit
the action of MHC-unrestricted cells has been
extensively investigated. Therapeutically administered
glucocorticoids depress the NK and LAK activity of
human peripheral blood, and direct suppression of
MHC-unrestricted cell activity has been demonstrated
in vitro after incubation of PBMNCs with glucocor-
ticoids. Although the mechanisms whereby glucocor-
ticoids act on MHC-unrestricted activity are little
understood, complex relationships have been thought
to occur with interferons and IL-2, which are
endogenous inducers of MHC-unrestricted activity
(18, 19, 40±43). Our results were obtained with
mononuclear cells, and not isolated effector cells;

Figure 1. NK activity in healthy (n=10) and asthmatic (n=10)
individuals. Cells were untreated or treated with either FP 10x7

or FP 10x8 M. Results are expressed as meantSD of individual
values measured as LU20r10x6. NK activity was signi®cantly
increased in asthmatic subjects (P=0.0008). In both groups of
subjects, the treatment of cells with FP 10x7 M signi®cantly
reduced NK (P<0.0001). Similar results were obtained with FP
10x8 M (P<0.0001).

Figure 2. IL-2 induced LAK activity in healthy (n=10) and
asthmatic (n=10) individuals. Cells were untreated or treated
with either FP 10x7 or FP 10x8 M. Results are expressed as
meantSD of individual values measured as LU20r10x6 of
target cells. IL-2-induced LAK activity was increased in
asthmatic patients (P=0.0005). Treatment of cells with FP
10x7 M signi®cantly reduced LAK activity in both groups of
subjects (P<0.0001). Similar results were obtained with FP 10x8

M (P<0.0001).

Figure 3. IFN-a-induced LAK activity in healthy (n=10) and
asthmatic (n=10) individuals. Cells were untreated or treated with
either FP 10x7 or FP 10x8 M. Results are expressed as meantSD
of individual values measured as LU20r10x6 of target cells. IFN-
a-induced LAK activity was increased in asthmatic patients
(P=0.0005). Treatment of cells with FP 10x7 M signi®cantly
reduced the LAK activity in both groups (P<0.0001). Similar
results were obtained with FP 10x8 M (P<0.0001).
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therefore, we cannot exclude the possibility that FP
inhibition depends on the effect induced on other
PBMNC. It is interesting to observe that the in vitro
FP effects were not reversed by IL-2 or by IFN-a.
Although additional work is needed to elucidate the
mechanisms involved, we suggest that FP inhibition
of cytokines involved in the regulation of MHC-
unrestricted activity (1±3, 9±11, 13±16) is responsible
for the observed reduction of NK and LAK activities.

In conclusion, our results show that NK and LAK
activities were increased in asthmatic patients with
respect to healthy subjects, con®rming previous data
concerning NK activity (5±7). The biologic signi®cance
of this increase may be questionable; however, NK cells
have been shown to produce IL-5 and this secretion is
also regulated by IL-4, IL-10, and typical type-2
cytokines, as well as by IL-12 (44). Interestingly, in

both groups, in vitro treatment of the cells with FP
signi®cantly depressed NK and LAK activity. Since
MHC-unrestricted effector cells have been implicated in
the development of allergen-induced eosinophilic
airway in¯ammation, the steroid-induced NK and
LAK inhibition may contribute to its therapeutic
effect in asthma.
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