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Abstract

Background: Interleukin-2 (IL-2) is a lymphocyte-activating and growth-promoting factor, and has
been widely studied on T-cells and NK-cells. However, the interaction of polymorphonuclear neutro-
phils (PMNs) with IL-2 is poorly studied and thus, this study aimed at defining IL-2 participation in the
expression of CD11b and CD18 on PMNs.

Material and methods: PMNs were isolated from heparinized whole blood of healthy donors. Pu-
rified cells were incubated with IL-2 (10 ng/ml) for 24 hours at 37°C in a humidified incubator with
5% CO.,. After 24 hours’ incubation, surface molecules (CD11b and CD18) were measured by flow
cytometry.

Results: Interestingly, the antibodies of IL-2R3 chain (CD122-FITC) were found in all observed
cells. The induction of CD11b mean fluorescence intensity (MFI) in highly purified PMNs stimulated
with IL-2 was clearly increased recording 43% in comparison to the freshly isolated PMNs and the
un-stimulated PMNs which were found to be 23% and 28% of CD11b, respectively. Furthermore, flow
cytometry analysis demonstrated that the highly purified PMNs exposed to IL-2 showed an increase in
CD18 MFI, recording 47% with respect to that of the freshly isolated PMNs and PMNs cultured with

the medium alone which showed a small amount of 38% and 27%, respectively.
Conclusions: Results demonstrated that CDI11b and CD18 had been acquired on the surface of
the IL-2-in vitro-activated PMNs. These findings indicated that IL-2 may play a crucial role in PMNs

migration.
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Introduction

Leukocyte-endothelial cell interactions in tissues are
mediated by adhesion molecules expressed on the surface
of leukocytes and endothelial cells [1]. Immunoglobulin
superfamily molecules such as intercellular adhesion mol-
ecule-1 (ICAM-1) are expressed on endothelial cells and
bind to B2-integrins expressed on leukocytes. Integrins are
noncovalently linked heterodimers of o and 3 subunits that
are expressed on the cell surface [2, 3]. Although originally
identified as adhesion molecules, integrins are now known
to mediate a wide variety of signaling functions, and con-
sequently, integrins influence many biologic systems.
They are involved in hematopoiesis, hemostasis, immune
regulation, and the inflammatory response [4]. Integrins
are critically involved in the trafficking of leukocytes from
the bloodstream to extravascular tissue at sites of active in-
flammation as well as during routine immune surveillance.
Studies have established a sequence of adhesive events
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involved in leukocyte emigration. Some leukocytes stick
firmly, migrate along the endothelial surface, diapedese
between endothelial junctions, and then migrate through
a subendothelial matrix using endothelial receptors in an
adhesion cascade [5].

The B2 integrin (CD18) expressed on leukocytes can
pair with several o integrin (CD11) subunits, and each o
pairing can bind a variety of ligands, including the counter
receptors [ICAM-1, -2, and -3; fibrinogen; the complement
fragment iC3b; and polysaccharides [6].

Chronic inflammation in lung diseases contributes to
lung tissue destruction leading to the formation of chemo-
tactic collagen. It was demonstrated that CD11b/CD18
(Mac-1) was responsible for adhesion of neutrophils to fi-
brinogen [7]. In addition, CD11b-integrin mediated atrial
PMN infiltration to the formation of fibrosis [8].

Acute emigration of neutrophils requires CD11/CD18
complexes under most circumstances [5]. Antibodies
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against CD11/CD18 inhibit neutrophil emigration during
acute inflammation in animals [9], despite the crucial role
of neutrophil in inflammations [10, 11]. Previous studies
outlined the importance of CD18 for granulocyte locomo-
tion in vivo and in vitro [12], at least for two-dimensional
movement and possibly egress from the vascular space
[13]. In resting neutrophils, it has been shown that 32-inte-
grin exists in association with talin, that this association is
disrupted when talin is cleaved by calpain after neutrophil
stimulation, and that subsequently 2-integrin is found to
associate with B-actinin [14].

Polymorphonuclear neutrophils (PMNs) have a very
short half-life in the circulation because they constitu-
tively undergo apoptosis [15]. Under certain conditions,
PMNss play an important role in the effector arm of host
immune defense through the clearance of immune com-
plexes, the phagocytosis of opsonized particles, and the
release of inflammatory mediators [16-18]. During re-
cent years the image of PMNs has changed considerably
and traditionally considered to be the first-line defense
against bacterial infection. It became increasingly clear
that PMNs also participate in chronic inflammatory dis-
ease and regulation of the immune response when appro-
priately activated [19].

Monocytes have been reported to express IL-2R3 and
to be activated by IL-2 for tumoricidal activity [20]. Thus
far, PMNs have not been studied for their interaction with
IL-2. The direct effect of IL-2 on PMNs, especially the
mechanisms involved in the activation of PMNs, is un-
known, although the ability of other immune cells to re-
spond to IL-2 is well studied. Preliminary studies have
shown that PMNs have the capacity to respond to IL-2
with an increased antifungal activity [21]. More impor-
tantly, it has been identified that PMNs express surface
receptors for IL-2, but only IL-2Rf and not IL-2Ra is
present [22]. Thus, PMNs stimulated with IL-2 and the
subsequent expression of CD11b and CD18 that play an
important role in adhesion and migration are investigated
in this study.

Material and methods

Experimental materials and antibodies

All chemicals and materials employed in this study
were of analytical grade. All antibodies applied in this
study [anti-mouse IgG-FITC, anti-CD122-FITC (Serotec;
Oxford, UK), anti-CD66-FITC (Immunotech, Marseille,
France), anti-CD11b-FITC, anti-CD18-FITC (Serotec; Ox-
ford, UK)] are a kind gift from Prof. Dr. G. M. Haensch,
Immunology Institute, Heidelberg, Germany.

Isolation of PMNs from blood samples

Blood was taken by venous puncture using 7.5 ml hep-
arin-coated tubes (Sarstedt; Niimbrecht, Germany) and was
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analyzed within 2 hours. Cells were isolated by Polymor-
phPrep® [23] (Nycomed; Oslo, Norway). PMNs were
further purified by adsorption to CD15 beads (Miltenyi
Biotec; Bergisch Gladbach, Germany) by magnetic cell
separation using the devices supplied by Miltenyi Biotec
(Bergisch Gladbach, Germany).

Cultivation of highly purified PMNs

Highly purified PMNs (1 x 10%ml) were cultivated in
AIM V (Gibco BRL; Paisley, Scotland) with 2.5% autol-
ogous normal human serum, NHS (inactivated at 56°C for
30 min). Cells were incubated at 37°C and 5% CO, for the
times indicated. Highly purified PMNs were placed into
a 24-well plate (Nunc™; Roskilde, Denmark), 2 ml/well,
and incubated in the presence or absence of 10 ng/ml IL-2
(Sigma; St Louis, MO, USA) for about 24 hours at 37°C
with 5% CO,.

Intracellular FACS-staining of PMNs

For intracellular FACS-staining of PMNs in whole blood,
the intracellular proteins were blocked by adding 10 pg
of Brefeldin A / ml to whole blood for about 4 hours at
37°C/5% CO,. The permeability of the cell membrane was
increased by adding 500 pl 1 x FACS permeabilizing solu-
tion. Cells were washed with FACS buffer + Saponin 0.2%
and stained with 2 mg of anti-CD122-FITC. Anti-mouse
IgG-FITC and anti-CD66-FITC were used as a positive
and negative control, respectively. FITC conjugated an-
tibodies mixed well and incubated as mentioned above.
Cells were washed three times with 2 ml FACS buffer +
Saponin 0.2%, fixed by 300 pl of 1% PFA and analyzed by
FACSCalibur and CellQuest software (Becton-Dickinson,
Heidelberg, Germany). Results are expressed as a percent-
age of positive cells Mean Fluorescence Intensity (MFI) in
the respective gate.

Immunocytochemistry and confocal laser
microscopy

For immunocytochemistry, freshly isolated PMNs by
two hypotonic/hypertonic lysis steps with 0.2%/1.6% sa-
line were fixed on slides (2 x 10° cells/slide) by a cytospin
4 centrifuge (Shandon; Frankfurt, Germany) and ice-cold
methanol. Cells were incubated with 5% goat serum (Sig-
ma; Saint Louis, MO, USA) in PBS followed by 2 mg
of anti-CD122-FITC. Anti-mouse IgG-FITC and anti-
CD66-FITC were used as a positive and negative control,
respectively. The slides were examined by confocal laser
microscopy (Leica, Bensheim, Germany) using Windows
TC as software.

For integrins detection, freshly highly purified PMNs
were stained with 2 mg of anti-CD11b-FITC and CD18-
FITC. Anti-mouse IgG-FITC and anti-CD66-FITC were
used as a positive and negative control, respectively. Cells
were analyzed as mentioned by IL-2R[, but results are ex-
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pressed as a percentage of positive cells mean fluorescence
intensity (MFI).

Statistical analysis

The statistical analysis was performed using the
MINITAB software (MINITAB, State College, PA, Ver-
sion 13.1, 2002). The data from the experiments were test-
ed for normality using the Anderson Darling test, and for
variance homogeneity prior to any further statistical analy-
sis. The data were normally distributed with homogeneous
variances. Thus, the one-way ANOV A statistical measure
was used to determine the overall effect of each treatment.
This measure was supplemented by individual compari-
son between the different treatments using Tukey’s method
for pairwise comparisons. The results were expressed as
arithmetic mean (M) + standard deviation (SD). Only sta-
tistically significant differences with p < 0.05 were found
between the treatment group and the control, and between
the treatment group and the diabetic group considered.
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Results

Intracellular detection of the IL-2Rp} chain in
whole blood

At the beginning of this experiment, it was important
to address whether PMNs have receptors for IL-2 or not.
To detect IL-2Rf3 chain, the intracellular protein-release was
prevented using 10 pg BEA/ml for 4 hours at 37°C/5% CO,,.
Fig. 1A showed that PMNs recorded 98% of CD66b-FITC
(positive marker of PMNG5). Interestingly, the antibodies of
IL-2Rp chain (CD122-FITC) recorded 43% (Fig. 1B).

Visualization of the IL-2Rf} chain by
immunocytochemistry

Further, the isolated PMNs by a hypotonic solution
were examined by confocal laser microscopy. Mouse

IgG-FITC was used as a negative control (Fig. 2A), while
CD66b-FITC was used as a positive control (Fig. 2B).
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*shows the significance of IL-2 stimulated PMNs in comparison to the freshly
isolated PMNs and PMNs cultured with medium alone for 24 hours

Fig. 1. Intracellular detection of IL-2R chain (filled peaks;
the line is the negative control): A) The positive marker of
PMNs (CD66b-FITC), B) IL-2Rf chain (CD122-FITC) on
the right. Values shown are mean values + SD
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Mouse IgG

CD122

Fig. 2. Detection of IL-2Rb chain on PMNs: The negative and positive controls were in panels A and B, respectively,

while panel C showed the CD122 (magnification 400x)

The IL-2Rb chain (CD122-FITC) was found in all ob-
served cells (Fig. 2C) in all trials.

Expression of CD11b on PMNs stimulated
with IL-2

Thereafter, we further tried to address if IL-2 stimula-
tion can express CD11b. To test effects of IL-2 on CD11b
expression on PMN cells, we evaluated the fluorescence
intensity. The expression of CD11b on the freshly iso-
lated PMNs and PMNs cultured with medium alone for
24 hours are shown in Fig. 3A and 3B, respectively. The
induction of CD11b mean fluorescence intensity (MFI)
in highly purified PMNs 24 hour-cultured with IL-2 was
significantly increased recording 43% (Fig. 3C) in com-
parison to the freshly isolated PMNs which showed 23%
of the CD11b expression and the PMNs cultured with me-
dium alone for 24 hours which had also a small amount
(28%) of CD11b.

Expression of CD18 on PMNs stimulated
with IL-2

We next tested the expression of CD18 on PMNss.
The expression of CD18 on the freshly isolated PMNs
and PMNs cultured with medium alone for 24 hours are
shown in Figs. 4A and 4B, respectively. The highly puri-
fied PMNs exposed to IL-2 for 24 hours and tested by flow
cytometry, showed an increase in CD18 MFI recording
47% (Fig. 4C) with respect to the MFI of freshly isolat-
ed PMNs and PMNs cultured with medium alone for the
same time which showed a small amount (38% and 27%,
respectively) of CD18.

Discussion

The B,-integrin CD11b/CD18 is an integral membrane
protein that is present in the plasma membrane and sec-
ondary granules of neutrophils and functions as a major
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adhesion molecule. Upon cellular activation, CD11b/CD18
is translocated from intracellular pools to the plasma mem-
brane. This increased surface expression in concert with
activation-induced avidity changes serves as a basis for
enhanced cellular adhesion. Although the localization of
CD11b/CD18 within neutrophils and its translocation fol-
lowing cell activation were well documented [24], mech-
anisms that govern the intracellular trafficking of CD11b/
CD18 are less well defined [25]. Patients with leucocytes
exhibiting defects in the B-chain of CD11/CD18 suffer
from severe bacterial infections [26] and the cells show
various functional defects [23]. One may, therefore, expect
that CD18 expression is linked to locomotor activity and
that polarized cells show an increased expression of inte-
grins. The integrin receptor complex functions as a trans-
membrane linkage connecting the cytoskeleton of the cell
with extracellular matrix components [24]. Experiments
in vitro suggested an association of integrins with cyto-
skeletal actin filaments going sequentially via a-actinin,
vinculin and talin to the integrin [25].

PMNss are important effector cells in host defense and
inflammation. In recent years it has become increasingly
evident that culturing PMNss in the presence of cytokines
extends their life span [26]. Previous data by others sug-
gested that PMNs express a receptor for IL-2. Interest-
ingly, the present study confirms these data and provides
evidence that PMNs express constitutively IL-2R in all
observed cells. As previously shown for monocytes and
NK cells [27], here we found only the IL-2Rb chain is
expressed on PMNs, but not IL-Ra. This was confirmed
by the flow cytometry results, where we detected only
IL-2RD chain on resting PMNs. This result encouraged our
choosing of IL-2 as an activator of PMNSs. IL-2 has a cru-
cial role in several immunologic functions and its effect
is dependent on the conjugation with IL-2R expressed on
surface of activated cells and can release from them. Wang
et al. found that there was a depression of IL-2R system
in viral hepatitis B [28]. They concluded that these results
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Fig. 3. Direct flow cytometry of the CD11 induction in highly purified PMN: A) Un-stimulated PMNs (0 hour).
B) Un-stimulated PMNs (24 hours). C) Stimulated PMNs with IL-2 (24 hours). Values shown are mean values + SD

did no good to eliminate HBV and contribute to chronicity
of hepatitis B. In this study, this means that the expression
of IL-2R on the surface of PMNs has an important role to
encourage the subsequent normal immune responses.
Furthermore, here we found that IL-2 has the capability
to stimulate PMNSs to express CD11b and CD18 which act
as adhesion and migration molecules. CD11b is an immu-
nological marker for early detection of neonatal sepsis [29]
and a cell surface antigen of neutrophil [30]. Its expression
on neutrophil cell surface, however, increases substantially
within a few minutes after the cell comes into contact with
bacteria or endotoxins [31]. This unique property enables
CD11b to be used as a potential early warning marker for

Central European Journal of Immunology 2014; 39(2)

detection of bacterial infection. Engagement of CD11/
CD18 on mature neutrophils has been reported to induce
either survival or apoptosis depending on the stimulus, the
presence of cytokines, and other cues [32-36].

To the best of our knowledge, this study is the first
to prove the up-regulation of CD11/CD18 on PMNs af-
ter stimulation with IL-2. This result indicates that IL-2
may have a crucial role in the PMNs migration. This study
may provide critical insight for future strategies designed
to enhance IL-2 against bacterial and viral infections. Fur-
thermore, CD11/CD18 may be used as markers and could
be potentially applied to identify life-threatening infection
in preterm infants.

213



Bahaa K.A. Abdel-Salam et al.

A Unstimulated PMN (0 h).007
200

160 ¢|

MFI: 38

120
M2

80

40

Counts
PRI T T T N T N T T T N T T B N

10? 10° 10
CDI18 FITC

,_
=)

2
—
<

C Stimulated PMN (24 h).007

Ml
MEFTI: 47

[=)

10! 10? 10° 10
CDI18 FITC

—
(=)
=]

Counts

Mean fluorescence intensity %
(98]
=3
1

B Unstimulated PMN (24 h).007

20

15

METL: 27
| M2

=]
PRI R I T T T N N T T T S

10° 10! 10? 10° 10
CDI18 FITC

20
10 A
0 -
Freshly isolated 24 h + Medium 24 h +1IL-2
PMNs

*shows the significance of IL-2 stimulated PMNs in comparison to the freshly isolated PMNs and PMNs cultured with medium alone for 24 hours

Fig. 4. Flow cytometry detection of CD18 in PMNs activated with IL-2 for 24 hours: A) Freshly isolated PMNs.
B) Un-stimulated PMNSs. C) IL-2 stimulated PMNs. Values shown are mean values = SD
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