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Background and Purpose: Polymorphonuclear neutrophils (PMNs) act as a first line of defense against bacterial infections. Recent studies indicated that PMNs could act as antigen-presenting cells. The aim of this study
was to detect the expression of major histocompatibility complex (MHC) class II and certain molecules and
receptors (CD83, CD64, and CD14) on the surface of PMNs stimulated with interleukin (IL)-15.
Methods: PMNs were isolated from heparinized whole blood of healthy volunteers. Cells were incubated for 48 h
at 37°C in a humidified incubator with 5% carbon dioxide. After incubation for 48 h with and without IL-15,
surface molecules were assayed by cytofluorometry.
Results: Stimulation with IL-15 produced an increase in the expression of MHC class II and upregulation of
the costimulatory molecules CD83, the immunoglobulin G receptor CD64, and the lipopolysaccharide receptor
CD14 on the surface of PMNs.
Conclusions: The expression of MHC class II, CD83, CD64, and CD14 indicates that PMNs may be involved in
both innate and acquired immunity.
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Introduction
Cytokines are important protein mediators of the
immune response [1], and play a central role in the
regulation of cell differentiation and proliferation,
and cell-cell communication [2]. In addition, some
cytokines have important effector functions via activation of directly cytotoxic compounds (e.g., perforin,
oxygen, and nitric oxide radicals). Several studies
have indicated that variations in cytokine expression are associated with disease activity in immunemediated or inflammatory disorders [3].
Interleukin (IL) acts on a specific group of cells
that express the correct receptor for the IL. The same
IL can be produced or acted on by different cell types
eliciting variable biological responses depending on
the particular cell and its environment [4].
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IL-15 is a pleiotropic cytokine, which shares
biological activities with IL-2. IL-15 uses both betaand gamma (γ)-chains of the IL-2 receptor for binding
and signaling. The IL-15 receptor (IL-15R) complex
also includes a specific alpha (α) subunit (IL-15Rα),
distinct from the IL-2Rα chain. IL-15R is expressed
on various cells involved in the immune response,
including T and B cells, natural killer (NK) cells and,
more recently, peripheral blood neutrophils [5,6].
IL-15 plays an important role in both innate
and adaptive immunity. IL-15 induces T-cell proliferation and cytokine production, and stimulates the locomotion and chemotaxis of T-cells and delays their apoptosis. IL-15 has been shown to stimulate the growth
and cytotoxicity of NK cells and to induce antibodydependent cell-mediated cytotoxicity. It has also been
demonstrated that this cytokine induces macrophage
functions and B-cell proliferation [5-7]. Investigations have shown that IL-15 potentiated several
antimicrobial functions of normal polymorphonuclear
neutrophils (PMNs) involved in the innate immune
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response against invading pathogens [8]. IL-15 was observed to enhance phagocytosis, nuclear factor-kappaB
activation and IL-8 production and to delay apoptosis
of these cells. In addition, IL-15 has been shown to
prime the metabolic burst of PMNs in response to
N-formyl-methionyl-leucyl-phenylalanine [8-12].
Sources of IL-15 include macrophages/monocytes, and
lymphocytes and neutrophils [5,8,13,14].
The understanding of PMNs has gradually improved over the years; it is now increasingly appreciated that PMNs are not only the short-lived ‘first-line
defense’ against bacterial infection, but also involved in
defense against parasites, fungi, and tumors, as well as
playing a role in wound healing and angiogenesis [15].
Moreover, PMNs provide a link between the innate
and the adaptive immune response. A regulatory role
was presumed because PMNs synthesize and release
numerous cytokines [15,16].
The aim of this study was to estimate the upregulation of the antigen-presenting molecule major
histocompatibility complex (MHC) class II, important
costimulatory molecules CD83, lipopolysaccharide
(LPS) receptor CD14, and immunoglobulin G (IgG)
Fc receptor CD64 on PMNs stimulated with IL-15.

and then resuspended in FACS-buffer containing 1%
paraformaldehyde. Fluorescence was measured by the
FACSCalibur system using CellQuest software (Becton
Dickinson). Results were expressed as a percentage of
positive cells.

Methods

Induction of MHC class II

Reagents and antibodies
Phycoerythrin (PE)-labeled monoclonal antibodies
to the following antigens were used: CD14, CD64
(FcγR1), CD83, human leukocyte antigen-DPDQDR,
a fluorescein isothiocyanate (FITC)-labeled antibody
to CD66b, and PE- and FITC-labeled mouse IgG as
isotype controls (Coulter Immunotech, Marseille,
France). Blood was taken from healthy volunteers by
venous puncture using 7.5-mL heparin-coated syringe
tubes (Sarstedt, Nümbrecht, Germany). The age range
of the donor volunteers was 25 to 45 years. There
were 7 volunteers for each experiment.

PMNs cultivation and stimulation
In all sets of experiments, PMNs in whole blood
were cultured at 37°C with 5% carbon dioxide in air.
Heparinized blood was placed into 24-well plates,
2 mL/well, and incubated in the presence or absence
of recombinant IL-15 (Sigma, St. Louis, MO, USA)
[20 ng/mL] for about 48 h.

Results
When isolated PMNs were cultured with IL-15, a
minor effect on the surface expression of the antigenpresenting molecules MHC class II, the costimulatory
molecules CD83, the IgG receptors CD64, and the
LPS receptor CD14 was seen, although the surface
expression of those molecules was markedly enhanced
when whole blood was cultured. Data for different
donors are summarized in Table 1.

In freshly prepared PMNs, MHC class II content recorded 11% (Fig. 1A), but was lower in PMNs cultured
with medium alone (6%; Fig. 1B). Induction of MHC
class II in PMNs co-cultured for 24 h with IL-15 was
minor, but after 48 h reached 11% (Fig. 1C).

Upregulation of CD83
In the first set of experiments, CD83 was detected in
fresh PMNs (Fig. 2A) and in PMNs cultured with medium only for 48 h (Fig. 2B), at levels of 7% and 16%,
respectively. However, in PMNs cultured in IL-15treated medium, CD83 content reached 40% (Fig. 2C).

Upregulation of CD64
Cytofluorometry

Heparinized blood (100 µL) was incubated with
FITC-labeled anti-CD66b antibody (as a marker for
PMNs) and a PE-labeled antibody for the antigen to be
tested (5 µL each). Following incubation for 30 min,
erythrocytes were lyzed using fluorescence-activated
cell sorter (FACS) lysing solution (Becton Dickinson,
Heidelberg, Germany). Leukocytes were washed in
FACS-buffer (phosphate-buffered saline, containing
1% bovine serum albumin and 0.1% sodium azide),
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Expression of CD64 on fresh PMNs recorded 16%
(Fig. 3A). After 48 h, unstimulated PMNs had maximally 9% positive cells (Fig. 3B), while CD64 expression increased on IL-15-treated PMNs, reaching 38%
(Fig. 3C).

Upregulation of CD14
In parallel to CD64, upregulation of CD14 was also
seen. With freshly prepared PMNs stimulated with
IL-15, the CD14 content measured 34% (Fig. 4A).
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Table 1. Summary of results for polymorphonuclear neutrophil
surface molecules after 48-h incubation with or without interleukin-15 stimulation
		
Surface molecules

Donor no.

		
MHC class II

CD83

CD64

CD14

1
2
3
4
5
6
7
1
2
3
4
5
6
7
1
2
3
4
5
6
7
1
2
3
4
5
6
7

Percent cells
Unstimulated
cells

Stimulated
cells

6
4
3
5
4
3
2
16
13
10
12
10
8
9
9
7
8
6
5
7
8
11
15
12
10
12
11
13

11
8
8
6
4
2
3
40
31
30
20
13
15
213
38
20
19
10
9
11
8
37
30
25
19
18
18
17

Abbreviation: MHC = major histocompatibility complex

In whole blood, CD64 upregulation occurred within
48 h, reaching 11% in PMNs cultured with medium
alone (Fig. 4B) and 37% in IL-15-containing medium
(Fig. 4C).

Discussion
PMNs are terminally differentiated cells with a short
half-life and limited protein synthesis, but their production in large numbers and their continued regeneration
from bone marrow indicated that the recruitment
of PMNs into local tissue is an important process
of biologic significance [17]. Previous studies have
demonstrated that PMNs can be induced in vitro to
synthesize and release various cytokines, suggesting
that these cells can contribute significantly to the initiation and amplification of cellular and humoral immune
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responses [16]. There is thus strong support for the
hypothesis that human PMNs can actively synthesize
immunoregulatory molecules [18] and have the potential to act as antigen-presenting cells (APCs) [19].
The current study showed that PMNs could be
induced to express MHC class II after activation with
IL-15, as shown in previous studies by interferon-γ
and granulocyte monocyte-colony stimulating factor
[19]. The absence or low detection of MHC class II
on human PMNs stimulated with IL-15 in this study
could be due to [20]:
• the relatively long time (44 h) required for class II
induction, which is beyond the period of PMN survival in most culture systems;
• variation in IL-2 and IL-15 receptor numbers between individuals;
• variation in synthetic capacity of PMNs;
• differing capacities of cytokine receptors to signal;
and
• PMNs themselves producing factors that inhibit
class II induction.
In addition to MHC class II, cytofluorometry has
been used to show the upregulation of CD14 (the
major cell surface receptor for LPS on PMNs), CD64,
and CD83 (a cell surface marker for dendritic cells) on
PMNs after 48-h treatment with IL-15 in 48-h culture.
The major cell surface receptor for LPS on PMNs
is CD14, a 55-kDa glycosylphosphatidylinositollinked membrane protein. PMNs contain a reservoir
of preformed CD14 stored in granules, from where it
is translocated to the surface by chemotactic agents
and by LPS. Synthesis, expression, and release of
membrane-bound CD14 in neutrophils and monocytes
are regulated differentially by various cytokines [21].
An important role has been clearly demonstrated
for CD14 in the interaction between PMNs and LPS or
other bacterial components from both Gram-negative
and Gram-positive organisms [21-28].
A receptor expression pattern similar to CD64 has
been demonstrated on PMNs isolated from patients
with bacterial infections. PMNs from patients with
staphylococcal pharyngitis, but not from patients with
documented urinary tract infection, were found to stain
positive. Also, PMNs from patients with leukocyte
adhesion deficiency expressed CD64. In vitro, CD64
can be induced on neutrophils by incubation with
interferon, but no induction by granulocyte-monocyte
stimulating factor was reported, although an additive
effect between both cytokines in vitro was recently
discussed [29].
© 2008 Journal of Microbiology, Immunology and Infection
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Fig. 1. Cytofluorometric analysis of major histocompatibility complex (MHC) class II expression on polymorphonuclear neutrophils (PMNs) in whole blood labeled with CD66b-fluorescein isothiocyanate (FITC) as a specific marker for PMNs and MHC
class II-phycoerythrin (PE). (A) Fresh PMNs. (B) PMNs cultured for 48 h in medium only. (C) PMNs cultured for 48 h in medium
containing interleukin-15 (20 ng/mL). HLA-DR = human leukocyte antigen-DR.
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Fig. 2. Cytofluorometric analysis of surface expression of CD83 on polymorphonuclear neutrophils (PMNs) in whole blood
labeled with CD66b-fluorescein isothiocyanate (FITC) as a specific marker for PMNs and phycoerythrin (PE)-labeled CD83
antibodies. (A) Fresh PMNs. (B) PMNs cultured for 48 h in medium only. (C) Medium containing interleukin-15 (20 ng/mL).

The expressions of CD14 and CD64 play an important role in PMN activation, as CD14-CD64-positive
PMNs interact more efficiently with bacteria because
of better recognition and high-affinity binding, and
the increased expression of CD64 on monocytes and
neutrophils during the first 14 days of septic shock may
indicate persistence of leukocyte activation [29].
CD83 is a 45-kDa protein belonging to the immunoglobulin family. Its constitutive expression is
restricted to dendritic cells and thymic epithelial cells
[30,31]. However, expression of CD83 can be induced
in monocytes [32-34], PMNs precursors [35], and even
in mature PMNs [36,37]. The functional consequences
of CD83 upregulation are not yet known, particularly as
the function of CD83 is still elusive. A role in antigen
presentation was presumed due to its association with
© 2008 Journal of Microbiology, Immunology and Infection

APCs. In addition, a regulatory function for T cells has
been described [38,39]. Several lines of evidence argue
against a role of CD83 in antigen presentation [19]:
• antibodies to CD83 (at least clones Hb15A and
Hb15E, which were tested) did not inhibit MHC
class II-restricted T-cell activation;
• high expression of CD83 did not enhance T-cell
activation; and
• CD83 is also upregulated in the absence of MHC
class II.
Induction of membrane-bound molecules was higher
when PMNs were stimulated in whole blood. The explanation for this phenomenon may be the loss of IL-2R and
IL-15R by PMNs during the isolation procedure.
In conclusion, knowledge of PMN function has
changed in recent years. In addition to their function
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Fig. 3. Cytofluorometric analysis of surface expression of CD64 on polymorphonuclear neutrophils (PMNs) in whole blood
labeled with CD66b-fluorescein isothiocyanate (FITC) as a specific marker for PMNs and phycoerythrin (PE)-labeled CD64
antibodies. (A) Fresh PMNs. (B) PMNs cultured for 48 h in medium only. (C) Medium containing interleukin-15 (20 ng/mL).

A

B

Unstimulated PMN (0 h)

104

104

(34%)

(11%)

101

102
101

100
103
101
102
CD66b FITC

104

102
101

100
100

(37%)

103
CD14 PE

102

Stimulated PMN (48 h)

104

103
CD14 PE

CD14 PE

103

C

Unstimulated PMN (48 h)

100
100

103
101
102
CD66b FITC

104

100

103
101
102
CD66b FITC

104

Fig. 4. Cytofluorometric analysis of surface expression of lipopolysaccharide receptor CD14 on polymorphonuclear neutrophils (PMNs) in whole blood labeled with CD66b-fluorescein isothiocyanate (FITC) as a specific marker for PMNs and phycoerythrin (PE)-labeled CD14 antibodies. (A) Fresh PMNs. (B) PMNs cultured for 48 h in medium only. (C) Medium containing
interleukin-15 (20 ng/mL).

as the first line of defense against bacterial infection,
these cells also act as APCs. This research has confirmed
that IL-15-stimulated PMNs acquired APC molecules
(MHC class II), LPS receptor (CD14), costimulatory
surface molecules (CD83), and CD64.
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