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Abstract

Background: The aim of the present study was to assess
the changes in cell membrane antigens on neutrophils from
peripheral blood obtained from patients with pneumonia.

Methods: We obtained blood from twenty patients with
pneumonia (16 men, four women; 67 + 12 years of age).
The expression levels of neutrophil membrane antigens
were measured with a FACS caliber flow cytometer using
several fluorescence-labeled monoclonal antibodies.
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Abbreviations

FACS: Fluorescence activated cell sorting; CD: Clusters
of differentiation; FcyR: Fc-Gamma receptor; LFA-1: Lym-
phocyte function-associated antigen 1; IL: Interleukin; Mac-
1: Macrophage-1 antigen; CR: Complement receptor; Ig:
Immunoglobulin

Results: The expression levels of toll-like receptor 4 (TLR-
4), a lipopolysaccharide recognition receptor, were higher
in patients with pneumonia than in healthy individuals. In
addition, the expression levels of CD64 (FcyRIl), an im-
munoglobulin G-binding receptor, were higher in patients
with pneumonia than in healthy individuals. In contrast, the
expression levels of CD11b and CD16 were lower in patien-
ts with pneumonia than in healthy individuals. The expres-
sion levels of tumor necrosis factor receptor (TNF-R) anti-
gens were correlated with serum C-reactive protein concen-
trations. In addition, the expression levels of CD14, TLR-4,
TLR-2, CD16, CD64, CD11b, TNF-R, and LFA-1 antigens
were correlated with the ratio of immature neutrophils.

Introduction

Neutrophils play an important role in the phylaxis
against pneumonia caused by bacteria and fungi. The
recruitment of neutrophils to the lungs is a multistep
process that involves granulopoiesis, neutrophil relea-
se, expression of neutrophil chemoattractants and cel-
lular adhesion molecules, and the eventual transmigra-
tion of neutrophils into the alveolar spaces. Activated
neutrophils play a major role in eliminating bacterial
pathogens during infection.

Conclusions: These results demonstrate that analyses
of the surface antigens on neutrophils, which are strongly
associated with biological defense or tissue injury, may be
informative for understanding the pathology of pneumonia
and for the development of new therapies targeting neu-

Neutrophils employ the following mechanisms to reco-
gnize and eliminate microorganisms: [1] pathogen-associa-
ted molecular pattern recognition, represented by toll-like
receptors (TLRs); [2] opsonization via complement recep-

trophils. tors after complement activation; [3] and opsonization via
antibodies produced during acquired immunity (including
antibody-dependent cell-mediated cytotoxicity).
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Neutrophils activated by various mediators including
bacterial components such as lipopolysaccharide (LPS)
or chemokines and inflammatory cytokines cause lung
injury. Neutrophils adhere to the endothelial cells of mi-
crovessels in organs via adhesion molecules and migrate
out of the vessels. During this process, toxic substances
such as active oxygen and the enzymes produced by
neutrophils may cause tissue or organ injury.

Neutrophils express many surface antigens, some
of which (e.g., CD11b) are used as activation markers.
Thus, analyses of surface antigens on neutrophils may
reveal the neutrophil states and immune reactions
against infection during pneumonia.

In this study, the expression levels of CD14 (an LPS
recognition receptor), TLR-4, and TLR-2 (pattern reco-
gnition receptors), CD16 (FcyRIll), CD64 (FcyRIl), CD11b
(CR3, Mac-1), CD11a (LFA-1), CD120 (TNF-R) on neu-

Isolation of neutrophils

Neutrophils from venous blood of pneumonia pa-
tients and healthy individuals were obtained following
the procedure previously described [4]. In brief, neu-
trophils from pneumonia patients were isolated by em-
ploying the glucose dextran and ficoll (Amersham Phar-
macia Biotech, France) method. The purity and viability
of neutrophils was assessed by trypan blue dye staining.
(Sigma, St. Louis, MO). An immature neutrophil (Stab)
was assessed based on nucleus shape using Giemsa
stain.

Measurement of cell surface receptor expression
using flow cytometry
Cell surface receptor expression was measured as

previously described [4]. The expression levels of neu-
trophil membrane antigens were measured with a FACS

caliber flow cytometer (Becton Dickinson Biosciences:
BD, San Jose, CA) with fluorescence-labeled monoclo-
nal antibodies. Fluorescence-labeled anti-CD14, anti-T-
LR-4, anti-CD11b, anti-CD16, anti-CD32, anti-CD64, an-
ti-CD128a, anti-CD11a, anti-CD120 (BD), and anti-TLR-2
(CEDALEN) antibodies were used to analyze neutrophil
membrane antigens. For the quantitative analysis of
fluorescence, 10,000 cells were collected and analyzed
using Cell Quest software (BD). The fluorescence inten-
sity of the cells was measured with a flow cytometer,
and the data are presented as mean fluorescence inten-
sity (MFI).

trophil surfaces were compared between patients with
pneumonia and healthy volunteers.

Methods

Patients

Twenty patients with pneumonia (16 men, four wo-
men; 67 = 12 years of age) participated in this study.
Twenty healthy volunteers (18 men, two women; 54
+ 6 years of age) were recruited as controls. The aims
and significance of this study were explained to all par-
ticipants to obtain informed consent. The protocol was
approved by the Ethical Review Committee at Teikyo
University School of Medicine (No. 07- 104). Peripheral
blood was collected from patients with pneumonia and
healthy volunteers.

Statistical analysis

The Mann-Whitney U test was used to compare dif-
ferences in anti-membrane antibody levels. Differences

Table 1: Clinical data of patients with pneumonia.

NO. |Age Infecting organisms Temperature White blood cell Neutrophils Stab (%) CRP (mg/dL)
(years) (°C) count (cells/uL) (%)
1 65 Unknown 38.0 10900 90 4 12.5
2 52 Unknown 37.2 10000 82 16 0.2
3 65 Unknown 11900 91 28 Unknown
4 70 Unknown 36.2 11400 97 11 1.1
5 88 K.pneumoniae 37.2 2400 79 50 31.2
6 83 H.influenzae 38.4 9800 73 15 20.8
7 65 Enterobacter cloacacae. 37.2 10800 93 9 13.5
Acinetobactor.sp
8 56 S.aureus 38.0 10800 76 6 3.5
9 22 Unknown 37.2 15400 83 Unknown 73.0
10 59 S.aureus K.pneumoniae 38.2 10500 96 17 31.4
11 75 P.aeruginosa 40.1 9900 94 66 154
12 35 S.aureus 38.0 17900 Unknown Unknown 10.9
13 70 Unknown 37.8 8800 89 4 7.3
14 78 Unknown 39.0 19700 97 30 22.7
15 87 Unknown 37.4 12200 90 Unknown 17.5
16 70 K.pneumoniae H.influenzae |38.0 16800 89 10 16.0
17 86 Unknown 36.0 15600 94 2 43
18 75 Serratia.sp P.aeruginosa 37.4 17100 74 6 4.5
19 68 Unknown 37.5 16200 82 4 2.0
20 68 Serratia.sp P.aeruginosa 38.4 12900 81 6 8.4
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were considered to be significant when the two-sided tigen tended to be higher in patients with pneumonia
p-values were < 0.05. Pearson’s test was used for the than in healthy individuals (Figure 1a). The expression
analysis of the correlation. levels of TLR-4 were also significantly higher in patients
with pneumonia than in healthy individuals (Figure 1b).
The expression levels of TLR-2 in patients with pneumo-

Clinical data of patients with pneumonia are presen-  nia tended to be higher than those in healthy subjects;
ted in Table 1. however, the difference was not significant (Figure 1c).
Expression levels of these receptors were comparable
between patients with pneumonia caused by gram-ne-

The expression levels of TLR-4, TLR-2, and CD14 are  gative bacteria and those with pneumonia caused by
shown in Figure 1. The expression levels of the CD14 an-  gram-positive bacteria (data not shown).

Results

Expression levels of TLRs and CD14
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Figure 1: Expression levels of CD14 (a), TLR-4 (b), and TLR-2 (c) antigens on human neutrophils from healthy individuals
and patients with pneumonia. Lines represent the means.

*P < 0.05 indicates a significant difference versus neutrophils from healthy controls.
MFI: Mean fluorescence intensity.
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Figure 2: Expression levels of CD16 (a), CD32 (b), and CD64 (c) antigens on human neutrophils from healthy individuals and
patients with pneumonia. Lines represent the means.

*P < 0.05 indicates a significant difference versus neutrophils from healthy controls.
MFI: Mean fluorescence intensity.
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Expression levels of FcyR

The expression levels of CD16, CD32, and CD64 are
shown in Figure 2. The expression levels of CD16 were si-
gnificantly lower in patients with pneumonia than in heal-
thy individuals (Figure 2a), whereas the expression levels
of CD64 were significantly higher in patients with pneu-
monia than in healthy individuals (Figure 2b). The expres-
sion levels of CD32 did not differ between patients with
pneumonia and healthy individuals. Furthermore, the
expression levels of CD32 were separated in two phases.

Expression levels of adhesion molecules and Cytoki-
ne receptors

The expression levels of CD11b were lower in pa-
tients with pneumonia than in healthy individuals. The
expression levels of cytokine receptors such as interleu-
kin-8 receptor (IL-8R) or tumor necrosis factor-receptor
(TNF-R) were not significantly different between patien-
ts with pneumonia and healthy individuals (Figure 3).

Correlation between C-reactive protein (CRP) con-
centration and expression levels of neutrophil sur-
face antigens

The expression levels of TNF-R antigens correlated
with CRP concentration in the serum (Figure 4). Howe-
ver, those of surface antigens, except TNF-R, did not.

Correlation between the immature neutrophil ratio
and expression levels of neutrophil surface antigens

The expression levels of CD14, TLR-4, TLR-2, CD16,
CD64, CD11b, CD11a, and TNF-R were correlated with
the immature neutrophil ratio (Figure 5).

Discussion

In the present study, changes in the expression le-
vels of neutrophil membrane antigens were examined in
patients with pneumonia and were compared to those
in healthy individuals. We showed that the expression
levels of TLR-4 were markedly increased in pneumonia
patients, irrespective of the gram stain type of the cau-
sative bacteria. TLR-4 functions together with CD14 in
recognizing LPS, a cell wall component of gram-negative
bacteria, and activates cells [5,6]. By contrast, the expres-
sion levels of CD14 and TLR-2 tended to be unchanged
between patients with pneumonia and healthy controls.
TLRs activate cells through antigen stimulation via nucle-
ar factor-kappa B, suggesting a correlation between the
amounts of antigen and activation [7,8]. Bernhard, et al.
[9] measured the expression levels of TLRs in monocytes
from patients with sepsis. Septic patients had increased
expression of CD14, TLR2, and TLR4 on monocytes com-
pared to the controls. However, death due to sepsis is
associated with the down-regulation of TLR2 and CD14
expression on monocytes and correlates with decrea-
sed cytokine-inducing ability. There are few reports on
neutrophils in that respect. We previously reported the
expression of CD14, TLR-4, TLR-2, CD16, CD11b, and IL-
8R in neutrophils from patients with sepsis [4]. In neu-
trophils from patients with pneumonia, the expression
levels of CD14 and TLR-4 were increased, and the levels of
CD11b and CD16 were decreased. Neutrophil expression
of CD14, TLR-4, CD11b, and CD16 showed similar chan-
ges in patients with pneumonia and patients with sepsis.
Petit-Bertron, et al. reported that the expression levels
of TLR-2 decreased in neutrophils in the blood of patien-

Patient: Control

MFI: Mean fluorescence intensity.
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Figure 3: Expression levels of CD11b (a), CD11a (b), IL-8R (c), and TNF-R (d) antigens on human neutrophils from healthy
individuals and patients with pneumonia. Lines represent the means.

*P < 0.05 indicates a significant difference versus neutrophils from healthy controls.
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Figure 4: Correlative analysis of serum concentrations of CRP and expression levels of antigens. Expression levels of
CD14 (a), TLR-4 (b), TLR-2 (c), CD16 (d), CD32 (e), CD64 (f), CD11b (g), CD11a (h), IL-8R (i), and TNF-R (j) antigens on
neutrophils from patients with pneumonia. The CRP concentrations (mg/dL) in the serum of patients with pneumonia are

ts with cystic fibrosis but increased in those from infla-
med sites of the lungs [10]. Thus, the expression levels of
TLR-2 in neutrophils may change depending on the site
of infection. Neutrophils around infected sites and those
that have not yet migrated to the infected sites may show
different states with respect to the expression of surface
antigens. The expression levels of CD11b on neutrophil
membranes were lower in patients with pneumonia than
in healthy individuals. However, CD11b, a cell membra-
ne antigen, is a known marker of neutrophil activation
[11,12]. There is also a contradictory report that CD11b
expression increases in response to inflammatory cytoki-
nes and chemokines [13]. The expression levels of CD11b
increase in neutrophils activated by LPS, suggesting that
cellular differentiation and activation are involved in the
expression of CD11b in neutrophils. Decreased CD11b
expression in the neutrophils of patients with pneumo-
nia in the acute phase is presumably correlated with the
count of immature neutrophils. Relja, et al. reported
that the serum of patients with pneumonia reduces neu-
trophil CD11b expression [14]. Perhaps serum may con-

Tansho-Nagakawa et al. Int J Immunol Immunother 2018, 5:032

tain substances that suppress the expression of CD11b.
Thus, the expression levels of CD11b may decrease in cli-
nical states in which inflammation develops with a rapid
turnover of neutrophils. The factors affecting the migra-
tion of neutrophils include foreign migration factors (e.g.,
fMLP), as well as cytokines and chemokines (e.g., TNF
and IL-8) and in vivo migration factors associated with
complement (e.g., C5a). Many investigators have repor-
ted that neutrophil migration is suppressed in infected
patients [15-17]. However, no marked change was seen
in the expression levels of IL-8R in patients with pneu-
monia. Thus, signal transduction systems in neutrophils,
but not decreased receptor expression, may be involved
in the reduced migration of neutrophils in patients with
pneumonia.

We found decreased expression levels of CD16 in neu-
trophils from patients with pneumonia. In contrast, the
expression levels of CD64 were higher in patients with
pneumonia than in healthy individuals. Neutrophils in
infected patients have increased CD64 expression. CD64
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Figure 5: Correlative analysis of immature neutrophil ratio (% stab) and expression levels of antigens. Expression levels of
CD14 (a), TLR-4 (b), TLR-2 (c), CD16 (d), CD32 (e), CD64 (f), CD11b (g), CD11a (h), IL-8R (i), and TNF-R (j) antigens on
neutrophils from patients with pneumonia.

expression on neutrophils could be a useful diagnostic
for bacterial infections [18,19]. CD64 is a member of
the immunoglobulin superfamily and is expressed on
neutrophils. Its expression can be up-regulated by IFN-y
stimulation. CD64 binds the I1gG immune complex and
plays a role in antigen capture and in the phagocytosis
of IgG-bound bacteria. Neutrophil adherence to the en-
dothelium is known to be mediated in part by adhesion
molecules such as LFA-1. There are many reports on the
increased expression of CD64 on the membrane of neu-
trophils of patients with pneumonia, but there are few
articles on changes in CD16 and LFA-1 expression. In this
study, it was revealed that the expression of CD16 on
the neutrophil membrane was decreased at the onset of
pneumonia. There was no difference in the expression
level of LFA-1, but it correlated with the ratio of imma-
ture neutrophils. Although CD64 has been shown to be a
biomarker for bacterial infections including pneumonia,
the potential of CD16 and LFA-1 expression as novel bio-
markers is a subject to be studied in the future.

Upon stimulation of inflammatory cytokines like IL-6
and TNF, CRP is produced in the liver. The inflammatory

Tansho-Nagakawa et al. Int J Immunol Immunother 2018, 5:032

cytokine TNF during infectious diseases increases TNF-R
expression on neutrophils. The expression levels of tu-
mor necrosis factor receptor (TNF-R) antigens were cor-
related with serum C-reactive protein concentrations.
The other serum concentrations of CRP were not corre-
lated with the amount of membrane antigen; however,
the degree of maturity of blood neutrophils correlated
with the amount of membrane antigen.

Collectively, our results suggest that analyses of
some surface antigens on neutrophils may reveal neu-
trophil states and immune reactions against pneumonia
caused by bacteria and can be used to identify useful
biomarkers of bacterial infection.
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