
Evaluation of neutrophils immunophenotype in the 
microenvironment of malignant pleural effusions

Abstract
The lung cancer is often associated with the development of pleural effusion. Neutrophils are the most nu-
merous population of immune system cells which are an essential component of tumor leukocyte infiltra-
tion. These cells are engaged in the development and maintenance of the inflammation. It is indicated that 
neutrophils support the development of cancer. The aim of the study was the evaluation of neutrophils, 
regarding their presence and activity in pleural effusions. This was achieved by assessing of molecular 
structures, which are used by neutrophils in chemotaxis and phagocytosis.
60 pleural effusions and 34 peripheral blood samples received from patients and 15 peripheral blood 
samples from the control group were analyzed. Expression of CD11a, CD11b, CD11c, CD18 and CD62L 
molecules with use flow cytometry was evaluated. The concentration of the neutrophil elastase in pleural 
effusions were measured with use ELISA test. 
The number of neutrophils in the peripheral blood of patients with pleural effusion was lower than that 
observed in the control group. Neutrophils present in pleural effusions were characterized by an increased 
ability to chemotaxis and secrete significant amounts of neutrophil elastase.
Neutrophils recruited into the pleura during the formation of the effusion are an essential element of the 
developing inflammatory reaction in this environment. The presence of neutrophils in pleural effusion 
may promote its further formation and support the development of cancer.
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Introduction
In the lung cancer, a frequent complication is 

an accumulation in the pleural cavity of an exces-
sive amount of pleural fluid. Pleural effusion arises 
during the development of primary pleural cancer, 
the mesothelioma, but more frequently it is the result 
of the metastasis of cancer cells of the non-small cell 
lung cancer (NSCLC). Malignant effusions are also 
associated with metastases of breast cancer, ovarian 
cancer, and lymphomas [1]. Presence of effusion in a 
pleural cavity is a very unfavorable prognostic factor. 
The average survival time for a patient with effusion 
is about six months, for lung cancer or lymphoma, 
and 48 months for breast cancer [2]. Malignant effu-
sion creates an environment promoting the survival 
and spread of cancer cells.

Under physiological conditions, the pleural fluid 
contains mesothelial cells, macrophages, lympho-
cytes and sometimes neutrophils [3]. In patholog-
ical conditions, the amount of monocytes, neutro-
phils, and eosinophils significantly increases [4]. 
Neutrophils are the largest group of peripheral 
blood leukocytes. These cells are a crucial element 
of the innate immune response and constitute the 
first line of defense against penetrating pathogens. 
These granulocytes are highly mobile and are the 
first cells to appear in the place of inflammation. 
Neutrophils circulating in the peripheral blood 
overcome the barrier that is the endothelium of the 
blood vessels to reach the place of inflammation. 
The process of diapedesis is directed and strictly 
controlled at the molecular level. In the first stage 
of migration through the vascular endothelium, 
neutrophils use L-selectin (CD62L) and type-1 li-
gand for P-selectin (PSGL-1, CD162) which bind to P 
(CD62P) and E (CD62E) selectins presented on the 
surface of epithelial cells [5]. Transmigration of the 
endothelial barrier by granulocytes and their infil-
tration into the extravascular space provide integ-
rins, LFA-1 (CD11a/CD18; αLβ2-complex) and Mac-1 
(CD11b/CD18; CR3; αMβ2-complex). The ligands for 
these integrins are intercellular adhesion molecules 
ICAM-1 and ICAM-2 presented on the surface of vas-
cular endothelial cells [6]. Neutrophil recruitment 
appears in response to chemotactic factors associ-
ated with infection as well as processes that require 
the activation of a pool of neutrophils present in the 
bone marrow [7]. Factors stimulating the neutro-
phil chemotaxis are interleukin 8 (IL-8), interleu-
kin 1 (IL-1), complement components C3a and C5a, 
N-Formylmethionine-leucyl-phenylalanine (fMLP), 
also leukotriene B4 (LTB4) [8]. 

Neutrophils belong to professional phagocytic 
cells. They eliminate pathogens by the phagocyto-
sis, in the dependent and independent way from 
opsonins. For this purpose, these cells use a broad 
repertoire of phagocytic receptors, including recep-
tors for immunoglobulins – FcγRI (CD64), FcγRIIa 
(CD32), FcγIIIb (CD16), and FcγRIV, as well as for 

complement components – CR1, CR3, CR4 [9]. Inte-
grins CD11b/CD18 (CR3) and CD11c/CD18 (LeuM5, 
CR4, αX2-complex) play a dominant role in the 
phagocytosis of bacteria opsonized by iC3b and C4b 
[10]. The pathogen’s death within phagolysosome is 
the result of the activation of cytotoxic mechanisms, 
dependent and independent of oxygen. The most 
effective mechanism of intracellular killing is the 
oxidative burst [11]. The neutrophil elastase (NE) 
accumulated in azurophilic granules belongs to the 
family of serine proteases with high bactericidal ac-
tivity [12]. The spectrum of substrates of neutrophil 
elastase are proteins that are part of the extracellu-
lar matrix (ECM), such as elastin, collagen type IV, 
fibronectin and proteoglycans [13-15]. Neutrophil 
elastase is used in diapedesis, destroys bacterial 
and viral proteins, and together with myeloperoxi-
dase participates in the formation by neutrophils of 
neutrophil extracellular traps (NET), which support 
the process of killing bacteria [16].

The present study aimed to determine the pres-
ence and activity of neutrophils in pleural effusions 
associated with non-small cell lung cancer. This was 
achieved by determining the percentages of neutro-
phils in pleural effusions, and peripheral blood of 
patients with NSCLC accompanied with pleural effu-
sion. Neutrophils were evaluated for the expression 
of CD62L selectin, and LFA-1, Mac-1, and LeuM5 in-
tegrins, also the concentration of neutrophil elastase 
was measured in the studied pleural effusions.

Material and methods
Pleural effusions and peripheral blood

The studied material included pleural effusions 
obtained via thoracocentesis from 60 patients (37 
malignant and 23 non-malignant) hospitalized in 
Wielkopolskie Centre of Pulmonology and Thorac-
ic Surgery in Poznan and in Department of Pulm-
onology, Allergology and Respiratory Oncology of 
Poznan University of Medical Sciences. From 34 pa-
tients, approximately 3 ml of peripheral blood was 
collected into tubes with the anticoagulant, K2-ED-
TA (Potassium-EDTA, Sarstedt-Monovette®). The 
control consisted of 15 peripheral blood samples 
from participants without cancer disease. The bio-
logical material used in the research was collected 
in accordance with the decision of the Poznan Uni-
versity of Medical Sciences Bioethics Committee No. 
59/14 of January 16, 2014.

Pleural effusions were filtered through three-lay-
ered sterile gauze and then centrifuged at 300g in 
50 ml tubes (BD Falcon ™) for 10 min at room tem-
perature. Supernatants were frozen and stored at 
70°C until ELISA tests were performed. Cell pellets 
obtained from pleural effusions and samples of pe-
ripheral blood were directly subjected to cytomet-
ric analysis. For the cytological assessment from the 
part of cellular pellets, smears were made, and then 
stained with hematoxylin and eosin (H+E).
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Flow cytometric evaluation
The immunophenotypic assessment was per-

formed on fresh, non-fixed cells from pleural effu-
sions and peripheral blood samples. The studied 
material was added to the polypropylene tubes, 
where was mixed with the monoclonal antibodies 
(Tab. 1). Samples were incubated for 15 min at 
room temperature, protected from light. Negative 
controls were cells without added detecting an-
tibodies. Then erythrocytes were lysed, and sam-
ples were washed twice by centrifugation at 1500 
rpm for 5 min at 4C. The material prepared in this 
manner was subjected to acquisition using FACS 
Canto flow cytometer (Becton Dickinson), and the 
obtained results were analyzed using the FASC Diva 
software (Becton Dickinson).

Evaluation of neutrophil elastase (NE) 
concentration

Centrifuged and frozen supernatants from pleu-
ral effusions were thawed and brought to room tem-
perature. Determination of NE concentration was 
performed using a commercially available sand-
wich ELISA (BioVendor) test by the attached man-
ufacturer’s protocol. Appropriate standards were 
used for the quantitative assessment. The assay was 
performed based of on the controls with low and 
high concentrations of the tested protein (LOW and 
HIGH). The intensity of the color product of horse-
radish peroxidase reaction was read with a microti-
ter reader at the wavelength λ = 450 nm.

Statistical analysis
For statistical analysis non-parametric tests 

Mann-Whitney U and Kruskal-Wallis were used. All 
tests were carried out in a confidence interval equal 
to  = 0.95 at the significance level p = 0.05. For de-
termination of a correlation between the percent-
age of neutrophils in the examined effusions and the 
concentration of NE the Spearman rank correlation 
test was used. Calculations were conducted with 
GraphPad Prism version 4.03 (GraphPad Software) 
software.

Ethical approval: 
The research related to human use has been 

complied with all the relevant national regulations, 
institutional policies and in accordance the tenets 
of the Helsinki Declaration, and has been approved 
by the authors’ institutional review board or equiv-
alent commitee. Poznan University of Medical Sci-
ences Bioethics Committee approval no. 59/14 of 
January 16, 2014.

Results
Immunophenotype assessment of neutrophils

Neutrophils in the test samples were determined 
based on the presented immunophenotype: FSChigh/
SSChigh/CD45+/CD14−/CD15+/HLA-DR− (Fig. 1a). 
The cells selected in this way were further evalu-
ated for the expression of CD11a, CD11b, CD11c, 
CD18 and CD62L antigens. The Mean Fluorescence 
Intensity (MFI) values of the receptors were deter-
mined during the analysis. The observed MFI values 
for a particular fluorochrome corresponded to the 
density of the expressed molecules (Fig. 1b). 

The highest percentage of neutrophils was found 
in the peripheral blood of patients with pleural 
effusions. The observed amount slightly differed 
in comparison to the amount of neutrophils in pe-
ripheral blood control samples. The Kruskal-Wallis 
test showed that the neutrophil percentage present 
in pleural effusions was statistically significantly 
lower than in the peripheral blood of patients at 
p = 0.000003 and in the peripheral blood of the con-
trol group at p = 0.000002 (Fig. 2).

Expression of CD11a/CD11b/CD11c/CD18 
molecules

The value of the mean fluorescence intensity of 
the CD11a molecule was the highest on the surface 
of neutrophils from pleural effusions (Fig. 3a). The 
Kruskal-Wallis test showed that the difference ob-
served between MFIs for the CD11a molecule pre-
sented on the surface of neutrophils from pleural ef-
fusion and neutrophils from the peripheral blood of 
patients is statistically significant at p = 0.034747.

Antibodies Fluorochrome Idiotype Clone Source

anti-CD45 APC-Cy7 IgG1, κ 2D1 BD Biosciences
anti-CD14 PE IgG1, κ rmC5-3 BD Biosciences
anti-CD15 APC IgM, κ HI98 BD Biosciences

anti-HLA-DR PerCP IgG2, κ L243 BD Biosciences
anti-CD11a FITC IgG2a, κ G-25.2 BD Biosciences
anti-CD11b APC IgG2a, κ D12 BD Biosciences
anti-CD11c PE IgG1, λ2 HL3 BD Biosciences
anti-CD18 FITC IgG1, κ L130 BD Biosciences

anti-CD62L PE IgG2a, κ SK11 BD Biosciences

TABLE 1 Antibodies used for evaluation of neutrophils immunophenotype
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The highest MFI value of the CD11b molecule was 
observed on the surface of neutrophils derived from 
pleural effusions (Fig. 3b). The Kruskal-Wallis test 
showed that the observed difference between MFI for 
CD11b on neutrophil from pleural effusions and MFI 
for CD11b on neutrophils in peripheral blood of pa-

tients at p = 0.000034 and peripheral blood of the con-
trol group at p = 0.000241 was statistically significant.

The MFI of the CD11c molecule on the neutrophil 
surface in all tested materials showed no differenc-
es at the statistically significant, at level p = 0.2764 
(Fig. 3c).

Figure 2 Percentage of neutrophils in studied materials. Observed differences are statistically important at presented 
p-values

Figure 1 Flow cytometric scattergrams presenting an example of neutrophil gating (a.); histograms presenting mean 
fluorescent intensity of CD11b, CD18, and CD62L molecules measured on the surface of neutrophils in peripheral blood 
and pleural effusions of patients, as well as in the peripheral blood of control group
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The MFI value for the CD18 molecule observed 
on the surface of neutrophils from pleural effusions 
was higher than the MFI values found for the CD18 
molecules on the neutrophil surface from the pe-
ripheral blood of the control group and peripheral 
blood of patients with pleural effusions (Fig. 4). The 
Kruskal-Wallis test showed that the observed differ-
ences were statistically significant, at p = 0.003583 
for peripheral blood neutrophils from the control 
group, and at p = 0.000001 for neutrophils in the 
peripheral blood of patients with pleural effusions.

Expression of the CD62L molecule
Evaluation of expression of the CD62L molecule 

showed that the MFI observed on the surface of neu-
trophils derived from pleural effusions was lower in 
relation to neutrophils from the peripheral blood of 
patients with pleural effusion and peripheral blood 
from the control group (Fig. 5). The Kruskal-Wal-
lis test showed that the difference between the MFI 
levels of CD62L molecules presented on the surface 

of neutrophils from peripheral blood in the control 
group and from pleural effusions was statistically 
significant at p = 0.001834. The difference between 
the MFI levels of CD62L molecules presented on 
the surface of neutrophil in the peripheral blood 
of patients developing pleural effusions and on the 
surface of neutrophils in pleural effusions was also 
statistically significant at p = 0.001834.

Concentration of neutrophil elastase (NE) in 
pleural effusions

Mean concentration of neutrophil elastase in 
non-malignant pleural effusions (7.85µg/100mg 
of the total protein) was higher than the mean con-
centration in pleural effusions of malignant etiology 
(7.40 µg/100mg of the total protein) (Fig. 6). The 
U Mann-Whitney’s test showed that the difference 
observed between concentration levels of the neu-
trophil elastase in pleural effusions with different 
etiology was not statistically significant, at p-value 
0.630669.

Figure 3 Level of expression of CD11a (a.); CD11b (b.), and CD11c (c.) molecules on the studied neutrophils described 
as a mean fluorescent intensity value [MFI]

Figure 4 Level of expression of CD18 molecules on the studied neutrophils described as a mean fluorescent intensity 
value [MFI]
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Discussion
Neutrophils present in the tumor microenviron-

ment are named tumor-associated neutrophils (TAN). 
These cells under the influence of the factors synthe-
sized and secreted by the tumor, or other cells pres-
ent in the tumor environment, change their functional 
properties. Suppression mediated by the tumor caus-
es that neutrophils reprogram their natural antican-
cer activity and support the cancer development and 
the pro-tumor activity of various components of the 
immune system. Through promotion angiogenesis, 
neutrophils support the growth, development and 
even the spreading of cancer. It was found that neu-
trophil-to-lymphocyte ratio (NLR) in the peripheral 
blood of patients with cancer can be used as a prog-
nostic marker. In NSCLC patients, the high value of the 

NLR parameter is an independent unfavorable prog-
nostic factor [17, 18]. Also, it has been observed that 
the number of neutrophils in the peripheral blood 
increases simultaneously with the development of 
cancer [19-21]. The large number of neutrophils infil-
trating the tumor in the course of NSCLC is associat-
ed with the more advanced state of disease and poor 
prognosis [22]. The main chemotactic factor recruiting 
neutrophils to the infiltrate of the tumor is interleukin 
8 (IL-8). Compared to healthy individuals, in patients 
with cancer IL-8 in peripheral blood demonstrated 
elevated levels [23]. The best-known mechanism for 
supporting the development of cancer by neutrophils 
is their effect on the development of angiogenesis. 
The crucial role of TAN in this process is the release of 
vascular endothelial growth factor (VEGF), as well as 

Figure 6 Comparison of values of neutrophil elastase (NE) concentrations determined in malignant and non-malignant 
pleural effusions. The concentration was measured against to the 100mg/of the total protein concentration present in 
the studied pleural effusions

Figure 5 Level of expression of CD62L molecules on the studied neutrophils described as a mean fluorescent intensity 
value [MFI]



Kaczmarek et al. Medical Journal of Cell Biology (2018)
72

matrix metallopeptidase 9 (MMP-9), which contribute 
to the development of new blood vessels within the 
cancer microenvironment [24, 25]. We have found a 
higher percentage of neutrophils in the peripheral 
blood of lung cancer patients with pleural effusion 
as compared to the peripheral blood of the control 
group. Even though the rate of neutrophils in pleural 
effusions was lower than in peripheral blood, the ap-
pearance of pleural effusion is always a more severe 
condition for the patient. The presence of malignant 
pleural effusion is associated with its systemic impact 
negatively affecting the quality of life of the patient, as 
well as enhancing the development of cancer.

Demonstrated by us changes in the expression of 
the L-selectin on the surface of neutrophils present in 
pleural effusion indicate increased mobility of these 
cells. This effect can be associated with the recruit-
ment of neutrophils by pleural macrophages [26]. 
The level of expression of L-selectin on neutrophils 
present in pleural effusions and peripheral blood of 
patients developing pleural effusions was lower than 
on neutrophils in the peripheral blood of the control 
group. The observed potentially increased chemotac-
tic activity of neutrophils in patients with pleural ef-
fusion is also confirmed by the increased expression 
both of LFA-1 and Mac-1 integrins In the presented 
studies, we showed an increased level of expression 
of CD11a and CD18 molecules (LFA-1-forming sub-
units) on neutrophils in pleural effusions and CD11b 
and CD18 (Mac-1-forming subunits) on neutrophils in 
pleural effusions and peripheral blood of patients de-
veloping pleural effusions. The increased expression 
of the Mac-1 complex may also indicate the readiness 
of the studied neutrophils to the phagocytic activity 
in the pleural effusion microenvironment. However, 
this part of neutrophil activity would require addi-
tional confirmation by functional tests. Spicer JD and 
co-workers showed that neutrophils through Mac-1 

integrin support the process of metastasis in the de-
velopment of liver cancer in mice [27]. In our studies, 
we observed no statistically significant difference in 
the expression of CD11c antigen on neutrophils in the 
pleural effusion and the blood of the control group. 
This indicates that the CD11c subunit is not sensitive 
to factors present in the pleural effusions and is stable 
at the established level. It also may because suppressor 
factors presented in pleural effusion keep the expres-
sion of the CD11c molecule (LeuM5- forming subunit) 
on the not activated level and block the phagocytic 
activity of neutrophils. Changes in the level of the 
expression of functional receptors occurring on the 
surface of neutrophils in the pleural effusion indi-
cate that this environment significantly modulates 
the conditions of immune cells’ functioning. A mix-
ture of different types of cells present in a molecular 
cocktail containing proinflammatory, suppressive 
and tumor-promoting factors may more holistical-
ly affect the organism, and not only locally at the 
site of the developing tumor. The presence of TAN 
combined with regulatory T cells (Treg), tumor-as-
sociated macrophages (TAM) and myeloid-derived 
suppressor cells (MDSC) in the cancer microenvi-
ronment can significantly support the development 
and spread of tumor and effectively inhibit the anti-
tumor activity of immunocompetent cells [28].

The elastase secreted by neutrophils may be in-
volved in the neoplastic process. Its pro-malignant 
activity is associated with proteolytic properties, 
which includes proteins of the extracellular matrix. 
The degradation of ECM-forming proteins promotes 
the escape of cells from the primary tumor, which 
supports the process of the formation of metastasis 
[29]. Houghton AM et al. showed that NE stimulates 
the growth of cancer cells by activating the signal-
ing pathway associated with phosphatidylinositol 
kinase (PI3K). After penetration into the tumor cell 

Figure 7 Spearman r correlation between percentage of neutrophils in studied pleural effusions and concentration 
of neutrophil elastase (NE) measured against to the 100mg/of the total protein concentration present in the studied 
pleural effusions
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elastase increases the activity of the PI3K kinase, 
which enhances the interaction between PDGF and 
its receptor (PDGFR). The result of this process is 
an increase in the proliferation and survival of can-
cer cells [30]. AS Ho et al. highlighted the role of elas-
tase as a diagnostic marker of the colon cancer. They 
showed that the concentration of NE in the serum 
of patients with colon cancer was significantly high-
er than in the healthy control [31]. We have found a 
comparable concentration of neutrophil elastase in 
pleural effusions, regardless of their etiology. Howev-
er, Yamashita et al. [32] showed a concentration of NE 
in patients with lung cancer with the most advanced 
form of the disease, i.e. in T4, at a level similar to that 
observed by us. The observed high concentration of 
NE indicates that regardless of origin, pleural effusion 
is an environment with a strong inflammatory char-
acter. The proteolytic properties of elastase and the 
broad substrate spectrum of this enzyme may cause 
degradation of the structure of pleura membrane and 
contribute both to the recruitment of immune cells 
to the inside of the pleural cavity, also to easier pene-
tration of metastatic cells migrating from the place of 
the primary tumor. The Spearman’s rank correlation 
test did not show statistical significance between the 
mean concentration of NE in the examined pleural 
effusion and the percentage of neutrophils in this 
environment. However, the observed trend indicat-
ed a directly proportional relationship between the 
studied factors (Fig. 7). A slightly lower concentra-
tion of NE in malignant-derived pleural effusions 
can be associated with the immunosuppressive na-
ture of this environment that may limit the secre-
tory function of neutrophils. This inhibition may 
result in less efficient secretion of NE in malignant 
effusions than in non-malignant. It should be tak-
en into account the multitude and variety of factors 
present in the pleural effusions, which are not fully 
known. Discovery other elements of the network 
of connections and dependencies between compo-
nents of this environment may contribute to the 
identification of new targets for the cancer therapy.

Conclusions
Our studies demonstrate the functional plastici-

ty of neutrophils and their variability depending 
on the factors present in the microenvironment 
in which they are found. Therefore, these cells are 
considered to be one of the targets of anticancer 
therapy, as elements susceptible to immunomod-
ulation. Neutrophils immunomodulation gives the 
possibility of the creation of new therapeutic pro-
cedures based on attempts to restore the primary 
anticancer properties of these cells, depending on 
the advance of functional and immunophenotypic 
changes. However, in the absence of the possibili-
ty of immunomodulation, the total depletion of this 
cell population. This approach may be a good step 
towards personalized therapy for cancer.
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