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Objective: Malignant pleural effusions (MPEs) deteriorate the quality of life in patients with advanced stages 
of cancer. Although vascular endothelial growth factor (VEGF) is known to be a key factor for MPE forma-
tion, it is not fully clarified whether there are other components related to its appearance.
Methods: Pleural effusion and serum samples were collected from patients with MPEs of non-small cell lung 
cancer. Cellular analysis of pleural effusion was performed using fluorescence flow cytometry. The concen-
trations of 12 cytokines, chemokines, and growth factors in MPEs and serum samples were analyzed using 
the cytometric bead array method. 
Results: Fifteen patients (median age: 70 years, 11 males) with non-small cell lung cancer (13 adenocarcino-
ma, 2 squamous cell carcinoma) were enrolled in this study. Concentrations of VEGF, interleukin (IL)-5, IL-
6, IL-8, IL-12/IL-23p40, and C-C motif chemokine ligand (CCL) 2 were significantly higher in MPE than in 
serum. Pleural IL-5 levels correlated with malignant cell numbers in MPE. There was no factor related to the 
total amount of drained effusion or period of chest tube insertion.
Conclusions: Production of six molecules were increased in the pleural cavity with MPE of non-small cell 
lung cancer. Complex interactions among these molecules may regulate MPE formation.

Key words: interleukin-5, IL-12/IL-23p40, pleural effusion, non-small cell lung cancer, vascular endothelial 
growth factor

INTRODUCTION

A number of malignant tumors induce malignant 
pleural effusion (MPE), which is associated with high 
morbidity and mortality. Lung and breast cancers are 
the leading causes of MPEs, accounting for approx-
imately 50% of cases, and MPE due to lung cancer 
has the poorest prognosis [1]. In addition, MPE causes 
many symptoms such as cough, dyspnea, fatigue, chest 
pain, and deterioration of the quality of life of pa-
tients. Therefore, almost all patients with MPE require 
therapeutic interventions, such as thoracentesis, pleural 
catheter indwelling, and pleurodesis [1-3]. 

There are two major mechanisms by which MPEs 
accumulate in the pleural cavity. One is the blockade 
of the pleural effusion drainage system. Draining 
lymph vessels are filled with tumor cells, and pleural 
effusion cannot be absorbed from the chest cavity. 
Another mechanism, which is more important, is 
enhanced production of pleural effusion. Tumor-host 
interactions play a key role in regulating the produc-
tion of pleural fluid. Tumor cells secrete inflammatory 
and vasoactive mediators, stimulating inflammation, 
angiogenesis, and vascular hyperpermeability. These 
mediators activate host cells such as lymphocytes, mac-
rophages, and mesothelial cells, which then produce 

more cytokines and chemokines [4]. Several cytokines 
or growth factors, such as vascular endothelial growth 
factor (VEGF) [5-8], C-C motif chemokine ligand 
(CCL) 2 [9, 10], and interleukin (IL)-8 [11, 12], have 
been reported as key molecules involved in MPE for-
mation. 

Here, we analyzed the correlation between the 
concentrations of cytokines, chemokines, and growth 
factors and the amount of pleural effusion or cell 
fraction in MPE in non-small cell lung cancer (NSCLC) 
patients. The purpose of this study was to identify the 
key molecules that regulate the production of MPEs.

MATERIALS AND METHODS

Patients
This study was performed between September 2013 

and March 2017. Patients with cytologically proven 
MPEs due to non-small cell lung cancer at the Tokai 
University Hospital in Japan were enrolled in this 
study. MPEs were drained though chest tubes inserted 
in all patients. After complete drainage of the pleural 
effusion, they received chemical pleurodeses. The 
number of days and total amount of drained pleural 
effusion between the chest-tube insertion and the pleu-
rodesis were evaluated retrospectively from medical 
records.
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This study was approved by the Institutional Review 
Board of Tokai University Hospital (13R-137) and was 
implemented in compliance with the Declaration of 
Helsinki. Written informed consent was obtained from 
each patient.

Sample acquisition
Samples of pleural effusion for the measurement 

of cytokines, chemokines, and growth factors were 
obtained by thoracentesis when MPE was diagnosed. 
Cell analysis of the pleural effusion was performed 
immediately after sample acquisition with Sysmex XN-
3000 (Sysmex, Kobe, Japan). Peripheral blood samples 
were collected just before pleurodesis. Pleural effusion 
and blood samples were centrifuged at 1710×g for 5 
min at 4˚C, and the supernatants were stored at -80˚C 
until analysis.

Cytokine/chemokine/growth factor analysis
MPE and serum concentrations of 12 cytokines, 

chemokines, and growth factors, including interleukin 
(IL)-2, IL-5, IL-6, IL-8, IL-9, IL-12/IL-23p40, inter-
feron-α, interferon-γ, CCL2, CCL11, basic fibroblast 
growth factor, and VEGF, were measured using the 
cytometric bead array method (Human CBA flex Kit, 
Beckton Dickinson, San Jose, CA, USA) with BD LSR 
Fortessa (Beckton Dickinson, San Jose, CA, USA) ac-
cording to the manufacturer’s instructions. The levels 
of cytokines, chemokines, and growth factors were 
analyzed with FCAP Array software (BD Biosciences, 
Franklin Lakes, NJ, USA).

Statistical analyses
Data are expressed as the mean ± standard devia-

tion (SD) or median and range. Group comparisons 
were made using the Wilcoxon signed-rank sum test. 
Spearman’s rank correlation coefficient was used to 
examine the association between the cytokines and 
the cellular population in pleural fluids. We used 
the Statistical Package for the Social Sciences (SPSS) 
version 25.0 (IBM Corp., Armonk, N.Y., USA) for the 
analyses.

RESULTS

Patient characteristics
Fifteen patients (11 males and 4 females) with non-

small cell lung cancer were enrolled in this study. 
The median age was 70 years (range: 60-93 years). A 
histological diagnosis of adenocarcinoma was made in 
13 patients and squamous cell carcinoma in 2 patients. 
Patient characteristics are summarized in Table 1. The 
median duration from chest-tube insertion to pleurod-
esis was 8 days (range: 4-19 days). The total amount of 
drained effusion from each patient was 3.8 ± 1.6 L. 

Cellular analysis of pleural effusion
The mean total cell count (TCC) in the pleural 

effusion was 1872 ± 1247/μL, and the malignant cell 
count was 349 ± 565/μL. The cell count analysis of the 
pleural effusion is summarized in Table 1.

Cytokine/chemokine/growth factor levels in pleu-
ral effusion and serum

Cytokine/chemokine/growth factor levels in pleu-
ral effusion and serum from patients are shown in 
Figure. The levels of six molecules, that is, VEGF, 
IL-5, IL-6, IL-8, IL-12/IL-23p40, and CCL2, were 
significantly higher in the pleural effusion than in 
serum (p < 0.01). Respective pleural levels (mean ± SD) 
of these six molecules were 510.2 ± 349 pg/mL for 
VEGF, 36.5 ± 43.2 pg/mL for IL-5, 16.0 ± 6.9 ng/mL 
for IL-6, 9.33 ± 10.93 ng/mL for IL-8, 587 ± 488 pg/
mL for IL-12/IL-23p40, and 6.18 ± 6.95 ng/mL for 
CCL2. Among these six molecules, pleural CCL2 levels 
correlated with the levels of IL-8 in MPE (t = 0.62, 
p < 0.05; Table 2).

Correlation between cell count and cytokine/
chemokine/growth factor in the pleural effusion

The correlation between cell counts in the MPE 
and the six molecules whose levels in MPE were 
higher than in serum is shown in Table 3. TCC in the 
pleural effusion showed a significant correlation with 
IL-8 levels in the pleural effusion (t = 0.52, p < 0.05). 
Eosinophil counts in the pleural effusion were cor-
related with the IL-6 levels in MPE (t = 0.64, p < 0.01). 
There was no correlation between neutrophil, lympho-
cyte, or macrophage counts in the pleural effusion 
and the concentrations of any molecule. Malignant cell 
counts in MPE significantly correlated with IL-5 levels 
in the pleural effusion (t = 0.61, p < 0.05).

Table 1	 Patient characteristics and cellular analysis of pleural effusion
Age, years1 70 (60 - 93)
Male/Female 11 / 4
Histology
   Adenocarcinoma 13
   Squamous cell carcinoma 2
Days from the day of chest-tube insertion till pleurodesis1 8 (4 - 19)
Total amount of drained effusion, mL2 3799.3 ± 1673.5
Cell counts in pleural effusion, /μL2

    Total cell count 1872.1 ± 1247.0
  Neutrophil 122.2±114.0
  Lymphocyte 804.7 ± 916.7
  Macrophage 472.1 ± 699.2
  Eosinophil 118.6 ± 134.9
  Malignant cell 349.4 ± 565.3
1 median (range), 2 mean ± SD
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Correlation between clinical parameters and cyto-
kine/chemokine/growth factor levels in the pleural 
effusion

The total amount of drained effusion or the period 
of chest tube insertion showed no correlation with any 
of the 12 molecule levels in MPE. VEGF level in the 
pleural effusion also exhibited no correlation with the 
total amount of drained effusion (t = 0.07, p = 0.80) or 
the period of chest tube insertion (t = -0.01, p = 0.95). 

DISCUSSION

MPE accumulates in response to an imbalance 
between the production and absorption of pleural ef-
fusion. Excessive production of pleural effusion caused 
by pleural vascular hyperpermeability is thought to 
play a major role in MPE formation. Tumor-derived 
VEGF was first experimentally reported to regulate 
MPE formation [13]. Recently, many molecules such 
as IL-6, tumor necrosis factor (TNF)-α, and CCL2 
have been proposed as possible promoters of MPE 
formation [4, 14]. These molecules are released from 
various cells under tumor-host interactions in the pleu-
ral microenvironment. In this study, the levels of six 
molecules̶VEGF, IL-5, IL-6, IL-8, IL-12/IL-23p40, 
and CCL2̶ were significantly higher in the malig-
nant pleural effusion than in serum, suggesting that 
these molecules were produced locally in the pleural 
cavity. Previous studies have also reported that VEGF 
[12], IL-5 [15], IL-6 [16, 17], IL-8 [18], and CCL2 [19] 
in MPEs were higher than those in serum.

To the best of our knowledge, this is the first report 
demonstrating the possible production of IL-12/IL-
23p40 in MPEs. IL-12/IL-23p40 is a common 40kDa 
sub-unit shared by IL-12 and IL-23. In our study, the 
level of IL-12/IL-23p40 in MPE was higher than that 
in serum. Previous reports demonstrated that IL-12 
was barely detectable in MPE [20, 21], suggesting that 
the levels of IL-12/IL-23p40 in the MPE in our study 
reflected the levels of IL-23. IL-23 is a pro-inflamma-
tory cytokine that enhances the differentiation of naive 

T cells to Th17 cells, especially in the presence of IL-1b 
and IL-6 [17, 22]. Previous reports demonstrated the 
high levels of IL-1β and increased numbers of Th17 
cells in MPE [17, 23, 24]. Th17 cells can be induced 
from pleural naive CD4+  T cells in the presence of 10 
ng/ml of IL-23 [17]. CCL2 also enhances recruitment 
of Th17 cells, and IL-6 with IL-23 facilitate differenti-
ation of Th17 cells, which secrete IL-17 that promotes 
angiogenesis and augments IL-6, IL-8, and VEGF 
release in various types of non-tumor and tumor cells 
[25, 26]. Thus, CCL2, IL-6, IL-8, IL-12/IL-23p40, and 
VEGF, high in MPE in our study, interact together to 
promote Th17 immunity in pleural cavity and MPE 
formation by enhancing hyperpermeability. 

The IL-6 level in MPE correlated with the eosinophil 
numbers in our study. It has been demonstrated that 
IL-6 is released by several cell populations in MPE, in-
cluding cancer cells, macrophages, pleural mesothelial 
cells [27], and eosinophils [28]. Moreover, eosinophils 
activated by IL-17 and IL-23 synthesized and secreted 
IL-6 in vitro [29]. In our cases, IL-6 might be secreted 
from eosinophils in MPE which was Th17 dominant 
microenvironment. Because there are no reports on 
the correlation between eosinophils and IL-6 in MPE, 
further studies on this relationship are needed. 

IL-8 levels in MPE were correlated with CCL2 
levels in MPE in our study, as previously reported 
by Yokoyama et al. [30]. IL-8 and CCL2 can be 
co-produced in vitro by pleural mesothelial cells 
stimulated with lipopolysaccharide, TNF-α, and IL-
1b [31]. Although a previous study demonstrated 
that the concentration of IL-8 in the pleural effusion 
correlated with the number of lymphocytes in the 
pleural effusion of patients with cancer, tuberculosis, 
and chronic heart failure [11], our study revealed that 
pleural IL-8 levels had no correlation with the num-
ber of either neutrophils or lymphocytes. Regarding 
CCL2, it was reported that CCL2 levels correlated with 
monocytes numbers in MPE [32]. However, we found 
no correlation between CCL2 levels and the number of 

Table 2	 Correlation among the six cytokine/chemokine/growth factor levels in pleural effusion
VEGF IL-5 IL-6 IL-8 IL-12p40 CCL2

VEGF 1 0.45 0.33 0.17 0.03 0.40
IL-5 1 0.43 0.38 0.01 0.31
IL-6 　 1 0.15 -0.45 0.35
IL-8 　 　 1 -0.06 0.75*

IL-12p40 　 　 　 1 0.11
CCL2 　 　 　 　 1

Numbers are ρ values. *p < 0.01.
VEGF, vascular endothelial growth factor; IL, interleukin; CCL, C-C motif chemokine ligand

Table 3	 Correlation between cell counts and cytokine/chemokine/growth factor levels in pleural 
effusion

TCC Neutrophils Lymphocytes Macrophages Eosinophils Malignant cells
VEGF -0.01 -0.20 0.25 -0.07 0.34 0.022
IL-5 0.41 -0.12 0.26 -0.08 0.49 0.61*
IL-6 0.24 0.17 -0.13 0.05 0.64** 0.25
IL-8 0.52* -0.04 0.13 0.28 0.23 0.23

IL-12 p40 -0.14 0.13 0.13 -0.24 -0.51 0.01
CCL2 0.19 -0.20 -0.12 0.03 0.25 0.31

Numbers are ρ values. *p < 0.05. **p < 0.01.  
TCC, total cell count; VEGF, vascular endothelial growth factor; IL, interleukin; CCL, C-C motif chemokine ligand
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inflammatory or malignant cells. Therefore, we specu-
lated that IL-8 and CCL2 were dominantly produced 
by mesothelial cells lining the pleural cavity under 
tumor-host interactions.

We found that the pleural levels of IL-5, but not 
VEGF, correlated with the number of malignant cells 
in the pleural effusion. In an eosinophilic pleural effu-
sion with more than 10% eosinophils, there was a cor-
relation between IL-5 levels and the number of eosino-
phils in the pleural fluid [33]. However, the correlation 
between IL-5 levels and malignant cell counts in MPEs 
has not been examined in previous studies. Although 
there is few report about IL-5 in MPE, it has been 
reported that IL-5 levels are significantly elevated in 
MPEs than in transudative effusions caused by chronic 
heart failure [15]. When human adenocarcinoma cells 
that did not secrete IL-5 were administered into the 
pleural cavity of mice, host cell-derived IL-5 enhanced 
the recruitment of myeloid suppressor cells, enhanced 
vascular permeability, and promoted MPE [15]. 

VEGF is known as a vascular permeability factor 
and is an important mediator of MPE formation. 
Although Yano et al. [13] clarified that VEGF pro-
duced by the tumor cells is important for the forma-
tion of MPE, we could not find any correlation be-
tween VEGF levels and the number of cancer cells in 
MPEs. VEGF can be secreted from lymphocytes, mac-
rophages, and mesothelial cells, however, the mRNA 
expression of VEGF detected in T cells, monocytes/
macrophages, and tumor cells isolated from MPE was 
relatively low [34]. It has been reported that pleural 
mesothelial cells produce VEGF by TGF-β simulation 
in vivo and in vitro [35], and our results demonstrate 
no relationship between pleural VEGF levels and 
inflammatory or malignant cell counts in MPEs, 
which indicated that VEGF was mainly produced by 
pleural mesothelial cells lining the chest cavity under 
tumor-host interactions.

We could not find any factor that was associated 
with the total amount of drained effusion or the 
period of chest tube insertion. From our results, it is 
considered that not a single molecule, such as VEGF, 
controls the amount of MPE, but complex interactions 
among cytokines, chemokines, and growth factors in 
the thoracic cavity might regulate it.

In conclusion, we have shown the cytokine, chemok-
ine, and growth factor levels in the pleural effusion in 
patients with MPE due to non-small cell lung cancer. 
VEGF, IL-5, IL-6, IL-8, IL-12/IL-23p40, and CCL2 
were likely to be synthesized in the pleural cavity, but 
none of these molecules could explain the total amount 
of effusion. Further studies are required to clarify 
the regulation of MPE possibly based on the complex 
interaction of multiple molecules. 
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