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Abstract

Introduction

Malignant pleural effusion is a sign of advanced disease with poor prognosis. The function of natural killer (NK) cells is to identify and destroy target 
tumor cells. This study aims to evaluate the role that cytotoxic NK subpopulations play when diagnosing malignant pleural effusion.

Methods

NK subpopulations were determined in pleural fluid and peripheral blood by flow cytometry in 71 patients who had suffered pleural effusion of 
unknown etiology. They were classified into three groups according to their final diagnosis: malignant, paramalignant and benign. 

Results

The NK CD56 dim CD16- subpopulation in peripheral blood was the highest subpopulation in benign than in malignant or paramalignant cases (18.5% 
vs. 5.5% or 5.6%; p<0.001). Cytotoxic subpopulations NK CD56 dim CD16 + and NK CD16+ were higher in malignant and paramalignant than in benign 
cases (NK CD56 dim CD16+: 90.7% and 90% vs. 81.4%; p<0.001; NK CD16+: 95% and 95.6% vs. 86.5%; p<0.002). No differences were found in any cells 
studied in pleural fluid.

Conclusions

The data from this study suggested that determining the percentage of subpopulations NK CD56 dim CD16+ and NK CD16+, which perform an 
antibody-dependent cytotoxic function in peripheral blood, can be useful to diagnose malignant pleural effusion.

Keywords: diagnosis; flow cytometry; natural killer cells; natural killer subpopulations; pleural effusion; malignant

  

Introduction

Malignant pleural effusion (MPE) is a common clinical problem 
among patients with neoplastic disease. It is a sign of advanced disease 
associated with symptoms deteriorating and worse quality of life, with 
mean survival varying between 3 and 12 months [1]. Given its poor 
prognosis and clinical involvement, diagnoses must be made early. 
However, a malignancy diagnosis is not always possible with cytology, 
whose sensitivity range is 40–87% [2]. Hence the need to resort to 
complementary methods to identify tumor cells within pleural 
effusions (PE), [3] and to start early therapeutic interventions in an 
attempt to reduce these patients’ morbimortality.

MPE are characterized by a high percentage of mononuclear cells 
involved in immunological defense mechanisms, natural killer (NK) 
cells being one of the main components of the immunological system 
that participate in anti-tumoral defense mechanisms [4]. In theory, 
the presence of a high percentage of NK cells in pleural fluid could 
help establish its neoplastic nature. However, total NK (CD3- CD56+) 
quantification in pleural effusions has provided contradictory results 
in former studies [5–9]. 

Nowadays, there is very little information about the different NK 
cell subpopulations which can be found in MPE. However, it is known 
that the function of these subpopulations can be identified using the 
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intensity of the expression of CD56 and CD16 surface antigens [10]. NK 
CD56 bright are considered regulator cells given their high capacity of 
producing pro-inflammatory and anti-inflammatory cytokines, [11] 
while NK CD56 dim [12] are cytotoxic given their high lytic activity. If 
the latter are also accompanied by a high CD16 expression, this makes 
them efficient mediators of antibody-dependent cell cytotoxicity 
[13]. CD57+ expression is a marker with a strong cytotoxic potential 
[14,15]. However, there is no data available on CD57+ expression 
in MPE. Therefore, the already available data seems to indicate that 
determining only total NK cells is not enough to identify MPEs 
differentiate them from benign ones. As NK subpopulations are 
characterized by performing more specific functions, the objective 
of this study was to study NK cell subpopulations, mainly those 
with a cytotoxic function, and their discriminative power in early 
differentiation of MPE, paramalignant pleural effusions (PPE) and 
benign pleural effusions (BPE). 

Methods And Materials

Subjects

This two year (January 2013 to February 2015) prospective 
observational cohort study included 73 patients who had suffered 
pleural effusion of unknown etiology and were to undergo diagnostic 
thoracentesis. The final sample included 71 patients, two patients were 
excluded as no cellularity was obtained in pleural fluid. Patients were 
classified into three well differentiated groups according to their PE 
diagnosis: MPE, PPE and BPE (Figure 1). 

Figure 1. Flow of patients included in the study

Diagnosis of the type of PE was done according to the following 
criteria: 

•	 MPE was diagnosed if the presence of tumor cells in the 
pleural cavity was confirmed by a cytological study of pleural 
fluid, or in pleural tissue obtained by blind pleural biopsy, 
thoracoscopy or thoracotomy.

•	 PPE (16) is due to a tumor process, but with no direct pleural 
infiltration by the tumor, and no tumor cells in the pleural 
fluid or tissue can be determined.

•	 A PE is considered a BPE or as non-specific, when tumor 
etiology has been reasonably ruled out by imaging techniques, 
previous examinations, medical history and patient follow-up. 

This study complies with the principles of the Declaration of 
Helsinki. Ethical approval of the study was given by Committee 
of Ethics and Clinical Trials (CEIC) of the Dr. Peset University 
Hospital in Valencia, with CEIC code: 10/12 on 29 February 2012. 
All the participating patients received written information about the 
nature and purposes of the study and gave their informed consent. A 
prospective follow-up of patients’ progress was done until they died 
or the study ended. All patients who were asked to be included in the 
study agreed to participate.

Measuring Natural Killer Cells

The lymphocyte populations in both the pleural fluid obtained 
from the first diagnostic thoracentesis performed on each patient and 
in the peripheral blood taken on the same day were analyzed. 

After extraction, homogenization of the peripheral blood sample 
is immediately performed by the stirrer and mixer The Coulter Mixer 
(Coulter Electronics Limited, Northwell Drive, Luton, Bedfordshire, 
LU3 3RH, England®). Then, in a polypropylene tube, 100 μl of sample 
is introduced with 10 μl of each of the chosen monoclonal antibodies: 
CD45, CD19, CD3, CD56, CD16 and CD57. The mixture will be 
incubated for 15 minutes in the dark at room temperature. 0.5ml 
of the erythrolytic solution OptiLyse® are added, vortexed (Super-
Mixer, Lab-Line Instruments Inc.®) and re-incubated in the dark at 
room temperature for another 15 minutes. After incubation, 2 ml of 
phosphate-buffered saline are added, centrifuged for 5 minutes at 300 
x g (~1,600 r.p.m.) in a Microcen 21® and finally the supernatants are 
decanted and the cells re-suspended in 1 ml of phosphate-buffered 
saline and then introduced into a Navios® flow cytometer (Beckman-
Coulter).

As in peripheral blood, the pleural fluid sample requires 
homogenizing the sample after extraction performed using the stirrer 
and mixer The Coulter Mixer (Coulter Electronics Limited, Northwell 
Drive, Luton, Bedfordshire, LU3 3RH, England®). However, the 
pleural fluid sample must be enriched prior to incubation. To do this, 
2 ml of phosphate-buffered saline are added to 2 ml of pleural fluid, 
shaken and centrifuged at 300 x g (~1,600 r.p.m.) in a Microcen 21® 
for 5 minutes. The supernatants are then decanted and the cells are re-
suspended in 0.5 ml of phosphate-buffered saline. After this process, 
the incubation with the monoclonal antibodies and procurement of 
the sample to be introduced in the flow cytometer can be performed 
following the same steps as in the peripheral blood.

A blind analysis of the diagnosis was run with the Kaluza 1.3 
software (Beckman-Coulter). The sensitivity of the technique was 10-2 

–10-3. After the expression of CD45, B (CD19+ CD3-) and T (CD3+ 
CD19-) lymphocytes as well as NK cells (CD3- CD56+) were studied 
first and compared to the 100% total lymphocytes. After and according 
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to the intensity of the expression of antigens CD56 and CD16, the 
following subpopulations were differentiated: NK CD56 bright (++) 
CD16-, NK CD56 bright (++) CD16+, NK CD56 dim (+) CD16-
, NK CD56 dim (+) CD16+ and NKCD16+ (CD56+/++ CD16+). 
NKCD57+ (CD56+/++ CD57+) were also determined and percentage 
quantification was done of all the NK subpopulations compared to the 
percentage of total NK cells. 

Statistical analysis

All the results obtained were analyzed using the Kolmogorov-
Smirnov test for a sample to determine if they followed a normal 
distribution pattern. Results were compared using the chi-square test 
for qualitative variables, the Student’s t-test for parametric quantitative 
variables and the Mann-Whitney U test for non-parametric 
quantitative variables. When comparing more than two groups, a 
one-way ANOVA (analysis of variance) was applied to the parametric 
variables and the Kruskal-Wallis test to the non-parametric variables. 

The diagnostic efficacy of the analysis of the cells from pleural 
fluid and peripheral blood which presented differences considered 

significant enough to discriminate between MPE/PPE and BPE 
was determined by a receiver operating characteristic (ROC) curve 
analysis with the area under the ROC curve (AUC). A p-value <0.05 
was considered significant and their 95% confidence intervals (95% 
CI) were calculated by standard techniques. The statistical package 
IBM SPSS Statistics for Windows (version 21.0. Armonk, New York: 
IBM Corp., USA) was employed.

Results

Demographics 

This study took place at the University Dr. Peset Hospital in 
Valencia from 2013 to 2015 and analyzed 71 patients who had suffered 
PE of unknown etiology. The study population’s mean age was 69.1 
years, and no differences were observed among groups. Male gender 
clearly predominated among the MPE and PPE cases (Table 1). 
According to the final PE diagnosis made, three groups were formed: 
MPE, PPE and BPE (Figure 1). All the MPE were exudates as well as 
93.3% of PPE and 80% of the BPE (p=0.027) Adenocarcinoma was the 
most frequent histology found among the MPE (Table 1).

Table 1. Characteristics of the patients with malignant, paramalignant and benign pleural effusions.

 Malignant

(n=31)

Paramalignant

 (n=15)

 Benign

 (n=25)

 p-valueb 

Age (years)

95% CI

69.2±8.9

65.9–72.4

69.8 ±11.1

63.6–76

68.7 ±12.2

63.6–73.7

0.949

Gender 0.133

 Male 19 (61.3%) 12 (80%) 12 (48%)

 Female 12 (38.7%) 3 (20%) 13 (52%)  

Diagnosis

Adenocarcinoma 22 (71%) Non-specific 12 (48%)

Lymphoma 4 (13%) CHF 4 (16%)

Mesothelioma 2 (6.5%) Infectious 3 (12%)

Epidermoid 1 (3.2%) TBC 2 (8%)

Microcytic 1 (3.2%) Exp. to asbestos 2 (8%)

Myxoid sarcoma 1 (3.2%) Cirrhosis 1 (4%)

RA 1 (4%)

Abbreviations: CI (confidence interval), CHF (congestive heart failure), TBC (tuberculosis), Exp. (exposure), RA (rheumatoid arthritis).
aData expressed in absolute values and percentages or mean±SD. 
bChi-square test or ANOVA.

Lymphocyte populations in pleural fluid and peripheral 
blood 

Lymphocyte populations were studied by determining B and T 
lymphocytes and NK cells in pleural fluid and peripheral blood. No 
differences between the expression of any cell line of the different 
groups was observed; that is, NK cells showed no higher expression in 
any pleural effusion type.

NK subpopulations in pleural fluid and peripheral blood 

NK subpopulations were analyzed according to the intensity of 
the expression of surface antigens CD56 and CD16. No differences 
were found between the MPE, PPE and BPE groups in any cells 
studied in pleural fluid. Surprisingly, in peripheral blood, significant 
differences between the groups in the NK subpopulations were found. 
Subpopulation NK CD56 dim CD16- was higher in BPE cases than in 
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the MPE or PPE ones (18.5% vs. 5.5% or 5.6%; p<0.001). Cytotoxic 
subpopulations NK CD56 dim CD16 + and NK CD16+ were higher 
in the MPE and PPE cases than in BPE ones (NK CD56 dim CD16 +: 
90.7% and 90% vs. 81.4%; p<0.001 and NK CD16+: 95% and 95.6% vs. 
86.5%; p<0.002) (Table 2).

Similarly, NK subpopulations analysis in peripheral blood showed 
that subpopulation NK CD56 dim CD16- was higher in BPE cases 
(18.5% vs. 5.5%; p<0.001), and subpopulations NK CD56 dim CD16 
+ and NK CD16+ appeared mostly in the combined MPE and PPE 
group, and in the isolated MPE cases (NK CD56 dim CD16 +: 90.7% 
vs. 81.4%; p<0.001 and NK CD16+: 95% vs. 86.5%: p<0.002) (Table 3).

Table 2. Natural killer subpopulations in peripheral blood.

Malignant

(n=31)

Paramalignant

(n=15)

Benign

(n=25)

p-valueb

 

NK (CD3-CD56+) 11.6 (0.7–73.2) 9.6 (1.7–16.2) 7 (0.7–31.3) 0.520

NK CD56 bright 0.5 (0–12.7) 1.4 (0–9.1) 0.5 (0–31)  0.479

CD56 bright CD16- 0.2 (0–2.7) 0.4 (0–2) 0.3 (0–17.8) 0.720

CD56 bright CD16+ 0.1 (0–11.4) 0.7 (0–8.1) 0 (0–13.2) 0.155

NK CD56 dim 98.6 (81.5–100)  96.9 (91.6–100) 99.4(65.9–100) 0.189

CD56 dim CD16- 5.5 (0.3–92.1) 5.6 (0.3–24.4) 18.5(2.5–100) 0.001***

CD56dim CD16+ 90.7 (7.4–99) 90(70.7–99) 81.4 (0–95.4) 0.001***

NK CD16+ 95 (7.8–99.6) 95.6 (76.1–99.5) 86.5 (0–97.1) 0.002**

NK CD57+ 48.6±20 49.2±17.4 54.4±14.5 0.454

Abbreviations: NK (natural killer).
aPercentage data expressed as mean±SD or median (minimum-maximum). 
bANOVA or Kruskal-Wallis test.
*p<0.05; **p<0.01; ***p<0.001

Table 3. Cytotoxic natural killer subpopulations in peripheral blood.

Malignant

(n=31)

Benign

 (n=25)

 p-valueb

CD56dim CD16- 5.5 (0.3–92.1) 18.5 (2.5–100) 0.001***

95%CI 2.3–13 11.8–28.1

CD56dim CD16+ 90.7 (7.4–99) 81.4 (0–95.4)  0.001***

95%CI 87–97.7 71.9–88.2

NK CD16+ 95 (7.8–99.6) 86.5 (0–97.1)  0.002**

 95%CI 92.8–99.8 78.8–92.9

Abbreviations: NK (natural killer) CI (confidence interval).
aPercentage data expressed as median (minimum-maximum).
bStudent’s t-test or Mann-Whitney U test. 
*p<0.05; **p<0.01; ***p<0.001

Diagnostic efficacy of cytotoxic NK subpopulations

These results reveal that, despite there being no differences in 
the NK subpopulations in pleural fluid to differentiate malignant 

cases from benign ones, differences appeared in the following NK 
subpopulations in peripheral blood: NK CD56 dim CD16-, NK CD56 
dim CD16 + and NK CD16+. In order to determine the diagnostic 
efficacy of the analysis of these subpopulations in blood, a ROC 
curve analysis with AUC was performed. The isolated determination 
of the percentage in peripheral blood of subpopulation NK CD56 
dim CD16- had an AUC of 0.777 to discriminate a BPE from a 
MPE (95%CI: 0.653–0.901; p<0.001). If the cut-off point was 9.82%, 
sensitivity would be 76% and specificity would be 71%. In order to 
differentiate a BPE from a MPE/PPE, the AUC was 0.784 (95%CI: 
0.671–0.897; p<0.001), with a sensitivity of 76% and a specificity of 
72% with the same cut-off point (Figure 2). 

Subpopulations NK CD56 dim CD16 + and NK CD16+, which have 
an antibody-dependent cytotoxic function, allow for discrimination 
of a patient with MPE from one with a BPE with an AUC of 0.761 
(95%CI: 0.637–0.885; p=0.001) and 0.747 (95%CI: 0.619–0.876; 
p=0.002), respectively. In order to differentiate a MPE and PPE from 
a BPE, the AUC was 0.774 (95%CI: 0.663–0.885; p<0.001) and 0.753 
(95%CI: 0.640–0.867; p<0.001), respectively (Figure 3).
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Figure 2. ROC curve of subpopulation NK CD56 dim CD16- to differentiate benign 
pleural effusions from malignant and paramalignant ones

Figure 3. ROC curves of subpopulations NK CD56 dim CD16 + and NK CD16+ to 
differentiate malignant and paramalignant pleural effusions from those of a benign type

Discussion

MPE is a sign of advanced neoplastic disease which implies the 
pleural space has been affected by this malignant process. Given 
these patients’ poor prognosis, its diagnosis is therefore essential, 
and it would be very useful to identify markers that increase the 
possibility of diagnosing this malignity. Here, NK cells can play a key 
role in the defense against neoplastic invasion of the pleural cavity. 
In theory, detecting a high percentage of NK cells in MPE could help 

establish their tumoral nature. Despite some authors having observed 
a higher NK cell percentage in MPE, [5–7] others have reported a 
lower percentage, [8] and some groups, including our own, have not 
even found any differences [9]. It would appear that published data 
may indicate that determining only total NK cells is not sufficient to 
distinguish MPE from BPE. Therefore, we have centered our research 
on the NK subpopulations characterized by playing a cytotoxic 
function as presence of neoplastic cells in pleural fluid or tissue 
should reflect increased cytolytic activity in MPE compared to those 
of other etiologies. Apart from the subpopulations that explain the 
intensity of the expression of CD56 and CD16, potentially cytotoxic 
subpopulation NK CD57+ was also evaluated in differentiating a MPE 
from a BPE. Our data demonstrated that although no differences 
between groups or between malignant and benign cases were found 
in any of the studied cells in pleural fluid, differences appeared in 
peripheral blood: subpopulation CD56 dim CD16- was higher in 
BPE cases, and subpopulations CD56 dim CD16 + and NK CD16+ 
were higher in MPE and PPE ones. This indicated that a high CD16 
expression made them efficient mediators of antibody-dependent cell 
cytotoxicity [13] with expressions in blood, but not in pleural fluid. 
These findings led us to wonder if there was a more relevant systemic 
response than the local one in patients with MPE. No published 
works have analyzed the diagnostic value of NK subpopulations in 
peripheral blood to distinguish between MPE and BPE. Moreover, 
information about pleural fluid is scarce. Scherpereel et al.[17] found 
increased CD16+ in pleural fluid in all PE except for BPE. Cornfield et 
al.[4] analyzed 30 malignant (pleural, pericardial and ascitic) effusions 
and 30 benign ones, and found no differences in the percentage of any 
subpopulation they studied. These authors only reported an increase 
in the absolute value of NK CD16+ in malignant effusions. Pace et 
al.[18] encountered that NKCD16+ percentages in patients with MPE 
and BPE were similar. The comparison made of the findings from this 
work with the few existing studies is complicated due to the different 
methodologies employed. Our data coincide with those reported 
by Cornfield et al. [4] The work by Pace et al. [18] only included 19 
patients with MPE, while the BPE group differed (due to heart failure) 
to that herein studied as they were effusions of unknown etiology 
suspected of malignity, which pose a problem in diagnosing MPE. 
Moreover, although NKCD57+ displayed high cytolytic activity, 
[14,15], no published studies have been conducted on this marker in 
MPE, and this is the first work to analyses it.

In order to determine the diagnostic efficiency of the analyses of 
these subpopulations in blood, a ROC curve analysis was carried out. 
The subpopulation with the largest AUC to differentiate BPE from 
malignant ones was NK CD56 dim CD16- (0.777), which increased 
to 0.784 when the discrimination was between BPE and both MPE 
and PPE. When distinguishing between malignant and benign cases, 
subpopulations NK CD56 dim CD16+ and NK CD16+ had an AUC of 
0.761 and 0.757, respectively. When MPE and PPE were distinguished 
from BPE the AUC increased to 0.774 and 0.753. This result has never 
been previously reported. 

The main limitation of this study was that 21.1% of the included 
effusions were of the PPE type. Other studies[4,18] did not include 
this type. However, as the PPE type has its typical characteristics and is 
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associated with poor prognosis, we decided to include it to well reflect 
the usual clinical reality. 

By way of conclusion, determining the percentage of NK cells in 
pleural fluid of PE of unknown etiology does not allow malignant 
cases to be differentiated from benign ones. However, determining the 
percentage of subpopulations NK CD56 dim CD16+ and NK CD16+ 
that perform an antibody-dependent cytotoxic function in peripheral 
blood was identified as a diagnostic test whose capacity helps to early 
discriminate a patient with a MPE.
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