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Accumulation of TNFR2-expressing regulatory T cells in malignant 
pleural effusion of lung cancer patients is associated with poor 
prognosis
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Background: Regulatory T cells (Tregs) may represent a major cellular mechanism in immune suppression 
by dampening the anti-tumor response in malignant pleural effusion (MPE). Tumor necrosis factor receptor 
type II (TNFR2) has emerged as a novel identification for the maximally suppressive subset of Tregs in the 
tumor environment. At present, the significance of TNFR2 expression on Tregs in MPE remains unclear.
Methods: The distribution of TNFR2+cells in Tregs and effector T cells (Teffs) in MPE, peripheral blood 
(PB), and tuberculosis pleural effusion (TPE) were determined. The associations between TNFR2+Tregs 
frequencies present in MPE and the clinical and laboratorial characteristics of patients with lung cancer 
were investigated. The immunosuppressive phenotype of TNFR2+Tregs in MPE was analyzed. The effects 
of the TNF-TNFR2 interaction on the immunosuppressive function of Tregs was explored. The efficacy of 
targeting TNFR2 for MPE therapy was examined. The source of TNF in MPE was identified.
Results: We observed that markedly higher levels of TNFR2 were expressed in MPE Tregs compared 
with the levels expressed in MPE Teffs, PB Tregs, or in TPE Tregs. The frequencies of TNFR2+Tregs 
were positively correlated with the number of tumor cells in MPE, as well as the volume of MPE. High 
frequencies of TNFR2+Tregs in MPE indicated short survival time and poor performance status for MPE 
patients. Compared to TNFR2-Tregs, TNFR2+Tregs expressed higher levels of immunosuppressive 
molecules cytotoxic T lymphocyte-associated protein 4 (CTLA-4), programmed cell death-ligand 1 (PD-
L1), and replicating marker Ki-67. Consequently, the proportions of interferon gamma (IFN-γ)-producing 
cytotoxic T lymphocytes (CTLs) were significantly increased after TNFR2 blockade. Furthermore, tumor 
necrosis factor (TNF), through interaction with TNFR2, enhanced the suppressive capacity of Tregs by up-
regulating CTLA-4 and PD-L1 expression. Interestingly, T helper 1 (Th1) and T helper 17 (Th17) cells are 
the major source of TNF in MPE, suggesting that MPE Teffs may paradoxically promote tumor growth by 
boosting MPE Treg activity via the TNF-TNFR2 pathway.
Conclusions: Our data expanded the immunosuppressive mechanism present in MPE induced by Tregs, 
and provides novel insight for the diagnosis, disease evaluation, and treatment of MPE patients.
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Introduction

The central role of the immune system in killing human 
cancer cells is undebated (1). Compelling evidence has 
implicated that the adaptive immune system, mainly T 
cells immunity mediated by effector T cells (Teffs), plays 
crucial roles in tumor immunity (2,3). Teffs comprise 
different functional subtype and these cells can directly or 
indirectly kill tumors by synthesizing various biomolecules 
such as Interferon-γ (IFN-γ), tumor necrosis factor (TNF), 
perforin and/or granzymes (3,4). In contrast, regulatory 
T cells (Tregs), a subset of CD4+ T cells characterized 
by the expression of a key transcription factor forkhead 
box p3 (Foxp3) (5,6), are potent immunosuppressive 
cells that dampen anti-tumor immunity by suppressing 
Teffs activities and contribute to the development of 
the immunosuppressive tumor microenvironment, thus 
promoting immune evasion and cancer progression (3,7,8). 
Accumulation of Treg cells within tumor tissues and the 
resultant of high ratio of Treg to Teff, are associated with 
poor prognosis of cancer patients, including those with lung 
cancer (9,10), breast cancer (11), colorectal cancer (12),  
pancreatic cancer (13), and other malignancies (14). 
Hence, strategies to eliminating tumor-infiltrating Tregs 
to break immunosuppressive networks and re-establish 
anti-tumor immunity are urgently required in the cancer 
immunotherapy.

Malignant pleural effusions (MPEs) are a common, 
debilitating complication of the spread of metastatic cancer 
to serous cavities, with an estimated annual incidence in the 
United States of more than 200,000 cases (15,16). Patients 
suffering from MPE usually face a uniformly fatal prognosis 
and a life expectancy of only 3 to 12 months (16). Research 
on the immune landscape of MPE has shed light on the 
presence of potential antigen-presenting and effector cells, 
but host immunity has failed to contain the malignancy 
(15,17). This deadly outcome may be partly caused by the 
immunosuppressive activity in MPE (15).

Tregs may represent a major cellular mechanism 
in immune suppression by dampening the anti-tumor 

responses in MPE (15,17-22) . Previously, we observed an 
increased frequency of Tregs present in MPE compared to 
the corresponding blood or benign pleural effusions (9,19). 
They exhibit distinct phenotypic and functional profiles, 
upregulating markers associated with enhanced suppressive 
activity (9,20).  These include immunosuppressive 
molecules, cytotoxic T-lymphocyte associated protein 4 
(CTLA-4), glucocorticoid-induced TNFR family related 
gene (GITR), CD39; and inhibitory cytokines, including 
interleukin-10 (IL-10) and transforming growth factor-β 
(TGF-β) (19,23). In line with this, these functional Tregs 
present in MPE significantly inhibited the proliferation 
and cytokine production of co-cultured MPETeffs upon 
T cell receptor (TCR) stimulation (18,23). This process 
may occur in two ways, by cell-to-cell direct contact or by 
secretion of inhibitory cytokines according to the functional 
frofiles. Moreover, accumulation of Treg cells within MPE, 
and the high ratio of Tregs to Teffs in MPE was reported 
to be associated with an unfavorable prognosis (9,22). 
In this context, the question of which specific factors or 
signals present in MPE selectively modulate Treg frequency 
and activity is of considerable current interest. Moreover, 
identifying and targeting the most active Treg population 
within MPE is crucial to enhancing anti-tumor immunity.

Tumor-infiltrating Tregs persistently express higher 
levels of tumor necrosis factor type II receptor (TNFR2) 
than Teffs, and these TNFR2+Tregs are considered to be 
the maximally suppressive subset of Tregs (24-26). To date, 
the significance of TNFR2 expression on Tregs in MPE 
remains unclear. Furthermore, tumor necrosis factor (TNF), 
which is expressed by activated Teffs (27), plays a decisive 
role in the activation and expansion of Tregs via interaction 
with TNFR2 (28,29). We wonder whether Teffs in MPE 
abundantly express TNF, which could partly explain the 
“cold” function against tumor.

In this study, we have confirmed that TNFR2 can be 
considered as a reliable dentifying feature for functional 
Tregs in MPE, and has great clinical importance. TNF/
TNFR2 signaling plays a decisive role in the suppressive 
function of MPE Tregs, and silencing of this pathway is an 
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effective strategy for MPE immunotherapy. Furthermore, we 
have observed that T helper 1 (Th1) and T helper 17 (Th17) 
cells provide quite a large of TNF in MPE, which may 
expand the relationships between Tregs and Teffs in MPE. 
Taken together, our data expanded the immunosuppressive 
mechanism present in MPE induced by Tregs, and provides 
novel insight for the clinical diagnosis, disease evaluation, and 
treatment of MPE patients. We present the following article 
in accordance with the Materials Design Analysis Reporting 
(MDAR) reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-7181).

Methods

Ethical statement

The trial was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). The study protocol and 
clinical data of patients were approved by Ethics Committee 
of the Union Hospital, Tongji Medical College, Huazhong 
University of Science and Technology (2019-S809). 
Informed consent was obtained from all patients.

Patients

Malignant pleural fluid samples were collected from 
41 patients with newly histologically-diagnosed lung 
adenocarcinoma with MPE. The MPE diagnosis was 
established by demonstration of malignant cells in pleural 
fluid, closed pleural biopsy, or both. Patients were excluded 
if they had undergone any invasive procedures directed 
into the pleural cavity or if they had suffered chest trauma 
within 3 months prior to hospitalization. At the time of 
sample collection, none of the patients had received any 
anti-cancer therapy, corticosteroids, or other non-steroidal 
anti-inflammatory drugs.

Tuberculous pleural effusion (TPE) samples were 
collected from 36 anti-HIV antibody (Ab) negative 
patients with tuberculous pleurisy, as evidenced by the 
presence of Mycobacterium tuberculosis (MTB) in pleural 
fluid or by demonstration of granulomatous pleurisy on 
pleural biopsy specimen in the absence of any evidence 
of other granulomatous diseases. After anti-tuberculosis 
chemotherapy, the resolution of TPE and clinical symptoms 
was observed in all of the patients. At the time of sample 
collection, none of the patients had received any anti-
tuberculosis therapy, corticosteroids, or other non-steroidal 
anti-inflammatory drugs.

Clinical data collection

The clinical characteristics and laboratory findings of 
all 41 MPE patients were obtained from the electronic 
medical records of Wuhan Union Hospital (summarized 
in Table 1). The laboratory examinations included the 
following: routine laboratory tests, biochemical indicators, 
tumor markers of pleural effusion, and Epidermal Growth 
Factor Receptor (EGFR) mutations. The proportions 
of tumor cells in MPE were obtained from pathology 
reports recorded by pathologists. The maximum pleural 
effusion anteroposterior diameter (PEAD) was determined 
by ultrasonography. The Eastern Cooperative Oncology 
Group (ECOG) performance status (PS) scores are 
provided in the Supplementary Appendix.

Sample collection and processing

The pleural fluid samples were collected in heparin-treated 
tubes from each patient using a standard thoracentesis 
technique within 24 h of hospitalization. Ten milliliters 
of peripheral blood (PB) was drawn simultaneously. 
MPE specimens were immediately put on ice and then 
centrifuged at 1,500 r for 6 min. The cell-free supernatants 
of MPE and serum were frozen at −80 ℃ immediately 
after centrifugation for later determining cytokine 
concentrations. The MPE cell pellets were resuspended in 
1× phosphate buffered saline (PBS), and pleural effusion 
mononuclear cells (PEMCs) were isolated by Ficoll-
Hypaque gradient centrifugation (StemCell Technologies, 
Vancouver, British Columbia, Canada).

Cell isolation and culture

Cluster of differentiation (CD)4+T cells were purified 
from PEMCs with a CD4+T cell isolation kit (Miltenyi 
Biotec, Bergisch Gladbach, Germany) according to the 
manufacturer’s instructions. The purity of the CD4+T cells 
was >97%, as measured by flow cytometry. Purified CD4+T 
cells (1×106 per well) or fresh PEMCs (1×106 per well) were 
cultured in a 48-well plate (Corning Costar, Corning, NY, 
USA) with 1 ml Roswell Park Memorial Institute (RPMI)-
1640 medium (Solarbio, Beijing, China) containing 10% 
fetal bovine serum (FBS, Gibco, Invitrogen, Carlsbad, 
CA, USA) for 72 h with TNF (50 ng/mL) (PeproTech, 
Rocky Hill, NJ, USA), anti-TNFR2 (10 μg/mL), or rat 
immunoglobulin G (IgG) isotype (10 μg/mL) (Biolegend, 
San Diego, CA, USA) according to different requirements.

http://dx.doi.org/10.21037/atm-20-7181
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Flow cytometry and intracellular cytokine staining

The expression markers on T cells from MPE were 
identified by flow cytometry after surface or intracellular 
staining with anti-human-specific Abs conjugated with 
either phycoerythrin or fluorescein isothiocyanate (Table 2). 
These human Abs included anti-CD3, anti-CD4, anti-CD8, 
anti-CD25, anti-TNFR2, anti-programmed cell death-
ligand 1 (PD-L1), anti-CTLA-4, anti-Ki-67, anti-forkhead 
box P3 (Foxp3), anti- interferon gamma (IFN-γ), anti-
interleukin 17 (IL-17), and anti-TNF monoclonal antibodies 
(mAbs), which were purchased from BD Biosciences (San 
Diego, CA, USA), eBioscience (San Diego, CA, USA), or 
Biolegend (San Diego, CA, USA). Intracellular staining 
for IL-17, IFN-γ, and TNF was performed on T cells 
stimulated with phorbol myristate acetate (PMA) (50 ng/mL;  

Sigma-Aldrich, St. Louis, MO, USA) and ionomycin  
(1 μg/mL; Sigma-Aldrich) in the presence of Brefeldin A (1×; 
eBioscience) for 5 h. The intracellular IL-17, IFN-γ, or TNF 
was then stained with mAbs. Flow cytometry was performed 
on BD LSRFORTESSA X-20 (BD Biosciences) and the data 
were analyzed using FlowJo software version 10.0.7 (Tree 
Star Inc., Ashland, OR, USA). Fluorescence-activated cell 
sorting (FACS) analysis was performed on the live cells alone 
using Fixable Viability Stain purchased from BD Biosciences.

Measurement of cytokines

The concentrations of TNF in MPE and sera, as well as IFN-γ 
in culture supernatants, were measured using sandwich enzyme-
linked immunosorbent assay (ELISA) kits (R&D Systems 

Table 1 Clinical and laboratory characteristics of MPE patients

Characteristic TNFR2+Treg high (n=15) TNFR2+Treg low (n=26) P value

Age, median [range], yrs 65 [52–72] 68 [61.5–70.5] 0.9321

Male, No., % 9/15 [60] 18/26 [69.2] 0.5483

Smoking history, No., %

Current smoker 4/15 [26.7] 7/26 [26.9] 0.9858

Ex-smoker 4/15 [26.7] 6/26 [23.1] 0.7966

Never-smoker 7/15 [46.7] 13/26 [50] 0.8370

Body mass index, median [range] 20.93 [19.16–22.34] 22.79 [21.12–24.13] 0.0831

EGFR mutations

Positive, No., % 5/8 [62.5] 8/10 [80] 0.4101

Pleural effusion

Total cell count (106/L) 10,399 [1,921–65,802] 12,500 [2,025–63,429] 0.7342

Total WBC (106/L) 704 [307–1,226] 1,289 [403–1,900] 0.1802

Mononuclear WBC (%) 78 [64–88] 76 [56–94] 0.7844

Multinuclear WBC (%) 22 [12–36] 24 [7–44] 0.8008

Neutrophil-lymphocyte ratio 0.28 [0.14–0.56] 0.32 [0.07–0.79] 0.7094

Carcinoembryonic antigen (mg/L) 424.2 [41.4–1266] 566.5 [77.78–1,500] 0.8414

Lactose dehydrogenase (U/L) 350 [245–761] 540 [252–650.5] 0.3443

Adenosine deaminase (U/L) 8 [6–11.75] 8 [6.5–13.5] 0.8215

Total protein (g/L) 40.2 [35.4–42.65] 44.9 [35–49.2] 0.1197

Albumin (g/L) 26.9 [22.4–30.7] 28 [24–33.7] 0.4080

Cholesterol (mmol/L) 2.16 [1.62–2.62] 2.1 [1.89–2.62] 0.9285

Data are presented as medians [interquartile ranges, IQR] and n/N (%). MPE, malignant pleural effusion; EGFR, epidermal growth factor 
receptor; WBC, white blood cell count.
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Inc, Minneapolis, MN, USA) according to the manufacturer’s 
protocols. All samples were assayed in duplicate.

Statistical analysis

The Student’s t-test, Wilcoxon sign-rank test, or Mann-
Whitney test was used for comparison of two indicated groups. 
Chi-squared tests were applied to categorical variables. One-
way analysis of variance (ANOVA) was used for the comparisons 
in multiple groups. Correlations between variables were 
determined by Spearman’s rank correlation coefficients. Survival 
was estimated by the Kaplan-Meier method and compared by 
the log-rank test. Significance was determined using P<0.05. All 
statistical analyses were performed using the SPSS 13.0 (SPSS 
Inc., Chicago, IL, USA).

Results

High TNFR2 expression is a characteristic of MPE Tregs 
in lung cancer patients

To characterize CD4+Foxp3+Tregs (Tregs) present in 

MPE, MPE was collected from 41 patients with stage 
IV lung cancer. As a comparison, Tregs in the PB were 
collected from the same patient and analyzed. As shown in  
Figure 1A,B, the proportion of Foxp3+ cells present in 
CD4+T cells present in MPE (18.14%) was approximately 
two times higher than that in the PB (10.17%, P<0.0001). 
Furthermore, Tregs present in the MPE appeared to express 
higher levels of Foxp3 on a per cell basis, as shown by the 
mean fluorescent intensity (MFI) of Foxp3 expression 
(P<0.0001, Figure 1C). As expected, the proportion of 
TNFR2+ cells in CD4+Foxp3+Tregs (Tregs) in MPE 
(72.66%±1.87%) was markedly higher than that expressed 
by CD4+Foxp3- effector T cells (Teffs) (34.45%±3.22%, 
P<0.0001, Figure 1D,E). Moreover, the MFI of TNFR2 
expression by MPE Tregs was about two times higher 
compared to TNFR2 MFI expressed by MPE Teffs 
(P<0.0001, Figure 1F).

In CD4+T cells present in MPE, CD25hi could identify 
Tregs, as indicated by the high Foxp3 expression (18,21). We 
also found that TNFR2 and Foxp3 were co-expressed by the 
majority of CD4+CD25hi T cells in MPE (Figure 1G), and 
these two markers were positively correlated (Figure 1H).  

Table 2 List of the antibodies

Antibodies Clone RRID Catalogue number Manufacturer

Percp-cy5.5 mouse anti-human CD3 OKT3 AB_10548513 45-0037-42 eBiosciences

FITC mouse anti-human CD4 RPA-T4 AB_395751 555346 BD Sciences

FITC mouse anti-human CD8 RPA-T8 AB_395769 555366 BD Sciences

PE-Cy™7 mouse anti-human CD25 M-A251 AB_396847 557741 BD Sciences

Brilliant Violet 421™ anti-human FOXP3 Antibody 206D AB_2565972 320124 BioLegend 

PE mouse anti-human Foxp3 236A/E7 AB_1944444 12-4777-42 eBiosciences

APC mouse anti-human Foxp3 236A/E7 AB_10804651 17-4777-42 eBiosciences

BV421 Rat anti-human CD120b hTNFR-M1 AB_2741188 742984 BD Sciences

PE rat anti-human CD120b hTNFR-M1 AB_394383 552418 BD Sciences

APC mouse anti-human Ki-67 20Raj1 AB_2573218 17-5699-42 eBiosciences

PE-cyanine7 mouse anti-human CD152 (CTLA-4) 14D3 AB_2573406 25-1529-42 eBiosciences

PE anti-human CD274 (B7-H1, PD-L1) 29E.2A3 AB_940368 329706 BioLegend 

PE-cyanine7 mouse anti-human IL-17A eBio64DEC17 AB_11063994 25-7179-42 eBiosciences

APC mouse anti-human IFN-γ B27 AB_398580 554702 BD Sciences

PE mouse anti-human TNF MAB11 AB_10893999 562083 BD Sciences

BV421 mouse anti-human TNF MAB11 AB_2739649 566275 BD Sciences

Ultra-LEAF™ purified anti-human CD120b antibody 3G7A02 AB_2563224 358408 BioLegend 

https://www.bdbiosciences.com/cn/applications/research/apoptosis/conjugated-antibodies/pe-rat-anti-human-cd120b-htnfr-m1/p/552418
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Figure 1 High TNFR2 expression is a characteristic of MPE Tregs in lung cancer patients. (A) The representative proportion of 
Foxp3+Tregs were determined using FACS gated on live CD4+T cells. Comparisons of (B) the frequency and (C) the MFI of Foxp3 on 
CD4+T cells between MPE and blood (n=28). (D) Expression of TNFR2 on Tregs (CD4+Foxp3+; red line) and effector T cells (Teffs)
(CD4+Foxp3-; blue line) in MPE. The shaded histogram depicts the isotype control. Comparisons of (E) the proportion of TNFR2+ cells 
and (F) TNFR2 MFI on Tregs and Tconvs (n=18). (G) Foxp3 and TNFR2 expressed by CD4+CD25hi T cells. (H) Correlation between the 
proportions of Foxp3+ cells and TNFR2+ cells present in CD4+CD25hi T cells in MPE (n=16). (I) Representative FACS analysis of TNFR2+ 
cells in Tregs from MPE and PB, gating for live CD4+Foxp3+cells. Comparisons of (J) TNFR2+ cells proportion and (K) TNFR2 MFI on 
Tregs in MPE and blood (n=18). Comparisons of (L) the proportion of TNFR2+ cells in Tregs and (M) the proportion of total Tregs in 
CD4+T cells between MPE (n=41) and TPE (n=36). Data are expressed as means ± standard error of mean (SEM). The percentages were 
determined by flow cytometry. ****, P<0.0001 by paired Student’s t-test or Wilcoxon test. Correlations were determined by Spearman’s rank 
correlation coefficients. TNFR2, tumor necrosis factor receptor type II; MPE, malignant pleural effusion; FACS, fluorescence-activated cell 
sorting; MFI, mean fluorescent intensity.
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Furthermore, 85.5% of Foxp3-expressing MPE Tregs 
expressed TNFR2, which was notably higher than the 
TNFR2 expressed by PB Tregs (62.1%, P<0.0001,  
Figure 1I,J). Also, the intensity of TNFR2 expression on a 
per cell basis by MPE Tregs was approximately two times 
higher than PB Tregs (Figure 1K, P<0.0001). Thus, high 
expression of TNFR2 is a phenotypical characteristic of 
Tregs in patients with MPE, which is akin to Tregs present 
in the solid tumor environment or in the ascites of ovarian 
cancer patients (25,30).

Clinically, distinguishing MPE from TPE remains a 
challenge since they have similar clinical or laboratory 
manifestations, and sometimes lack pathological evidence. 
In this study, pleural effusion samples from a total of 41 
patients with MPE and 36 patients with TPE were analyzed 
and compared. Surprisingly, the proportion of TNFR2+ 
cells present in MPE Tregs was considerably higher than 
that in TPE Tregs (79% vs. 51.05%, Figure 1L; P<0.0001). 
However, no differences were observed in the frequency of 
total Tregs in CD4+T cells (16.6% vs. 13.3%, Figure 1M; 
P>0.05). The data further supports the notion that TNFR2 
is the characteristic marker of tumor-associated Tregs. Our 
findings also suggest a value of TNFR2 in the diagnosis of 
MPE.

Expression of TNFR2 on MPE Tregs has clinicopathological 
implications

Previous studies have reported that a high percentage of 
malignant cells in the pleural space are associated with the 
immunosuppressive milieu in MPE (31,32). Interestingly, 
the frequency of TNFR2-expressing Tregs was positively 
correlated with the frequency of tumor cells in MPE 
(r=0.458, P=0.019, n=26, Figure 2A), and the maximum 
PEAD was measured by ultrasound (r=0.56, P=0.001, n=30, 
Figure 2B). It is possible that TNFR2+ Tregs promote tumor 
metastasis, while metastatic tumors in MPE might induce 
the chemotaxis or proliferation of TNFR2+ Tregs. However, 
the exact mechanism needs to be further elucidated.

Next, we investigated the relationships between TNFR2 
expression levels on Tregs and the clinical parameters in 
patients with MPE. Based on the percentages of TNFR2 
in Tregs determined by flow cytometry, patients with 
a value equal to or more than 85% were described as 
“high TNFR2+Tregs (n=15)”, and those below as “low 
TNFR2+Tregs (n=26)”. The demographics, clinical 
characteristics, and laboratory parameters between these 
two groups are shown in Table 1. Poor ECOG PS is a 

negative prognostic factor for lung cancer patients (33). 
We noted that a poor ECGO PS (≥3) at admission was 
more frequent in patients with high TNFR2+Tregs (47% 
vs. 15%, P=0.029, Figure 2C). Moreover, patients with low 
TNFR2+Tregs had significantly longer overall survival 
(median, 8.0 months; Figure 2D) than patients with high 
TNFR2+Tregs (median, 4.8 months). Individuals in the 
high TNFR2+Tregs group experienced a 2.8-fold higher 
risk of death compared with those in the low TNFR2+Tregs 
group [95% confidence interval (CI), 1.1–8.3]. Therefore, 
our data supports the idea that an increase in the frequency 
of TNFR2+ Tregs in MPE is a predictor of increased risk of 
death and reduced survival in patients with MPE.

TNFR2-expressing Tregs in MPE exhibit a highly 
proliferative and functional  phenotype

TNFR2 acts as a costimulatory molecule that considerably 
enhances the activation of lymphocytes by TCR signals 
(34,35). It has been shown previously that TNFR2 is 
expressed in highly proliferative Tregs (24). Hererin, we 
analyzed the functionally phenotypic characteristics of 
TNFR2+Tregs present in MPE (Figure 3). Indeed, the 
proportion of Ki-67+ cells in MPE TNFR2hi Tregs (69.3%) 
was significantly higher than that in TNFR2low Tregs 
(27.9%, P<0.0001) and TNFR2neg Tregs (10.9%, P<0.0001, 
Figure 3A,B,C). Cytotoxic T lymphocyte-associated antigen 
(CTLA)-4-mediated subversion of antigen-presenting 
cell function and PD-L1-mediated contact inhibition 
reportedly participates in the suppressive activity of Tregs 
in the tumor microenvironment (23,36-38). Interestingly, 
the proportions of CTLA-4+ cells (49.3%±6.73%) and  
PD-L1+ cells (40.93%±10.16%) present in TNFR2+ Tregs 
were notably higher compared with those in TNFR2- Tregs 
(27.82%±7.06%, 17.23%±6.144%, respectively; all P<0.001; 
Figure 3E,F). The expression of TNFR2 and Ki-67 (r=0.885, 
P<0.0001; Figure 3D), as well as CTLA-4 and PD-L1 
(r=0.905 for CTLA-4; 0.952 for PD-L1; all P<0.0001; 
Figure 3G) by MPE Tregs were positively correlated, 
indicating that TNFR2-expressing Tregs in MPE are highly 
proliferative with potent suppressive activity.

TNF-TNFR2 interaction enhances immunosuppressive 
function of Tregs in MPE

Previous studies have demonstrated that TNFR2 not 
only serves as a surface marker for the identification of 
Tregs but also promotes Treg function (29,35,39). Thus, 
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we investigated the effects of TNF-TNFR2 interaction 
on Tregs in MPE. Purified CD4+T cells from MPE were 
treated with TNF for 72 hours. The result showed that 
the proportions of both CTLA-4+ cells and PD-L1+ cells 
present in TNFR2+ Tregs were significantly increased after 
TNF treatment (from 24.5% to 34.6% for CTLA-4; from 
69.8% to 85.2% for PD-L1; all P<0.05; Figure 4). Notably, 
the TNF-induced up-regulation of CTLA-4 and PD-L1 
expression on TNFR2+ Tregs were completely abrogated 
by anti-TNFR2 Abs treatment (Figure 4, all P<0.01), 
indicating that the TNF-TNFR2 interaction contributes to 
the immunosuppressive function of Tregs in MPE.

Th1 and Th17 in MPE are major TNF producers

Since TNFR2 mediates the effects of TNF on the functions 

of Tregs in MPE, and the concentrations of TNF in MPE 
were three times higher than the corresponding plasma 
(Figure 5A; P<0.0001), we determined the cell origins of 
TNF in MPE using flow cytometry (Figure 5B). The data 
showed that CD4+T cells comprised up to 67% of the 
total TNF+ cells in MPE, while CD8+T cells accounted for 
18%, and CD3- cells (presumably myeloid cells) accounted 
for 15% (Figure 5C), which is likely attributable to the 
fact that CD4+T cells are a dominant population in MPE  
(Figure S1). In addition, we also noted that the percentage 
of  TNF + ce l l s  in  CD4 + T ce l l s  (65%±5.7%) was 
considerably higher compared to CD8+T cells (56%±5.6%; 
P<0.05) and CD3- cells (47%±6.3%; P<0.001; Figure 5D).

Previous studies have reported that the accumulation of 
IFN-γ-producing CD4+T (Th1) cells and IL-17-producing 
CD4+T (Th17) cells frequently occurs in MPE (21,23). 

Figure 2 The relationships between TNFR2+Treg and clinical parameters. (A) Correlations between the TNFR2+ cell proportion in Tregs 
and the tumor cell proportion in MPE (n=26). (B) Correlations between TNFR2+ cell proportion in Tregs and the maximum PEAD (n=30). 
(C) The graphs summarize the frequencies of patients with different ECOG PS scores within the total patients in the indicated group 
(n=15 for high proportions of TNFR2+ cells; and n=26 for low proportions of TNFR2+ cells). (D) Kaplan-Meier survival curves for patients 
with “high (n=15)” and “low (n=21)” frequency of TNFR2+ cells in Tregs. Data are expressed as means ± SEM (A and B). The proportions 
of Tregs and TNFR2+ cells in Tregs were determined by flow cytometry. The proportions of tumor cells in MPE were determined 
by immunohistochemical staining (n=26). The maximum PEAD was measured by ultrasonography. Correlations were determined by 
Spearman’s rank correlation coefficients. NS represents no statistics difference. Overall survival was estimated by the Kaplan-Meier method 
and compared by the log-rank test. TNFR2, tumor necrosis factor receptor type II; MPE, malignant pleural effusion.
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Figure 3 Comparisons of functional markers between TNFR2+Tregs and TNFR2-Tregs in MPE. (A) Gating strategy for identifying TNFR2hi, 
TNFR2low, and TNFR2neg in CD4+Foxp3+T cells. (B) The representative percentages of Ki-67+ cells in TNFR2hiTregs, TNFR2lowTregs, 
and TNFR2negTregs were determined using FACS. (B) Summary data of Ki-67+ cells frequency in TNFR2hiTregs, TNFR2lowTregs, and 
TNFR2negTregs (n=16). (D) Correlation between Ki-67 and TNFR2 expressed by Tregs in MPE (n=16). (E) The histogram showing the 
expression of CTLA-4 and PD-L1 on TNFR2+Tregs (red filled histogram) and TNFR2-Tregs (blue filled). The gray filled histogram depicts the 
isotype control. (F) The graph summarizes the frequency of CTLA-4+ cells and PD-L1+ cells within each cell type (n=11). (G) TNFR2 expression 
correlates with CTLA-4 and PD-L1 expression on Tregs in MPE (n=11). The percentages were determined by flow cytometry. Data are expressed 
as means ± SEM. Flow analysis was gated on live cells. ***, P<0.001, ****, P<0.0001 by one-way ANOVA or Paired Student’s t-test. Correlations 
were determined by Spearman’s rank correlation coefficients. TNFR2, tumor necrosis factor receptor type II; MPE, malignant pleural effusion.
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Figure 4 Effects of TNF on the suppressive function of TNFR2+Tregs. Purified CD4+ T cells were cultured in medium alone, TNF  
(50 ng/mL), TNF combined with anti-TNFR2 mAbs (10 μg/mL), or isotype IgG, as indicated, for 72 hours. The representative FACS analysis of (A) 
CTLA-4+ cells and (B) PD-L1+ cells in TNFR2+ Tregs as indicated, gated on live CD4+Foxp3+ cells. Summary of the proportions of (C) CTLA-4+ 
cells (n=3) and (D) PD-L1+ cells (n=3) in Tregs within each condition. Data are expressed as means ± SEM. *, P<0.05, **, P<0.01, ****, P<0.0001 by 
one-way ANOVA test. NS represents no statistics difference. TNFR2, tumor necrosis factor receptor type II.
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Herein, we confirmed these reports and found that ~32% of 
MPE CD4+T cells were INF γ-producing cells and ~4.2% of 
MPE CD4+T cells were IL-17-producing cells (Figure 5E).  

Interestingly, ~95% of INF γ+ cells and IL-17+ cells co-
expressed TNF (Figure 5E,F). Therefore, Th1 and Th17 
cells in MPE appear to be the major source of TNF and may 
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Figure 5 The expression of TNF by Teffs in MPE. (A) Comparison of the concentration of TNF in MPE and PB from patients with lung 
cancer (n=16). (B) The representative identification of CD4+T cells, CD8+T cells, and CD3-T cells within TNF+ cells were determined by 
flow cytometry. CD4+T cells were identified based on their expression of CD3 and not of CD8. (C) Summary data of the percentages of 
CD4+T cells, CD8+T cells, and CD3- cells within the total TNF+ cells (n=16). (D) Comparison of the percentages of TNF+ cells in CD4+T 
cells, CD8+T cells, and CD3- cells in MPE (n=16). (E) The representative FACS analysis of TNF expressed by Th1 cells and Th17 cells. (F) 
Comparison of the percentages of TNF+ cells in Th1 cells, Th17 cells, and total CD4+T cells in MPE (n=16). Flow analysis was gated on 
live cells. Data are expressed as means ± SEM; *, P<0.05, ***, P<0.001, ****, P<0.0001 by paired t-test or one-way ANOVA. NS represents no 
statistics difference. MPE, malignant pleural effusion.

account for the activation and function of Tregs in MPE.
To our previous knowledge, Teffs play central roles 

in orchestrating adaptive immune responses to tumor 
antigens, which can be suppressed by Tregs in tumor 
microenvironment. In this context, the functions of 
Teffs and Tregs were mainly considered to be reciprocal 

inhibition and antagonism. However, our findings indicate 
that Teffs may support the suppressive activity of Tregs via 
TNF/TNFR2 pathway, which provide new insights in the 
relationships between Tregs and Teffs. Furthermore, these 
data also indicated that Teffs present in MPE may possess 
dual function as both immunity and immunosuppression. 
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Figure 6 Effects of blocking TNFR2 on effector CD8+T cell function present in MPE. PEMCs from MPE were cultured in medium alone, 
anti-TNFR2 mAbs, or isotype IgG. On day 3, intracellular staining was performed following a 5-hour stimulation of PEMCs with PMA  
(50 ng/mL) and ionomycin (1 μg/mL). Four hours into stimulation, Brefeldin A was added at a final concentration of 3 μg/mL to block 
cytokine secretion. (A) Representative FACS analysis of IFN-γ+ cells in CD8+T cells after 72 h at the indicated conditions, and (B) summary 
data are shown (n=4). (C) Comparison of IFN-γ concentrations in the 72-h supernatants of PEMCs exposed to anti-TNFR2 mAbs or 
Isotype IgG (n=4). Flow analysis was gated on live CD3+CD8+ cells. Data are expressed as means ± SEM; **, P<0.01, ***, P<0.001 by paired 
Students t-test. TNFR2, tumor necrosis factor receptor type II; MPE, malignant pleural effusion; PEMC, pleural effusion mononuclear cell.

If blindly increasing the number or enhancing the function 
of Teffs in MPE, the immunosuppressive activity of Tregs 
may be also enhanced as a side effect. Therefore, further 
understanding of the complex interactions between these 
two functional distinct cells is crucial for devising effective 
and safe treatment of immunotherapy of cancer.

Blockade of TNFR2 increases IFN-γ-expressing CD8+CTLs 
in MPE

As we identified that blocking TNFR2 impaired the 
immunosuppressive function of Tregs in MPE (Figure 4), 
we further tested the consequent effects on the activation 
of CD8+cytotoxic T lymphocytes (CD8+CTL). To this 
end, PEMCs were isolated from MPE and treated with 
neutralizing anti-TNFR2 Abs or an isotype control. 
As shown in Figure 6, after 72 hours of treatment, the 

proportion of IFN-γ+ cells in CD8+ CTL was increased from 
49.8% to 62.7% (Figure 6A,B; P=0.0006). Consistently, the 
concentrations of IFN-γ in the supernatant was elevated by 
approximately two times following TNFR2 blockade (Figure 6C,  
P=0.0077). Thus, blocking TNFR2 in PEMCs markedly 
enhanced the anti-tumor activity of CD8+CTLs. These data 
indicated that targeting TNFR2 may offer an exciting treatment 
strategy to enhance anti-tumor immunity within MPE and may 
help improve the prognosis for lung cancer patients in the end 
stage. Further clinical trials should be carried out to provide 
more compelling evidences in the future.

Discussion

Our data presented in this study showed that TNFR2-
expressing Tregs aberrantly accumulated in MPE with 
highly replicating property and potent immunosuppressive 
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function, which was contributed to maintaining the 
immunosuppressive activity of MPE. This idea was 
supported by the observation that blockade of TNFR2 
potently enhanced the anti-tumor activity of CD8+CTLs 
in MPE. Moreover, retrospectively analysed clinical data of 
patients showed that higher frequencies of TNFR2+Tregs 
in MPE were associated with more tumor cells present in 
MPE and larger volume of MPE, indicating TNFR2+Tregs 
might promote tumor cells invasion and metastasis to 
pleural cavity and contribute to the development and 
progression of MPE. As expected, patients with higher 
frequencies of TNFR2+Tregs in MPE are more likely to 
have poor prognosis.

In this study, we observed that significantly higher levels 
of TNFR2 were expressed by MPE Tregs compared with 
MPE Teffs or by Tregs in PB. Our results are consistent 
with previous studies that show that Tregs present in 
ascites in patients with ovarian cancer expressed high 
levels of TNFR2 (25,30). Our data suggested that TNF-
TNFR2 interaction likely plays an important role in the 
activation and expansion of Tregs in MPE. Thus, our data 
suggests that targeting of TNFR2 may present a novel 
strategy to selectively eliminate MPE Tregs, while having 
no or only minor effects on regular Tregs in the periphery, 
which are required for the maintenance of immunological 
homeostasis. Presumably, targeting of TNFR2+ Tregs might 
mitigate the possibility of developing systemic autoimmune 
inflammatory responses, which cause severe collateral 
damage to normal tissues evident after treatment with 
cancer immunotherapeutic regimens (40).

Our experimental results indicate that the frequencies 
of TNFR2-expressing Tregs were positively correlated 
with the number of tumor cells in MPE. It is well known 
that tumor cells evolve multiple sophisticated mechanisms 
to escape immune surveillance, including the creation of 
an immune tolerogenic microenvironment by recruiting 
immune suppressive cells (41). Thus, it is possible that 
TNFR2+ Tregs and the tumor form positive feedback 
loops to reciprocally promote each other, resulting in an 
increasingly immunosuppressive environment, as well as 
rapid tumor growth and persistent progression of MPE. In 
line with this, we observed that the high level of TNFR2 
expression on Tregs positively correlated with poor 
prognosis. Further investigation of the mutual interaction 
between TNFR2+ Tregs and tumor cells should be carried 
out in the future.

TNF is a pleiotropic cytokine involved in diverse 
physiological and pathological processes, including tumor 

progression and metastasis (42). In fact, the concept 
that TNF is an important effector of MPE formation 
and progression was proposed a decade ago (43). This is 
consistent with our findings that TNF-TNFR2 interactions 
contribute to the activation and immunosuppressive function 
of Tregs in MPE, which play decisive roles in maintaining 
an immunosuppressive environment. Previously, it was 
well documented that TNFR2+Tregs were considered 
to be the maximally suppressive subset of Tregs (26,44). 
In the ascites of ovarian cancer patients, TNFR2+Tregs 
expressed high levels of the immunosuppressive molecules 
CD73 and CD39, and produced more immunosuppressive 
cytokines, including IL-10 and transforming growth 
factor-beta (TGF-β) (45). In this study, we observed that 
TNFR2+Tregs present in MPE of lung cancer patients 
expressed higher levels of the immunosuppressive molecules 
PD-L1 and CTLA-4, and replicating marker Ki-67, which 
is akin to TNFR2+Tregs from acute myeloid leukemia 
(AML) patients (25). Thus, targeting the TNF-TNFR2 
pathway may provide an effective strategy to enhance anti-
tumor immunity, as it could potentially disrupt a range of 
regulatory circuits that ensure dampening of the immune 
response. This may explain why the proportions of IFN-
γ-producing CTLs were significantly increased following 
TNFR2 blockade. Interestingly, we found that the Th1 and 
Th17 cells are the major source of TNF in MPE. Thus, 
MPE Teffs may paradoxically promote tumor growth by 
boosting MPE Treg activity via the TNF/TNFR2 pathway. 
Further understanding the complex interplay between Teffs 
and Tregs in MPE may help to formulate safer and more 
effective immunotherapy for MPE.

Taken together, our data demonstrates that TNFR2 
is preferentially expressed by MPE Tregs with highly 
replicating and highly suppressive properties, and identifies 
that targeting of TNFR2 can considerably boost the anti-
tumor immune responses in MPE. Moreover, patients 
with high frequencies of TNFR2+Tregs are associated 
with a poor prognosis, and the discrepancies between 
TNFR2+Tregs frequencies are prevalent between malignant 
and tuberculosis pleural effusions, suggesting the potential 
value of TNFR2+Tregs in diagnosis and prognosis. 
Therefore, this study provides novel insights for the clinical 
diagnosis, prognosis evaluation, and immunotherapy of lung 
cancer patients with MPE.
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Supplementary

The Eastern Cooperative Oncology Group performance status scores

	0: Asymptomatic (fully active, able to carry on all pre-disease activities without restriction).
	1: Symptomatic but completely ambulatory (restricted in physically strenuous activity but ambulatory and able to carry 

out work of a light or sedentary nature; for example, light housework or office work).
	2: Symptomatic, <50% in bed during the day (ambulatory and capable of all self-care but unable to carry out any work 

activities; up and about more than 50% of waking hours).
	3: Symptomatic, >50% in bed, but not bedbound (capable of only limited self-care, confined to bed or chair for 50% or 

more of waking hours).
	4: Bedbound (completely disabled, cannot perform any self-care, totally confined to bed or chair).
	5: Death.

Figure S1 The frequencies of each cell subsets present in MPE from patients with lung cancer. The percentages of CD4+T cells, CD8+T 
cells, and CD3- cells within the total mononuclear cells in MPE (n=16). MPE, malignant pleural effusion.
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