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Background: RORγt+Foxp3+ (Th17-like) Tregs are a plastic Treg subset implicated in 
immune-related diseases; however, the mechanism of Treg phenotypic transformation in 
malignant pleural effusion (MPE) has not been elucidated.
Methods: The percentage of CD4+CD25+Foxp3+Helios+ and RORγt+Foxp3+ Tregs from 
peripheral blood and pleural effusion mononuclear cells were measured. The level of interferon 
regulatory factor 4 (IRF4) mRNA expression was detected by quantitative real-time reverse 
transcription polymerase chain reaction. The effects of IRF4 on the induction of Tregs from 
patients with non-small cell lung cancer (NSCLC) were evaluated in vitro. Correlation assays 
between IRF4 expression and the frequency of RORγt+Foxp3+ Tregs were performed.
Results: The frequency of CD4+CD25+Foxp3+Helios+ Tregs and CD4+RORγt+ Th17 cells 
was both increased in the MPE of NSCLC patients. The group of double-positive 
Foxp3+RORγt+ Treg phenotype were identified in the pleural effusion. A significant increase 
in the frequency of Foxp3+RORγt+ Tregs was found in MPE compared with the non- 
malignant pleural effusion (NPE). Compared to NPE, the relative level of IRF4 expression 
was increased in the MPE. IRF4 expression was positively associated with the frequency of 
Foxp3+RORγt+ Tregs in the PE. In vitro, the level of Helios mRNA and protein expression 
was reduced in induced Tregs following IRF4 over-expression. Additionally, the level of 
RORγt protein expression was substantially increased. However, ectopic Helios expression 
in induced Tregs reversed the effects induced by enhanced IRF4 expression.
Conclusion: IRF4 may serve as a potential molecule that promotes the conversion of 
regulatory T cells from MPE to a Th17-like phenotype by modulating Helios.
Keywords: malignant pleural effusion, lung cancer, IRF4, regulatory T cells, phenotypic 
transformation

Introduction
Malignant pleural effusion (MPE) is a complication of tumors that is most commonly 
caused by lung cancer.1 The immunosuppressive state of the tumor microenvironment 
represents a challenge to overcoming the current dismal outcome of patients with 
advanced lung cancer.2–4 However, various inhibitory factors derived from immune 
cells, including tumor-associated macrophages, bone-marrow-derived suppressor cells, 
and regulatory T cells (Tregs), especially in the intratumoral microenvironment, hinder 
therapeutic strategies by helping tumor cells to escape immune attack.5,6

Studies have found that a variety of CD4+ T cell subsets, are enriched in the 
MPE of non-small cell lung cancer (NSCLC).4,7–10 Tregs are a distinct subset of 
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CD4+ T cells that function to prevent excessive inflamma-
tory tissue damage and maintain immune tolerance. In 
addition, Tregs also promote tumor development and pro-
gress via both humoral and cellular mechanisms. Tregs 
facilitate MPE progression in both humans and animal 
models.4,10,11 The alteration of the Treg/Th17 balance in 
MPE influenced prognosis in patients with lung cancer;12 

however, the mechanism associated with the immunologi-
cal abnormalities in the MPE microenvironment remain to 
be elucidated.

The current findings of Treg cell-based therapy in the 
context of transplant rejection, autoimmune, and inflam-
matory diseases, give rise to creative strategies of reducing 
the adverse reactions of targeted drugs and/or enhancing 
anti-cancer responses by eliminating or interfering with 
the functional activities of Tregs. The unique characteris-
tics of Tregs, including phenotypic changes and functional 
plasticity, without damaging peripheral tolerance, by trans-
forming into effector T cells to control the function of 
these inhibitory cells, especially in the intraltumoral tissue, 
and may provide novel insight and targets for cancer 
treatment.

There is growing interest in probing into the pheno-
type, functional stability, or plasticity of Tregs. Recent 
studies have demonstrated that Foxp3+ Tregs can be trans-
formed into effector T-like cells (eg, Th1-like or Th17-like 
Tregs.), which have pro-inflammatory functional charac-
teristics, and are expected to regulate Treg-mediated 
diseases.13–18 Thus, our study focuses on the Treg pheno-
types in the MPE and explores the dysfunction of the 
transcription factor, interferon regulatory factor 4 (IRF4), 
in affecting changes to the phenotype and suppressive 
function of Treg cells in the MPE of patients with NSCLC.

Materials and Methods
Study Subjects
All study subjects were recruited from the Taizhou 
People’s Hospital from Feb 2018 to Apr 2019, in 
Taizhou, Jiangsu, China [Table 1]. This study included 
30 patients (age range, 43–79 years old) with newly diag-
nosed MPE from NSCLC, including adenocarcinoma (n = 
25) and squamous cell carcinoma (n = 5). Another 30 
patients with non-malignant pleural effusion including 
tuberculous pleural effusion (n = 11) (age range, 24–78 
years old) and parapneumonic effusion (n = 19) (age 
range, 20–78 years old) were also enrolled. Patients with 
MPE were confirmed by the presence of malignant cells in 

the pleural effusion and/or observed via biopsy histology. 
In addition, patients with tuberculous fluid were evidenced 
by Mycobacterium tuberculosis DNA testing, or the effec-
tiveness of diagnostic anti-tuberculosis therapy. Patients 
were excluded if they underwent any anti-tuberculosis 
treatment, anticancer therapy, chest trauma, or invasive 
procedures directed into the pleural cavity.

Sample Processing
Peripheral venous blood and the pleural fluid were obtained 
from patients within 24 h Following admission. At least 
100 mL of pleural fluid was collected from each patient. 
Peripheral blood mononuclear (PBMC) cells were isolated 
from the blood samples in NSCLC patients with MPE by 
density-gradient centrifugation. Pleural effusion mononuclear 
(PEMC) cells were collected from patients with MPE or NPE 
using Ficoll-Hypaque gradient (Pharmacia, Uppsala, 
Sweden). All specimens were processed as previously 
described.19 The harvested PBMCs and PEMCs were washed 
twice with PBS and counted for subsequent detection.

Flow Cytometry
All Samples from the resuspended PBMCs or PEMCs 
were stained with Fc Block (1 μL/100L) (Catalog 
Number: 554656). The expression of various Treg and 
Th17 cell markers was measured after immunostaining. 

Table 1 Clinical Characteristics of Patients with Pleural Effusion

Variables Number of Patients

MPE (n=30) NPE (n=30)

Gender

Male 12 15
Female 18 15

Age, years
<60 11 14

≥60 19 16

Pathological type

Adenocarcinoma 25

Squamous cell 5

Multiple metastasis

Yes 20
No 10

Benign pleural effusion
Tuberculous 11

Pneumonia 19
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According to the manufacturer’s instructions, CD4-Percp- 
cyTM 5.5 (Catalog Number: 560650) and CD25-BB515 
(Catalog Number: 564467) antibodies from BD 
Biosciences (San Jose, CA, USA) were used for extracel-
lular staining, after which the cells were fixed and per-
meabilized for intracellular staining with Foxp3-PE 
(Catalog Number: 320108), Helios-Alexa Fluo 647 
(Catalog Number: 563951) and RORγt-Alexa Fluor 647 
(Catalog Number: 563620) from BD Biosciences (San 
Jose, CA, USA). Fluorescence activated cell sorting 
(FACS) cytometer (Becton Dickinson, USA) was used to 
detect and collect data for analysis by Cell Quest 
software.

Quantitative Real-Time PCR
Total RNA from PEMCs was extracted using TRIzol 
(B511311; Sangon, China) and cDNA was synthesized using 
a HiScript First Strand cDNA Synthesis Kit (Vazyme, 
Nanjing, China). RT-PCR was performed using AceQ qPCR 
SYBR Green Master Mix (Vazyme) on a ABI Prism 7500 
PCR System (CA, USA). All primers were purchased from 
Suchow GENEWIZ Co., Ltd (Suzhou, China), and the reac-
tions were performed in triplicate. The relative level of mRNA 
was calculated using the -ΔΔCt method, where ΔCt = Ct target 
gene - Ct reference). The following primer sequences were 
used: GAPDH F: 5ʹ GAAGGTCGGAGTCAACGGAT 3ʹ, R: 
5ʹ CCTGGAAGATGGTGATGGG 3ʹ; IRF4 F: 5ʹ GTGAAA 
ATGGTTGCCAGGTGA 3ʹ, IRF4 R: 5ʹ AGGCTTCGG 
CAGACCTTATG 3ʹ.

In vitro Treg Induction and Transfection
CD4+CD25− T cells from the PEMCs suspension was 
purified by magnetic bead sorting according to the man-
ufacturer’s protocol. The CD4 T Lym Enrichment IMag- 
DM set (BD, San Jose, CA, USA) was used to isolate 
CD4+ T cells. Anti-Human CD25 Magnetic Particles-DM 
(BD, San Jose, CA, USA) was added for negative selec-
tion in the magnetic field. The sorted CD4+CD25− 

T cells were cultured after analysis by flow cytometry. 
These assays were processed as previously described. 
The sorted cells were cultured in RPMI 1640 media 
(Life Technologies, Carlsbad, CA, USA) supplemented 
with 10% FBS, interleukin-2 (IL-2), TGF-β1, 100 U/mL 
penicillin, and 100 μg/mL streptomycin, and stimulated 
with 1 μg/mL anti-CD3 (OKT3) and 1 μg/mL CD28 
(CD28.2) in 48-well plates for 7 days until further 
assessment by flow cytometry.

The IRF4 and Helios plasmid, as well as the empty 
plasmid control were synthesized by Sango Biotech. 
Induced Treg cells (iTregs) were transfected with an IRF4 
mimic (25 nmol/L) or inhibitor (50 nmol/L), and Helios 
overexpression plasmid, together with respective negative 
control using lipofectamine 2000 (Life Technologies). After 
48 h, the cells were processed for flow cytometry and qRT- 
PCR analysis. The transfection efficiency was 50% - 60%.

Ethics Approval
This study followed the guidelines of the Declaration of 
Helsinki and was approved by the Ethics Committee of 
Taizhou People’s Hospital (NO.TZ180135). Informed con-
sent was obtained from all subjects included in this study.

Statistical Analysis
SPSS 17.0 software (IBM Corp., Armonk, NY, USA) was 
used for statistical analysis. Data are presented as the mean 
± standard deviation. Comparisons between two groups 
were performed using a Student’s t-test for normally dis-
tributed data. A Mann–Whitney test was used for non- 
normally distributed data. The paired Student’s t test was 
used for the paired data comparisons. The possible rela-
tionship was analyzed by the spearman rank correlation. 
Survival rate was assessed by the Kaplan-Meier analysis 
and compared by the Log rank test. Differences with P < 
0.05 were considered statistically significant.

Results
Tregs and Th17 Cells are Both Increased 
in the MPE
Based on the level of CD4, CD25, Foxp3, Helios, and 
RORγt expression, we performed flow cytometry to visua-
lize Treg and Th17 cell distribution in the MPE. A higher 
frequency of CD4+CD25+Foxp3+Helios+ Tregs was 
observed in the MPE compared to that of the correspond-
ing peripheral blood (3.08% ± 0.28% vs 2.18% ± 0.24%, 
P < 0.01) and the NPE (2.96% ± 0.35% vs 1.18% ± 
0.38%, P < 0.01) (Figures 1 and 2A). Similarly, 
a significantly increased proportion of CD4+RORγt+ 

Th17 cells was found in the MPE in comparison with 
that of the corresponding peripheral blood (2.98% ± 
0.44% vs 2.12% ± 0.32%, P < 0.01) and the NPE 
(2.94% ± 0.41% vs 2.37% ± 0.43%, P < 0.01) (Figures 1 
and 2A).
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Th17/Tregs are Decreased and Associated 
with Survival Time in Patients with MPE
The ratio of CD4+RORγt+ Th17/CD4+CD25+Foxp3+ 

Tregs in NSCLC patients was lower in the MPE com-
pared to the corresponding PBMCs (0.62% ± 0.12% vs 
0.51% ± 0.08%, P < 0.01) and the NPE (0.61% ± 
0.11% vs 0.70% ± 0.17%, P < 0.05) (Figure 2A). We 
also found that patients with a higher frequency of 
CD4+CD25+Foxp3+Helios+ Tregs had a shorter survi-
val time in comparison with those with a lower fre-
quency (Figure 2C). Conversely, patients with an 
elevated ratio of Th17/Tregs had a longer survival 
time than those with a low ratio (Figure 2D).

CD4+CD25+Foxp3+RORγt+ T Cells are 
Increased in the MPE
Tregs are a special subgroup of CD4+ T cells with 
obvious heterogeneity. The transformation of Tregs into 
effector T cells and multiple cytokine-producing Teff 
cell-like Tregs (eg, Th1-like, Th17-like, and Tfh-like) 
have been observed. However, the specific causes and 
clinical significance of such transformations remains 
unclear. We determined the level of CD4+CD25+Foxp3+ 

Tregs co-expressing RORγt, which is an important tran-
scription factor for Th17 cells, and identified the presence 
of CD4+CD25+Foxp3+RORγt+ cells (Foxp3+RORγt+ 

Tregs/Th17-like Tregs) in the MPE. The level of RORγt 

Figure 1 The percentage of Tregs and Th17 cells from PBMCs and PEMCs. (A) Dot plots of CD4+CD25+Foxp3+Helios+ Tregs in PBMCs from patients with NSCLC. (B and 
C) representative dot plots of CD4+CD25+Foxp3+Helios+ Tregs and CD4+CD25+Foxp3+ RORγt+ Tregs in PEMCs from the same patient with NPE, respectively. (D and E) 
representative dot plots of CD4+CD25+Foxp3+Helios+ Tregs and CD4+CD25+Foxp3+RORγt+ Tregs in the PEMCs from the same patient with NSCLC, respectively.
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expression was substantially increased in 
CD4+CD25+Foxp3+ Tregs from the MPE compared to 
the levels in the NPE. Notably, a significant increase in 
CD4+CD25+Foxp3+RORγt+ Tregs was found in the MPE 
compared with the corresponding PBMCs (0.18% ± 
0.04% vs 0.09% ± 0.01%, P < 0.01) and the NPE 
(0.18% ± 0.04% vs 0.07% ± 0.02%, P < 0.01) 
(Figures 1, 2A).

IRF4 mRNA Expression and Correlation 
with CD4+CD25+Foxp3+RORγt+ Tregs in 
the PE
In light of the critical contribution of IRF4 in the generation 
and function of Th17 cells, we next investigated the level of 
IRF4 mRNA expression in the PE. Compared to NPE, the 
relative level of IRF4 mRNA expression was increased in 
the MPE (P < 0.05) (Figure 2B). Importantly, the level of 
IRF4 mRNA expression was positively associated with the 

percentage of CD4+CD25+Foxp3+RORγt+ Tregs in the PE 
(Figure 3).

IRF4 Affects the Function of iTregs by 
Regulating Helios Expression and 
Promoting Phenotypic Changes of iTregs 
in vitro
Although the effect of IRF4 on the innate and adaptive 
immune cells has been investigated, the role of IRF4 in 
Tregs remains largely unknown. To test whether IRF4 
expression regulates the immunosuppressive capacity of 
Tregs, we evaluated the level of Helios expression, which 
is related to the phenotypic and functional stability of CD4+ 

and CD8+ Tregs. Based on previous studies, we accessed 
the level of Helios mRNA and protein expression after 
induced Tregs were interfered (Figure 4). The level of 
Helios mRNA was decreased in iTregs following transcrip-
tion with IRF4 over-expression. Consistent with the level of 

Figure 2 Association between the level of Helios+ Tregs and the ratio of Th17/Tregs on patient survival. (A) The proportion of Tregs and Th17 cells from PBMCs and 
PEMCs. (B) The level of IRF4 mRNA expression in MPE and NPE. (C) Patients with a higher population of Helios+ Tregs in the MPE had a significantly shorter survival time 
than those with lower population of Helios+ Tregs (P = 0.012). (D) Patients with a high ratio of Th17/Tregs in MPE had a longer survival time than those with a low ratio of 
Th17/Tregs (P = 0.016). *P < 0.05; **P < 0.01. 
Abbreviations: PBMCs, peripheral blood mononuclear cells; PEMCs, malignant pleural effusion mononuclear cells; MPE, malignant pleural effusion; NPE, non-malignant 
pleural effusion; Treg, regulatory T cell.
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mRNA expression, the level of Helios protein expression 
was also downregulated in the IRF4 over-expressed iTregs 
(P < 0.001) (Figures 5 and 6). In addition, the level of 
RORγt expression, a gene situated downstream of IRF4, 
was also measured. IRF4 over-expression in iTregs was 
found to induce a substantial increase in the level of 
RORγt protein expression (P < 0.001) (Figure 5).

Discussion
In this study, we found that both the frequency of 
CD4+CD25+Foxp3+ Tregs and Helios expression in the 
MPE of NSCLC patients were significantly higher than 
that in the peripheral blood and NPE. Previous studies 
have considered Tregs co-expressing Helios and Foxp3 
to be a stronger suppressor subset.20–22 Helios ensures 
the stability of the phenotype and function of CD4 and 
CD8 Tregs in specific inflammatory environments.20,23 

Importantly, recent studies have demonstrated that Helios- 
expressing Foxp3+ Tregs are involved in various human 
disorders, including cancer.24–28 For example, Tregs 
expressing Helios were found to promote the infiltration 
and metastasis of childhood B-cell precursor acute lym-
phoblastic leukemia.29 In addition, the increased 

accumulation of the Foxp3+Helios+ Tregs, combined with 
the expression of a diverse number of suppressive mole-
cules, including PD-1 and CTLA-4, contributed to the 
establishment of an immune-subversive environment and 
unfavorable progression in breast cancer and colorectal 
cancer (CRC).25,30–32 These findings provide the possibi-
lity for exploring new approaches to the modulation of 
Treg-mediated immune responses by targeting Helios.

Consistent with the findings of previous studies,8,9,12 

we also found that while the percentage of Th17 was 
increased in the MPE, the Th17/Treg ratio was signifi-
cantly decreased, suggesting that the phenotype of 
Helios+ Tregs changed the Th17/Treg balance in the 
MPE of NSCLC patients. Moreover, patients with a high 
frequency of CD4+CD25+Foxp3+Helios+ Tregs had 
a shorter survival time than those displaying a low fre-
quency. However, patients with an increased ratio of Th17/ 
Tregs had a longer survival time compared with that of 
low patients. A recent clinical study revealed that Tregs 
expressed RORγt and produced IL-17, but exhibited 
reduced IL-10 production, indicating that there was also 
a pro-inflammatory subset of Tregs in the peripheral blood 
of NSCLC patients.33 Interestingly, we also detected the 

Figure 3 Scatter diagram of the correlation between IRF4 expression and population of Foxp3+RORγt+ Tregs. IRF4 expression is positively associated with the frequency of 
CD4+CD25+Foxp3+RORγt+ Tregs (60 patients with PE).
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presence of RORγt+ Tregs in the MPE, and found that 
CD4+CD25+Foxp3+ Tregs expressed higher levels of 
RORγt than that in the NPE. In line with the findings of 
this previous study,33 our results also support the existence 
of Tregs with phenotypic heterogeneity or functional plas-
ticity in NSCLC patients with MPE. Indeed, another study 
has suggested that RORγt and Foxp3 co-expressing Tregs 
in the peripheral blood of patients with pancreatic cancer 
exhibited both pro-inflammatory and immunosuppressive 
features and was involved in disease progression.34 In 
addition, in patients with colon cancer, RORγt+Foxp3+ 

cells derived from Foxp3+ Tregs have been shown to 
produce IL-17 and retain inhibitory functions, while also 
demonstrating an impaired anti-inflammatory response.35 

In the ascites of patients with ovarian cancer,18 a Th17-like 
Treg subgroup has been identified, and IL-17A+Foxp3+ 

T cells were found to be significantly increased compared 
with that in the peripheral blood. Moreover, in tumor- 

bearing mouse models, Th17-to-Treg cell switching is 
also a source of tumor-associated Tregs.18 Therefore, we 
speculate that Tregs expressing RORγt may be associated 
with phenotypic and/or functional adaptability changes in 
the MPE inflammatory environment; however, the under-
lying mechanism and precise role require further study.

IRF4 is a member of the IRF family (IRF1-10) that 
serves as an essential transcriptional modulator that can 
orchestrate the actions of various immune cells, including 
macrophages, dendritic cells, and both B and 
T lymphocytes.36–40 Notably, IRF4 is also a functional 
determinant of Tregs.41,42 In this study, our findings sup-
port the abnormal expression of IRF4 in the MPE. 
Importantly, IRF4 not only decreased the level of Helios 
mRNA and protein expression, but also promoted RORγt 
expression, which induced a remarkable phenotypic 
change in induced Tregs. In addition, increased 
RORγt+Foxp3+ Tregs were associated with IRF4 over- 

Figure 4 The generation of induced Tregs. (A) Freshly isolated CD4+CD25− T cells from PEMCs of an NSCLC patient by magnetic bead sorting. (B and C) 
CD4+CD25+Foxp3+ Tregs were produced by cytokine stimulation. (D and E) Helios expression in induced Tregs and non-Tregs, respectively.
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Figure 5 The effects of IRF4 on the function of induced Tregs. (A–C) The level of Helios and RORγt protein expression in induced CD4+CD25+Foxp3+ Tregs transfected 
with negative controls (Helios: 78.5%, RORγt: 0.209%). (D–F) The level of Helios and RORγt protein expression in induced CD4+CD25+Foxp3+ Tregs transfected with IRF4 
control (Helios: 73.4%, RORγt: 0.200%). (G–I) The level of Helios and RORγt protein expression in induced CD4+CD25+Foxp3+ Tregs transfected with enhanced IRF4 
(Helios: 47.0%, RORγt: 2.13%). (J–L) The level of Helios and RORγt protein expression in induced CD4+CD25+Foxp3+ Tregs transfected with an IRF4 inhibitor (Helios: 
89.5%, RORγt: 0.00%). (M–O) The level of Helios and RORγt protein expression in induced CD4+CD25+Foxp3+ Tregs transfected with enhanced IRF4 and Helios over- 
expression (Helios: 63.1%, RORγt: 0.00%).
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expression in the PE. A recent study showed that IRF4 
dysfunction impaired the immunosuppressive function of 
Tregs by affecting the metabolism and secretion of IL-10 
in newly diagnosed primary immune thrombocytopenia 
(ITP) patients.43 However, a Treg-specific deletion of 
IRF4 leads to a selective dysregulation of the Th2 
response, IL-4-dependent immunoglobulin isotype produc-
tion, and obvious tissue damage by plasma cell infiltration, 
indicating a functional requirement for IRF4 in suppres-
sing the Th12 response.44 Additionally, the interaction 
between IRF4 and basic leucine zipper transcription factor 
ATF-like cooperatively supported the differentiation and 
maintenance of specialized Tregs in visceral adipose tissue 
through inducing the expression of ST2 and PPAR-γ.45 

This indicates that IRF4 and additional molecules asso-
ciated with Treg transcription mechanisms either coopera-
tively or competitively affect Treg phenotypic plasticity or 
functional stability, as well as the corresponding immune 
response.44

Conclusion
In conclusion, the presence of CD4+CD25+Foxp3+RORγt+ 

cells (Foxp3+RORγt+ Tregs/ Th17-like Tregs) as a subset 
of Tregs was identified in the PE. In the MPE of NSCLC 
patients, increased RORγt+Foxp3+ Tregs also suggested 
a phenotypic transition of conventional Tregs. 
Additionally, the level of RORγt expression in 

CD4+CD25+Foxp3+ Tregs was positively associated with 
IRF4 expression in the PE. Mechanically, the transcription 
factor, IRF4, can affect the phenotype and suppressive 
function of Treg cells in MPE of patients with NSCLC 
by downregulating Helios. The results of the present study 
indicate that IRF4 might represent a potential molecule 
that can promote the conversion of a Th17-like phenotype 
in Tregs derived from MPE.
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