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higher levels of the immunosuppressive molecule CTLA-4, 
and consequently more potently suppressed IFNγ produc-
tion by cocultured CD8 CTLs. More importantly, higher 
TNFR2 expression levels on Tregs were associated with 
lymphatic invasion, distant metastasis and more advanced 
clinical stage of lung cancer patients. Therefore, our study 
suggests that TNFR2+ Tregs play a role in promoting 
tumor progressive metastasis and expression of TNFR2 by 
PB Tregs may prove to be a useful prognostic marker in 
lung cancer patients.

Keywords CD4+FoxP3+ regulatory T cells · Tumor 
necrosis factor receptor type II (TNFR2) · Lung cancer · 
Clinical pathology · Immunosuppression

Abbreviations
AML  Acute myeloid leukemia
CTLs  Cytotoxic T lymphocytes
CTLA-4  Cytotoxic T lymphocyte-associated antigen 4
ELISA  Enzyme-linked immunosorbent assay

Abstract CD4+FoxP3+ regulatory T cells (Tregs) repre-
sent a major cellular mediator of cancer immune evasion. 
The expression of tumor necrosis factor receptor type II 
(TNFR2) on Tregs is reported to identify the maximally 
suppressive Treg population in both mice and human. 
We therefore investigated the phenotype and function of 
TNFR2+ Tregs present in the peripheral blood (PB) of 43 
lung cancer patients. Further, the association of TNFR2 
expression on Tregs with clinicopathological factors was 
analyzed. The results showed that in the PB of lung can-
cer patients, Tregs expressed markedly higher levels of 
TNFR2 than conventional T cells (Tconvs). Expression 
of TNFR2 appeared to correlate better than CD25+ and 
CD127− with FoxP3 expression. PB TNFR2+ Tregs in 
lung cancer patients were more proliferative and expressed 
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FoxP3  Forkhead box P3
IFN  Interferon
IgG  Immunoglobulin G
MFI  Mean fluorescence intensity
PB  Peripheral blood
PBMCs  Peripheral blood mononuclear cells
Tconvs  Conventional T cells
TGF  Transforming growth factor
TNF  Tumor necrosis factor
TNFR1  Tumor necrosis factor receptor type I
TNFR2  Tumor necrosis factor receptor type II
Tregs  CD4+FoxP3+ regulatory T cells

Introduction

There is compelling evidence that the immunosuppressive 
effects of CD4+FoxP3+ regulatory T cells (Tregs) represent 
a major cellular mechanism underlying immune evasion 
of lung cancer [1, 2]. Consequently, targeting Tregs has 
become a strategy to promote antitumor immune responses 
and to enhance the efficacy of current cancer immunother-
apy [3, 4]. Higher levels of Tregs were found in the periph-
eral blood (PB) of lung cancer patients, as compared with 
healthy controls [5, 6]. Elevation in the number of Tregs is 
proposed to have diagnostic value and usually indicates a 
poor outcome of treatment [7]. Tregs are known to consist 
of heterogeneous populations, with differential suppressive 
capacities and trafficking properties [8, 9]. Thus, further 
characterization of tumor-associated Tregs is required to 
utilize Tregs as a prognostic indicator as well as to devise 
more effective antitumor immunotherapy.

Recently, it has been shown that the expression of 
TNFR2 identified a subpopulation of Tregs with the 
maximally suppressive function. The highly inhibitory 
TNFR2+ Tregs were found in normal or tumor-bearing 
mice [10, 11] and in patients with various diseases such 
as diabetes [12], malaria [13], ovarian cancer [14] and 
acute myeloid leukemia (AML) [15, 16]. In a mouse 
cancer model, tumor-infiltrating Tregs consisted mainly 
of TNFR2+ Tregs [11], suggesting that TNFR2 expres-
sion may be a characteristic of tumor-associated Tregs. 
Recently, it has repeatedly been shown that depletion 
of TNFR2+ Tregs was associated with antitumor effect 
of therapeutics. For example, tumor eradication after 
cyclophosphamide depended on concurrent depletion of 
TNFR2+ Tregs in a mouse tumor model [17]. Treatment 
with panobinostat and azacitidine decreased the levels of 
TNFR2+ Tregs in PB and bone marrow of AML patients, 
and this effect was associated with their clinical bene-
fits [16]. Moreover, lenalidomide enhanced the immune 
effector function in acute myeloid leukemia patients, 
which was also attributable to its effect on decreasing 

the number of TNFR2+ Tregs [15]. These clinical data 
further support the idea that TNFR2-expressing Tregs 
are tumor-associated suppressors, and expression levels 
of TNFR2 on Tregs may have prognostic implications in 
cancer patients, including those with lung cancer.

In this study, we for the first time characterized TNFR2+ 
Tregs in PB of 43 lung cancer patients. Although the num-
ber of total PB Tregs increased as compared with that of 
healthy donors, there was no difference in total Tregs in 
patients with various stages of lung cancer. In contrast, 
the level of TNFR2 expression on Tregs was correlated 
with disease stages and metastasis, suggesting that TNFR2 
expression by PB Tregs has diagnostic implications in lung 
cancer patients.

Materials and methods

Healthy donors and patients

Peripheral blood samples were obtained from 43 first-time-
admitted lung cancer patients in Tianjin Medical University 
Cancer Institute & Hospital (Tianjin, China) and 18 healthy 
donors, after receiving written informed consent. This was 
approved by the Ethics Committee of the Tianjin Medi-
cal University Cancer Institute & Hospital. None of these 
patients had been treated with surgery, radiotherapy, chem-
otherapy or other medical interventions before collection of 
blood for this study. Characteristics of study subjects are 
summarized in Table 1.

Isolation of mononuclear cells

Peripheral venous blood was drawn and collected into 
tubes containing EDTA-K2. The blood was centrifuged 
through Lymphoprep™ (Axis-shield, Oslo, Norway), and 
PBMCs were collected at the interface and then washed 
with PBS.

Flow cytometry and antibodies

After blocking FcR, PB cells were incubated with appro-
priately diluted antibodies for phenotyping. Acquisition 
was performed by FACSCanto II equipped with FACSDiva 
version 6.1.3 (BD Biosciences, San Diego, CA, USA). 
Data analysis was conducted using FlowJo software (ver-
sion 7.6.2, Tree Star, Ashland, OR, USA). The antibodies 
used for surface staining in this study included CD4-APC-
Cy7, CD25-FITC, TNFR2-PE (all from BD Biosciences) 
and CD127-PE-Cy7 (BioLegend, San Diego, CA, USA). 
Antibodies used for intracellular staining included 
FoxP3-APC, CTLA-4-PE-Cy5, Ki-67-PerCP-Cy5.5 (BD 
Biosciences).
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Cell purification and in vitro cell culture

CD4+ T cells and CD4-depleted cells were puri-
fied from freshly isolated human PBMCs using human 
CD4 microbeads and LS column (Miltenyi Biotec, 
Auburn, CA, USA). CD4+CD25+CD127−TNFR2+, 
CD4+CD25+CD127−TNFR2− T cells were purified from 
CD4+ T cells by FACS. CD8+ T cells were FACS-purified 
from CD4-depleted PBMCs. Flow sorting was performed 
using FACSAria II (BD Biosciences). The purity of FACS-
sorted T cells was >93 %.

For in vitro Treg suppression assays, CD8+ T cells were  
cultured alone or cocultured with autologous CD4+ 

CD25+CD127−TNFR2+, CD4+CD25+CD127−TNFR2− T 
cells at a ratio of 1:1 and seeded in a U-bottom 96-well plate 
in RPMI 1640 medium containing 10 % FBS, 2 mM glu-
tamine, 100 U/mL penicillin, 100 ug/mL streptomycin and 
5958 mg/L HEPES (Bioroc, Tianjin, China). The cells were 
stimulated with Dynabeads® Human T-Activator CD3/CD28 
(Life Technologies AS, Norway) for 72 h. The supernatant 
was collected, and IFNγ levels were determined by ELISA 
kit (Dakewei, Beijing, China), according to the manufactur-
er’s instruction.

Statistical analysis

Nonparametric t test of paired or independent samples was 
used to determine the statistical significance. P < 0.05 was 
considered to be significant. Statistical analysis was per-
formed using GraphPad Prism 5.0 (GraphPad Software, 
Inc., San Diego, CA, USA).

Results

TNFR2 is preferentially expressed by PB Tregs in lung 
cancer patients

Consistent with previous reports [5, 6], the proportion of 
total FoxP3+ Tregs in the PB CD4 cells (6.50 ± 2.01 %) 
of lung cancer patients was markedly higher than that of 
healthy donors (3.98 ± 1.01 %, P < 0.0001, Fig. 1b, with 
gating strategy shown in Fig. 1a). Furthermore, the percent-
age of TNFR2+ Tregs in PB of patients (5.78 ± 2.02 %) 
was also significantly higher than in healthy controls 
(3.51 ± 0.91 %, P < 0.0001, Fig. 1b). We were also 
able to confirm a previous report [18] and observed 

Table 1  Correlation between clinicopathological characteristics and the frequency of peripheral Tregs, the proportion of TNFR2+ cells and the 
expression of TNFR2 (MFI) by Tregs and Tconvs

PBMCs were obtained from 43 lung cancer patients and prepared for FACS analysis. Lung cancer patients were grouped by age, gender, histology, 
with or without lymphatic invasion and distant metastasis, and clinical stage. Then, the proportion of total FoxP3+  Tregs, the proportion of TNFR2-
expressing Tregs and Tconvs, MFI of TNFR2 expression by Tregs and Tconvs were analyzed. Bold values indicated statistical significance

Cases Fox3+T cells 
(%)

P value TNFR2+ in 
Tregs (%)

P value TNFR2+ in 
Tconvs (%)

P value TNFR2 MFI 
of Tregs

P value TNFR2 MFI 
of Tconvs

P value

Age (year)

 ≤ 60 22 6.34 ± 2.26 0.559 89.07 ± 5.79 0.422 48.19 ± 14.79 0.402 2689 ± 421 0.101 977 ± 206 0.063

 > 60 21 6.56 ± 1.78 90.51 ± 5.30 51.81 ± 12.64 2929 ± 463 1182 ± 332

Gender

 Male 14 6.60 ± 2.34 0.928 89.54 ± 5.94 0.736 47.81 ± 16.05 0.406 2722 ± 361 0.372 959 ± 189 0.060

 Female 29 6.38 ± 1.90 89.93 ± 5.46 52.58 ± 12.32 2847 ± 486 1141 ± 318

Histology

 Adenocar-
cinoma

22 6.59 ± 2.23 0.553 90.38 ± 5.78 0.653 53.53 ± 17.80 0.928 2867 ± 468 0.647 1070 ± 275 0.874

 Squamous 
carcinoma

13 6.64 ± 2.01 88.59 ± 6.29 52.96 ± 17.82 2791 ± 535 1137 ± 370

 Other 8 5.73 ± 1.14 90.14 ± 3.55 50.84 ± 12.19 2664 ± 163 1025 ± 211

Lymphatic invasion

 Absent 29 6.42 ± 2.02 0.826 88.25 ± 5.79 0.007 48.71 ± 12.24 0.058 2676 ± 386 0.019 998 ± 209 0.031

 Present 14 6.51 ± 2.09 92.92 ± 3.22 55.82 ± 15.55 3077 ± 461 1256 ± 368

Distant metastasis

 Absent 31 6.39 ± 1.97 0.765 88.07 ± 5.51 0.0006 49.16 ± 14.25 0.189 2683 ± 421 0.002 1037 ± 271 0.122

 Present 12 6.59 ± 2.10 94.17 ± 2.24 55.81 ± 10.99 3124 ± 366 1199 ± 327

Clinical stage

 I + II 27 6.23 ± 1.84 0.466 87.17 ± 5.25 <0.0001 46.44 ± 12.93 0.008 2629 ± 377 0.0008 974 ± 214 0.003

 III + IV 16 6.83 ± 2.31 94.00 ± 2.45 58.68 ± 11.43 3106 ± 407 1265 ± 324
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that the proportion of TNFR2+ cells in FoxP3+ Tregs 
(87.37 ± 5.60 %) was ~2.6-fold higher than that in FoxP3− 
conventional CD4 T cells (Tconvs, 33.69 ± 12.64 %, 
P = 0.0002) in healthy donors (Fig. 1c, with gating strat-
egy shown in Fig. 1a). Tconvs were defined by surface 
expression of CD4 and lack of intracellular expression 
of FoxP3. Similarly, the proportion of TNFR2+ cells in 
Tregs (89.80 ± 5.56 %) was also markedly higher than that 
in Tconvs from lung cancer patients (51.25 ± 13.92 %, 
P < 0.0001, Fig. 1c), although the proportion of TNFR2 
expressed by Tconvs from patients was also significantly 
higher than that from healthy donors (P < 0.0001, Fig. 1c).

The level of TNFR2 expression on a per cell basis, e.g., 
the mean fluorescence intensity (MFI), was also examined. 
MFI of TNFR2 expression by FoxP3+ Tregs (2427 ± 475) 
was 3.7-fold greater than that by FoxP3− Tconvs 
(649 ± 221, P = 0.0002) from healthy donors (Fig. 1c). 

In lung cancer patients, MFI of TNFR2 expression by 
FoxP3+ Tregs (2806 ± 449) was also ~2.6-fold higher 
than that by FoxP3− Tconvs (1082 ± 293, P < 0.0001, 
Fig. 1c). Further, MFI of TNFR2 expression by both Tregs 
and Tconvs was markedly higher in patients than in healthy 
donors (P = 0.03 and P < 0.0001, respectively, Fig. 1c). 
Thus, TNFR2 is preferentially, although not exclusively, 
expressed by PB CD4+ Tregs in lung cancer patients, and 
this receptor tends to be up-regulated on both Tregs and 
Tconvs of patients.

TNFR2 in combination with CD25 was reported to serve 
as surface markers to identify more functional human Tregs 
present in the PB of healthy donors, as compared with 
Tregs identified by CD25hi [18]. Further, CD25hiCD127lo 
were frequently used as surface markers of human Tregs 
[19]. Thus, we further analyzed the relationship between 
intracellular expression of FoxP3 and surface expression 

Fig. 1  TNFR2 expression by periphery blood (PB) of healthy donors 
and lung cancer patients. PBMCs from indicated sources were stained 
for CD4, CD25, CD127, TNFR2 and intracellular FoxP3, and ana-
lyzed with FACS. a Representative flow plots of TNFR2 expression 
by Tregs and Tconvs in a lung cancer patient. b Proportion of FoxP3+ 
Tregs and TNFR2+ FoxP3+ Tregs in total CD4+ T cells from healthy 
donors and lung cancer patients. c The proportion of TNFR2+ cells 
and MFI of TNFR2 expression by Tregs and Tconvs from healthy 
donors and patients. d The relationship between FoxP3 expression 
and TNFR2, CD25, CD127 expression by total CD4+ cells present 

in the PBMCs of patients. Representative flow plots are shown. e The 
proportion of TNFR2+ cells, or CD127− cells, or CD25+ cells in the 
FoxP3+ Tregs from healthy donors and from lung cancer patients. f 
Proportion of FoxP3+ cells in CD4+CD25+CD127− cells, with or 
without TNFR2 expression, from healthy donors and lung cancer 
patients. The number in the FACS plots is the proportion of cells in 
the indicated gating or quadrants. Data shown in b, c, e and f were 
summarized from 18 healthy donors and 43 lung cancer patients. P 
value showed the comparison between indicated groups
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of TNFR2, CD25 or CD127 in PB CD4 cells derived from 
lung cancer patients. As shown in Fig. 1d, FoxP3 expres-
sion was largely restricted to TNFR2-expressing cells. Fur-
thermore, FoxP3+ cells comprised more TNFR2+ cells as 
compared with CD25+ or CD127− cells in both healthy 
controls and lung cancer patients (Fig. 1e). Thus, TNFR2+ 
was superior to CD25+ and CD127− in correlating with 
FoxP3 expression.

Although intracellular FoxP3 is the most specific marker 
of Tregs, it cannot be used for the viable isolation of human 
Tregs for functional study. To date, CD4+CD25hiCD127lo/− 
remains the most frequently used surrogate surface mark-
ers for the identification and flow sorting of human Treg 
cells [20]. Nevertheless, CD4+CD25+CD127− T cells 
from lung cancer patients contained a substantial por-
tion of FoxP3− cells (26.52 ± 10.16 %). Thus, we won-
dered whether addition of TNFR2 could improve the purity 
of FoxP3-expressing Tregs. As shown in Fig. 1f, both in 
healthy controls and in lung cancer patients, the proportion 
of FoxP3+ cells present in CD4+CD25+CD127−TNFR2+ 
cells (72.16 ± 6.65 % in healthy controls, 82.77 ± 8.39 % 
in lung cancer patients) was markedly higher than that in 
CD4+CD25+CD127−TNFR2− cells (44.17 ± 11.38 % 
in healthy controls, 60.17 ± 13.38 % in lung cancer 
patients. P = 0.0002 and P < 0.0001, respectively). These 
data clearly indicated that TNFR2 expression could fur-
ther enhance the proportion of FoxP3+ Tregs present in 
CD4+CD25+CD127− cells. Interestingly, TNFR2 appears 
to be a better indicator in lung cancer patients than in 
healthy donors in the identification of FoxP3+ Tregs by 
combination with CD4+CD25+CD127− (Fig. 1e, f).

Phenotypic characteristics of TNFR2+ Tregs in PBMCs 
of lung cancer patients

TNFR2 is a co-stimulatory molecule and has the capac-
ity to promote the proliferative response of lymphocytes 
to TCR stimulation [21, 22]. TNFR2 expressed by mouse 
Tregs correlated with the expression of Ki-67, a nuclear 
antigen present only in replicating cells [23], indicative 
of the highly proliferative nature of Tregs [17, 24]. We 
therefore wondered whether TNFR2 expressed by Tregs 
from lung cancer patients also reflected their prolifera-
tion profile. Indeed, PB Tregs from lung cancer patients 
expressed a markedly higher level of Ki-67 in TNFR2+ 
Tregs (21.68 ± 7.13 %) as compared with TNFR2− 
Tregs (7.09 ± 3.74 %, P < 0.0001, Fig. 2a, b). As shown 
in Fig. 2c, the MFI of Ki-67 expression by TNFR2+ 
Tregs (376 ± 170) was also significantly higher than that 
expressed by TNFR2− Tregs (210 ± 108, P < 0.0001). 
However, TNFR2+ Tconvs also expressed a relatively 
higher level of Ki-67 (5.52 ± 2.61 %) than TNFR2− 
Tconvs (1.79 ± 1.01 %, P < 0.0001) in lung cancer patients 

(Supplementary Fig. 1), suggesting that TNFR2 expression 
was associated with proliferation of PB CD4 cells, regard-
less of their FoxP3 expression. Nevertheless, Treg cells 
in patients expressed markedly higher levels of TNFR2 
(Fig. 1c, P < 0.0001) and Ki-67 (Fig. 2, P < 0.0001) than 
Tconvs. Presumably, in lung cancer patients, Tregs are 
more proliferative and have a higher turnover rate than 
Tconvs.

Expression of characteristic molecules by Tregs has 
implications in their phenotype as well as their suppres-
sive function. We therefore further examined the expression 
of typical Treg molecules by both TNFR2+ and TNFR2− 
Tregs in the PB of lung cancer patients. Highly suppressive 
Tregs expressed elevated levels of an immunosuppressive 
molecule CTLA-4 which was critical for cell–cell contact-
dependent immunosuppressive function of Tregs [25]. As 
shown in Fig. 2a, b, TNFR2+ Tregs expressed markedly 
higher levels of CTLA-4 (57.50 ± 9.96 %) than TNFR2− 
Tregs (25.25 ± 7.11 %) and Tconvs (5.76 ± 2.46 %). 
CD25, the alpha chain of IL-2 receptor, is a marker of 
activated T cells. The expression of CD25 on TNFR2+ 
Tregs was more than twofold higher as compared with that 
expressed by TNFR2− Tregs. In contrast, the expression 
of CD127 was the lowest by TNFR2+ Tregs, indicative 
of co-expression of TNFR2 and CD25+/CD127− as Treg 
markers. Further, the MFI of CTLA-4, CD25 and CD127 
expression on TNFR2+ Tregs, TNFR2− Tregs and Tconvs 
was analyzed. As shown in Fig. 2c, the MFI of CTLA-4, 
CD25 expression on TNFR2+ Tregs was the highest and 
the MFI of CD127 expression on TNFR2+ Tregs was the 
lowest among the indicated subsets. Thus, in the PB of 
lung cancer patients, TNFR2+ Tregs possessed a more acti-
vated and more suppressive phenotype than their TNFR2 
counterparts.

TNFR2+ Tregs suppress IFNγ production by CD8+  
T cells

CD8+ cytotoxic T lymphocytes (CTLs) and produc-
tion of IFNγ by CD8+ CTLs play an important role in 
cancer immune surveillance and antitumor immunity 
[26–28]. Therefore, the suppressive potential of TNFR2+ 
and TNFR2− Tregs from lung cancer patients on IFNγ 
production by cocultured autologous CD8+ T cells was 
examined. To this end, Tregs (CD4+CD25+CD127−) 
were further sorted based on their TNFR2 expression 
(Fig. 3a), and autologous CD8+ T cells were sorted by 
FACS. As shown in Fig. 3b, stimulation with CD3/CD28 
dynabeads resulted in the production of IFNγ by puri-
fied CD8+ T cells (401.9 ± 72.91 pg/mL). When cocul-
tured with TNFR2+ Tregs, IFNγ level was decreased 
by 50 % to 196.8 ± 116.1 pg/mL (P = 0.008). In con-
trast, in the cocultures of TNFR2− Tregs and CD8+ T 
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cells, supernatant IFNγ level was 327.4 ± 112.2 pg/mL, 
which was lower than CD8 cell culture alone (P = 0.037, 
18 % inhibition) but markedly higher than cocultures 
of TNFR2+ Tregs (P = 0.025). This result was unlikely 
attributable to the IFNγ produced by TNFR2+ Tregs or 
TNFR2− Tregs, since there was no detectable IFNγ in the 
supernatant of cultures containing TNFR2+ Tregs alone 
or TNFR2− Tregs alone (data not shown). Thus, TNFR2 
is able to identify the highly immunosuppressive subset 
of Tregs in lung cancer patients.

TNFR2 expression on Tregs is highly associated 
with clinicopathological characteristics of lung cancer 
patients

Due to their superior suppressive function, TNFR2 
expression on Tregs may identify the most disease-rele-
vant Tregs in lung cancer and may be more indicative of 

greater cancer malignancy, development, metastasis and 
clinical outcomes. To test this possibility, we analyzed 
the percentage of TNFR2+ cells within the FoxP3+ Tregs 
in PBMCs from 43 patients and 18 healthy controls. As 
shown in Fig. 4 and Table 1, although the proportion of 
total Tregs, as defined by FoxP3 expression, in PB CD4 
cells of lung cancer patients (6.50 ± 2.01 %) was higher 
than healthy controls (3.98 ± 1.01 %, P < 0.0001), there 
was no correlation between proportion of total FoxP3+ 
Tregs and these clinicopathological characteristics. 
However, the proportion of TNFR2+ subset in FoxP3+ 
Tregs was highly correlated with lymphatic invasion 
(P = 0.007), distant metastasis (P = 0.0006) and clini-
cal stage (stage I + II vs. stage III + IV, P < 0.0001), 
whereas the proportion of TNFR2+ cells in Tconvs was 
only correlated with clinical stage (stage I + II vs. stage 
III + IV, P = 0.008). There was no association of the pro-
portion of TNFR2+ cells in Tregs with age (P = 0.422), 

Fig. 2  Phenotypic characteristics of TNFR2+ Tregs in lung can-
cer patients. PBMCs of lung cancer patients were stained for CD4, 
CD25,CD127 and TNFR2 and then fixed and stained intracellularly 
for FoxP3, Ki-67 and CTLA-4. Surface expression of CD25 and 
CD127 and intracellular expression of CTLA-4 and Ki-67 by indi-
cated subsets of CD4+ cells were analyzed by FACS. a The typical 
FACS plots. Solid line histogram: Ab staining; gray filled histogram: 

isotype control IgG staining. Numbers in the plots indicate the pro-
portion of positive cells. b The summary of proportion of Ki-67+, 
CLTA-4+, CD25+ and CD127+ cells (N = 43 except for CTLA-4 
which was summarized from 6 patients). c The summary of MFI of 
Ki-67, CLTA-4, CD25 and CD127 expression (N = 43 except for 
CTLA-4 which was summarized from six patients) on indicated sub-
sets. P value shown is comparison between indicated groups
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gender (P = 0.736) and histology (P = 0.653). Further, 
MFI of TNFR2 expression by FoxP3+ Tregs was also 
highly correlated with lymphatic invasion (P = 0.019), 
distant metastasis (P = 0.002) and advanced clinical stage 
(stage I + II vs. stage III + IV, P = 0.0008). Neverthe-
less, MFI of TNFR2 expression by FoxP3− Tconvs was 
also correlated with lymphatic invasion (P = 0.031) and 
clinical stage (stage I + II vs. stage III + IV, P = 0.003). 
Therefore, these data indicate that the expression levels of 
TNFR2, including both proportion of TNFR2-expressing 
cells and MFI of TNFR2 expression, by Tregs were highly 
associated with clinical pathology and thus may be useful 
as a prognostic biomarker.

Discussion

Previous studies have reported that higher numbers of 
Tregs were present in lung cancer patients than in healthy 
donors, and were associated with tumor progression [6, 
29]. In contrast, other studies failed to reveal the correlation 
between the levels of Tregs and the stages of lung cancer 
[1, 7]. We were able to confirm that the levels of FoxP3+ 

Treg cells were higher in lung cancer patients as compared 
with healthy controls (Fig. 1b). However, we did not find a 
correlation between the levels of total FoxP3+ Tregs with 
clinicopathological characteristics of the patients, which 
was in agreement with a number of previous reports [1, 
7]. Interestingly, compared with non-metastatic patients, 
the expression level of TNFR2 on Tregs was considerably 
increased in patients with tumor-invaded lymph nodes or 
with distant organ metastasis, while there was no differ-
ence in TNFR2 expression on Tregs between lung cancer 
patients without metastasis and healthy controls. Therefore, 
TNFR2 expression on Tregs was increased only in patients 
with more advanced stages of lung tumors and thus could 
be served as a prognostic biomarker.

The correlation of TNFR2 expression on Tregs with 
tumor development and metastasis is likely due to the 
immune evasion caused by highly suppressive TNFR2+ 
Tregs. However, we cannot exclude the possibility that 
more advanced tumor may enhance TNFR2 expression on 
Tregs. For example, patients with lung cancer and other 
solid tumors usually have higher levels of serum TNF 
[30, 31], and TNF is known to preferentially up-regulate 
TNFR2 expression on Tregs [32]. It is also possible that 

Fig. 3  TNFR2+ Tregs potently 
inhibit the production of IFNγ 
by CD8+ T cells. CD4+ T 
and CD4− depleted cells were 
purified from freshly isolated 
PBMCs of lung cancer patients 
using human CD4 microbeads. 
CD4+CD25+CD127−TNFR2+ 
and CD4+CD25+CD127 
−TNFR2− T cells were flow-
sorted from CD4+ T cells. 
FACS-sorted CD8+ T cells 
(5 × 104 cells/well), used as 
responder cells, were cul-
tured alone or cocultured with 
indicated CD4+ T subsets at 
a ratio of 1:1. The cells were 
stimulated with CD3/CD28 
dynabeads for 72 h. IFNγ level 
in the supernatant was deter-
mined by ELISA. a The purity 
of TNFR2+ and TNFR2− Tregs. 
Data shown are representative 
FACS plots. Number in the 
histograms is the proportion of 
TNFR2+ cells. b IFNγ levels in 
the supernatant. Data shown are 
summary from six lung cancer 
patients. P value shown is 
comparison between indicated 
groups



1482 Cancer Immunol Immunother (2015) 64:1475–1485

1 3

TNFR2+ Tregs and tumor form positive feedback loops to 
reciprocally promote each other, resulting in the increas-
ingly immunosuppressive environment as well as rapidly 
growing tumor. Therefore, targeting TNF–TNFR2 may 
represent a novel and better strategy to enhance antitumor 
immunity by eliminating Treg activity than existing meth-
ods [3, 33, 34]. This idea is supported by the observations 
that therapeutic elimination of TNFR2+ Tregs contributed 
to their antitumor effect [15, 16].

Our data also showed that Tconvs from lung cancer 
patients also expressed markedly higher levels of TNFR2, 
as compared with their counterparts from healthy donors 
(Fig. 1c). Furthermore, expression of TNFR2 on Tconvs 
from patients with advanced cancer (stage III + IV) was 
markedly higher than that from less advanced patients 
(stage I + II) (P = 0.007, Supplementary Fig. 2). It has 
been shown that Tconvs with enhanced TNFR2 expression 
were more proliferative and more resistant to Treg-medi-
ated inhibition and produced higher levels of cytokines [24, 

35]. Indeed, we also found that TNFR2-expressing Tconvs 
were more proliferative, as indicated by their higher lev-
els of Ki-67 expression (Supplementary Fig. 1). Never-
theless, Tregs from patients expressed markedly higher 
levels of TNFR2 than Tconvs (Fig. 1c). Moreover, in the 
advanced cancer patients, TNFR2 expression on Tregs 
(94 %, MFI: 3106) remained markedly higher than that 
on Tconvs (58 %, MFI: 1265, P < 0.0001, Supplemen-
tary Fig. 3). These data suggest that Tregs still preferen-
tially utilize TNF–TNFR2 co-stimulation for activation 
in tumor patients, and those tumor-associated Tregs were 
likely to inhibit activation of Tconvs, as previously shown 
in a study based on a mouse tumor model [11]. The ratio 
of TNFR2+ Tregs to TNFR2+ Tconvs was not increased in 
the advanced cancer patients (data now shown), which was 
likely caused by the high basal levels of TNFR2 expression 
on Tregs (Fig. 4) and the expression of this protein on Tregs 
might have reached a plateau in patients with advanced 
cancer.

Fig. 4  Correlation of TNFR2 expression with metastasis and clinical 
stage of lung cancer patients. PBMCs were freshly isolated by Lym-
phoprep™ centrifugation and prepared for FACS analysis. a Com-
parison of the proportion of total Tregs, the proportion of TNFR2-
expressing Tregs and MFI of TNFR2 expression by Tregs derived 
from healthy controls (N = 18), or patients without lymphatic metas-
tasis and distant metastasis (N0M0, N = 23), or patients with lym-

phatic metastasis but without distant metastasis (N1/2/3M0, N = 8), 
or patients with distant metastasis (M1, N = 12). b Comparison of 
the proportion of total FoxP3+ Tregs, the proportion of TNFR2-
expressing Tregs and MFI of TNFR2 expression by Tregs derived 
from healthy controls (N = 18), or stage I + II lung cancer patients 
(N = 27), or stage III + IV lung cancer patients (N = 16). P value 
shown in the figure is the comparison of indicated groups
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TNFR2 is one of the two receptors that transduce bio-
logical function of TNF [36]. In contrast to the broadly 
expressed and cytotoxicity mediating effect of TNFR1, 
TNFR2 is primarily expressed by lymphocytes and acts as 
a co-stimulatory molecule to enhance T cell responses to 
TCR stimulation [21, 22]. It has been shown that TNFR2 is 
critical for the maintenance of FoxP3 expression by Tregs 
[37], which is attributable to the requirement of TNFR2 or 
its major signaling component IKKα for the in vivo func-
tion of Tregs [37–39]. Presumably, activation of NF-κB 
by TNFR2 signaling [40, 41] contributes to the stability of 
FoxP3 expression [42]. Meanwhile, NF-κB pathway can 
be activated by TNF–TNFR2 interaction [40, 41]. This 
may explain why TNFR2, as compared with CD25+ or 
CD127low/−, was highly correlated with FoxP3 expression 
by Tregs in both healthy donors and lung cancer patients 
(Fig. 1d, e). Overall, co-expression of surface mark-
ers CD25 and TNFR2 and lack of CD127 appeared to be 
superb markers to define functionally suppressive Tregs in 
lung cancer patients.

In our study, IFNγ production from autologous CD8 
T cells was inhibited by 50 % when TNFR2+ Tregs were 
added at a 1:1 ratio (Fig. 3). It was previously shown that 
TNFR2+ Tregs at a 1:1 ratio almost completely inhib-
ited the capacity of CD4 responders to produce IFNγ 
[18]. This discrepancy may be attributable to the different 
stimulus used in the in vitro Treg function assays. Dyna-
beads® Human T-Activator CD3/CD28 used in our study 
could provide more potent TCR stimulation to responder 
T cells, which might result in an enhanced resistance to 
Tregs, as compared with APCs (CD4-depleted and irra-
diated PBMCs) plus soluble anti-CD3 Ab used by others 
[18]. In addition, difference in responder cells, such as 
CD4 cells from healthy donors [18] and CD8 cells from 
cancer patients in our study, may also contribute to the 
discrepancy.

Taken together, our study provides novel evidence that 
the expression of TNFR2 by peripheral Tregs, not total 
Tregs by themselves, was correlated with clinicopatho-
logical progression and metastasis of lung cancer patients. 
With highly replicating and highly suppressive proper-
ties, these TNFR2+ Tregs present in the circulation of 
lung cancer patients may prove to be a useful prognostic 
marker of advanced lung cancer patients, especially those 
with metastatic diseases. Consequently, therapeutically 
targeting of TNFR2+ Tregs may improve the efficacy of 
current immunotherapy in the treatment of lung cancer 
patients.
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