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proportion of Tregs in clBALF than in hlBALF or PB 
(8.5 vs. 5.0 vs. 5.1%, respectively, p < 0.05). The median 
proportion of (in)CTLA-4+ Tregs was higher in clBALF 
than in hlBALF or PB (89.0, 81.5, 56.0%, p < 0.05). IL-17 
concentration was the highest in clBALF—6.6 pg/ml. We 
observed a significant correlation between the proportion 
of Tregs and (in)CTLA-4+ Tregs with IL-17A concentra-
tion in clBALF. We confirmed significant differences in 
the proportion of regulatory elements between cancerous 
lung and healthy lung and PB and the usefulness of BALF 
analysis in evaluation of immune response regulation in 
local lung cancer environment.

Keywords  T regulatory cells · CTLA-4 · IL-17 · 
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Abbreviations
(in)CTLA-4	� Intracellular-expressed CTLA-4
(s)CTLA-4	� Surface-expressed CTLA-4
BALF	� Bronchoalveolar lavage fluid
clBALF	� Cancer affected lung BALF
COPD	� Chronic obstructive pulmonary disease
CTLA-4	� Cytotoxic T-lymphocyte antigen 4
CTLs	� Cytotoxic T lymphocytes
ELISA	� Enzyme-linked immunosorbent assay
Foxp3	� Forkhead box P3 transcription factor
hlBALF	� Healthy symmetrical lung BALF
IL	� Interleukin
MGG	� May-Grunwald Giemsa
NOS	� Not otherwise specified
NSCLC	� Non-small cell lung cancer
PB	� Peripheral blood
Th17	� T helper 17
TIL	� Tumor infiltrating lymphocytes
Tregs	� Regulatory T cells

Abstract  Regulatory T cells (Tregs) play an important 
role in the suppression of the immune response in lung 
cancer. Cytotoxic T-lymphocyte antigen 4 (CTLA-4) 
expressed on T lymphocytes is capable of downregulat-
ing cytotoxic T cells and is constitutively expressed on 
Tregs. Little is known about the population of Tregs with 
two forms of CTLA-4: surface (s) and intracellular (in) in 
the lung cancer environment. Th17 cells defined by pro-
duction of IL-17 have pleiotropic functions in anticancer 
immune response. Our aim was to detect the elements of 
immune response regulation in lung cancer in three com-
partments: by analysis of bronchoalveolar lavage fluid 
(BALF) from the lung affected by cancer (clBALF), 
healthy symmetrical lung (hlBALF) and peripheral blood 
(PB) from the same patient. A total of 54 samples were 
collected. Tregs, (s)CTLA-4, (in)CTLA-4 were detected 
by flow cytometry with antibodies against CD4, CD25, 
Foxp3, CD127, CTLA-4, and concentration of IL-17 was 
estimated by ELISA. We observed a significantly higher 

 *	 Joanna Domagala‑Kulawik 
	 domagalakulawik@gmail.com

1	 Department of Pathomorphology, PhD Study (First Faculty 
of Medicine), Medical University of Warsaw, 7 Pawinskiego 
Street, 02‑106 Warsaw, Poland

2	 Department of Laboratory Diagnostics and Clinical 
Immunology of Developmental Age, Medical University 
of Warsaw, 63a Zwirki i Wigury Street, 02‑091 Warsaw, 
Poland

3	 Department of Surgery, Institute of Tuberculosis and Lung 
Diseases, 26 Plocka Street, 01‑138 Warsaw, Poland

4	 Department of Internal Diseases, Pneumonology 
and Allergology, Medical University of Warsaw, 1a Banacha 
Street, 02‑097 Warsaw, Poland

http://crossmark.crossref.org/dialog/?doi=10.1007/s00262-016-1930-6&domain=pdf


162	 Cancer Immunol Immunother (2017) 66:161–170

1 3

Introduction

Lung cancer is still the main oncological problem world-
wide. There are about 1.8 million new cases yearly [1]. 
The prognosis is very poor with <15% of the overall sur-
vival. This cancer is the first cause of cancer deaths among 
patients with malignancy. About 70% of cases are in the 
advanced stages of this disease at the time of diagnosis, 
and these tumors are unresectable [2, 3]. Rapid accurate 
diagnosis, recognition of risk factors and the improve-
ment of treatment efficacy are the main challenges in the 
case of this tumor. Many inhibitory mechanisms of immune 
response have been demonstrated in lung cancer patients in 
circulation and the resected tumor samples being the basis 
of new methods of immunotherapy [4–6]. The investiga-
tions of the possible biomarkers before immunomodulatory 
treatment are ongoing.

The impairment immune surveillance plays an important 
role in the progression of lung cancer. It is well known that 
T regulatory cells (Tregs) play a crucial role in inhibition 
of the immune response [7]. Their function depends on the 
expression of transcription factor Forkhead box P3 (Foxp3) 
[8]. Recently, the presence of Cytotoxic T-lymphocyte 
antigen-4 (CTLA-4) molecule has been demonstrated as 
a strong inductor of Tregs function [9, 10]. Tregs form a 
subpopulation of T cells, which modulate the immune sys-
tem, maintain tolerance to self-antigens and abrogate auto-
immune diseases. Tregs represent about 5% of circulating 
CD4+ T lymphocytes in the human peripheral blood and 
are defined by the expression of CD4, high expression of 
CD25 and Foxp3 and lack of CD127 [11]. Generally, Tregs 
suppress or downregulate the proliferation and function of 
effector T cells; thus, they may stimulate cancer progres-
sion [12]. An increased number of Tregs has been observed 
in the blood and in the tumor mass of patients with differ-
ent solid tumors [13–15].

CTLA-4 also known as CD152 is a protein receptor 
that downregulates the immune system. CTLA-4 is con-
stitutively expressed on Tregs. However, CTLA-4 can also 
function in the non-Treg compartment being expressed on 
other T cells [16]. CTLA-4 is similar to the T cell co-stim-
ulatory protein, CD28. CTLA-4 and CD28 bind to CD80 
or CD86 on antigen-presenting cells. CTLA-4 transmits 
an inhibitory signal, whereas CD28 transmits an activation 
signal to T cell [17]. CTLA-4 is identified as a surface or 
intracellular antigen. The physiologic regulation causes the 
immediate endocytosis of surface molecule, and the major-
ity of CTLA-4 is localized in intracellular granules [18]. 
Thus, there are two forms of CTLA-4 expression: on the 
cell surface after activation (s), and intracellular as storage 
(in) [19].

The increased proportion of Tregs, high expression of 
Foxp3 and CTLA-4 on tumor infiltrating and peripheral 

blood lymphocytes have been observed in lung cancer [8, 
10, 20]. Yet, little is known about the lung population of 
Tregs with CTLA-4 expression in the lung cancer microen-
vironment and the difference between (s) and (in) CTLA-4 
on Tregs, which may be important for their function.

Th17 cells are defined by production of IL-17 and are 
known to be very plastic cells [21]. Some data show that 
IL-17 may play a dual role in the antitumor immunity [22]. 
IL-17 promotes an antitumor cytotoxic T cell response 
leading to tumor regression. On the other hand, by facili-
tating angiogenesis and egress of tumor cells from the pri-
mary focus, IL-17 promotes tumor spread [23–25].

The recognition of mechanisms of anticancer immune 
response may have important therapeutic implications [26]. 
Knowledge of the defense mechanisms in lung cancer is 
restricted to the studies of peripheral blood (PB), which 
reflects a systemic immune response and to a small num-
ber of non-small cell lung cancers (NSCLC), which are 
qualified to resection. Bronchoalveolar lavage (BAL) is a 
method for investigation of large part of the lung and ena-
bles examination of the local immune response in the lung 
cancer environment. BAL may be performed in all lung 
cancer stages [27]. All these reasons justified the choice of 
the BAL fluid (BALF) analysis as a basic material of this 
research.

The aim of the study was to detect some selected ele-
ments of the regulation of immune response in lung cancer 
based on the examination of BALF from the lung affected 
by cancer (clBALF as the local environment), from the 
healthy lung (hlBALF as a control) and in PB (as the sys-
temic environment) from the same patient. We investigated 
the proportion of Tregs, Tregs with (s) and (in) CTLA-4 
expression and IL-17 concentration in these three compart-
ments, and we evaluated the relations between them.

Patients and methods

Patients

The study group consisted of 18 patients with confirmed 
primary lung cancer; in all patients it was NSCLC. There 
were 6 women and 12 men; mean age 68.4 ±  7.3  years; 
range (min–max) 50–81 years. There were patients in the 
I–III stages of the disease (according to 7th TNM classifi-
cation) [28].

All patients underwent clinical examination, bronchos-
copy with BALF (Department of Surgery, National Institute 
of Tuberculosis and Lung Diseases, Warsaw, Poland) and 
laboratory tests. Patient’s informed consent (the Medical 
University of Warsaw Ethics Committee) was required from 
all patients before each diagnostic procedure. Primary lung 
cancer confirmed by histological examination constituted an 
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inclusion criterion. Exclusion criteria were as follows: any 
kind of anticancer therapy, signs of infection, chronic obstruc-
tive pulmonary disease (COPD), autoimmune diseases, 
immunosuppressive therapy. Further exclusion criteria were 
established after macro- and microscopic BALF examina-
tions and those were: bloody fluid, <50% of recovered fluid, 
the absence of lymphocytes in the cytological samples in the 
May-Grunwald Giemsa (MGG) staining and no representa-
tive number of events in flow cytometric analysis of material.

Bronchoalveolar lavage fluid

Bronchoalveolar lavage was performed in all patients dur-
ing a routine diagnostic bronchofiberoscopy. During the 
procedure, 100  ml of 0.9% NaCl solution was instilled 
to each lung. BALF was taken from the cancerous lung 
(clBALF) and from the healthy lung (hlBALF) of the same 
patient during the same procedure. The volume of recov-
ery fluid was 50% or more. BALF processing was realized 
according to the recommendations [29]. The material was 
filtered through a nylon gauze, the volume was measured, 
and then the fluid was centrifuged for 10 min (300×g). The 
cell pellet was used for total and differential cell counting 
and for flow cytometry. BALF supernatants were frozen at 
−70 °C and preserved until further processing. The Bürker 
chamber was used to measure the total cell count. Differen-
tial cell count was determined on two MGG-stained slides 
with the use of light microscopy. The rest of the pellets 
were used for cell analysis by flow cytometry.

Flow cytometry analysis

Flow cytometry was used to determine the lymphocyte sub-
types in the clBALF, hlBALF and PB. The numbers of Treg 
subpopulations and Tregs with the presence of CTLA-4 in 
samples were determined by a panel of monoclonal anti-
bodies against: CD4 PE-Cy7, CD25 PE, CD127 BV421, 
Foxp3 Alexa Fluor 488, CTLA-4 APC (BD, USA); Tregs 
were defined as CD4+ CD25highFoxp3+ CD127-cells. The 
amounts of Tregs were presented as a median proportion 
of CD4-positive cells. Two forms of CTLA-4: surface (s) 
and intracellular (in) were analyzed in different tubes. For 
Foxp3 and (in)CTLA-4 detection, membrane permeabili-
zation with Transcription Buffer Set (BD, USA) was used. 
CTLA-4-positive cells were shown as a median proportion 
of Tregs. The samples were processed by the FACS Canto 
II flow cytometer (BD, USA).

Enzyme‑linked immunosorbent assay (ELISA)

The BALF and serum IL-17A concentration was meas-
ured by means of a commercially available kit Quantikine 
ELISA Human IL-17A Immunoassay (R&D System, USA) 

according to the producer’s instruction. The absorbance 
was measured at 450 nm by a Microplate reader (the Stat-
Fox-2100 model; Awarness Technology Inc).

Statistical analysis

The Statistica 12.0 software (StatSoft) was used for a sta-
tistical analysis. For group comparison, the Mann–Whitney 
test and Kruskal–Wallis test were used. Relations between 
quantitative variables were analyzed by Spearman correla-
tions. A p < 0.05 was considered as statistically significant.

Results

The characteristics of the investigated group are summarized 
in Table 1. In the investigated group, the men were signifi-
cantly more numerous compared to the women and the male 
patients were significantly younger than female (p < 0.05). 
The prevalence of squamous cell carcinoma (50.0%) was 
noted. There were patients in stage I–IIIA of the disease 
(I-22.2%, II-61.1% and IIIa-16.7%, respectively). Due to a 
small number of patients in each group, we did not perform 
a comparison between the groups with different histologi-
cal types of cancer and between different stages of the dis-
ease. There were 6 active smokers, 8 ex-smokers and only 4 
patients who had never smoked cigarettes.

In the BALF analysis, the total cell count and differen-
tial cell count were similar when the clBALF and hlBALF 
were compared. There was an elevated proportion of neu-
trophils in the BALF: in the clBALF—22.5 ±  21.7%, in 
the hlBALF-23.6 ± 22.5%. The reference value of the pro-
portion of BALF neutrophils is <3%) [29].

The proportion of Tregs in the clBALF was 8.5% (p25–
p75 = 5.3–12.1) and was higher than in the hlBALF—5.0% 
(3.9–8.0) p  <  0.05 and PB—5.1% (4.4–6.4%), p  <  0.05, 
(Fig. 1).

We noticed a higher proportion of (s)CTLA-4-positive 
Tregs in the clBALF when compared to the hlBALF and 
PB; it was 7.6% (3.8–13.3) versus 5.9% (3.3–7.1) versus 
3.8% (2.0–8.9), respectively, difference nonsignificant. The 
median proportion of (in)CTLA-4-positive Tregs was also 
higher in the clBALF than in the hlBALF and PB 89.0% 
(83.2–96.3) versus 81.5% (61.7–92.0) versus 56.0% (54.1–
60.7), respectively, p  <  0.05, (Fig.  2, examples of flow 
cytometry gating of CTLA-4+ cells).

We calculated a ratio: (s)CTLA-4 to (in) CTLA-4 ((s) 
CTLA-4 Tregs/(in)CTLA-4 Tregs × 100%), and it was as 
follows: 8.1% (2.2–15.0) versus 6.9% (4.5–11.5) versus 
6.5% (3.8–15.2) in the clBALF, hlBALF and PB, respec-
tively, difference nonsignificant.

The median proportion of IL-17A concentration in 
the clBALF supernatant was 6.6  pg/ml (5.4–8.8) and was 
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Table 1   Characteristics of the 
study population

BALF bronchoalveolar lavage fluid, clBALF bronchoalveolar lavage fluid from the lung affected by cancer, 
hlBALF bronchoalveolar lavage fluid from healthy lung, F female, M male, MGG May-Grunwald Giemsa 
staining, NOS not otherwise specified

Patients

Sex F/M (n) 6/12

Age (mean ± SD years) 68.4 ± 7.3

Women (mean ± SD years) 72.3 ± 7.3

Men (mean ± SD years) 66.4 ± 6.7

Smokers/ex-smokers/non-smokers (n, %) 6 (33.3%)/8 (44.4%)/4 (22.2%)

Pack/years (mean ± SD) 36.3 ± 14.5

Histology (%)

 Squamous cell carcinoma 50.0%

 Adenocarcinoma 22.2%

 NOS 22.2%

Stage of disease (n, %)

 I 4 (22.2%)

 II 11 (61.1%)

 IIIA 3 (16.7%)

Symptoms of the respiratory system (interview of the patient)  
[yes/no (n, %)]:

4 (22.2%)/14 (77.8%)

 Cough 2 (11.1%)/16 (88.9%)

 Hemoptysis 1 (5.6%)/17 (94.4%)

 Dyspnea 2 (11.1%)/16 (77.8%)

BALF description clBALF hlBALF

Total cell count (×106) 7.1 ± 3.4 5.2 ± 2.7

MGG staining (mean ± SD)

 Macrophages (%) 49.5 ± 24.6 54.1 ± 23.2

 Lymphocytes (%) 28.4 ± 14.3 22.2 ± 10.2

 Neutrophils (%) 22.5 ± 21.7 23.6 ± 22.5

 Eosinophils (%) 0 0

Fig. 1   Median proportion of 
T regulatory cells (Tregs) in 
bronchoalveolar lavage fluid 
(BALF) of lung cancer patients 
from the lung affected by cancer 
(clBALF), from healthy sym-
metrical lung (hlBALF) and in 
peripheral blood (PB). (a, b: 
p < 0.05). Data are presented 
as median proportion, range p 
25–75 and min–max
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higher than in the hlBALF supernatant: 2.9 pg/ml (0.4–7.9) 
and serum—4.1  pg/ml (2.9–7.9), difference nonsignificant 
(Fig. 3).

We observed a significant correlation between the pro-
portion of Tregs and IL-17A concentration only in the 

clBALF (r = 0.5, p < 0.05). We did not observe this cor-
relation in the hlBALF and serum.

There was also a positive significant correlation between 
the proportion of (in)CTLA-4+ Tregs and IL-17A concen-
tration in the clBALF (r = 0.7, p < 0.05) but a significant 

Fig. 2   T regulatory cells (Tregs) with surface (s) and intracellu-
lar (in) presence of Cytotoxic T-lymphocyte antigen-4 (CTLA-4+ 
Tregs) in peripheral blood (PB), in bronchoalveolar lavage fluid from 

the lung affected by cancer (clBALF) and from healthy symmetrical 
lung (hlBALF) in one patient with lung cancer (example of histogram 
from flow cytometry analysis)
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negative correlation between the proportion of (in)
CTLA-4+ Tregs and IL-17A concentration in the serum 
(r = −0.3, p < 0.05) (Fig. 4).

Discussion

Lung cancer has a very insidious clinical course. Occur-
rence of resectable tumors does not exceed 30%; hence, the 
knowledge of the anticancer response and regulatory ele-
ments in the lung cancer environment is limited. It is also 
known that lungs show some individuality and specificity 
of the immune system and changes in the lung cancer envi-
ronment are different than those observed in the systemic 
environment reflected by PB examination.

In our study, we focused on the assessment of selected 
regulatory elements of the immune response in lung can-
cer. To the best of our knowledge, it is the first study in 
which the panel of regulatory cells was identified in the 
BALF of lung cancer patients. We found significant dif-
ferences of Tregs proportion and Tregs with (in) CTLA-4 
expression between the local lung cancer environment and 
opposite lung and systemic response. We observed a sig-
nificant correlation of the proportion of these cells with 
IL-17A concentration in the BALF from the cancer milieu. 
We confirmed the usefulness of BALF examination in this 
study. Our study fits in a broad trend of research of immu-
nological markers as possible predictor factors in malignant 
tumors [30–32].

The study group consisted of patients with confirmed 
primary lung cancer in all stages of the disease and all types 
of NSCLC. The ratio of women to men was 1:2 which cor-
responds with literature data [33, 34]. 78% of patients were 

Fig. 3   Differences between IL-
17A concentration in bronchoal-
veolar lavage fluid supernatant 
from the lung affected by cancer 
(clBALF), from healthy sym-
metrical lung (hlBALF) and 
serum. Data are presented as 
median proportion and range p 
25–75

Fig. 4   Correlation of the proportion of intracellular cytotoxic T-lym-
phocyte antigen-4 T regulatory cells ((in)CTLA-4+ Tregs) and con-
centration of IL-17A in bronchoalveolar lavage fluid from the lung 
affected by cancer (clBALF) (a) and opposite correlation in systemic 
environment in peripheral blood (PB)/serum (b)
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active smokers or ex-smokers. The mean number of pack-
years among these patients was 36.3 ±  14.5. 78% of our 
patients did not report any symptoms of respiratory dis-
eases. The remaining 22% of the study group confirmed the 
presence of symptoms such as cough, dyspnea and hemop-
tysis. Thus, the clinical characteristics of patients remains 
in accordance with the references and confirms the proper 
qualification of patients [1, 35]. It should be pointed that 
we followed the exclusion criteria to avoid any influence 
of extrinsic factors possibly modifying the immune system.

In this study, we observed the higher proportion of Tregs 
in the clBALF than in the hlBALF and PB. We identified 
the cells which are most closely to a functionally effec-
tive Tregs population defined by CD4+/CD25high/Foxp3+/
CD127-. The CD4+/CD25high cells have a strong suppres-
sive activity [12], Foxp3 is connected per se with an inhibi-
tory T cell function [13] and the lack of CD127 expression 
discriminates Tregs from effector T cells [14].

Similar results were noted by Erfani et al. [20]. In their 
study, a percentage of Tregs was significantly higher in 
the patients with NSCLC than in the healthy donors; how-
ever, this investigation concerned the systemic immune 
response. The percentage of Tregs in the PB of healthy 
subjects in the study of Erfani et  al. was similar to the 
percentage of Tregs in the BALF from “healthy” lung 
and the PB in our study. In other studies, Liu et  al. [36] 
and Okita et  al. [37] presented a higher proportion of 
Tregs (CD4+ CD25+) in the PB of patients with NSCLC 
when compared with healthy subjects. However, Tregs 
were identified based on the presence of only 2 antigens: 
CD4+ CD25high without Foxp3+. In this study, a higher 
percentage of Tregs in the PB of patients in an advanced 
stage of lung cancer than in the early stage of disease was 
shown [37]. In another study on patients with gastric can-
cer and esophageal cancer, a correlation between percent-
age of Tregs (CD4+ CD25high with Foxp3 mRNA) with 
the severity of disease was observed in both cancers. The 
percentage of Tregs negatively correlated with patients’ 
survival [38]. A positive correlation of Tregs (CD4+ 
CD25high and the Foxp3 mRNA) with the tumor stage was 
also noted in patients with hepatocellular carcinoma [39]. 
Similar relationships have been shown in other studies on 
tumor infiltrating lymphocytes (TIL), lymph nodes and PB 
lymphocytes. Shigematsu et al. [40] found a higher propor-
tion of Tregs (CD4+ CD25+ Foxp3+) in TIL and lymph 
nodes than in PB and presented that Tregs suppressed the 
induction of cytotoxic T lymphocytes (CTLs) against lung 
cancer cells. Petersen et al. [41] showed that patients with 
stage I NSCLC who had a high proportion of Tregs in TIL 
were at a significantly higher risk of recurrence. The com-
mon conclusion from our results and other studies is that 
the proportion of Tregs in BALF, among TIL and in lymph 
nodes, is higher than in PB and indicates a role of these 

cells in the modulation of immune response in the lung 
cancer microenvironment.

In this study, we analyzed two forms of the CTLA-4 
molecule on Tregs: surface and intracellular. We found a 
higher proportion of Tregs with the expression of CTLA-4 
in the clBALF than in hlBALF and PB. The median pro-
portion of (s)CTLA-4 Tregs was lower than (in)CTLA-4 
Tregs in each analyzed material. CTLA-4 is rapidly endo-
cytosed and accumulated in organelles [19]. The newly 
formed CTLA-4 molecules are stored in the structure of 
the Golgi apparatus and after activation are transported to 
the T cell surface, but next rapid endocytosis goes on [18]. 
Despite the relatively low surface expression of CTLA-4, 
it seems that a high concentration of intracellular CTLA-4 
may deliver ready for rapid transport to the T cell surface 
and participate in the inhibition of lymphocyte activation. 
In our study, we observed a significantly higher proportion 
of (in)CTLA-4 Tregs in the clBALF than in the hlBALF 
and PB. The difference between the cancerous lung and 
peripheral blood was significant only for (in)CTLA-4 but 
not for (s)CTLA-4. This finding supports the role of intra-
cellular domain in the process of immune response regula-
tion. Erfani et  al. [20] observed that an increased propor-
tion of Tregs correlated with increased expression of the 
CTLA-4 molecule, which was related to the severity of the 
disease and poorer prognosis. In their study, the expression 
of CTLA-4 was analyzed on PB T cells, not Tregs. They 
showed a higher percentage of CD8+ cells with (s)CTLA-4 
and a higher percentage of CD4+ cells with (in)CTLA-4 
in the lung cancer patients as compared to the healthy sub-
jects. Furthermore, this work, as well as our results, shows 
that the surface expression of CTLA-4 molecule is lower 
than (in)CTLA-4, independently of the type of T cell sub-
populations. In another study, Kono et al. observed a higher 
percentage of Tregs (CD4+ CD25high) with intracellular 
expression of CTLA-4 in the PB of patients with stomach 
cancer and esophagus cancer and correlated with progres-
sion of the diseases [38]. Zheng et al. [42] showed a higher 
expression of CTLA-4 in NSCLC tissues than in normal 
tissue and no differences in relation to the histological type 
of cancer. To summarize it should be emphasized that our 
results on CTLA-4 on BALF Tregs cells are new and origi-
nal observation without references in the literature.

In the present study, we also calculated the (s):(in)
CTLA-4 ratio. This ratio can well characterize and reveal 
the movement of this molecule. This ratio was slightly 
higher in the BALF from the lung affected by cancer. This 
observation is important in the context of new anti-CTLA-4 
treatment (ipilimumab) effective in lung cancer [43]. A 
high surface presentation of CTLA-4 may be an accessible 
target for such a therapy, especially for the action of anti-
CTLA-4 antibodies in the local microenvironment. Thus, 
the confirmation of high expression of (s)CTLA-4 on the 
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BALF cells may serve in the future as a possible biomarker. 
Our results confirmed a strong relationship between the 
CTLA-4 molecule and Tregs, both of them have an immu-
nosuppressive function and the anti-CTLA-4 therapy is 
capable of targeting not only T effector cells but also regu-
latory T cells [10]. Further studies on CTLA-4 cellular traf-
fic and the differences in the expression of surface versus 
intracellular domains in the cancer environment could con-
tribute to finding an accurate biomarker for therapy.

In this study, we also showed the possible participation 
of IL-17 in regulation of antitumor immunity. We observed 
a higher median concentration of IL-17A in the lung cancer 
milieu when compared to opposite lung and PB. Moreover, 
we observed a positive significant correlation between the 
median proportion of Tregs and IL-17 A concentration only 
in the clBALF. There was a positive significant correlation 
between (in)CTLA-4+ Tregs and IL-17 concentration in 
the clBALF and a negative significant correlation between 
the median proportion of (in)CTLA-4+ Tregs and IL-17 A 
concentration in serum. Cantini et al. [44] in their experi-
mental study showed the interconnection between Tregs 
and Th17 cells, which are the main source of IL-17. Their 
results suggested that the polarization of Th17 cells can 
be induced by Tregs and Th17 cells can modulate tumor 
development in the course of gliomas. Yang et  al. [45] 
investigated Foxp3+ IL-17+ cells using flow cytometry in 
patients with colorectal cancer. They demonstrated a high 
expression of these cells in colon cancer tissue and sug-
gested that the population of these cells may influence on 
cancer growth.

On the other hand, in our study we observed a negative 
significant correlation between the median proportion of 
(in)CTLA-4+ Tregs and IL-17 A concentration in the sys-
temic environment. Some studies indicated possible anti-
tumor activity of IL-17 by the stimulation of specific effec-
tive immune response against the tumor cells and tumor 
growth inhibition. Kryczek et  al. [21] showed that IL-17 
may be involved in the recruitment of effector CD8+ 
T cells by stimulation of the production of CXCL9 and 
CXCL10 in patients with ovarian cancer. They presented 
a negative correlation of tumor infiltrating Tregs and the 
level of IL-17 with the severity of the disease. Vasilescu 
et  al. [46] analyzed the expression of Foxp3+ and IL-17 
by immunohistochemistry as a potential target for cancer 
immunotherapy in resected lung adenocarcinomas. Foxp3 
and IL-17 were present in TIL, tumor cells and fibro-
blasts; IL-17 was expressed also in periendothelial cells. 
The reaction in tumor cells was weaker than in other cells. 
A negative correlation between lymphocytes Foxp3+ 
and IL-17+ periendothelial cells was observed, suggest-
ing some antagonism. Similar results were obtained by 
Zhang et al. [47] who analyzed the ratio of Th17/Tregs in 
PB by flow cytometry and the serum IL-17 concentration 

by ELISA in patients with NSCLC. They showed that the 
Th17/Tregs ratio decreased in the patients with lung cancer 
compared to the healthy subjects and showed a negative 
correlation with the clinical stage of the disease. In addi-
tion, serum IL-17 concentration was lower in the patients 
with NSCLC than in the control group. Our results and the 
results of other authors indicate that Th17 cells and Tregs 
may have synergistic function in the tumor microenviron-
ment promoting cancer growth while the systemic role of 
IL-17 requires understanding of the dual function of this 
interleukin.

Conclusion

The most striking finding of our study was the confirmation 
of differences in the presence of regulatory cells between 
three compartments: the cancerous lung, healthy lung and 
PB reflected, respectively, by: the clBALF, hlBALF and PB 
derived from the same patient. The proportion of CD4+/
CD25high/Foxp3+/CD127- Tregs determined by flow 
cytometry and the proportion of Tregs with expression of 
(in)CTLA-4 were significantly elevated in the BALF har-
vested from the lung affected by lung cancer when com-
pared with the last two compartments. Moreover, we 
observed a significant correlation between the proportion of 
Tregs and (in)CTLA-4+ Tregs and IL-17A concentration 
only in clBALF. Our findings emphasize the usefulness 
of BALF analysis in the assessment of immune status of 
a lung cancer patient before therapy, which may serve for 
determination of possible biomarkers.

Acknowledgements  The authors would like to thank Malgorzata 
Proboszcz, PhD student, for assistance with ELISA test analysis.

Funding  This study was supported by grants from Medical Univer-
sity of Warsaw: 1WU/PM11D/14.

Compliance with ethical standards 

Conflict of interest  The authors have no conflict of interest.

Open Access  This article is distributed under the terms of the Creative 
Commons Attribution 4.0 International License (http://creativecom-
mons.org/licenses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

References

	 1.	 Globocan Cancer Fact Sheets: Lung Cancers (2015) http://glo-
bocan.iarc.fr/old/FactSheets/cancers/lung-new.asp. Accessed 20 
May 2016

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://globocan.iarc.fr/old/FactSheets/cancers/lung-new.asp
http://globocan.iarc.fr/old/FactSheets/cancers/lung-new.asp


169Cancer Immunol Immunother (2017) 66:161–170	

1 3

	 2.	 Gibson G, Loddenkemper R, Lundback B, Sibille Y (2013) Euro-
pean lung white book. European Respiratory Society, Sheffield

	 3.	 American Cancer Society. Raport (2015) http://www.cancer.
org/acs/groups/content/@editorial/documents/document/acspc-
044552.pdf. Accessed 30 May 2016

	 4.	 Pardoll DM (2012) The blockade of immune checkpoints 
in cancer immunotherapy. Nat Rev Cancer 12(4):252–264. 
doi:10.1038/nrc3239

	 5.	 Dasanu CA, Sethi N, Ahmed N (2012) Immune alterations and 
emerging immunotherapeutic approaches in lung cancer. Expert 
Opin Biol Ther 12(7):923–937. doi:10.1517/14712598.2012.685
715

	 6.	 Domagala-Kulawik J, Osinska I, Hoser G (2014) Mechanisms of 
immune response regulation in lung cancer. Transl Lung Cancer 
Res 3(1):15–22. doi:10.3978/j.issn.2218-6751.2013.11.03

	 7.	 Beyer M, Schultze JL (2006) Regulatory T cells in cancer. Blood 
108(3):804–811. doi:10.1182/blood-2006-02-002774

	 8.	 Tao H, Mimura Y, Aoe K, Kobayashi S, Yamamoto H, Matsuda 
E, Okabe K, Matsumoto T, Sugi K, Ueoka H (2012) Prognos-
tic potential of FOXP3 expression in non-small cell lung cancer 
cells combined with tumor-infiltrating regulatory T cells. Lung 
Cancer 75(1):95–101. doi:10.1016/j.lungcan.2011.06.002

	 9.	 Walker LS (2013) Treg and CTLA-4: two intertwining pathways 
to immune tolerance. J Autoimmun 45:49–57. doi:10.1016/j.
jaut.2013.06.006

	10.	 Krummey SM, Ford ML (2014) Braking bad: novel mecha-
nisms of CTLA-4 inhibition of T cell responses. Am J Transpl 
14(12):2685–2690. doi:10.1111/ajt.12938

	11.	 Su H, Longhi MS, Wang P, Vergani D, Ma Y (2012) Human 
CD4+ CD25(high)CD127 (low/neg) regulatory T cells. Methods 
Mol Biol 806:287–299. doi:10.1007/978-1-61779-367-7_20

	12.	 Lyssuk EY, Torgashina AV, Soloviev SK, Nassonov EL, Byko-
vskaia SN (2007) Reduced number and function of CD4+ 
CD25high Foxp3+ regulatory T cells in patients with systemic 
lupus erythematosus. Adv Exp Med Biol 601:113–119

	13.	 Karanikas V, Speletas M, Zamanakou M, Kalala F, Loules G, 
Kerenidi T, Barda AK, Gourgoulianis KI, Germenis AE (2008) 
Foxp3 expression in human cancer cells. J Transl Med 6:19. 
doi:10.1186/1479-5876-6-19

	14.	 Liyanage UK, Moore TT, Joo HG, Tanaka Y, Herrmann V, 
Doherty G, Drebin JA, Strasberg SM, Eberlein TJ, Goedegebu-
ure PS, Linehan DC (2002) Prevalence of regulatory T cells is 
increased in peripheral blood and tumor microenvironment of 
patients with pancreas or breast adenocarcinoma. J Immunol 
169(5):2756–2761

	15.	 Sasada T, Kimura M, Yoshida Y, Kanai M, Takabayashi A (2003) 
CD4+ CD25+ regulatory T cells in patients with gastrointes-
tinal malignancies: possible involvement of regulatory T cells 
in disease progression. Cancer 98(5):1089–1099. doi:10.1002/
cncr.11618

	16.	 Rudd CE (2009) CTLA-4 co-receptor impacts on the function of 
Treg and CD8+ T-cell subsets. Eur J Immunol 39(3):687–690. 
doi:10.1002/eji.200939261

	17.	 Sansom DM, Walker LS (2006) The role of CD28 and cytotoxic 
T-lymphocyte antigen-4 (CTLA-4) in regulatory T-cell biology. 
Immunol Rev 212:131–148. doi:10.1111/j.0105-2896.2006.00419.x

	18.	 Linsley PS, Bradshaw J, Greene J, Peach R, Bennett KL, Mittler 
RS (1996) Intracellular trafficking of CTLA-4 and focal localiza-
tion towards sites of TCR engagement. Immunity 4(6):535–543

	19.	 Walker LS, Sansom DM (2015) Confusing signals: recent 
progress in CTLA-4 biology. Trends Immunol 36(2):63–70. 
doi:10.1016/j.it.2014.12.001

	20.	 Erfani N, Mehrabadi SM, Ghayumi MA, Haghshenas MR, 
Mojtahedi Z, Ghaderi A, Amani D (2012) Increase of regula-
tory T cells in metastatic stage and CTLA-4 over expression 

in lymphocytes of patients with non-small cell lung can-
cer (NSCLC). Lung Cancer 77(2):306–311. doi:10.1016/j.
lungcan.2012.04.011

	21.	 Kryczek I, Banerjee M, Cheng P, Vatan L, Szeliga W, Wei S, 
Huang E, Finlayson E, Simeone D, Welling TH, Chang A, 
Coukos G, Liu R, Zou W (2009) Phenotype, distribution, gen-
eration, and functional and clinical relevance of Th17 cells 
in the human tumor environments. Blood 114(6):1141–1149. 
doi:10.1182/blood-2009-03-208249

	22.	 Murugaiyan G, Saha B (2009) Protumor versus antitumor func-
tions of IL-17. J Immunol 183(7):4169–4175. doi:10.4049/
jimmunol.0901017

	23.	 Numasaki M, Watanabe M, Suzuki T, Takahashi H, Nakamura A, 
McAllister F, Hishinuma T, Goto J, Lotze MT, Kolls JK, Sasaki 
H (2005) IL-17 enhances the net angiogenic activity and in vivo 
growth of human non-small cell lung cancer in SCID mice 
through promoting CXCR-2-dependent angiogenesis. J Immunol 
175(9):6177–6189

	24.	 Guery L, Hugues S (2015) Th17 cell plasticity and func-
tions in cancer immunity. Biomed Res Int 2015:314620. 
doi:10.1155/2015/314620

	25.	 Ye J, Livergood RS, Peng G (2013) The role and regulation of 
human Th17 cells in tumor immunity. Am J Pathol 182(1):10–
20. doi:10.1016/j.ajpath.2012.08.041

	26.	 Domagala-Kulawik J, Osinska I (2014) Immune alterations in 
lung cancer—the new therapeutic approach. Pneumonol Alergol 
Pol 82(3):286–299. doi:10.5603/PiAP.2014.0034

	27.	 Osinska I, Domagala-Kulawik J (2013) Bronchoalveolar lavage 
in lung cancer–diagnostic value and assessment of the anti-cancer 
immune response. Postepy Hig Med Dosw 67:1119–1127 (in Polish)

	28.	 Detterbeck FC, Postmus PE, Tanoue LT (2013) The stage clas-
sification of lung cancer: diagnosis and management of lung 
cancer, 3rd ed: American College of chest physicians evidence-
based clinical practice guidelines. Chest 143(5 Suppl):e191S–
e210S. doi:10.1378/chest.12-2354

	29.	 Chcialowski A, Chorostowska-Wynimko J, Fal A, Pawlowicz R, 
Domagala-Kulawik J (2011) Recommendation of the Polish Res-
piratory Society for bronchoalveolar lavage (BAL) sampling, pro-
cessing and analysis methods. Pneumonol Alergol Pol 79(2):75–89

	30.	 Tartour E, Zitvogel L (2013) Lung cancer: potential targets for 
immunotherapy. Lancet Respir Med 1(7):551–563. doi:10.1016/
S2213-2600(13)70159-0

	31.	 Domagala-Kulawik J (2015) The role of the immune system in 
non-small cell lung carcinoma and potential for therapeutic inter-
vention. Transl Lung Cancer Res 4(2):177–190. doi:10.3978/j.
issn.2218-6751.2015.01.11

	32.	 Senovilla L, Vacchelli E, Galon J, Adjemian S, Eggermont A, 
Fridman WH, Sautes-Fridman C, Ma Y, Tartour E, Zitvogel L, 
Kroemer G, Galluzzi L (2012) Trial watch: prognostic and pre-
dictive value of the immune infiltrate in cancer. Oncoimmunol-
ogy 1(8):1323–1343. doi:10.4161/onci.22009

	33.	 Dela Cruz CS, Tanoue LT, Matthay RA (2011) Lung cancer: epi-
demiology, etiology, and prevention. Clin Chest Med 32(4):605–
644. doi:10.1016/j.ccm.2011.09.001

	34.	 Ridge CA, McErlean AM, Ginsberg MS (2013) Epidemiology 
of lung cancer. Semin Intervent Radiol 30(2):93–98. doi:10.105
5/s-0033-1342949

	35.	 Spiro SG, Gould MK, Colice GL, American College of Chest P 
(2007) Initial evaluation of the patient with lung cancer: symp-
toms, signs, laboratory tests, and paraneoplastic syndromes: 
ACCP evidenced-based clinical practice guidelines (2nd edition). 
Chest 132(3 Suppl):149S–160S. doi:10.1378/chest.07-1358

	36.	 Liu L, Yao J, Ding Q, Huang S (2006) CD4+ CD25high regula-
tory cells in peripheral blood of NSCLC patients. J Huazhong 
Univ Sci Technol Med Sci 26(5):548–551

http://www.cancer.org/acs/groups/content/%40editorial/documents/document/acspc-044552.pdf
http://www.cancer.org/acs/groups/content/%40editorial/documents/document/acspc-044552.pdf
http://www.cancer.org/acs/groups/content/%40editorial/documents/document/acspc-044552.pdf
http://dx.doi.org/10.1038/nrc3239
http://dx.doi.org/10.1517/14712598.2012.685715
http://dx.doi.org/10.1517/14712598.2012.685715
http://dx.doi.org/10.3978/j.issn.2218-6751.2013.11.03
http://dx.doi.org/10.1182/blood-2006-02-002774
http://dx.doi.org/10.1016/j.lungcan.2011.06.002
http://dx.doi.org/10.1016/j.jaut.2013.06.006
http://dx.doi.org/10.1016/j.jaut.2013.06.006
http://dx.doi.org/10.1111/ajt.12938
http://dx.doi.org/10.1007/978-1-61779-367-7_20
http://dx.doi.org/10.1186/1479-5876-6-19
http://dx.doi.org/10.1002/cncr.11618
http://dx.doi.org/10.1002/cncr.11618
http://dx.doi.org/10.1002/eji.200939261
http://dx.doi.org/10.1111/j.0105-2896.2006.00419.x
http://dx.doi.org/10.1016/j.it.2014.12.001
http://dx.doi.org/10.1016/j.lungcan.2012.04.011
http://dx.doi.org/10.1016/j.lungcan.2012.04.011
http://dx.doi.org/10.1182/blood-2009-03-208249
http://dx.doi.org/10.4049/jimmunol.0901017
http://dx.doi.org/10.4049/jimmunol.0901017
http://dx.doi.org/10.1155/2015/314620
http://dx.doi.org/10.1016/j.ajpath.2012.08.041
http://dx.doi.org/10.5603/PiAP.2014.0034
http://dx.doi.org/10.1378/chest.12-2354
http://dx.doi.org/10.1016/S2213-2600(13)70159-0
http://dx.doi.org/10.1016/S2213-2600(13)70159-0
http://dx.doi.org/10.3978/j.issn.2218-6751.2015.01.11
http://dx.doi.org/10.3978/j.issn.2218-6751.2015.01.11
http://dx.doi.org/10.4161/onci.22009
http://dx.doi.org/10.1016/j.ccm.2011.09.001
http://dx.doi.org/10.1055/s-0033-1342949
http://dx.doi.org/10.1055/s-0033-1342949
http://dx.doi.org/10.1378/chest.07-1358


170	 Cancer Immunol Immunother (2017) 66:161–170

1 3

	37.	 Okita R, Saeki T, Takashima S, Yamaguchi Y, Toge T (2005) 
CD4+ CD25+ regulatory T cells in the peripheral blood of 
patients with breast cancer and non-small cell lung cancer. Oncol 
Rep 14(5):1269–1273

	38.	 Kono K, Kawaida H, Takahashi A, Sugai H, Mimura K, Miya-
gawa N, Omata H, Fujii H (2006) CD4(+)CD25high regulatory 
T cells increase with tumor stage in patients with gastric and 
esophageal cancers. Cancer Immunol Immunother 55(9):1064–
1071. doi:10.1007/s00262-005-0092-8

	39.	 Shen X, Li N, Li H, Zhang T, Wang F, Li Q (2010) Increased 
prevalence of regulatory T cells in the tumor microenvironment 
and its correlation with TNM stage of hepatocellular carcinoma. 
J Cancer Res Clin Oncol 136(11):1745–1754. doi:10.1007/
s00432-010-0833-8

	40.	 Shigematsu Y, Hanagiri T, Shiota H, Kuroda K, Baba T, Ichiki 
Y, Yasuda M, Uramoto H, Takenoyama M, Yasumoto K, Tanaka 
F (2012) Immunosuppressive effect of regulatory T lympho-
cytes in lung cancer, with special reference to their effects on the 
induction of autologous tumor-specific cytotoxic T lymphocytes. 
Oncol Lett 4(4):625–630. doi:10.3892/ol.2012.815

	41.	 Petersen RP, Campa MJ, Sperlazza J, Conlon D, Joshi MB, Har-
pole DH Jr, Patz EF Jr (2006) Tumor infiltrating Foxp3+ regu-
latory T-cells are associated with recurrence in pathologic stage 
I NSCLC patients. Cancer 107(12):2866–2872. doi:10.1002/
cncr.22282

	42.	 Zheng H, Li Y, Wang X, Zhang X, Wang X (2010) Expression 
and significance of gp96 and immune-related gene CTLA-4, 
CD8 in lung cancer tissues. Zhongguo Fei Ai Za Zhi 13(8):790–
794. doi:10.3779/j.issn.1009-3419.2010.08.08

	43.	 Postow MA, Callahan MK, Wolchok JD (2015) Immune Check-
point Blockade in cancer therapy. J Clin Oncol 33(17):1974–
1982. doi:10.1200/JCO.2014.59.4358

	44.	 Cantini G, Pisati F, Mastropietro A, Frattini V, Iwakura Y, Finoc-
chiaro G, Pellegatta S (2011) A critical role for regulatory T cells 
in driving cytokine profiles of Th17 cells and their modulation 
of glioma microenvironment. Cancer Immunol Immunother 
60(12):1739–1750. doi:10.1007/s00262-011-1069-4

	45.	 Yang S, Wang B, Guan C, Wu B, Cai C, Wang M, Zhang B, Liu 
T, Yang P (2011) Foxp3+ IL-17+ T cells promote development 
of cancer-initiating cells in colorectal cancer. J Leukoc Biol 
89(1):85–91. doi:10.1189/jlb.0910506

	46.	 Vasilescu F, Arsene D, Cionca F, Comanescu M, Enache V, Iosif 
C, Alexandru DO, Georgescu D, Dobrea C, Balan A, Ardeleanu 
C (2013) Foxp3 and IL17 expression in tumor infiltrating lym-
phocytes (TIL) and tumor cells—correlated or independent fac-
tors? Rom J Morphol Embryol 54(1):43–49

	47.	 Zhang GQ, Han F, Fang XZ, Ma XM (2012) CD4+, IL17 and 
Foxp3 expression in different pTNM stages of operable non-
small cell lung cancer and effects on disease prognosis. Asian 
Pac J Cancer Prev 13(8):3955–3960

http://dx.doi.org/10.1007/s00262-005-0092-8
http://dx.doi.org/10.1007/s00432-010-0833-8
http://dx.doi.org/10.1007/s00432-010-0833-8
http://dx.doi.org/10.3892/ol.2012.815
http://dx.doi.org/10.1002/cncr.22282
http://dx.doi.org/10.1002/cncr.22282
http://dx.doi.org/10.3779/j.issn.1009-3419.2010.08.08
http://dx.doi.org/10.1200/JCO.2014.59.4358
http://dx.doi.org/10.1007/s00262-011-1069-4
http://dx.doi.org/10.1189/jlb.0910506

	Elevated regulatory T cells, surface and intracellular CTLA-4 expression and interleukin-17 in the lung cancer microenvironment in humans
	Abstract 
	Introduction
	Patients and methods
	Patients
	Bronchoalveolar lavage fluid
	Flow cytometry analysis
	Enzyme-linked immunosorbent assay (ELISA)
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements 
	References




