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Abstract: Objective: To explore the expression of CD4+CD25+FOXP3+ regulatory T cells (Tregs), IL-37 and chemokine 
(CC motif) ligand 2 (CCL2) in the peripheral blood mononuclear cells (PBMC), and its relationship with the clinical 
and pathological features of lung cancer. Methods: Flow cytometry (FCM) was utilized to detect the expression of 
CD4+CD25+FOXP3+ regulatory T cells (Treg) in CD4+ Treg cells of the PBMC from 128 cases of lung cancer patients 
and 119 cases of normal healthy individuals. ELISA was adopted to detect IL-37 and CCL-22 expression. Results: 
The expressions of CD4+CD25+FOXP3+ Tregs and CCL-22 in patients PBMC with lung cancers were greater than 
that of in healthy controls, while the expression of IL-37 was lower. There were great diagnostic value of sensitivity 
and specificity of the expression level of CD4+CD25+FOXP3+ Treg, IL-37 and CCL-22 in PBMC of lung cancer, which 
were associated with the tumor size, histological types, differentiation degree, TNM grading, lymphatic metastasis 
and distance metastasis. The results of follow-ups showed the 5-year survival rate of patients with high expression 
of CD4+CD25+Foxp3+ Treg/CD4+ Tregs and CCL-22, as well as low expression of IL-37 was significant lower. The 
results of Kaplan-Meier and Cox multivariate analysis model indicated that distance metastasis, expressions of 
CD4+CD25+Foxp3+ Treg/CD4+ Tregs, IL-37 and CCL-22 in PBMCs were the independent risk factors of prognosis of 
lung cancer. Conclusion: The expression of CD4+CD25+FOXP3+ Tregs, IL-37 and CCL-22 was closely related to lung 
cancer, which could contribute to the diagnosis in early stage, prognosis evaluation and immunization therapy of 
lung cancer. 
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Introduction

Lung cancer is one of the most common fatal 
malignant tumors and this combined with its 
very grave prognosis makes it a very deadly dis-
ease worldwide [1]. The incidence of lung can-
cer in Europe in 2008 was estimated to be 
390,900 cases, and 342,100 patients died of 
the disease [2]. The vast majority of patients 
with lung cancer are resulted from long-term 
exposure to tobacco smoke, and other factors 
such as genetic factors or exposure to asbes-
tos, radon gas, or other forms of air pollution 

would also lead to lung cancer [3]. The symp-
toms of fever, fatigue, poor appetite and weight 
loss are not specific for lung cancer; the patients 
may also suffer from bone pain and other neu-
rological symptoms, such as fainting, convul-
sions, headaches, or limb weakness [4]. It is 
reported that although the introduction of new 
chemotherapeutic agents and several molecu-
larly targeted drugs in the past decade, out-
comes remain poor, with overall cure rates less 
than 20% [5, 6]. The high mortality and poor 
prognosis of lung cancer are mainly due to the 
difficulty of early diagnosis [7]. Several onco-
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genes, anti-oncogenes and certain lung can-
cer-specific proteins have been found to be 
candidate biomarkers for lung cancer, while 
they are not suitable for its early detection [8]. 
Thus, it is important to find the biomarkers 
which have prognosis and therapeutic effects 
on lung cancer.

It has been clarified that both tumor character-
istics and patient’s immune responses affect 
tumor development or metastasis [9]. Tregs are 
usually considered as a major cell population 
involved in immune tolerance that protects 
cancer cells from antitumor immunity, and are 
immune-suppressive subsets of T cells [10]. 
CD4+CD25+ Treg cells are the most studied 
cells that have regulatory functions in tumor 
immunology [11]. The forkhead family protein 
Foxp3 is a transcription factor highly expressed 
in CD4+ Tregs and it is a regulator of T-cell toler-
ance and is necessary for the development and 
function of Tregs [12, 13]. FOXP3 expression in 
humans is not confined to functionally regula-
tory T cells, and it can also be momently 
expressed in conventionally activated CD4+ 
CD25+ effector T cells [10]. CCL22 chemokines 
derived from a tumor induce the migration of 
Tregs through CCR4, which is a chemokine 
receptor for CCL22, and impair anti-tumor 
immunity in cancers [14]. Furthermore, IL-37 is 
the newest anti-inflammatory cytokine in regu-
lating inflammatory responses [15]. It is report-
ed that IL-37 thus acts as a natural suppressor 
of both innate inflammatory along with immune 
responses [5]. Zhu et al. suggested a close 
relationship between changes in CD4+CD25+ 

Foxp3+ Treg cells and aging and lung tumor gen-
esis and development [16]. However, the asso-
ciations of IL-37 and CCL-22 with lung cancer 
have not been discovered. Hence, the aim of 
this study is to discuss the expression of 
CD4+CD25+FOXP3+ regulatory Tregs, IL-37 and 
CCL-22 in the peripheral blood of lung cancer 
patients, and its relationship with the clinical 
and pathological features.

Material and methods

Ethnic statements

The study was approved by the Institutional 
Review Boards of Affiliated Hospital of 
Guangdong Medical College. Written informed 
consent was obtained from each eligible par-
ticipant and the study was performed in accor-

dance with the Declaration of Helsinki [17]. All 
the participants or their agents were signed the 
informed consent with self-willingness and the 
study was approved by the Ethics Committee of 
our hospital.

Research subjects

A total of 128 patients with lung cancer con-
firmed pathologically after surgery in Affiliated 
Hospital of Guangdong Medical College were 
collected in this study form December 2009 to 
December 2010. There were 102 males and 26 
females aged 38~75 years with median age of 
59 years and average age of 59.13 ± 11.97 
years. Among them, 88 patients were smoking 
patients while 40 patients were not. According 
to the pathological types, 49 patients were 
diagnosed with adenocarcinoma, 59 patients 
with squamous cell carcinoma, 22 patients 
with small cell carcinoma, 73 patients with 
peripheral lung cancer, 55 patients with central 
lung cancer, 52 patients with left lung cancer 
and 76 patients with right lung cancer. There 
are 79 patients with tumor diameter equal or 
greater than 3 cm and 49 patients with tumor 
diameter less than 3 cm. Based on different 
differentiation grades, 57 patients were poor 
differentiation, while 71 patients were middle 
to well differentiation. Referring to tumor 
metastasis, 62 patients were lymph node 
metastasis and 47 patients were distant 
metastasis. In the light of TNM stage drafted by 
American Joint Committee on Cancer (AJCC) 
and Union for International Cancer Control 
(UICC) in 2009 [18], 38 patients were diag-
nosed with I stage, 12 patients with II stage, 56 
patients with III stage and 55 patients with IV 
stage. The inclusion criteria were as follows: 1. 
Undergo lobectomy or lung resection and store 
biopsy in our hospital; 2. All the patients were 
diagnosed with lung cancer confirmed patho-
logically; 3. Patients have detailed and com-
pleted clinical follow-up survey and pathologi-
cal diagnosis data; 4. Before the resection 
operation, the patients were not taken any 
treatments, including radiotherapy, chemother-
apy and Chinese traditional treatment; 5. The 
death cause of patients were lung cancer; 6. 
The survival information of patients were gath-
ered by follow-ups. The 119 cases of peripheral 
blood from health checkup people were select-
ed in the study as control group, which were not 
showed diseases of heart, liver, lung and stom-
ach or other organs with normal liver and renal 
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Figure 1. The presentation of CD4+CD25+Foxp3+ Tregs in PBMCs. Note: A in (a/b), lymphocytes; H in (c/d), CD4+ 
lymphocytes; (e/f) Showed the expression levels of Foxp3; (g/h) Showed the CD4+CD25+Foxp3+ Tregs; Group (A) was 
healthy control and (B) was patients with lung cancer.
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functions. Among them, there are 97 males 
and 21 females aged 35~68 years with median 
age of 50 years and average age of 50.93 ± 
10.07 years. The smoking patients were 70 
cases while the other 49 patients without 
smoking habits. The ages, gender and smoking 
status between the two groups were showed no 
statistical differences (all P > 0.05).

Disposal of specimens

The peripheral bloods (2 tubes, 2 ml per tube) 
of participants with empty stomach were drawn 
before the operation The whole blood from 1 
tube with EDTA anticoagulant were kept at the 
room temperature and the FCM examination 
was conducted within 4 h; the other tube were 
used for serum collection by centrifuged centri-
fuge (3000 rpm, 5 min). The samples from the 
two tubes were marked and kept in the ice box 
(-80°C) waiting for enzyme linked immunosor-
bent assay (ELISA) detection.

Detection on expression of CD4+CD25+Foxp3+ 
regulatory T cell (Tregs) in the peripheral blood 
of lung cancer patients by flow cytometry tech-
nique (FCM)

The ratios of CD4+CD25+Foxp3+ Tregs in CD4+ T 
cells in peripheral blood of participants  
were detected using coulterEPicsXL FCM 
(BECKMANCOULTER Company, American). Ma- 
nipulation of FCM was strictly complied with the 
instruction of agents of regulatory T cells from 
whole blood (eBioscience Company, American). 
PBMC were separated by human lymphocytes. 
The 20 μL mixture of anti-human CD4 antibody 
marked with FITC and anti-human CD25 
antibody marked with APC were added in the 
100 μL PBMC. The CD4 and CD25 molecules 
were stamped in the cell membrane, and the 
Foxp3 molecules were tabbed with Foxp3 
antibody marked with PE. 

Detection of the IL-37 and CCL-22 expression 
by ELISA method

The serum level of IL-37 and CCL-22 were 
detected by ELISA method in both case group 
and control group. All the detection agents were 
purchased from Haiyuan leaf Biotechnology Co. 
Ltd and the manipulations were strictly com-
plied with the instruction. 

Follow-up status

The survival status was followed up by tele-
phone-visit or household registration investiga-
tion in public security bureau. The duration of 
follow-up was 5 years and these patients who 
were lost were regarded as censored data. A 
total of 114 patients were followed up while 14 
patients were lost, and the follow-up rate 
89.06%.

Statistical analysis

Software SPSS 19.0 was used for data arrange-
ment and statistical analysis. Measurement 
data were expressed by average value and 
standard deviation (SD). The t text was adopted 
for comparison among groups and the pairwise 
comparison was carried out with least signifi-
cant difference (LSD) method; comparison 
among groups was conducted with enumera-
tion data by χ2 text. Pearson correlation were 
applied for the analysis of relationships 
between two variables; ROC curves were used 
for evaluating diagnostic effects and area 
under curve (AUC) was calculated to assess the 
diagnostic effects of CD4+CD25+Foxp3+ Treg/
CD4+ Tregs, IL-37 and CCL-22 in peripheral 
blood on patients with lung cancer. Survival 
analysis was performed with Kaplan-Meier 
method and multivariate analysis were con-
ducted with Cox proportional hazards model. 
All of the statistical data were received two-

Figure 2. The expression levels of CD4+CD25+Foxp3+ Treg, IL-37 and CCL-22 in PBMC. Note: A. CD4+CD25+Foxp3+ 

Treg/CD4+ Tregs; B. IL-37; C. CCL-22.
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sided test, which showed statistical signifi-
cance when P < 0.05.

Results

Comparison of expression levels of 
CD4+CD25+Foxp3+ Treg, IL-37 and CCL-22 be-
tween case and control group

The expression of CD4+CD25+Foxp3+ Treg/
CD4+ Tregs in peripheral blood mononuclear 
cells (PBMCs) of patients with lung cancer was 
(6.99 ± 1.24)%, while the expression in control 
group was (3.87 ± 0.94)% (t = 9.866, P < 
0.001), showed in Figures 1 and 2A. The 
expression level of IL-37 in patients with lung 
cancer was (71.71 ± 22.68) pg/mL, while the 
expression in control group was (138.53 ± 
41.02) pg/mL in control group (t = 5.90, P < 
0.001), presented in Figure 2B. The expression 
level of CCL-22 in patients with lung cancer was 

(820.62 ± 117.65) pg/mL, while the expression 
in control group was (602.17 ± 103.95) pg/mL 
in control group (t = 5.90, P < 0.001), showed in 
Figure 2C. 

The diagnostic value of the expression level of 
CD4+CD25+Foxp3+ Treg, IL-37 and CCL-22 in 
lung cancer

The AUC of the diagnostic value of the expres-
sion level of CD4+CD25+Foxp3+ Treg/CD4+ 
Tregs in PBMC of lung cancer was 0.977 (95% 
confidence interval (CI) = 0.963-0.991, P < 
0.001). When the cut-off value was 5.29, the 
sensitivity (90.60%) and specificity (92.44%) 
presented the maximum value (Figure 3A). The 
AUC of the diagnostic value of the expression 
level of IL-37 in PBMC of lung cancer was 0.913 
(95% CI = 0.875-0.951, P < 0.001). When the 
cut-off value was 97.95, the sensitivity (89.80%) 
and specificity (84.87%) presented the maxi-

Figure 3. The diagnostic value of CD4+CD25+Foxp3+ Treg, IL-37 and CCL-22 in lung cancer. Note: A. CD4+CD25+Foxp3+ 

Treg/CD4+ Tregs; B. IL-37; C. CCL-22; D. CD4+CD25+Foxp3+ Treg, IL-37 and CCL-22.
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mum value (Figure 3B). The AUC of the diagnos-
tic value of the expression level of CCL-22 in 
PBMC of lung cancer was 0.914 (95% CI = 
0.879-0.948, P < 0.001). When the cut-off 
value was 97.95, the sensitivity (85.90%) and 
specificity (84.87%) presented the maximum 
value (Figure 3C). The AUC of the co-diagnostic 
value of the expression levels of CD4+ 

CD25+Foxp3+ Treg/CD4+ Tregs, IL-37 and CCL-
22 was 0.991 (95% CI = 0.983~0.998, P < 
0.001), and the sensitivity and specificity was 
90.6% and 99.16%, respectively (Figure 3D). 

The correlation analysis of expression level of 
CD4+CD25+Foxp3+ Treg, IL-37 and CCL-22 in 
PBMC of lung cancer

There was a significant negative correlation 
between the expression levels of CD4+ 

CD25+Foxp3+ Treg/CD4+ Tregs and IL-37 in 
PBMC of lung cancer (r = -0.911, P < 0.001, 
Figure 4A), while the correlation between the 
expression levels of CD4+CD25+Foxp3+ Treg/
CD4+ Tregs and CCL-22 was positive (r = 0.860, 
P < 0.001, Figure 4B), as well as the negative 

correlation between the expression levels of 
IL-37 and CCL-22 (r = -0.891, P < 0.001, Figure 
4C).

The clinical features of lung cancer with the 
expression of CD4+CD25+Foxp3+ Treg, IL-37 
and CCL-22

Table 1 showed the clinical features of lung 
cancer with the expression of CD4+CD25+ 

Foxp3+ Treg, IL-37 and CCL-22. The expression 
levels of CD4+CD25+Foxp3+ Tregs, IL-37 and 
CCL-22 in patients with lung cancers were 
associated with the tumor size, histological 
types, differentiation degree, TNM grading, 
lymphatic metastasis and distance metastasis 
(all P < 0.001). However, the gender, age, smok-
ing history, tumor location and diseased region 
were without significant relations with these 
expressions (all P > 0.05). Furthermore, the 
expression levels of CD4+CD25+Foxp3+ Tregs, 
IL-37 and CCL-22 in patients with squamous 
cell carcinoma were significant higher than that 
of in adenocarcinoma of lung as well as small 
cell carcinoma (all P < 0.05).

Figure 4. The relative analysis of expression level of 
CD4+CD25+Foxp3+ Treg, IL-37 and CCL-22 in PBMC 
of lung cancer. Note: A. CD4+CD25+Foxp3+ Treg/
CD4+ Tregs and IL-37; B. CD4+CD25+Foxp3+ Treg/
CD4+ Tregs and CCL-22; C. IL-37 and CCL-22. 
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Table 1. The relationship of CD4+CD25+Foxp3+ Treg, IL-37 and CCL-22 expression with clinical features of lung cancer

Parameters N
CD4+CD25+Foxp3+ Treg/CD4+ Tregs (%) IL-37 (pg/mL) CCL-22 (pg/mL)
Expression level t/F P Expression level t/F P Expression level t/F P

Gender 
    Male 102 6.93 ± 1.26 72.51 ± 23.48 817.00 ± 114.37
    Female 26 7.21 ± 1.14 1.004 0.317 68.56 ± 19.31 0.790 0.431 835.00 ± 131.1 0.695 0.488 
Age (years)
    ≥ 55 85 7.04 ± 1.19 71.34 ± 21.46 821.33 ± 114.35
    < 55 43 6.90 ± 1.34 0.583 0.561 72.43 ± 25.17 0.256 0.798 819.32 ± 125.30 0.091 0.927 
Smoking history
    Smoking 88 6.95 ± 1.21 71.45 ± 23.25 818.55 ± 119.72
    Without smoking 40 7.09 ± 1.31 0.602 0.548 72.27 ± 21.65 0.188 0.851 825.29 ± 114.32 0.299 0.765 
Diseased region
    Central type 55 7.12 ± 1.2 70.91 ± 22.81 822.46 ± 126.57
    Peripheral type 73 6.89 ± 1.27 1.013 0.313 72.3 ± 22.72 0.343 0.732 819.29 ± 111.34 0.150 0.881 
Tumor location
    Left side 52 7.04 ± 1.23 70.49 ± 22.22 815.12 ± 119.34
    Right side 76 6.96 ± 1.25 0.373 0.710 72.53 ± 23.1 0.498 0.619 824.44 ± 117.12 0.439 0.662 
Tumor size
    ≥ 3 cm 79 7.76 ± 0.8 57.8 ± 15.1 890.55 ± 80.77
    < 3 cm 49 5.75 ± 0.7 14.525 < 0.001 94.12 ± 12.61 14.064 < 0.001 707.96 ± 70.82 13.019 < 0.001
Histological types 
    SCC 59 8.05 ± 0.65 52.33 ± 13.49 921.31 ± 69.17
    Adenocarcinoma 47 6.1 ± 0.91* 88.26 ± 13.14* 728.89 ± 74.86*
    SCLC 22 6.06 ± 0.93* 105.691 < 0.001 88.29 ± 16.53* 105.928 < 0.001 746.77 ± 72.05* 108.025 < 0.001
Differentiation degree
    Low-differentiated 57 8.08 ± 0.64 51.78 ± 13.4 924.18 ± 68.58
    Middle and high differentiated 71 6.12 ± 0.85 14.373 < 0.001 87.7 ± 14.38 14.472 < 0.001 737.55 ± 74.95 14.537 < 0.001
TNM grading
    I+II 50 7.78 ± 0.78 57.55 ± 15.04 891.68 ± 80.67
    III+IV 78 5.76 ± 0.7 14.944 < 0.001 93.78 ± 12.71 14.107 < 0.001 709.67 ± 71.37 13.002 < 0.001
lymphatic metastasis
    N0 66 8.01 ± 0.66 53.11 ± 13.61 917.5 ± 69.57
    N1-3 62 6.03 ± 0.81 15.136 < 0.001 89.17 ± 13.84 14.852 < 0.001 729.68 ± 71.79 15.015 < 0.001
Distance metastasis
    M0 81 8.24 ± 0.59 49.1 ± 13.18 939.76 ± 64.99
    M1 47 6.27 ± 0.89 14.973 < 0.001 84.82 ± 15.56 13.233 < 0.001 751.54 ± 79.84 13.729 < 0.001
Note: *, compared with SCC, P < 0.05; SCC, squamous cell carcinoma; SCLC: Small Cell Lung Cancer.
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Associations of expression level of 
CD4+CD25+Foxp3+ Treg, IL-37 and CCL-22 with 
the prognosis of patients with lung cancer

Showed in Figure 5A, 114 patients with lung 
cancer were followed up with the time of 4~60 
months (median time: 34.00 months), and the 
results showed the 5-year survival rate was 
6.14% (7/114). The 5-year survival rate of 
patients with high expression of CD4+ 

CD25+Foxp3+ Treg/CD4+ Tregs (≥ 5.29%) was 
3.57% (4/112), which was significant lower 
than the patients with low expression (< 5.29%; 
5-year survival rate: 25.00%, 3/12) (χ2 = 4.843, 
P = 0.028, Figure 5B). The 5-year survival rate 
of patients with low expression of IL-37 (> 97.95 
pg/mL) was 1.98% (2/101), which was signifi-
cant lower than the patients with high expres-
sion (> 97.95 pg/mL; 5-year survival rate: 

1.03%, 1/97) (χ2 = 14.486, P < 0.001, Figure 
5C). The 5-year survival rate of patients with 
high expression of CCL-22 (≥ 704.73 pg/mL) 
was 1.03% (1/97), which was significant lower 
than the patients with low expression (< 704.73 
pg/mL; 5-year survival rate: 35.29%, 6/17) (χ2 

= 23.438, P < 0.001, Figure 5D). The results of 
Kaplan-Meier method indicated that the 
expression of CD4+CD25+Foxp3+ Treg, IL-37 
and CCL-22 were related to the prognosis of 
patients with lung cancer.

Analysis of influences parameters in survival 
time of patients with lung cancer

Showed in Table 2, the results of Cox multivari-
ate analysis model indicated that distance 
metastasis, expressions of CD4+CD25+Foxp3+ 
Treg/CD4+ Tregs, IL-37 and CCL-22 in PBMCs 

Figure 5. Associations of expression level of CD4+CD25+Foxp3+ Treg, IL-37 and CCL-22 with the prognosis of patients 
with lung cancer. Note: A. General survival curve; B. Associations of expression level of CD4+CD25+Foxp3+ Treg with 
the prognosis of patients with lung cancer; C. Associations of expression level of IL-37 with the prognosis of patients 
with lung cancer; D. Associations of expression level of CCL-22 with the prognosis of patients with lung cancer.
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were the independent risk factors of prognosis 
of patients with lung cancer. The protective fac-
tors of prognosis in patients with lung cancer 
were low expression of CD4+CD25+Foxp3+ Treg/
CD4+ (P < 0.001) and CCL-22 (P < 0.000), high 
expression of IL-37 (P = 0. 001) and no metas-
tasis (P = 0. 004).

Discussion

Our findings suggested that the expressions of 
CD4+CD25+Foxp3+ Tregs and CCL-22 in patients 
PBMC with lung cancers were greater than that 
of in healthy controls, while the expression of 
IL-37 in lung cancer was lower. Additionally, our 
study demonstrated that the expression level 
of CD4+CD25+Foxp3+ Tregs, IL-37 and CCL-22 in 
patients with lung cancers were associated 
with the tumor size, histological types, differen-
tiation degree, TNM grading, lymphatic metas-
tasis and distance metastasis, indicating that 
the expressions of CD4+CD25+FOXP3+ Tregs, 
IL-37 and CCL-22 were closely related to lung 
cancer. Tregs were initially characterized as 
having a CD4+CD25+ phenotype, and these 
cells are considered to adjust the antitumor 
immune response, and Tregs can also suppress 
the activity of cytotoxic T cells via the direct 
cell-to-cell contact or through the release of 
cytokines [19]. Treg cells with increased activa-
tion can mediate immune suppression by direct 
contact, and affect the activation and prolifera-
tion of CD8+ T and NK cells; it can also inhibit 
the expression of APC in combination with stim-

ulatory molecules, thus inhibiting the prolifera-
tion of effector T cells [20]. Presented in 
Nasrollah’s study, the cells with a phenotype of 
CD4+CD25+ as well as intracellular FoxP3 serve 
as the main inhibitory phenotype in the immune 
system, which reported the expression of 
CD4+CD25+Foxp3+ Tregs are higher in the 
patients with lung cancer [21]. Chen C et al. 
indicated that the percentage of CD4+ 

CD25+FOXP3+ Tregs correlated with the patho-
logical stage in NSCLC and tumor burden [22]. 
Pan XD et al. suggested that the up-regulation 
of Tregs may play an essential role in oncogen-
esis and development of lung cancer in an 
elderly population [23]. CCR4, a chemokine 
receptor, is highly expressed on Tregs, and it 
mediates the recruitment of Tregs in vivo 
through its ligand, called CCL22 [24]. As macro-
phage-derived chemokine, CCL22 plays an 
important role in growth, progression and 
metastasis of tumors [25]. Previously reported 
associations of CCL22 with lung cancer, and 
studies of high expression of CCL22 and their 
respective receptors in lung tumors all lend bio-
logic support for our observed associations 
[26, 27]. IL-37 is an anti-inflammatory cytokine 
with several biological functions and acts 
through an intracellular mechanism translocat-
ing to the nucleus [28]. The expression of IL-37 
in epithelial cells or macrophages practically 
suppressed the production of pro-inflammatory 
cytokines, while in human blood cells, the 
abundance of these cytokines enhanced with 
the silencing of endogenous IL-37 [5]. 

Table 2. Detection of survival time in patients with lung cancer by Cox multivariate analysis model

B SE Wald df Sig. ExP (B)
95.0% CI for ExP (B)
Lower Upper

Gender (female vs. male) 0.354 0.246 2.057 1 0.151 0.702 0.433 1.138
Age (≥ 55 vs. < 55) 0.139 0.227 0.373 1 0.541 1.149 0.736 1.792
Smoking history (smoking vs. without smoking) 0.448 0.237 3.591 1 0.058 0.639 0.402 1.015
diseased region (central type vs. Peripheral type) 0.108 0.214 0.253 1 0.615 1.114 0.732 1.696
Tumor location (Left side vs. Right side) 0.352 0.220 2.560 1 0.110 0.703 0.457 1.082
Tumor size (≥ 3 cm vs. < 3 cm) 2.074 1.164 3.173 1 0.075 7.954 0.812 77.898
Histological types (SCC vs. Adenocarcinoma/SCLC) 0.482 1.167 0.171 1 0.679 0.617 0.063 6.079
differentiation degree (low vs. middle-high) 0.338 1.055 0.103 1 0.749 1.402 0.177 11.080
TNM grading (III+IV vs. I+II) 1.138 1.113 1.045 1 0.307 3.120 0.352 27.637
lymphatic metastasis (metastasis vs. no metastasis) 1.078 0.693 2.417 1 0.120 2.938 0.755 11.428
Distance metastasis (metastasis vs. no metastasis) 2.134 0.456 21.935 1 0.000 8.449 3.459 20.637
CD4 (≥ 5.29% vs. < 5.29%) 1.748 0.463 14.226 1 0.000 5.743 2.316 14.244
IL37 (≤ 97.95 pg/mL vs. > 97.95 pg/mL) 4.211 1.260 11.170 1 0.001 67.399 5.705 796.228
CCL22 (≥ 704.73 pg/mL vs. < 704.73 pg/mL) 1.261 0.613 4.234 1 0.040 3.527 1.062 11.718
Note: CI, confidence interval; SCC, squamous cell carcinoma; SCLC: Small Cell Lung Cancer.
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Our study also indicated that there are great 
diagnostic value of sensitivity and specificity of 
the expression level of CD4+CD25+FOXP3+ Treg, 
IL-37 and CCL-22 in PBMC of lung cancer, dis-
tance metastasis, and the expressions of 
CD4+CD25+Foxp3+ Treg/CD4+ Tregs, IL-37 and 
CCL-22 in PBMCs were the independent risk 
factors of prognosis of lung cancer, implying 
that CD4+CD25+Foxp3+ Tregs, IL-37 and CCL-22 
selectively inhibit the host immune response 
and therefore could contribute to the diagnosis 
in early stage, prognosis evaluation and immu-
nization therapy of lung cancer. Andreas et al. 
showed that Tregs are significantly affected by 
therapy and Tregs changes in PB are positively 
correlated with clinical response to therapy, 
and thus Tregs measurements in PB early dur-
ing therapy as immunological biomarker pre-
dicting clinical response to therapy [29]. Tumor-
infiltrating Foxp3+ Tregs could be related to the 
favorable prognosis in some types of human 
carcinomas in an unexpected observation [10]. 
It has been reported that regulatory T cells 
migrate toward the malignant tumor microenvi-
ronment in a process mediated by chemokines 
CCL22 [14]. CCL22 can promote the accumula-
tion of EOS and TH2 cells by the receptor ligand 
signaling pathway, which can lead to the clinical 
symptoms of lung cancer patients and it can lay 
a theoretical foundation for exploring the patho-
genesis and treatment of lung cancer [30]. 
IL-37 is a strong anti-inflammatory cytokine 
that plays an important role in limiting tissue 
injury during infections by limiting the duration 
and intensity of immune and inflammatory 
reactions and is protective in animal models 
[15]. One study suggested that the level of IL-37 
was positively correlated with the pulmonary 
function, and the conclusion was that IL-37 was 
correlated with the severity of bronchial asth-
ma, indicating that IL-37 can be used as an 
index to evaluate the severity of lung disease 
[5]. 

In conclusion, expressions of CD4+CD25+ 

Foxp3+ Tregs, IL-37 and CCL-22 in patients with 
lung cancers is up-regulated in PB, which dem-
onstrated that CD4+CD25+Foxp3+ Tregs, IL-37 
and CCL-22 selectively restrain the host 
immune response and thereof might contribute 
to the diagnosis in early stage, prognosis evalu-
ation and immunization therapy of lung cancer. 
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