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Background: Chronic obstructive pulmonary disease (COPD) is often combined with type 
2 diabetes mellitus (T2DM) in clinical, and with poor prognosis. In recent years, research 
shows that inflammation is a common characteristic of COPD and T2DM. T-helper 17 cell 
(Th17)/regulatory T-cell (Treg) balance controls inflammation and may be important in the 
pathogenesis of COPD combined with T2DM patients. This study investigated the charac
teristics of Th17, Treg and related inflammatory factors in COPD combined with T2DM 
patients and the potential mechanism.
Methods: Application of flow cytometry technology, real-time fluorescent quantitative PCR 
and ELISA to detect the changes in peripheral blood of Th17 and Treg number and the 
expression of key transcription factors and related cytokines in COPD combined T2DM 
patients were performed.
Results: Patients with COPD combined with T2DM revealed significant increase in periph
eral Th17, Th17 related cytokines (IL-17A, IL-17F, IL-21, IL-23, IL-6) and transcription 
factor (RORγt) levels and significant decrease in Treg, Treg-related cytokines (IL-10, 
TGFβ1) and transcription factor (Foxp3) as compared with patients with COPD, T2DM 
and healthy controls.
Conclusion: Th17/Treg functional imbalance exists in patients with COPD combined with 
T2DM, indicating a potential role of Th17/Treg imbalance in the formation and progression 
of COPD combined with T2DM.
Keywords: COPD combined with T2DM, Th17/Treg, cytokine, transcription factor

Introduction
Chronic obstructive pulmonary disease (COPD) is a common disease of the 
respiratory system. With increased air pollution, the prevalence of COPD is rising, 
and it is expected to more than 4.5 million people died of COPD every year since 
2030.1 COPD not only affects the respiratory system, but also involves the whole 
body, among which the impact on the endocrine system is causing more and more 
researchers’ attention. COPD combined with type 2 diabetes mellitus (T2DM) is 
a high incidence of clinical complications, according to statistics, about 10% in 
patients with diabetes merged COPD.2 Studies have shown that normal people the 
prevalence of diabetes is 10.5%, and the prevalence of COPD patients with diabetes 
is as high as 18.7%.3 COPD combined with T2DM have higher hospital read
mission rate, for T2DM will increase progression, poor prognosis and mortality in 
CDPD patients.4,5

T2DM can affect the structure of lung tissue and lung function, make the 
connective tissue glycosylation, reduce pulmonary elastic retraction force, promote 
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inflammation, cause pulmonary capillary damage and pul
monary ventilation/blood flow ratio imbalance, further 
lead to hypoxia and vicious cycle.6 Moreover, hypergly
cemia can stimulate bacterial growth or promote interac
tion between respiratory epithelial cells and bacteria, 
which makes patients susceptible to infection, and promote 
the pathological progress of COPD.7 At present, more and 
more scholars believe that the cause of T2DM and COPD 
is associated with cytokines mediated inflammatory 
response. The rise of inflammatory mediators in the 
T2DM patients shows the consistency and comparability 
with COPD patients.8 These studies demonstrate that 
although COPD and T2DM are different diseases, there 
is some correlation between them in terms of pathological 
mechanism. The current study shows that critical roles for 
Th17 and Treg subsets are involved in immunopathologic 
inflammation.9 The imbalance between producing Th17 
cells that act as pro-inflammatory effectors and Treg cells 
that act as effector cells in peripheral tolerance and down- 
regulation of inflammation may contribute to the progres
sion of inflammation.10 Th17/Treg homeostasis is a novel 
immunotherapy approach for chronic inflammatory dis
ease. However, the role of Th17-Treg axis and immune 
balance in COPD combined with T2DM patients remains 
unexplored.

In the current study, we examined the frequency of 
peripheral blood Th17 and Tregs, the relative levels of 
retinoic acid orphan receptor γt (ROR-γt) and Forkhead 
box p3 (Foxp3) mRNA transcripts, and measured the 
levels of associated serum inflammatory cytokines in 
COPD combined with T2DM patients. Also, we analyzed 
the potential association of the values of the balance of 
Th17/Treg cells, transcription factors, cytokines and clin
ical indexes in these patients.

Materials and Methods
Study Design and Subjects
30 healthy control subjects, 36 patients with acute exacer
bation of COPD (C group), 35 patients with T2DM (D 
group) and 32 patients with COPD combined with T2DM 
(C+D group) were recruited from The First Affiliated 
Hospital of Kunming Medical University. Patients with 
acute exacerbation of COPD symptoms were diagnosed 
with COPD according to the Global Initiative for Chronic 
Obstructive Lung Disease (GOLD). T2DM was diagnosed 
according to WHO1999 diabetes classification and diag
nostic criteria. Written informed consent was obtained 

from each subject and the protocol was approved by the 
Ethics Committee of The First Affiliated Hospital of 
Kunming Medical University and adhered to the tenets 
of the Declaration of Helsinki. Patients were excluded if 
they had suffered from serious cardiovascular disease, 
malignant tumors, cognitive impairment, immunodefi
ciency or other chronic inflammatory diseases that may 
have influenced the results of the study.

Sample Collection and Processing
We collected 5–10 mL of peripheral blood samples from 
each subject, and isolated peripheral blood mononuclear 
cells (PBMCs) using lymphocyte separation medium. 
PBMCs were prepared by Ficoll density gradient centrifu
gation for analysis of flow cytometry (FCM) and quanti
tative real-time PCR (qRT-PCR), and serum was obtained 
after centrifugation for enzyme-linked immunosorbent 
assay (ELISA) measurements.

Flow Cytometry Analysis of Th17 and 
Tregs
PBMCs were isolated from individual participants and 
stained with fluorescein isothiocyanate (FITC)-labeled anti- 
human CD4, phycoerythrin cyanidin 5 (PE-Cy5)-labeled 
anti-human CD25 for 30 min, fixed and permeabilized 
with the fixation and permeabilization buffer, followed by 
staining with PE-labeled anti-human Foxp3 or isotype con
trol (BD Pharmingen, San Diego, CA, USA), to determine 
the frequency of CD4+CD25+Foxp3+Tregs. Some PBMCs 
were stimulated with phorbol 12-myristate 13-acetate and 
ionomycin in the presence of brefeldin A in 10% fetal calf 
serum at 37°C for 4 h. Then, the cells were harvested and 
stained with FITC-labeled anti-human CD3 and APC- 
labeled anti-human CD8 at 4°C for 30 min, followed by 
fixing, permeabilization, and staining with PE-labeled anti- 
human IL-17A (BD Pharmingen, San Diego, CA, USA), to 
determine the frequency of CD3+CD8−IL−17+ Th17 cells. 
Flow cytometry was performed on a fluorescence-activated 
cell sorter (FACS) Canto II (BD Biosciences) and analyzed 
with CellQuest software (BD Corporation).

qRT-PCR Analysis
Total RNA was extracted from PBMC samples with Trizol 
reagent (Invitrogen, Carlsbad, CA, USA). Quantity and qual
ity was determined by Nanodrop spectrophotometer with 
OD 260 nm for measuring concentration and 260/280 ratio 
for assessing the purity. The cDNA was synthesized with the 
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reverse transcription kit (GeneCopoeia, Guangzhou, China). 
All reactions were performed using SYBR Green.

Master mix reagents on the ABI Prism 7900 Sequence 
Detection System (Applied Biosystems, Carlsbad, CA, USA) 
and the specific primers. The forward primer of GAPDH was 
5ʹ-CGCTGAGTACGTCGTGGAGTC-3ʹ and the reverse pri
mer was 3ʹ-GCTGATGATCTTGAGGCTGTTGTC-5ʹ. The 
forward primer of Foxp3 was 5ʹ-AAGGAAAGG 
AGGATGGACGAA-3ʹ and the reverse primer was 3ʹ-CAG 
GCAAGACAGTGGAAACCT-5ʹ. The forward primer of 
ROR-γt was 5ʹ-AGTCGGAAGGCAAGATCAGA-3ʹ and the 
reverse primer was 3ʹ-CAAGAGAGGTTCTGGGCAAG-5ʹ. 
Thermal cycling of PCR system (20 μL in total) comprised 10 
μL of SYBR Green, 0.4 μL of forward primer, 0.4 μL of 
reverse primer, 2 μL of cDNA, and corresponding ddH2 

O. mRNA expression level was normalized to the level of 
GAPDH housekeeping genes. Relative gene expression was 
calculated using the 2−ΔΔCt method. Data were expressed as 
the fold change of the controls.

ELISA Analysis for Inflammatory 
Biomarkers
The concentrations of serum inflammatory cytokines 
were determined with sandwich ELISA kits according 
to the manufacturer’s protocols for IL-17A (PK-EL 
-62,719), IL-17F (PK-EL-62,718) (Promo Cell, 

Heidelberg, Germany), IL-21 (bsk00366), IL-23 
(bsk00368), IL-6 (bsk00040), IL-10 (bsk00044) (Bioss, 
Beijing, China), TGF-β1 (MM-0367H1) (DiNing, 
Beijing, China). In the end of this operation, pore plates 
were detected absorbance at the wavelength of 450 nm 
with microplate reader (Thermo Fisher Scientific, 
Waltham, MA, USA), and drew a standard curve, calcu
lated the OD value of the samples.

Statistical Analysis
SPSS 20.0 software was used for statistical analysis. 
Student’s t-test was used to compare two group experiments, 
and one-way analysis of variance (ANOVA) followed by 
Bonferroni post hoc tests for multiple comparisons. χ2 test 
was used to compare categorical variables. Data are 
expressed as the means ± standard deviation (SD). P<0.05 
was considered statistically significant.

Results
Baseline Characteristics of Study 
Participants
The characteristics of the participants enrolled in the 
study are summarized in Table 1. There was no sig
nificant difference among healthy control subjects (H 
group), COPD (C group), T2DM (D group) and COPD 

Table 1 Demographics and Clinical Characteristics in the Each Group of Subjects

Variables Healthy Control 
Group

COPD 
Group

T2DM 
Group

COPD+T2DM 
Group

P-value

Subjects (No.) 30 36 35 32

Age (year) 65.82±9.37 70.24±8.14 68.17±8.47 66.30±10.72 0.189

Gender (Male/female) 21/9 28/8 24/11 25/7 0.725

BMI (kg/m2) 24.34±3.82 23.83±4.95 26.43±4.21 24.86±3.57 0.062

Smoking rate, n (%) 6 (20%) 15 (41.67%) 8 (22.86%) 13 (40.63%) 0.368

Fasting blood glucose (mmol/L) 4.39±1.12 4.43±0.99 8.96±3.57**## 7.87±3.02**## <0.001

2h postprandial blood glucose (mmol/ 

L)

6.24±2.17 6.83±2.46 14.52±4.98**## 13.61±4.55**## <0.001

HbA1c (%) 5.64±1.72 6.08±1.65 8.34±2.02**## 8.70±2.36**## <0.001

FEV1/FVC% 89.25±9.43 51.57±10.61** 85.64±11.32## 43.24±8.06**##ΔΔ <0.001

FEV1% predicted 83.12±8.46 50.87±8.24** 79.05±9.15## 42.37±9.30**##ΔΔ <0.001

Notes: Data are presented as mean ± SD. **P<0.01 compared with the healthy control group; ##P<0.01 compared with the COPD group; ΔΔP<0.01 compared with the 
T2DM group. 
Abbreviations: BMI, body mass index; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity.
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combined with T2DM (C+D group) with respect to 
age, gender, BMI and smoking (P>0.05). Regarding 
fasting blood glucose, 2h postprandial blood glucose 
and HbA1c were significantly higher in D group and C 
+D group compared with H group and C group 
(P<0.01). FEV1% predicted and FEV1/FVC % in 
H group and D group were significantly higher com
pared with C group and C+D group (P<0.01), and 
change of FEV1% predicted and FEV1/FVC % 
between H group and D group was no significant dif
ference (P>0.05).

Imbalance of Circulating Th17 and Tregs 
in COPD, T2DM and COPD Combined 
with T2DM Patients
Flow cytometry analysis indicated that the percentages 
of Th17 cells in total CD4+ T lymphocytes in the COPD, 
T2DM and COPD combined with T2DM patients were 
significantly higher than those in the healthy controls 
(P<0.01). The frequency of circulating Th17 cells in the 
patients with COPD combined with T2DM was signifi
cantly higher than those in the patients with COPD and 
T2DM. It suggests that the increase of Th17 cells in 
peripheral blood is a common factor for the occurrence 
and development of COPD and T2DM. Meanwhile, the 
percentages of Treg cells in the total CD4+ 

T lymphocytes in the T2DM and COPD combined 
with T2DM patients were significantly lower than 
those in the healthy controls and COPD patients 
(P<0.01), but there was no significant difference 
between healthy controls and COPD patients (P>0.05). 

In addition, the ratios of the percentages of Th17 to 
Tregs in the COPD, T2DM and COPD combined with 
T2DM patients were significantly higher than those in 
the healthy controls (P<0.01). Moreover, the ratios of 
the percentages of Th17 to Tregs in the COPD combined 
with T2DM patients were significantly higher than those 
in the COPD and T2DM patients (P<0.01) (Table 2, 
Figures 1–3). In general, the imbalance of Th17 and 
Tregs in the COPD combined with T2DM patients was 
considered the most serious.

Change of CD4+ T Cells Specific 
Transcription Factor Foxp3 and RORγt
Expression of Foxp3 and RORγt mRNA transcripts in 
PBMCs from the different groups of subjects were assessed 
by quantitative RT-PCR. We found that the relative levels of 
RORγt mRNA transcripts in the COPD combined with 
T2DM patients were significantly higher than that in the 
healthy controls, COPD and T2DM patients (P<0.01), levels 
of RORγt in the COPD and T2DM patients were also sig
nificantly higher than that in the healthy controls (P<0.01). 
While the relative levels of Foxp3 mRNA transcripts in the 
COPD combined with T2DM patients were significantly 
lower than those in the healthy controls, COPD and T2DM 
patients (P<0.01), levels of Foxp3 in the COPD and T2DM 
patients were also significantly lower than that in the healthy 
controls (P<0.01). With respect to RORγt and Foxp3 levels, 
there was no significant difference between COPD and 
T2DM patients (P>0.05) (Table 2, Figure 4). The results 
indicate that the imbalance of peripheral blood Th17 and 
Tregs in COPD with T2DM patients.

Table 2 Measurement Indicators in the Each Group of Subjects

Healthy Control Group COPD Group T2DM Group COPD+T2DM Group F-value P-value

Th17 (CD4+T%) 0.568±0.325 1.365±0.673** 1.230±0.801** 2.127±0.917**##ΔΔ 24.553 <0.001

Treg (CD4+T%) 3.955±0.937 3.704±1.164 1.835±0.872**## 1.822±0.819**## 12.085 <0.001

Th17/Treg 0.172±0.093 0.506±0.247** 0.659±0.281** 1.157±0.563**##ΔΔ 45.502 <0.001
RORγt 1.000 ± 0.000 10.800 ± 1.175** 9.684 ± 1.505** 25.670 ±5.117**##ΔΔ 14.11 < 0.001

Foxp3 1.000 ± 0.000 0.718 ± 0.048** 0.748 ± 0.014** 0.435 ± 0.059**##ΔΔ 73.28 < 0.001

IL-17A (pg/mL) 6.894±0.538 9.995±1.679** 10.194±1.868** 12.519±1.754**##ΔΔ 26.892 <0.001
IL-17F (pg/mL) 2.606±0.907 4.120±1.296** 4.529±1.319** 6.356±1.508**##ΔΔ 45.034 <0.001

IL-21 (pg/mL) 3.267±1.267 5.111±1.093** 4.339±2.087* 7.993±2.198**##ΔΔ 43.193 <0.001

IL-23 (pg/mL) 8.507±2.701 16.558±4.652** 14.534±5.507** 20.040±3.956**##ΔΔ 37.595 <0.001
IL-6 (pg/mL) 19.257±3.562 25.248±4.601** 24.307±4.291** 33.514±5.313**##ΔΔ 19.344 <0.001

IL-l0 (pg/mL) 10.876±6.809 7.868±3.916* 8.084±3.219** 4.913±1.241**##ΔΔ 10.417 <0.001

TGF-β1(pg/mL) 25.498±5.021 20.704±5.807** 19.008±5.477** 15.142±4.065**##ΔΔ 21.414 <0.001

Notes: Data are presented as mean ± SD. *P<0.05, **P<0.01 compared with the healthy control group; ##P<0.01 compared with the COPD group; ΔΔP<0.01 compared 
with the T2DM group. GAPDH was used as internal reference to detect the statistical results of RORγt and Foxp3.
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Variation of the Treg/Th17-Related 
Inflammatory Cytokines
Furthermore, the levels of serum IL-17A, IL-17F, IL-21, IL-6, 
IL-23, TGF-β1 and IL-10 in the different groups of subjects 
were measured for the function of Th17 cells and Tregs. 
Consistent with changes in Th17 cells, the levels of IL-17A, 
IL-17F, IL-21, IL-23 and IL-6 in the COPD combined with 
T2DM patients were significantly higher than that in the 
healthy controls, COPD and T2DM patients (P<0.01), levels 
of IL-17A, IL-17F, IL-21, IL-23 and IL-6 in the COPD and 
T2DM patients were also significantly higher than that in the 
healthy controls (P<0.01). This indicated that the expression of 
inflammatory cytokines in Th17 cells increased significantly 

during the pathogenesis of COPD with T2DM. While the 
levels of TGF-β1 and IL-10 in the COPD combined with 
T2DM patients were significantly lower than those in the 
healthy controls, COPD and T2DM patients (P<0.01), levels 
of TGF-β1 and IL-10 in the COPD and T2DM patients were 
also significantly lower than that in the healthy controls 
(P<0.01) (Table 2, Figure 5). This indicates that the expression 
of treg-related anti-inflammatory cytokines is down-regulated 
in the pathogenesis of COPD with T2DM.

Discussion
In this study, we identified the frequency of Th17 and 
Tregs, the relative levels of ROR-γt and Foxp3 mRNA 

Figure 1 Representative flow cytometric dot-plots of peripheral blood Th17 cells in the each group of subjects. (A) is Healthy control; (B) is COPD patient; (C) is T2DM 
patient; (D) is COPD+T2DM patient. The percentage of positive cells is shown in each panel.

International Journal of Chronic Obstructive Pulmonary Disease 2021:16                                                https://doi.org/10.2147/COPD.S306406                                                                                                                                                                                                                       

DovePress                                                                                                                       
1429

Dovepress                                                                                                                                                            Wang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


transcripts, and the levels of associated serum inflamma
tory cytokines in the healthy controls, COPD, T2DM and 
COPD combined with T2DM patients. Our analyses 
showed that Th17/Treg functional imbalance responses in 
patients with COPD combined T2DM. It suggests that 
cellular immunity may play an important role in the patho
genesis of COPD combined with T2DM patients. CD4+ 
T cells are crucial for directing immune responses during 
host defense and for the pathogenesis of inflammatory 
diseases. CD4+ T cell subsets, differentiation of Th1, 
Th2, Th17, Treg and Th9 have been recognized. Th1 
cells contribute to the pathogenicity of organ-specific auto
immune diseases such as autoimmune type 1 diabetes, in 
addition to Th2 cells, IL-9-producing T-helper cells, 

namely Th9 cells, make up another key T-helper cell 
subset, which is involved in the pathology of airway 
inflammation. Previous studies have found that increased 
frequency of pro-inflammatory Th17 cells in peripheral 
blood in COPD patients.11,12 Tregs can inhibit autoim
mune responses by secreting anti-inflammatory cytokines, 
and were found lower in the COPD patients.13 It has been 
reported that primitive CD4+T tends to differentiate into 
pro-inflammatory Th17 cells in T2DM. Dysregulation of 
proinflammatory cells has been observed in rodent models 
of T2DM and in patients with T2DM, including Th1 and 
Th17 cells increased, while Treg cells decreased.14,15 It is 
consistent with the results of this study. However, at pre
sent, the underlying causes and molecular mechanisms of 

Figure 2 Representative flow cytometric dot-plots of peripheral blood Tregs cells in the each group of subjects. (A) is Healthy control; (B) is COPD patient; (C) is T2DM 
patient; (D) is COPD+T2DM patient. The percentage of positive cells is shown in each panel.
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the changes of Th17 cells and Treg cells in peripheral 
blood of patients with COPD combined with T2DM are 
still unclear, relevant studies are relatively lacking, and the 
basis of Th17/Treg imbalance in patients with COPD 
combined with T2DM is even more undefined. Studies 
have shown that the imbalance of Th17 and Treg cells in 
COPD may be closely related to the persistence of chronic 
inflammation. Caveolin-1 protein is a key regulatory pro
tein in the pathogenesis of chronic respiratory inflamma
tory diseases, and Caveolin-1 deficiency can lead to 
imbalance of Th17 and Treg cell ratio in COPD state.16 

In the T2DM state, the ratio of anti-apoptotic gene Bcl-2/ 
Bax to pro-apoptotic gene Bax in Treg cells of patients is 
lower than that of healthy control, and the imbalance of 
Bcl-2/Bax may lead to higher sensitivity of Treg cell death 
than that of healthy control.17 Therefore, Increased fre
quencies of Th17 cells and decreased frequencies of Treg 
cells are likely mediated by potent pro-inflammatory 

responses during the pathogenesis of COPD combined 
with T2DM.

Meanwhile, the same tendency of the relative levels of 
RORγt and Foxp3 mRNA transcripts and the levels of IL- 
17A, IL-17F, IL-21, IL-23, IL-10 and TGFβ1 were also 
observed in these groups of subjects. These findings indi
cate that the immune effect mediated by novel cell subsets 
Th17 and Treg cells is abnormal in patients with COPD 
complicated with T2DM, and this abnormal immune func
tion may have special potential significance for disease 
progression. Th17 cells and Treg cells have a related dif
ferentiation process, and influence each other’s prolifera
tion and activation under certain conditions. Studies have 
found that Treg cells may undergo gene recombination and 
reverse into Th17 cells under certain inflammatory envir
onmental conditions.18 Low concentration of TGF-β1 can 
promote the expression of RORγt, while high concentra
tion of TGF-β1 can inhibit the function and expression of 

Figure 3 Imbalance of circulating Th17 and Tregs in COPD, T2DM and COPD combined with T2DM patients. (A) Comparisons of Th17 and Treg cell percentages in 
peripheral blood from healthy controls, COPD, T2DM and COPD combined with T2DM patients. (B) Comparisons of Th17 cell percentages in the 4 groups. (C) 
Comparisons of Treg cell percentages in the 4 groups. (D) Comparisons of the ratios of Th17/Treg in the 4 groups. The data are represented as the mean ± SD; a value of *P 
<0.05 was considered statistically significant.
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RORγt, and T cells and even Treg cells themselves can be 
the source of TGF-β1.19 In this study, we found that 
patients with COPD combined with T2DM had lower 
serum TGF-β1 levels compared with normal control 
group and COPD group, which exactly matched the cyto
kine environment required by the above initial high 
expression of RORγt. In addition, IL-21 and TGF-β1 
coact to up-regulate the expression of RORγt by phosphor
ylation of STAT3, and IL-21 can promote the expression 
of IL-17 in Th17 cells. IL-21 enhances Th17 cell response 
in an autocrine manner, and overexpresses and maintains 
the inflammatory response mediated by Th17 cells. 
Through the IL-21-Th17-IL-21 feedback loop, the differ
entiation of Th17 cells is continuously induced to stimu
late Th17 cells to secrete more IL-21. IL-21 can also up- 
regulate the expression of IL-23R and enhance the 
response of Th17 cells to IL-23, so as to maintain the 
stability and proliferation of Th17 cells.20 IL-6 can also 

down-regulate the activity of Treg cells and further expand 
the inflammatory response. CD4+T cells differentiated into 
Treg cells when only TGF-β1 was present. And when the 
TGF-β1 and CD4+T cells differentiate into Th17 cells 
when IL-6 co-exists, and the transformation is mutually 
exclusive, in which IL-6 plays a key role.21 HIF-1α can 
form a complex with RORγt or directly activate RORγt to 
promote Th17 cells to secrete IL-17, while HIF-1α binding 
to Foxp3 can inhibit the development of Treg cells. 
Chronic hypoxia in patients with COPD combined with 
T2DM may cause HIF-1α to increase and activate 
RORγt.22 Foxp3 affects homeostasis regulation of the 
body by regulating transcription and protein expression 
of Treg cells, and plays an important role in autoimmune 
diseases, infection and tumor immunity. Natural 
CD4+CD25−T cells transfected by Foxp3 can play an 
immunosuppressive role, block the proliferation of effec
tor cells, and inhibit the occurrence of inflammatory bowel 

Figure 4 The relative levels of Foxp3 and RORγt mRNA transcripts to the control glyceraldehyde 3-phosphate dehydrogenase (GAPDH) in PBMCs from healthy controls, 
COPD, T2DM and COPD combined with T2DM patients. (A and C) Comparisons of RORγt in the 4 groups. (B and D) Comparisons of Foxp3 in the 4 groups. The data are 
represented as the mean ± SD; a value of **P <0.01 was considered statistically significant. COPD (C group), T2DM (D group) and COPD combined with T2DM (C+D 
group).
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Figure 5 Disordered homeostasis of serum IL-17A, IL-17F, IL-21, IL-23, IL-10, TGF-β1 and IL-6 in COPD, T2DM and COPD combined with T2DM patients. Levels of 
inflammatory cytokines were quantified by ELISA in the 4 groups (A) IL-17A, (B) IL-17F, (C) IL-21, (D) IL-23, (E) IL-10, (F) TGF-β1, (G) IL-6. The data are represented as 
the mean ± SD; a value of *P <0.05 or **P <0.01 was considered statistically significant. COPD (C group), T2DM (D group) and COPD combined with T2DM (C+D group).
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disease and autoimmune gastritis. The deficiency of Foxp3 
can cause a variety of autoimmune diseases, such as aller
gic diseases, diabetes, eczema, lymphocyte proliferation, 
etc. However, abnormal enhancement of Foxp3 function 
also leads to tumorigenesis and pathological 
immunosuppression.23 Our results indicate that there are 
Th17/Treg imbalance in COPD combined with T2DM, 
suggesting that cellular immunity may play an important 
role in the pathological process of COPD combined with 
T2DM, and that Th17/Treg imbalance may be associated 
with the disease progression and clinical outcome of 
COPD combined with T2DM.

Conclusion
Overall, COPD combined with T2DM patients not only has 
abnormal Th17/Treg cell number, but also has disorder of 
cellular immune function. The transformation of the balance 
between Th17/Treg cells to pro-inflammatory Th17 cells can 
further lead to the accumulation of inflammatory mediators, 
resulting in a pro-inflammatory positive feedback in the 
patient, cascading and amplifying the cascading inflamma
tory response, ultimately lead to uncontrolled and persistent 
inflammation. Imbalance of Th17/Treg and related cytokines 
may cause or aggravate tissue damage in patients with COPD 
combined with T2DM. Therefore, monitoring of cellular 
immune function in patients with COPD combined with 
T2DM is of great value for the analysis of clinical conditions, 
observation of efficacy and judgment of prognosis. We also 
recognized that our study has limitations, including limited 
sample size, lack of inflammatory responses tissue samples 
in the target lung organ and further molecular mechanism 
investigations. In summary, our findings show that the level 
of Th17 cell-related pro-inflammatory cytokines increased 
and the level of Treg cell-related anti-inflammatory cytokines 
decreased in patients with COPD combined with T2DM, 
suggesting that there is a Th17/Treg dysfunction in the per
ipheral blood of patients, and the balance shifts to the pro- 
inflammatory direction. Th17/Treg dysfunction may be one 
of the reasons for the occurrence and development of COPD 
combined with T2DM.
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