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Effects of SOCS1-overexpressing dendritic 
cells on Th17- and Treg-related cytokines 
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Abstract 

Background: In this study, we established a chronic obstructive pulmonary disease (COPD) model by stimulating 
mice with cigarette smoke, and observed the effects of dendritic cells (DCs) overexpressing SOCS1 on Th17, Treg and 
other related cytokines in peripheral blood, bronchoalveolar lavage fluid and lung tissues of COPD mice.

Methods: After successfully transfecting DCs with overexpressing SOCS1 (DC‑SOCS1), the mice were injected with 
DC‑SOCS1 (1 ×  106), DC‑SOCS1 (2 ×  106) and immature DCs (1 ×  106) via tail vein on days 1 and 7 of COPD fumiga‑
tion modeling. After day 28 of modeling, the peripheral blood, BALF and lung tissue samples were extracted from the 
mice, and the changes of DCs, Th17 and Treg cells and related cytokines were detected by immunohistochemistry, 
immunofluorescence, HE staining, flow cytometry and ELISA.

Results: The results showed that DC‑SOCS1 was able to reduce the secretion of pro‑inflammatory factors and 
increase the anti‑inflammatory factors in the COPD mice, and the effect of high concentration (2 ×  106 DC‑SOCS1) 
was better than low concentration (1 ×  106 DC‑SOCS1). Moreover, the intervention effect was significant on day 
1 compared with day 7. In the mice injected with DC‑SOCS1, the expression of CD83, IL‑4, Foxp3, and CCR6 was 
increased on day 1 than those on day 7, while IL‑17 and IFN‑γ was decreased.

Conclusions: Intervention of COPD mice with high concentrations of DCs‑SOCS1 reduced pro‑inflammatory factor 
secretion and attenuated the inflammatory response in COPD.
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Background
Chronic obstructive pulmonary disease (COPD) is a 
chronic inflammatory disease of the airways character-
ized by incomplete reversibility and progressive air-
flow limitation, associated with an enhanced chronic 
inflammatory response of the airways and lungs to toxic 

particles or gases [1, 2]. The incidence and mortality rates 
of COPD have continued to increase in recent years [3].

In addition, it has been found that COPD may be an 
immune disease caused by smoking and its pathogen-
esis may be related to the deregulation of the autoim-
mune system [4, 5]. T lymphocytes play an important 
role in the immune regulatory mechanism of COPD, 
mainly by mediating airway inflammation or immune 
response, which requires the participation of dendritic 
cells (DCs) [6, 7]. DCs are the most important special-
ized antigen presenting cells (APCs) in the body, which 
can take up, process and present antigens, stimulate the 
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proliferation and activation of initial type T cells, and are 
central to the initiation, regulation and maintenance of 
specific immune responses [8, 9]. As a recent study, the 
role of DCs in immune-related diseases has become a hot 
topic. Depending on their maturation status, DCs can be 
divided into imDCs and mDCs. The imDCs are typically 
tolerogenic and induce immune tolerance by regulat-
ing T-cell responses to keep the body in a balanced and 
healthy state [10]. The suppressor of cytokine signaling 
(SOCS) 1 is a negative regulator of the signal transducer 
and activator of transcription (STAT) pathway of Janus 
kinase (JAK), which is involved in the differentiation, 
activation, and maturation of DCs, and the overexpres-
sion of SOCS1 can maintain DCs in the state of imDCs 
[11, 12]. In recent studies, SOCS1 was found to be 
involved in the pathogenesis of COPD and related to the 
time of COPD onset [11]. However, the effects of over-
expressed SOCS1-regulated DCs on T helper 17 (Th17), 
regulatory T cells (Treg) and other related cytokines in 
the pathogenesis of COPD have not been clarified.

Therefore, this study was conducted to observe the 
effects of DCs overexpressing SOCS1 on Th17, Treg and 
other related cytokines in peripheral blood, bronchoalve-
olar lavage fluid (BALF) and lung tissues of COPD mice, 
and provided a new perspective for COPD treatment.

Materials and methods
Cell culture
A number of healthy 6–8 weeks old C57BL/6 mice, pur-
chased from the Animal Experiment Center of the Third 
Military Medical University. Mice were anesthetized and 
disinfected with 75% ethanol, then the femur and tibia 
were taken under aseptic conditions and washed twice 
with phosphate buffered saline (PBS) solution. The epiph-
ysis was removed to expose the bone marrow cavity, and 
the bone marrow was flushed with PBS until the bone 
marrow cavity turned white. The flushed bone marrow 
was made into single cell suspension and centrifuged at 
1000 r/min for 5 min (min), and the supernatant was dis-
carded. Resuspended the cell precipitate with PBS. The 
cell suspension was slowly added into a 15 ml centrifuge 
tube pre-filled with 5 ml lymphocyte separation solution, 
centrifuged at 2000 rpm for 20 min, and the solution was 
divided into 5 layers after centrifugation, and the inter-
mediate bone marrow stromal cell layer was aspirated 
and washed 3 times with PBS. The cells were inoculated 
with DC cell growth medium containing 10% fetal bovine 
serum and penicillin at a concentration of  106/ml cells in 
6-well plates and incubated at 37 ℃ in a 5%  CO2 incuba-
tor. Cells were plastered for about 1–2 days (d) and matu-
ration was induced by adding LPS (100 ng/μl) on day 7 of 
culture.

All animal experiments were carried out in accord-
ance with the principles of the guidelines described in the 
Care and Use of Animals, and had been approved by the 
animal experimentation committee of the Zunyi Medical 
University.

Flow cytometry (FCM) assay
CD80 and CD83 antibodies were used to identify DCs. 
The cells were collected after 24  h of Lipopolysaccha-
ride (LPS) induction, then centrifuged at 1000  rpm for 
5  min to precipitate the cells, and the supernatant was 
discarded. Resuspended the cells. Then, 50  μl diluted 
antibodies (antibodies diluted to the appropriate con-
centration with Staining Buffer 2–0.03 μg/106 cells) were 
added to each flow assay tube; 50 μl Staining Buffer was 
added to the blank or isotype control tube. In each tube, 
50 μl cell suspension (approximately  106 cells) was added 
and gently mixed. After incubation for 30 min in an ice 
bath, the cells were incubated with Staining Buffer (2 ml 
per tube and 200 μl per well) and centrifuged at 1000 rpm 
for 5  min at 4  °C. The supernatant was discarded and 
washed three times. 100 μl of the cells were resuspended 
and detected by FCM.

Electron microscopy
After the cells were fixed, dehydrated and dried, the 
samples were placed on a sample stage approximately 
10–15  cm away from the evaporation source and sub-
jected to conductive treatment to observe the morphol-
ogy of the induced mDCs under electron microscopy.

Construction of SOCS1 gene overexpression lentiviral 
vector
The SOCS1 gene (Gene ID: 12703) was searched on the 
NCBI website, and NM_001271603.1 transcript was 
chosen for sequence synthesis. The Kozak sequence and 
EcoRI digested site were added at the 5′ end, and the 
BamHI site was added at the 3′ end. The pLVX-IRES-
ZsGreen1 vector (Fig.  2a) was digested with EcoRI and 
BamHI. The purified synthetic product was ligated to 
the linearized vector, and the ligated product was trans-
formed into bacterial receptor cells. The grown clones 
were first identified by enzymatic cleavage to demon-
strate that the target gene had been targeted into the 
target vector. After sequencing and analyzing the posi-
tive clones, the constructed lentiviral overexpression 
plasmid vector was subjected to high-purity endotoxin-
free extraction and then co-transfected with the lenti-
viral packaging vector in 293T cells. The supernatant 
was collected, purified and concentrated to be the high 
titer pLVX-SOCS1-IRES-ZsGreen1 lentivirus. The virus 
titer was detected by multiplicative dilution method 
after infection of 293T cells. The lentiviral packaging 
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vector is a four-plasmid system consisting of pLVX-
IRES-ZsGreen1, PG-p1-VSVG, PG-P2-REV, and PG-
P3-RRE (Fig.  2b–d). Of these, pLVX-IRES-ZsGreen1 
is able to express green fluorescent protein (GFP), and 
PG-p1-VSVG, PG-P2-REV, and PG-P3-RRE contain 
components essential for viral packaging. The results of 
pLVX-SOCS1-IRES-ZsGreen and negative control lenti-
virus titer assay were presented in Fig. 2e.

Lentiviral infection of DCs
The primary DCs were isolated and cultured, and lenti-
viral infection was performed on the fifth day after isola-
tion. The virus solution was aspirated and added to the 
cells, along with 5  μg/ml of polybrene co-transfection 
reagent to improve the infection efficiency. Then, the 
24-well plates were incubated at 37 °C and the cell status 
was observed after 8–12  h (h). After 24  h, the medium 
was replaced with fresh medium and observed under 
fluorescence microscope after 48  h of infection. DCs 
with green fluorescence were those infected with lentivi-
rus overexpressing on SOCS1 gene. Meanwhile, samples 
were collected for further study.

Quantitative real‑time PCR (qRT‑PCR)
qRT-PCR for detecting transfection effects after lentivi-
rus infection of DCs. SYBR Green I is a fluorescent dye 
that binds to double-stranded DNA and emits light, 
allowing detection of the amount of double-stranded 
DNA present in the PCR system based on the fluorescent 
signal. The RNA was first reverse transcribed into cDNA 
using random primers, and then specific primers and 
SYBR Green I fluorescent dye were designed for fluores-
cent quantitative PCR detection. The primer sequences 
were: SOCS1 (ID: 12703), mSOCS1F: CGC CTG CGG 
CTT CTA TTG , mSOCS1R: CCC GAA GCC ATC TTC 
ACG , m actin f: GAG ACC TTC AAC ACC CCA GC, m 
actin r. ATG TCA CGC ACG ATT TCC C.

Western blot
Western blot (WB) was used to detect the transfection 
effect after lentivirus infection of DCs. The cultured DCs 
infected with lentivirus were lysed with RIPA lysis buffer, 
centrifuged at 12,000 rpm, 4 °C for 15 min, and the super-
natant was collected. Then the protein concentration was 
determined by BCA protein assay kit. The protein was 
separated on 10% sodium dodecyl sulfate polyacrylamide 
gel electrophoresis and subsequently transferred to poly-
vinylidene fluoride membranes (Bio-Rad), which were 
subsequently blocked with Tris Buffered saline Tween 
(TBST) solution containing 5% skim milk at room tem-
perature for 2  h. The corresponding primary antibody 
(SOCS1: Abcam, anti-rabbit) was diluted to a certain 
concentration (1:500) with the blocking solution, and the 
final concentration of the internal reference primary anti-
body was 1:1000, and then incubated overnight at 4  °C. 
After 3 washes with TBST, they were incubated with 
secondary antibodies (Sigma, goat-anti-rabbit, 1:1000) 
at room temperature for 1 h. Finally, samples were incu-
bated with the ECL-enhanced chemiluminescence detec-
tion kit (Thermo Scientific Pierce™) and OD values were 
calculated with ImageJ pro plus.

COPD modeling in C57BL/6 mice and DCs reinfusion
Thirty-eight 8-week-old male SPF-grade C57BL/6 mice, 
weighing 20–25  g (Chongqing Tengxin Biotechnol-
ogy Co., Ltd.) were obtained. The 35 mice were ran-
domly assigned into 7 groups (B-H groups), and the 7 
groups were housed in identical environments (Table 1). 
The animals in each group were placed in a homemade 
smokebox (45  cm × 30  cm × 30  cm) and smoked pas-
sively 3 cigarettes/times, 1 h/times, 4 times/day (Fig. 3a–
c). The time points were 9:30, 11:00, 14:00, 15:30, 7 days, 
and 28  days of smoking. The general condition of each 
group was observed, and the body mass of each group 
was weighed and recorded weekly before and after fumi-
gation to dynamically observe the effect of fumigation on 
the body mass of mice.

Table 1 Grouping of COPD modeling in C57BL/6 mice and cell reinfusion

Group Number Operation

A: Normal group N = 3 No fumigation

B: NC group N = 5 2 ×  106 cells/ml, 0.2 ml/10 g, injected on day 1 of fumigation

C: DC‑SOCS1 I group N = 5 1 ×  106 cells/ml, 0.1 ml/10 g, injected on day 1 fumigation

D: DC‑SOCS1 II group N = 5 2 ×  106 cells/ml, 0.1 ml/10 g, injected on day 1 fumigation

E: imDCs I group N = 5 1 ×  106 cells/ml, 0.1 ml/10 g, injected on day 1 fumigation

F: DC‑SOCS1 III group N = 5 1 ×  106 cells/ml, 0.1 ml/10 g, injected on day 7 fumigation

G: DC‑SOCS1 IV group N = 5 2 ×  106 cells/ml, 0.1 ml/10 g, injected on day 7 fumigation

H: imDCs II group N = 5 1 ×  106 cells/ml, 0.1 ml/10 g, injected on day 7 fumigation
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Tissue harvest
After 28 days of modeling, the peripheral blood was col-
lected from the eyeballs for FCM assay. The trachea was 
exposed by cutting the skin in the middle of the neck, and 
the trachea and alveoli were irrigated with saline (0.6 ml/
time, for 3 times). The BALF was collected and centri-
fuged (1500  r/min, 10  min, 4  °C), and the supernatant 
was used for enzyme linked immunosorbent (ELISA) 
assay and the BALF precipitate was taken for FCM assay. 
The abdominal cavity was opened, and fresh liver, spleen 
and lung tissues were washed in cold PBS, and part of the 
lung tissues were taken for FCM assay, while the rest of 
the tissues were stored at − 80  °C for ELISA assay. The 
tissues were fixed in 4% paraformaldehyde for more than 
24  h for immunohistochemistry, immunofluorescence 
and hematoxylin–eosin staining.

Hematoxylin–eosin (HE) staining
Tissues fixed in 4% paraformaldehyde fixative for 24  h 
were paraffin embedded, sectioned, stained with hema-
toxylin stain and eosin stain, and sealed with neutral 
resin and observed under the microscope. The nucleus 
became blue, while the cytoplasm became red or pink.

Immunohistochemistry (IHC)
Tissues fixed in 4% paraformaldehyde fixative for 24  h 
were subjected to IHC experiments after paraffin embed-
ding, sectioning, and antigen thermal repair, and the 
changes of IL-17, IL-4, CD83, CCR6, Foxp3 and INF-γ 
factor levels were detected in each group. The tissues 
were washed with PBS and then closed with goat serum 
at room temperature for 1  h. Samples were then incu-
bated with primary antibodies overnight at 4 °C (IL-17A: 
dilution ratio 1:200; CCR6: 1:100; CD83: 1:100; Foxp3: 
1:200; IL-4: 1:100; IFN-γ: 1:100). Following PBS wash, 
(HRP-labeled) secondary antibodies working solution 
was incubated at room temperature for 2  h. After DAB 
color development at room temperature for 1–10  min 
(avoid light), distilled water wash, hematoxylin re-stain-
ing for 5  min. Then wash back to blue with tap water, 
gradient alcohol dehydration (75%, 85%, 95%, 100% for 
3 min each), xylene transparent 2 times for 3 min. Lastly, 
the sections were sealed with neutral resin and observed 
under the microscope.

Immunofluorescence (IF)
Paraffin sections of the samples were dewaxed, rehy-
drated, washed with double-distilled water, and washed 
with PBS, then incubated with DAPI (4′,6-diamidino-
2-phenylindole) for 15 min protected from light. Finally, 
anti-fluorescence quenching agent was added to seal the 
slides and the changes of each group was observed under 
fluorescence microscope.

FCM detection of DCs, Th17 and Tregs
For Th17, individual nucleated cells were resuspended in 
RPMI 1640 (10% heat-inactivated FBS) and counted by 
Tissue Blue staining; the cell concentration was adjusted 
to 2 × 106 cells/ml, 500 μl. Cells were treated with PMA/
Ionomycin Mixture (250 ×) for 5–18  h in each group, 
along with protein transport inhibitor (BFA/Monensin 
Mixture (250 ×).

For Treg, the 100 µl cell suspension was added to each 
tube, with a cell count of approximately 1 × 106 cells. The 
surface antigens were labeled according to the cell surface 
antigen staining method, and the appropriate amount of 
CD4 and CD25 antibodies were added according to the 
instructions and incubated for 30 min at room tempera-
ture without light.

Then, the cells were washed with pre-chilled PBS and 
the supernatant was discarded after centrifugation. Then 
the cells were resuspended by adding 1  ml of Fixation/
Permeabilization solution and incubated for 30  min at 
room temperature under dark conditions. Subsequently, 
1  ml Permeabilization Buffer (diluted 1:9 in deionized 
water) was added, and supernatant was discarded after 
centrifugation. Cells were resuspended with 100ul Per-
meabilization Buffer, added IL-17A (for Th17)and Foxp3 
(for Treg) antibody, and incubated for 30  min at room 
temperature without light. Finally, it was washed with 
flow staining buffer, centrifuged at 300 g for 5 min, resus-
pended to 500ul with flow staining buffer, and detect on 
the machine.

For DCs, the 100 µl cell suspension was added to each 
tube, with a cell count of approximately 1 ×  106 cells. The 
surface antigens were labeled according to the cell surface 
antigen staining method, and the appropriate amount of 
CD80 and CD83 (CCR5 and CCR6 for imDCs) antibod-
ies were added according to the instructions and incu-
bated for 30 min at room temperature without light. The 
cells were washed with pre-chilled PBS and the superna-
tant was discarded after centrifugation. Then, the cells 
were washed with flow staining buffer, centrifuged at 
300 g for 5 min, resuspended to 500ul with flow staining 
buffer, and detect on the machine.

ELISA detection of Th17, Tregs, Th1 and Th2
The ELISA kit was used to determine the levels of inter-
leukin (IL)-17, IL-21, IL-23, IL-10, transforming growth 
factor β (TGF-β), interferon-gamma (IFN-γ), IL-12, IL-4 
and IL-5 in BALF supernatant and lung tissue samples 
in COPD mice. The kit applied double antibody sand-
wich method for the determination. The microtiters were 
coated with the purified mouse IL-17/IL-21/IL-23/IL-12/
IL-10/IFN-γ/IL-4/TGF-β/IL-5 antibodies to make solid 
phase antibodies, and IL-17/IL-21/IL-23/IL-12/IL-10/
IFN-γ/IL-4/TGF-β/IL-5 were added sequentially to the 
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microplates. Then, it was conjugated with HRP-labeled 
IL-17/IL-21/IL-23/IL-12/IL-10/IFN-γ/IL-4/TGF-β/IL-5 
antibodies to form antibody-antigen-enzyme-labeled 
antibody complexes, which were thoroughly washed and 
color developed by adding the substrate TMB. TMB was 
converted to blue by HRP enzyme and finally to yellow 
by acid. In addition, the shade of color was positively cor-
related with IL-17/IL-21/IL-23/IL-12/IL-10/IFN-γ/IL-4/
TGF-β/IL-5 in the samples. The optical density (OD) 
value was measured at 450 m wavelength by microplate 
reader, and the concentration of mouse IL-17/IL-21/
IL-23/IL-12/IL-10/IFN-γ/IL-4/TGF-β/IL-5 in the sam-
ples was calculated by the standard curve.

Statistical analysis
Statistical analysis was performed using SPSS version 
26.0, and the quantitative data were analyzed by one 
way ANOVA and shown as mean ± standard deviation. 
P < 0.05 was considered as statistically significant.

Results
Cell culture and identification of DCs
The growth status of DCs in culture for 1 days, 48 h, after 
fluid change, 5 days, 7 days and after LPS induction was 
shown in Fig. 1a. Identification of DCs monolabeled with 
CD80 and CD83 antibodies was performed by FCM, 
which showed a significantly higher number of DCs and 
higher fluorescence signal intensity compared with the 
blank control, suggesting that DCs were successfully 
cultured (Fig. 1b). In addition, induced mDCs were also 
observed under electron microscopy (Fig. 1c).

Transfection effect results of lentivirus infection of DCs
The states of DCs transfected with overexpressed SOCS1 
gene (DCs-Ad-SOCS1) and with GFP lentivirus no-load 
for 5  days (DCs-Ad-GFP) was observed under the fluo-
rescence microscope as shown in Fig. 2f, with green fluo-
rescence was the target cells. In addition, the amount of 
double-stranded DNA present in the PCR system could 
be detected based on the fluorescence signal intensity of 
SYBR Green I. The qPCR results showed that the amount 
of DNA in the DCs-Ad-SOCS1 group was significantly 
higher compared with the DCs-Ad-GFP and imDCs 
groups (control group) (Fig.  2g). WB showed that the 
expression of SOCS1 was higher in the DCs-Ad-SOCS1 
group, indicating that the SOCS1 gene had been success-
fully transfected into DCs (Fig. 2h, i).

Successful construction of COPD model and changes 
of DCs in lung tissue
The weekly changes in body mass of mice in each group 
before and after fumigation were presented in Fig.  3d. 
The B group, empty GFP lentivirus transfected DCs, 

showed a continuous decrease in body mass after fumi-
gation. Groups C, D and E were treated with DC-SOCS1 
or imDCs reinfusion on 1d of fumigation, and mice in 
all three groups had a continuous increase in body mass 
after fumigation. Groups F, G and H received DC-SOCS1 
or imDCs reinfusion on the 7th day of fumigation, and 
the body mass of mice in the three groups decreased at 
1 week after fumigation but continued to increase from 
the 2nd week, which meant that the body mass decreased 
before receiving the reinfusion and increased after the 
reinfusion treatment. That was to say, the body mass of 
mice in D and G groups that received DC-SOSC1 2 ×  106 
reinfusion was greater than that of C and F groups that 
received DC-SOCS1 1 ×  106 reinfusion. Similarly, the 
body mass increase of mice in E group, which received 
imDCs reinfusion 1  day after fumigation, was greater 
than that in H group, which received imDCs reinfusion 
7 d after fumigation. In addition, by immunofluorescence 
observation of lung tissue DCs, we found that compared 
with A group, there was a significant increase in DCs in 
B, E and H groups, more growth in C and F groups, a 
slight increase in G group and no significant change in D 
group (Fig. 3e).

Content of DCs, Th17 and Tregs in peripheral blood, BALF 
sediment, and lung tissue
The content of mDCs  (CD80+CD83+), imDCs 
 (CCR5+CCR6+), Th17  (CD4+IL-17A+), and Treg 
 (CD4+CD25+Foxp3+) in peripheral blood, lung tissue, 
and BALF sediment were determined using FCM and 
expressed as percentage (%) (Table 2).

Content of mDCs
In the peripheral blood of mice, the content of mDCs in 
B group (14.25 ± 0.50) was significantly higher than that 
in D (3.29 ± 0.21) and G (5.13 ± 0.28) groups (P < 0.05); 
the mDCs in E group (11.37 ± 0.15) was higher than that 
in D, F (8.98 ± 0.19) and G groups with statistically signif-
icant differences (P < 0.05); the mDCs of F group was sig-
nificantly higher than that of D and G groups (P < 0.05). 
In the BALF sediment, the content of mDCs in D group 
(1.98 ± 0.11) was lower than that of E (3.58 ± 0.09), F 
(3.32 ± 0.11) and H (4.52 ± 0.16) groups with significant 
difference (P < 0.05); the content of mDCs of G group 
(2.66 ± 0.16) was significantly decreased compared with 
E and H groups (P < 0.05). However, no significant differ-
ences were found in the content of mDCs in lung tissue 
between the groups (Fig. 4a).

Content of imDCs
The content of imDCs in the peripheral blood of D 
group (4.46 ± 0.23) was significantly higher than that of 
B (1.27 ± 0.09) group (P < 0.05), while no differences were 
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Fig. 1 Cell culture and identification of DCs. a Observation of DCs cell culture status at each time point. b Identification of DCs culture results by 
flow cytometry (A. Isotype controls; B.  CD80+DCs; C. Isotype controls; D.  CD83+DCs). c Observation of DCs under electron microscope (A. 250X; B. 
1000X)
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observed in the content of imDCs in the peripheral blood 
among the other groups. In the BALF sediment, the con-
tent of imDCs of D group (12.92 ± 0.01) was remark-
ably increased compared with that of E (5.95 ± 0.03), F 
(6.22 ± 0.16), and H (5.29 ± 0.33) groups (P < 0.05); com-
pared with B group (4.92 ± 0.18), the content of imDCs of 
D and F groups was significantly increased (P < 0.05). In 
addition, the content of imDCs in lung tissue of F group 
(1.24 ± 0.01) was higher than that of B (0.58 ± 0.00) and H 
(0.64 ± 0.01) groups (P < 0.05), and the content of imDCs 

in D group (3.39 ± 0.32) was significantly higher than 
that in H group (P < 0.05). No difference was observed in 
the content of imDCs in BALF sediment and lung tissue 
among the other groups. (Fig. 4b).

Content of Th17
As shown, the content of Th17 of G group (2.75 ± 1.34) 
in peripheral blood was lower compared with D 
group (2.05 ± 0.09) (P < 0.05). Compared with B group 
(1.08 ± 0.01) in lung tissue, the content of Th17 of D 

Fig. 2 SOCS1 gene overexpression lentivirus transfection of DCs. a pLVX‑IRES‑ZsGreen1 vector. b PG‑p1‑VSVG. c PG‑P2‑REV. d PG‑P3‑RRE. e 
pLVX‑SOCS1‑IRES‑ZsGreen and negative control lentivirus titer assay results. f Fluorescence microscopic observation of SOCS1 gene overexpression 
transfected DCs (DCs‑Ad‑SOCS1 group) and empty GFP lentivirus transfected DCs (DCs‑Ad‑GFP group) at 5 days of incubation. g DNA content of 
DCs‑Ad‑SOCS1, DCs‑Ad‑GFP, and imDCs groups. h WB bands. i WB grayscale analysis



Page 8 of 18Liao et al. BMC Pulmonary Medicine          (2022) 22:145 

(0.11 ± 0.01), G (0.28 ± 0.03) and H (0.89 ± 0.01) groups 
was significantly lower (P < 0.05). Additionally, the con-
tent of H group in lung tissue was significantly higher 
than that of D and G (0.28 ± 0.03) groups (P < 0.05). No 
significant differences were observed in Th17 in the 
BALF sediment between the groups (Fig. 4c).

Content of Treg
The content of Treg in peripheral blood of D group 
(19.47 ± 0.44) was significantly higher than that of B 
(2.83 ± 1.03), E (6.26 ± 0.29), and H (6.26 ± 1.04) groups 
(P < 0.05), and the content of Treg in BALF sediment of G 
group (4.93 ± 0.06) was higher than that of B (3.80 ± 0.09) 
and H (4.16 ± 0.06) groups (P < 0.05). However, There 
was no statistically significant differences were observed 
in the content of Treg of each group in the lung tissue 
(Fig. 4d).

Content of DCs, Th17 and Treg‑related cytokines peripheral 
blood, BALF supernatant, and lung tissue
The expression levels of IL-17, IL-21, IL-23, IL-10, IL-4, 
IL-5, IL-12, TGF-β and IFN-γ in the BALF supernatant 
(Table 3) and lung tissue (Table 4) of each group were cal-
culated from the standard curve.

In BALF supernatant
The results showed that the concentration of IL-17 
(pg/ml) in C, D, E, F, G, and H groups (34.09 ± 1.24, 
24.12 ± 0.20, 46.46 ± 0.09, 35.65 ± 0.16, 27.00 ± 0.36, 
55.69 ± 0.17) were significantly lower compared with that 
of B group (78.87 ± 0.91) (P < 0.05); the concentration of 
IL-17 in E, F and H groups was significantly higher than 
that of D group (P < 0.05); the concentration of IL-17 in 
E group was significantly higher than in F and G groups, 
but lower than that in H group (P < 0.05); the concentra-
tion of IL-17 in F group was lower than in H group but 
higher than that in G group with statistically signifi-
cance (P < 0.05); the concentration of IL-17 in G group 
was lower than in H group with statistically significance 
(P < 0.05) (Fig. 5a).

The concentration of IL-21 (ng/l) in C (284.33 ± 2.98), 
D (181.49 ± 6.82), E (344.41 ± 4.25) and G (226.29 ± 2.47) 
groups were significantly lower compared with B group 
(420.44 ± 6.49) (P < 0.05); the concentration of IL-21 in 
C, D, F (307.43 ± 1.04) and G groups were significantly 
lower than in H group (378.59 ± 0.23) (P < 0.05); the con-
centration of IL-21 in C, E and F groups were increased 
than that of G group with statistically significance 
(P < 0.05); the concentration of IL-21 in C group was 

Fig. 3 Establishment of COPD mice model. a Successfully transfected DC‑SOCS1 cells. b DC‑SOCS1 or imDCs were injected via tail vein. c Mice were 
smoked with cigarettes for COPD modeling. d Body weight changes of mice in each group after modeling. e Immunofluorescence observation of 
DC cell changes in lung tissue. (A. Normal group; B. NC group (DCs‑Ad‑GFP group); C. DC‑SOCS1 I group; D. DC‑SOCS1 II group; E. imDCs I group; F. 
DC‑SOCS1 III group; G. DC‑SOCS1 IV group; H. imDCs II group.)
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significantly higher than in D group but lower than in E 
group (P < 0.05) (Fig. 5b).

The concentration of IL-23 (pg/ml) in C, D, E, F, G, 
and H groups (121.09 ± 0.24, 70.21 ± 0.93, 150.19 ± 0.06, 
136.34 ± 0.16, 99.35 ± 2.21, 167.70 ± 1.36) were sig-
nificantly decreased than in B group (200.62 ± 0.24) 
(P < 0.05); the concentration of IL-23 in C, D, F and G 
groups were significantly lower compared with H group 
(P < 0.05); the concentration of IL-23 in C, D groups were 
decreased in comparison with E and F groups, and the 
concentration of IL-23 in F and G groups was lower than 
that of E group (P < 0.05); the concentration of IL-23 in C 
group was increased than that of D groups with statisti-
cally significance (P < 0.05) (Fig. 5c).

The concentration of IL-10 (pg/ml) in C (58.71 ± 0.77), 
D (70.12 ± 0.40), E (50.74 ± 0.98) and G (62.99 ± 1.59) 
groups were significantly higher compared with B group 
(39.46 ± 1.12) (P < 0.05); the concentration of IL-10 in 
C group was obviously higher than that in H group but 
lower than that in D group (P < 0.05); the concentration 
of IL-10 in E, F (54.78 ± 014), and H (44.56 ± 0.15) groups 
were significantly lower than that of D group (P < 0.05); 

the concentration of IL-10 in F group was significantly 
increased compared with H group (P < 0.05) (Fig. 5d).

The concentration of TGF-β (ng/l) in C, D, E, F, G, 
and H groups (42.40 ± 0.18, 50.55 ± 0.00, 36.46 ± 0.48, 
40.12 ± 0.02, 44.98 ± 0.21, 33.27 ± 0.12) were signifi-
cantly increased than in B group (24.98 ± 0.08) (P < 0.05); 
the concentration of TGF-β in D group was significantly 
higher than that of C, E, F, G, H groups (P < 0.05); the 
concentration of TGF-β in C group was significantly 
higher compared with G, H groups (P < 0.05); the con-
centration of TGF-β in E, H groups were significantly 
decreased compared with G group (P < 0.05); the concen-
tration of TGF-β in F group was significantly higher than 
that of H group, but lower than that in G group (P < 0.05) 
(Fig. 5e).

In addition, the concentration of IFN-γ (ng/l) in B 
(472.45 ± 13.15), C (252.28 ± 3.08), D (124.43 ± 0.88), E 
(328.18 ± 10.08), F (276.23 ± 4.21) and H (395.25 ± 4.45) 
groups were significantly increased compared with A 
group (92.48 ± 0.88) (P < 0.05); the concentration of IFN-γ 
in B group was significantly higher than that of D, E 
(328.18 ± 10.08), and G (193.80 ± 10.18) groups (P < 0.05); 

Table 2 Content of mDCs, imDCs, Th17 and Treg in the peripheral blood, BALF sediment and lung tissue

Data was expressed as mean ± SD. Compared with B group (NC group), *P < 0.05; compared with C group (DC-SOCS1 I group), @P < 0.05; compared with D group 
(DC-SOCS1 II group), #P < 0.05; compared with E group (imDCs I group), $P < 0.05; compared with F group (DC-SOCS1 III group), %P < 0.05; compared with G group 
(DC-SOCS1 IV group), &P < 0.05

Groups mDCs imDCs Th17 Treg

In peripheral blood, F value 115.742 2.370 3.636 21.848

 B group, % 14.25 ± 0.50 1.27 ± 0.09 2.16 ± 0.04 2.83 ± 1.03#

 C group, % 9.14 ± 0.84 2.44 ± 1.12 2.05 ± 0.03 13.39 ± 1.55

 D group, % 3.29 ± 0.21*$% 4.46 ± 0.23* 2.05 ± 0.09 19.47 ± 0.44

 E group, % 11.37 ± 0.15 2.28 ± 0.99 1.97 ± 0.06 6.26 ± 0.29#

 F group, % 8.98 ± 0.19$ 2.44 ± 1.11 1.73 ± 0.15 8.04 ± 2.64 

 G group, % 5.13 ± 0.28*$% 2.75 ± 1.34 1.70 ± 0.01@ 15.59 ± 3.34

 H group, % 13.94 ± 0.98 1.95 ± 0.62 2.07 ± 0.29 6.26 ± 1.04#

In BALF sediment, F value 45.796 154.898 6.578 16.365

 B group, % 4.95 ± 0.51 4.92 ± 0.18 3.68 ± 0.63 3.80 ± 0.09

 C group, % 3.01 ± 0.02 6.69 ± 0.35 1.16 ± 0.11 4.69 ± 0.13

 D group, % 1.98 ± 0.11 12.92 ± 0.01* 0.77 ± 0.08 5.54 ± 0.45

 E group, % 3.58 ± 0.09#& 5.95 ± 0.03# 1.82 ± 0.55 4.39 ± 0.18

 F group, % 3.32 ± 0.11# 6.22 ± 0.16*# 1.33 ± 0.21 4.50 ± 0.04

 G group, % 2.66 ± 0.09 6.66 ± 0.65 0.88 ± 0.23 4.93 ± 0.06*

 H group, % 4.52 ± 0.16#& 5.29 ± 0.33# 2.95 ± 1.34 4.16 ± 0.06&

In lung tissue, F value 32.898 27.945 53.348 2.291

 B group, % 8.94 ± 1.10 0.58 ± 0.00 1.08 ± 0.01 4.03 ± 1.18

 C group, % 3.94 ± 0.11 1.33 ± 0.04 0.41 ± 0.09 6.87 ± 1.32

 D group, % 3.39 ± 0.32 1.77 ± 0.29 0.11 ± 0.01* 8.22 ± 2.21

 E group, % 4.94 ± 0.18 0.88 ± 0.06 0.73 ± 0.05 5.14 ± 0.94

 F group, % 4.44 ± 0.35 1.24 ± 0.01* 0.85 ± 0.16 6.51 ± 1.12

 G group, % 3.76 ± 0.01 1.48 ± 0.09 0.28 ± 0.03* 7.63 ± 2.29

 H group, % 5.29 ± 0.18 0.64 ± 0.01@% 0.89 ± 0.01*#& 4.21 ± 1.38
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Fig. 4 Content of mDCs, imDCs, Th17 and Treg in peripheral blood, BALF sediments and lung tissue of each group. a Content of mDCs 
 (CD80+CD83+) in peripheral blood, BALF sediment, and lung tissue. b Content of imDCs  (CCR5+CCR6+) in peripheral blood, BALF sediment, and 
lung tissue. c Content of Th17  (CD4+IL‑17A+) in peripheral blood, BALF sediment, and lung tissue. d Content of Treg  (CD4+CD25+Foxp3+) in 
peripheral blood, BALF sediment, and lung tissue. (B: NC group; C: DC‑SOCS1 I group; D: DC‑SOCS1 II group; E: imDCs I group; F: DC‑SOCS1 III group; 
G: DC‑SOCS1 IV group; H: imDCs II group.)
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the concentration of IFN-γ in D group was significantly 
decreased compared with C, F, H groups (P < 0.05); the 
concentration of IFN-γ in G group was significantly lower 
than that of E, H groups (P < 0.05); the concentration of 
IFN-γ in H group was significantly higher than that of C, 
G groups (P < 0.05) (Fig. 5f ).

The concentration of IL-12 (ng/l) in B (40.02 ± 0.29), 
C (30.75 ± 0.05), D (25.67 ± 0.31), E (35.15 ± 0.01), F 
(32.59 ± 0.11), G (28.37 ± 0.35) and H (38.58 ± 0.04) 
groups were significantly higher than that of A group 
(19.71 ± 0.47) (P < 0.05); the concentration of IL-12 in 
C, D, F, G groups were significantly lower than that of 
B group (P < 0.05); the concentration of IL-12 in E, F, 
H groups were significantly higher than in C, D groups 
(P < 0.05); the concentration of IL-12 in E group was sig-
nificantly higher than that in F group; the concentration 
of IL-12 in H group was significantly increased in com-
parison with E, F, G groups (P < 0.05) (Fig. 5g).

The concentration of IL-4 (pg/ml) in B (101.16 ± 1.43), 
C (238.90 ± 0.90), E (148.89 ± 3.33), F (202.95 ± 2.19), G 
(270.50 ± 0.07) and H (120.39 ± 0.62) groups were sig-
nificantly lower compared with A group (333.47 ± 2.17) 
(P < 0.05); the concentration of IL-4 in C, D 
(304.94 ± 0.82), E, F, G, and H groups were significantly 

increased than that of B group (P < 0.05); the concentra-
tion of IL-4 in C, E, F, G, H groups were significantly 
lower than that of D group (P < 0.05); the concentration 
of IL-4 in C group was significantly higher than that of 
E, F, H groups but lower than that of G group (P < 0.05); 
the concentration of IL-4 in G group was significantly 
higher than that of E, F, H groups (P < 0.05); the concen-
tration of IL-4 in E, H groups were significantly lower 
than in F group (P < 0.05) (Fig. 5h).

The concentration of IL-5 (ng/l) in B, C, D, E, F, G, 
and H groups (1.07 ± 0.06, 6.00 ± 0.04, 10.03 ± 0.08, 
3.04 ± 0.02, 5.38 ± 0.12, 8.10 ± 0.00, 2.12 ± 0.01) 
were significantly decreased compared with A group 
(12.77 ± 0.08) (P < 0.05); the concentration of IL-5 in 
B group was significantly decreased than that of C, 
D, E, F, G groups (P < 0.05); the concentration of IL-5 
in H group was significantly lower compared with C, 
D, E, F, G groups (P < 0.05); the concentration of IL-5 
in E group was significantly decreased than that of C, 
D, G groups (P < 0.05); the concentration of IL-5 in C, 
F groups were significantly lower than that of D group 
(P < 0.05) (Fig. 5i).

Fig. 5 Expression of DCs, Th17 and Treg‑related cytokines in BALF supernatant and lung tissue of each group. a Expression of IL‑17 in BALF 
supernatant and lung tissue. b Expression of IL‑21 in BALF supernatant and lung tissue. c Expression of IL‑23 in BALF supernatant and lung tissue. 
d Expression of IL‑10 in BALF supernatant and lung tissue. e Expression of TGF‑β in BALF supernatant and lung tissue. f Expression of IFN‑γ in BALF 
supernatant and lung tissue. g Expression of IL‑12 in BALF supernatant and lung tissue. h Expression of IL‑14 in BALF supernatant and lung tissue. i 
Expression of IL‑5 in BALF supernatant and lung tissue. (A: Normal group; B: NC group; C: DC‑SOCS1 I group; D: DC‑SOCS1 II group; E: imDCs I group; 
F: DC‑SOCS1 III group; G: DC‑SOCS1 IV group; H: imDCs II group.)
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In lung tissue
The results showed that the concentration of IL-17 
in C, D, E, F, and G groups (13.05 ± 0.46, 6.50 ± 0.53, 
28.12 ± 0.33, 16.13 ± 0.80, 8.49 ± 0.12) were significantly 
lower compared with B group (52.24 ± 1.16) (P < 0.05); 
the concentration of IL-17 in C group was significantly 
higher than that of D group but lower than that of E, H 
(37.58 ± 0.17) groups (P < 0.05); the concentration of IL-17 
in D group was significantly lower than in E, F, H groups 
(P < 0.05); the concentration of IL-17 in E group was lower 
than in H group with statistically significance (P < 0.05); 
the concentration of IL-17 in E, H groups were signifi-
cantly higher than that of F, G groups (P < 0.05) (Fig. 5a).

The concentration of IL-21 in C (121.09 ± 0.24), D 
(70.21 ± 0.93), E (150.19 ± 0.06) and G (99.35 ± 2.21) 
groups were significantly lower compared with B group 
(200.62 ± 0.24) (P < 0.05); the concentration of IL-21 in 
C, E, F (136.34 ± 0.16), and H (167.70 ± 1.36) groups 
were significantly higher than in D group (P < 0.05); the 
concentration of IL-21 in E, F, H (167.70 ± 1.36) groups 
were increased than that of G group with statistically sig-
nificance (P < 0.05); the concentration of IL-21 in F group 
was significantly lower than in H group; the concentra-
tion of IL-21 in C group was significantly lower than in E, 
H groups (P < 0.05) (Fig. 5b).

The concentration of IL-23 in B group (224.10 ± 1.17) 
were significantly increased than of C (139.88 ± 0.16), D 
(92.21 ± 2.52), F (152.26 ± 1.10), G (126.30 ± 0.43), and 
H (195.42 ± 0.68) groups (P < 0.05); the concentration 
of IL-23 in C, D, F, G groups were significantly lower 
compared with H group (P < 0.05); the concentration of 
IL-23 in C, F groups were increased in comparison with 
G group with statistically significance (P < 0.05); the con-
centration of IL-23 in D group was lower than that of E 
(176.28 ± 3.92) and F groups (P < 0.05) (Fig. 5c).

The concentration of IL-10 in D (71.61 ± 1.38), E 
(43.53 ± 0.31), F (48.18 ± 0.65), and G (66.53 ± 1.85) 
groups were significantly higher compared with B group 
(35.02 ± 0.54) (P < 0.05); the concentration of IL-10 in C 
(54.05 ± 1.77), E, F, and H (40.00 ± 0.00) groups were sig-
nificantly lower than that of D group (P < 0.05) (Fig. 5d).

The concentration of TGF-β in C, D, E, F, G, and 
H groups (40.54 ± 0.10, 48.90 ± 0.36, 32.81 ± 0.01, 
38.44 ± 0.21, 42.23 ± 0.16, 30.87 ± 0.04) were signifi-
cantly increased than in B group (23.49 ± 0.09) (P < 0.05); 
the concentration of TGF-β in C group was significantly 
higher than that of E, H groups but lower than that of 
D, G groups (P < 0.05); the concentration of TGF-β in D 
group was significantly higher compared with E, F, G, 
H groups (P < 0.05); the concentration of TGF-β in E, F, 
G groups were significantly increased compared with H 
group (P < 0.05); the concentration of TGF-β in G group 
was significantly higher than that of E, F groups (P < 0.05); 

the concentration of TGF-β in E group was lower than 
that of F group with statistically significance (P < 0.05) 
(Fig. 5e).

In addition, the concentration of IFN-γ in B 
(383.00 ± 3.11), C (168.58 ± 5.69), E (217.03 ± 7.67), F 
(195.78 ± 3.50), G (131.78 ± 2.51) and H (306.95 ± 4.38) 
groups were significantly increased compared with A 
group (41.53 ± 3.22) (P < 0.05); the concentration of 
IFN-γ in B group was significantly higher than that of 
C, D (104.03 ± 7.39), E, F, G, and H groups (P < 0.05); 
the concentration of IFN-γ in H group was significantly 
increased compared with C, D, E, F, G groups (P < 0.05); 
the concentration of IFN-γ in D group was significantly 
lower than that of E and F groups (P < 0.05); the concen-
tration of IFN-γ in F group was significantly higher than 
that of G group (P < 0.05) (Fig. 5f ).

The concentration of IL-12 in B, C, D, E, F, and G groups 
(40.06 ± 0.05, 30.74 ± 0.06, 26.07 ± 0.18, 35.13 ± 0.04, 
32.63 ± 0.09, 28.67 ± 0.12) were significantly higher than 
that of A group (19.43 ± 0.03) (P < 0.05); the concentra-
tion of IL-12 in C, D, E, F, and G groups were significantly 
lower than that of B group (P < 0.05); the concentration of 
IL-12 in C, E, F, and G groups were significantly higher than 
in D group (P < 0.05); the concentration of IL-12 in C, F, G 
groups were significantly decreased in comparison with E 
group (P < 0.05); the concentration of IL-12 in F group was 
higher than that of C, G groups with statistically significance 
(P < 0.05); the concentration of IL-12 in C group was signifi-
cantly higher compared with G group (P < 0.05) (Fig. 5g).

The concentration of IL-4 in B, C, D, E, F, G, and 
H groups (96.18 ± 0.62, 232.99 ± 3.72, 290.48 ± 0.12, 
144.39 ± 0.04, 198.23 ± 0.91, 260.22 ± 0.19, 113.93 ± 1.58) 
were significantly lower compared with A group 
(326.85 ± 0.81) (P < 0.05); the concentration of IL-4 in C, 
D, E, F, and G groups were significantly increased than 
that of B group (P < 0.05); the concentration of IL-4 in H 
groups were significantly lower than that of C, D, F, G 
groups (P < 0.05); the concentration of IL-4 in D group 
was significantly higher than that of C, E and F groups 
(P < 0.05); the concentration of IL-4 in E group was sig-
nificantly lower than that of F, G groups (P < 0.05); the 
concentration of IL-4 in F group was significantly lower 
compared with G group (P < 0.05) (Fig. 5h).

The concentration of IL-5 in B (1.53 ± 0.01), C 
(6.12 ± 0.04), E (3.36 ± 0.16), F (5.81 ± 0.04), G 
(8.45 ± 0.02), and H (2.44 ± 0.04) groups were signifi-
cantly decreased compared with A group (14.42 ± 0.06) 
(P < 0.05); the concentration of IL-5 in B group was sig-
nificantly decreased than that of F, G, and H groups 
(P < 0.05); the concentration of IL-5 in H group was 
significantly lower compared with C, F, G groups 
(P < 0.05); the concentration of IL-5 in C group was sig-
nificantly increased compared with E group (P < 0.05); 
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the concentration of IL-5 in G group was significantly 
increased compared with C, E, F groups (P < 0.05) 
(Fig. 5i).

Morphological differences of COPD models
Pathological changes in COPD include diffuse dilatation 
of alveoli, reduction in the number of capillaries in the 

Fig. 6 Histopathological changes in the lungs tissue of each group. The histopathological images in the lung tissues of each group (400X). a 
Normal group (n = 3). b NC group (n = 5). c DC‑SOCS1 I group (n = 5). d DC‑SOCS1 II group (n = 5). e imDCs I group (n = 5). f DC‑SOCS1 III group 
(n = 5). g DC‑SOCS1 IV group (n = 5). h imDCs II group (n = 5)

Fig. 7 Expression of DCs, Th17 and Treg‑related cytokines in lung tissues of each group. a Expression of IL‑17 in lung tissues. b Expression of IL‑4 in 
lung tissues. c Expression of CD83 in lung tissues. d Expression of CCR6 in lung tissues. e Expression of Foxp3 in lung tissues. f Expression of INF‑γ 
in lung tissues. (A. Normal group. B. NC group. C. DC‑SOCS1 I group. D. DC‑SOCS1 II group. E. imDCs I group. F. DC‑SOCS1 III group. G. DC‑SOCS1 IV 
group. H. imDCs II group.)
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alveolar walls, narrowing and rupture of alveolar sep-
tum, and fusion of enlarged alveoli into larger lumens. As 
shown in the figure, the pathological changes were sig-
nificantly aggravated in the B, C, D, E, F, and G groups 
compared with A group. There were significant changes 
in the C, D, E, F, and G groups compared with B group, 
with significant reduction in pathological changes in C, 
D, F and G groups (Fig. 6).

Expression of DCs, Th17 and Tregs in lung tissue
In lung tissues of mice, the expression level of IL-17A, 
CCR6 and Foxp3 in F, G and H groups was increased, but 
the expression of CD83, IL-4 and IFN-γ was decreased 
compared with C, D and E groups (Fig. 7).

Discussion
COPD is a chronic inflammatory disease of the airways 
that seriously endangers human health, characterized 
by a long course, difficult to cure and easy to recur, and 
characterized by progressive, incomplete and reversible 
airflow limitation [13]. At present, smoking is consid-
ered to be one of the most important pathogenic factors 
in COPD. Smoking causes chronic inflammation in the 
airways, and it has been found that 80%-90% of COPD 
patients are smokers [14]. Chronic inflammation of the 
airways in COPD patients who had previously smoked 
was found to persist after fumigation cessation [15].

In this study, we performed smoke stimulation and 
injected DCs with overexpressed SOCS1 and imDCs 
through tail vein to observe the lung histopathological 
manifestations and the changes of inflammatory factors 
in peripheral blood, BALF and lung tissues in COPD 
model mice after 4  weeks. The results showed that the 
lung histopathological manifestations of the mice after 
4 weeks of modeling were consistent with those reported 
in the early literature [16], and were in accordance with 
the typical pathological features of COPD lung tissues, 
and the pathological changes in the lung tissues of the 
mice in the DC-SOCS1 group were significantly reduced 
compared with those in the control group.

In the present study, the expression of IL-4, Foxp3, and 
CCR6 was increased in lung tissues of mice reinfused 
with DC-SOCS1 on day 1 after fumigation compared 
with mice reinfused with DC-SOCS1 on day 7, but the 
expression of CD83, IL-17 and IFN-γ was decreased. 
CD83 is a specific marker of mDCs, and the amount of 
its expression represents the degree of DC infiltration in 
tissues [17]. It has been proved that cigarette extracts and 
nicotine can affect the maturation and function of DCs, 
and long-term stimulation of DCs with cigarette extracts 
can lead to a decrease in the expression of CD83. The 
overexpressed SOCS1 transfected on DCs was able to 
inhibit DC maturation, and the results showed that the 

expression level of mDCs in mice reinfused with DC-
SOCS1 on day 1 was lower than that on day 7. Addition-
ally, it has been reported that CD83 expression is reduced 
in the airways of COPD patients and is associated with 
the expression level of TGF-β, which may inhibit the 
maturation of DCs as well as CD83 expression [18, 19]. 
CCR6 is a chemokine receptor expressed on imDCs that 
regulates the migration of airway imDCs and plays an 
important role in COPD airway immunity [20]. In addi-
tion, it has been demonstrated that the expression of 
CCR6 and CCL20 in induced sputum was upregulated 
in COPD patients compared to healthy controls and was 
significantly correlated with the severity of the disease 
[21].

Moreover, we observed the changes of DCs, Th17 and 
Treg in cigarette smoke-induced COPD mouse models in 
each group, and the results indicated that in peripheral 
blood, BALF and lung tissues, the content of mDCs and 
Th17 were higher in the imDCs and DC-SOCS1 groups, 
and the content of imDCs and Treg were lower compared 
with the NC group. Previous studies indicated that Th17 
can be induced by cigarettes to produce cytokines such 
as IL-1β and IL-6, which can inhibit Foxp3 expression 
and Treg differentiation, and to convert Treg to Th17 
[22–25]. Daniela et  al. found that Th17/Treg cytokine 
imbalance induced a worsening of the inflammatory pro-
cess as well as diffuse structural changes in the lungs in 
a COPD exacerbation model [26]. It suggested that Th17 
and Treg mediated immune imbalance contribute to the 
pathogenesis of COPD.

Th17 has pro-inflammatory activity, and many studies 
have shown that Th17 and its related cytokines increased 
significantly in COPD patients and COPD animal mod-
els, and enhanced the airway inflammatory response 
by secreting pro-inflammatory factors such as IL-6 and 
IL-17, which further led to tissue damage [27–29]. How-
ever, Treg could control the inflammatory response of 
autoimmune diseases by secreting anti-inflammatory 
factors such as IL-10, IL-35, and TGF-β [30, 31]. Con-
sistent with the results of this study, Wang et al. reported 
that Treg levels were reduced in COPD patients and ani-
mal models of COPD compared to controls [27]. In this 
study, we found that the expression levels of IL-23, IL-17, 
IL-12, IL-21 and IFN-γ were significantly decreased in 
2 ×  106 DC-SOCS1 group than in 1 ×  106 DC-SOCS1 
and imDCs groups. In particular, the expression levels 
in 2 ×  106 DC-SOCS1 group on day 1 were lower than in 
2 ×  106 DC-SOCS1 group on day 7. However, the concen-
trations of IL-10, TGF-β, IL-4, and IL-5 were significantly 
higher in the 2 ×  106 DC-SOCS1 group on day 1 than in 
the 2 ×  106 DC-SOCS1 group on day 7. In addition, the 
expression levels of IL-10, TGF-β, IL-4 and IL-5 were sig-
nificantly increased in the group with high concentration 
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of DC-SOCS1 than in the group with low concentration 
and the imDCs group. IL-17 amplifies the inflamma-
tory response by synergizing with various cytokines [32]. 
Treg participates in the immune response and maintains 
homeostasis together with Th17, mainly by secreting anti-
inflammatory factors such as IL-10 to suppress inflam-
matory responses and maintain immune tolerance [33]. 
SOCS1 can inhibit DCs maturation by suppressing JAK-
STAT signaling pathway in DCs cells to maintain DCs 
stably in the imDCs state [34]. It was found that SOCS1 
could inhibit the conversion of Treg cells into Th17 cells 
[5]. Similarly, in this study, we found that the secretion of 
pro-inflammatory factors such as IL-17 and IL-23 were 
decreased and the secretion of anti-inflammatory fac-
tors such as IL-10 and TGF-β were increased after injec-
tion of DC-SOCS1 compared with the control and imDCs 
groups. Therefore, the results suggested that DCs trans-
fected with overexpressed SOCS1 could inhibit the secre-
tion of Th17-related cytokines such as IL-17 in COPD.

Moreover, in this study, the content of pro-inflam-
matory factors such as IL-17 was found to be lower in 
the 2 ×  106 DC-SOCS1 group than in the 1 ×  106 DC-
SOCS1 group at the same time (day 1 and day 7), while 
anti-inflammatory factors such as IL-10 and TGF-β 
increased. The concentrations of pro-inflammatory 
factors in DCs-SOCS1 injected on day 7 after fumiga-
tion were higher than those on day 1, and the concen-
trations of anti-inflammatory factors decreased. It was 
suggested that the expression level of inflammatory 
factors was related to the concentration of injected 
DCs-SOCS1 and the time of intervention. As IL-10 was 
involved in the production of regulatory DCs, and over-
expression of SOCS1 could induce IL-10 expression on 
the surface of DCs, so DCs could be converted to regu-
latory DCs when they produced large amounts of IL-10 
[5]. Therefore, the high concentration of DCs-SOCS1 
injected on day 1 compared with day 7 resulted in ear-
lier production of regulatory DCs function. As a result, 
the secretion of anti-inflammatory factors increased 
and the secretion of pro-inflammatory cytokines such 
as IL-17 was inhibited, and the increase in IL-10 more 
effectively contributed to Treg production and earlier 
protection of Treg function, thus further enhancing the 
inhibition of inflammation in COPD.

Conclusions
In summary, early intervention of COPD mice with 
high concentrations of SOCS1 lentiviral-transfected 
DCs can reduce the secretion of pro-inflammatory fac-
tors in COPD, attenuate the inflammatory response in 
COPD.
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