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Abstract: Myeloid-derived suppressor cells (MDSCs), a group of newly discovered and heterogeneous myeloid-de-
rived immunosuppressive cells, play an important role in the progress of asthma, however, the specific mechanism 
is still largely unclear. Our previous study has indicated that during the onset of asthma, the accumulation of MDSCs 
and the level of serum interleukin (IL)-10 increased, while the level of IL-12 decreased. The present study aimed 
to investigate whether tumor-derived MDSCs could inhibit airway remodeling in asthmatic mice through regulating 
IL-10 and IL-12 secretion. To perform our investigation, we established a mouse model of breast cancer, and the ex-
tracted MDSCs from breast caner mouse model were injected into a mouse model of asthma induced by ovalbumin 
(OVA). Then, asthmatic airway remodeling of mice was analyzed and the levels of IL-10 and IL-12 in the serum and 
bronchoalveolar lavage fluid (BALF) of mice were detected. In addition, the correlation of MDSCs with the levels of IL-
10 and IL-12 in the transplantation group was analyzed. The transplantation of tumor-derived MDSCs into asthmatic 
mice significantly improved airway remodeling, decreased MDSCs and the expression of IL-10, and significantly 
increased the expression of IL-12. Besides, we confirmed that IL-10 was positively correlated with MDSCs, while IL-
12 was negatively correlated with MDSCs. The results indicated that tumor-derived MDSCs could reduce IL-10 level, 
increase the level of IL-12, and thus correct the Th1/Th2 imbalance in asthmatic mice. In summary, our results 
revealed that tumor-derived MDSCs could serve as a potential novel target for asthma therapy.
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Introduction

Asthma, a Th2-dominant immune disorder [1], 
is a common chronic inflammatory disease of 
the airways and a severe health risk for chil-
dren [2]. Asthma affects approximately 235 
million people worldwide [3]. Despite the avail-
ability of national and international asthma 
management guidelines [4], up to 50% of pa- 
tients with asthma who are aged 4-18 years 
show symptoms or signs of inadequate control 
[5]. Poor control not only contributes to high 
treatment costs but also correlates with more 
frequent exacerbations and an increased risk 
of persistent asthma in children [6, 7]. The- 
refore, there is a need for effective and well-
tolerated treatment options for patients who 
have inadequate control. 

House dust mite (HDM)-induced asthma has 
translational value, which suggests that it may 

be particularly well suited for in vivo studies 
involving the effects of pharmacological ag- 
ents on exacerbation-induced expression of 
major upstream Th2 cytokines [8]. Significant 
associations of the IL-10 haplotypes with asth-
ma have been reported. A meta-analysis sug-
gested that IL-10 promoter polymorphism is 
associated with asthma risk [9], and decreased 
IL-10 level is important in pediatric asthmatic 
patients with specific genotypes [10]. Ferulic 
acid could induce Th1 response by modulating 
the function of dendritic cells and ameliorate 
Th2-mediated allergic airway inflammation in 
mice [11]. These studies indicated that IL-10 
and IL-12 play important roles in the occurrence 
and development of asthma.

MDSCs constitute a key checkpoint that im- 
pedes tumor immunity against cancer. A stu- 
dy has reported a unique mechanism by whi- 
ch monocytic (M)-MDSCs are spared, allowing 
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them to polarize towards M1 macrophages for 
the reactivation of immunity against breast 
cancers [12]. Tregs and MDSCs are significant- 
ly increased in hosts with advanced malignan-
cies. MDSCs mediate the suppression of the 
tumor antigen-specific T cell response through 
the induction of T cell anergy and the develop-
ment of Tregs in tumor-bearing mice [13]. A pre-
vious report suggests that MDSCs reduce to 
normal levels or below normal levels by neoad-
juvant chemotherapy alone [14]. 

Immunosuppressive MDSCs induced by TLR 
signaling during infection (by various bacteria, 
parasites and viruses) play a key role in resolu-
tion of inflammation [15]. Increased MDSCs 
can increase IL-10 level and reduce IL-12 level, 
resulting in an asthma-related Th1/Th2 im- 
balance [16]. Besides, tumor-derived MDSCs 
inhibit the Th2 cell-mediated response against 
allergens in a TGF-β1-dependent manner. Bas- 
ed on these collective results, asthma may be 
effectively targeted using a novel MDSC-based 
cell therapy approach [17]. Whether and how 
tumor-derived MDSCs regulate the immune re- 
sponse in an asthma environment is currently 
unclear and worth further study. Furthermore, 
it is worthwhile to investigate different organs 
to determine which part of a tumor-bearing 
mouse can yield a higher proportion of MDSCs.

Our previous study has reported that during the 
onset of asthma, the accumulation of MDSCs 
and the level of serum IL-10 increased, while 
the level of IL-12 decreased, indicating the 
important roles in the development of asthma. 
However, whether tumor-derived MDSCs could 
inhibit airway remodeling in asthmatic mice 
through regulating the expression of IL-10 and 
IL-12 is currently unclear.

Therefore, the purpose of this study was to re- 
veal the role of tumor-derived MDSCs in asth-
matic mice, and to further explore the relation-
ship between MDSCs and the expression of 
IL-10 and IL-12.

Materials and methods

Ethics statement

All procedures were carried out in accordance 
with the relevant guidelines and regulations.  
All experimental protocols were approved by a 
specially appointed institutional and/or licens-
ing committee. Specifically, for animal studies, 

all protocols were reviewed and approved by 
the Animal Ethics Committees of the Third 
Affiliated Hospital of Zhengzhou University 
under University Animal Research Guideline 
1996-21. The animals were housed and treat-
ed under approved protocols, and all efforts 
were made to minimize animal suffering.

Animal studies

Sixty specific pathogen-free (SPF)-grade 6- to 
8-week-old female BALB/c mice (body weight: 
20 ± 2 g) were provided by Zhengzhou Univer- 
sity Animal Experiment Center (serial number: 
SCXK [Yu] 2015-0006). The animals were ho- 
used in the Experiment Center of the Third 
Affiliated Hospital of Zhengzhou University with 
free access to food and water for one week 
prior to the initiation of the experiment. The 
mice were divided into four groups: saline con-
trol (Control), ovalbumin (OVA)-induced asth-
matic mice (Asthma), asthmatic mice treated 
with budesonide (Intervention), and asthma- 
tic mice treated with tumor-derived MDSCs 
(Transplation). 

The asthmatic mouse model was established 
based on a previous study, with some modifica-
tions [18]. Briefly, each mouse was injected 
intraperitoneally with 0.2 ml of OVA (Sigma-
Aldrich, St. Louis, MO, USA)/aluminum hydrox-
ide on day 1, 8, and 15 and then stimulated 
with 2% OVA inhalation for 30 min every other 
day, starting from day 22, for a total of 10 
doses. Asthma was established in the treat-
ment groups using the same procedure, except 
for an additional 30 min of inhalation treat- 
ment with 1 mg (2 ml) of budesonide (In- 
tervention). For the transplantation group, dur-
ing the third week of induction, the MDSCs 
were firstly adjusted to 1 × 107 cells/ml, and 
0.2 ml of the suspension was injected into 
mouse through the vein once per day, for a to- 
tal of 7 injections. Saline was used for the con-
trol group, and the method and dose were the 
same as those used for the asthma group. All 
mice survived during the experiment.

Evaluation of the OVA-induced murine asthma 
model

The mice were divided into asthma group and 
control group. No statistically significant differ-
ences between these two groups in terms of 
body weight, activity level, or reaction to stimuli 
were detected prior to the experiment. No swell-
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ing or ulcers were observed during or after 
intraperitoneal injection. Three days after the 
stimulation, the mice in the asthma group dis-
played restlessness, sneezing, and deepened 
breathing, which stopped approximately 10 min 
after completing the 30-min OVA stimulation. 
Five days after the OVA stimulation, the mice in 
the asthma group displayed either hypomania 
or a significant reduction in activity levels. The 
mice in the control group behaved as they did 
before the experiment, exhibiting healthy appe-
tites, agile movement, and glossy fur. Mice that 
displayed shortened breath, restlessness, cya-
nosis, salivation, and fecal and urine inconti-
nence after inhalation of the allergen indicated 
successful establishment of the asthmatic 
mouse model. More severe reactions included 
hypopnea or respiratory arrhythmia, respiratory 
failure, and lethargy. All mice were evaluated by 
H&E staining, IHC, and PAS staining for asth-
matic markers, such as inflammatory cells and 
thickening of the airway smooth muscles, air-
way walls, and epithelial mucosa.

Isolation of serum from mice

Mouse blood was collected by sterile retro-
orbital bleeding, allowed to clot at room tem-
perature, and centrifuged for 10 min at 2000 
rpm. Serum was collected from the top layer in 
the tube and aliquoted for use in experiments.

Enzyme linked immunosorbent assay (ELISA)

The levels of IL-10 and IL-12 in the serum of 
mice form different groups were determined 
using IL-10 and IL-12 ELISA Detection Kits (R&D 
Systems, Minneapolis, MN, USA) according to 
the manufacturer’s instructions.

Staining procedures

Staining procedures were performed according 
to the kit manufacturer’s instructions. For H&E 
staining to detect inflammatory cells, the num-
ber of eosinophils, neutrophils, and lympho-
cytes was averaged from five different areas 
per slide following microscopic evaluation at a 
400 × magnification. IHC was scored by the 
same researcher on the same microscope. The 
lung tissues of mice were stained with antibod-
ies specific for MDSCs, and yellow/brown stain-
ing was considered to indicate a positive signal. 
Images were obtained at a 200 × magnifica-
tion, five positive areas per slice were selected 
for analysis, and optical density values were 

measured. The intensity of H&E staining, IHC, 
and PAS staining were evaluated semiquantita-
tively using the following categories: 0 (no st- 
aining), 1 + (weak but detectable staining), 2 + 
(moderate or distinct staining), and 3 + (intense 
staining). For each specimen, a HSCORE value 
was derived by calculating the sum of the per-
centages of cells that were stained in each 
intensity category and multiplying that value  
by the weighted intensity of staining, using the 
formula HSCORE = Pi (i + 1), where i represents 
the intensity score, and Pi is the corresponding 
percentage of cells. For each slide, five differ-
ent areas and 100 cells per area were evaluat-
ed microscopically with a 40 × objective. The 
percentage of cells at each intensity within 
these areas was determined at different times 
by two investigators who were blinded to the 
source of the samples, and the average of their 
scores was used.

BALF cell collection

The mice were anesthetized and stabilized on a 
wooden board 24 h after the last stimulation, 
and their chests were opened for the following 
procedures. The distal trachea and left main 
bronchus were ligated, each mouse was tra-
cheally intubated with a modified 22-G cathe-
ter, and lavage was performed three times with 
0.5 ml of cold phosphate-buffered saline (PBS). 
The BALF was collected with a recycle rate of 
>85%. The supernatants were collected after 
10 min of centrifugation at 4°C and 1500 rpm 
and stored at -20°C for use in following 
experiments.

Preparation of a mouse model of breast can-
cer and extraction of monocyte suspensions 
from the bone marrow and spleen

Breast cancer cells (4T1) during the growth 
period were adjusted to a density of 1 × 107 
cells/ml with 1 × PBS, and then 0.2 ml of the 
cell suspension was injected into the right sub-
cutaneous axillary region of the mice. After 
10-14 days (the diameter of the tumor in- 
creased to 2-4 cm), the mice were sacrificed, 
soaked in 75% alcohol for 10 min, and washed 
three times in PBS.

The spleens were ground with a sterile grinding 
bar, and mononuclear cells were filtered and 
collected in a 300 mesh sieve. The red blood 
cells were then lysed, and the samples were 
washed two times in PBS. A Gr-1 monoclonal 
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antibody (McAb) (FACSCalibur, BD Biosciences) 
conjugated to fluorescein isothiocyanate (FITC) 
(FACSCalibur, BD Biosciences) and a CD11b 
McAb conjugated to phycoerythrin (PE) (FAC- 
SCalibur, BD Biosciences) were incubated with 
the samples at 4°C in the dark for 20 min. 
Then, the McAbs were washed twice with PBS, 
and the proteins were detected by flow cytom-
etry (FCM). In addition, the tibias and femurs of 
the mice were separated, and 1 ml of PBS in a 
5 ml syringe was used to rinse the marrow cav-
ity 2-3 times. The rinses were collected, filtered 
through a 300 mesh strainer, and centrifuged 
at 1000 rpm for 10 min. The clear liquid was 
discarded, and red blood cell lysis buffer was 
added. The samples were vortexed and allow- 
ed to stand for 5 min before centrifugation and 
storage until use. 

Flow cytometry cell separation: The McAbs (an 
anti-Gr-1 antibody conjugated to FITC and an 
anti-CD11b antibody conjugated to PE) were 
incubated with the samples at 4°C in the dark 
for 30 min, and the samples were washed 2 
times with PBS and subjected to FCM to sort 
CD11b and Gr-1 double-positive cells.

MDSCs selection and purification by immuno-
magnetic beads: Magnetic beads conjugated 
to antibodies specific for CD11b and Gr-1 were 
added to the selected cell suspensions at a 
density of 107 cells/90 µl; the density was 
adjusted to 107 cells/10 µl, and the suspen-
sions were incubated at 4°C in the dark for 15 
min. First, the magnetic bead separation col-
umns were equilibrated. Then, 500 µl of buffer 
was added; after the buffer flowed through, the 
same amount of buffer was added again, for  
a total of 3 times. Finally, 1 ml of buffer was 
added, the separation column was removed, 
and CD11b and Gr-1 double-positive cells were 
obtained.

Proportions of MDSCs in single-cell suspen-
sions of spleen and bone marrow: Fluorescen- 
ce-labeled antibodies (anti-Gr-1-PE and anti-
CD11b-FITC) were added to the cell suspen-
sion, which was prepared for detection. Then, 
the suspension was incubated at 4°C for 15 
min and subsequently tested by a flow cy- 
tometer.

Statistical analysis

All data were analyzed with SPSS 21.0 soft-
ware (IBM, Chicago, IL, USA) and presented as 

the mean ± standard deviation (SD). Each set 
of data was determined to conform to a normal 
distribution, analyzed by the F-test for homoge-
neity of variance, and then subjected to univa- 
riate analysis between groups in a multiappli- 
cation, pairwise comparison with the Bonferr- 
oni correction; t-tests were used for compari-
sons between two groups. Correlations were 
determined by the Pearson correlation, with 
P<0.05 set as the criterion for statistical 
significance.

Results

4T1 cell microscopic findings and tumors in 
mice with breast cancer

To explore the role of MDSCs induced by tumor 
cells in asthmatic mice and its relationship wi- 
th IL-10 and IL-12, breast cancer tumor was 
established in a mouse model. MDSCs were 
marked, extracted, and injected into an asth-
matic mouse model.

Breast cancer cells during the growth period 
were was adjusted to a density of 1 × 107 cells/
ml with 1 × PBS, and 0.2 ml of the cell suspen-
sion was injected into the right subcutaneous 
axillary region of the mice after 10-14 days. 4T1 
cells with a single layer of wall growth. Twenty-
four hours after inoculation, the morphology of 
4T1 breast cancer cells under an electron mi- 
croscope (20 ×) (Figure 1A). After approximate-
ly 3-4 days, the cells reached 80% confluence, 
and the cells were in logarithmic growth. The 
cells were then collected for injection into mi- 
ce, and Figure 1B presented the tumor-bearing 
mouse.

Comparison of the spleen between control 
mice and tumor-bearing mice

We compared spleen morphologies and wei- 
ghts between control mice and tumor-bearing 
mice. A comparison of the spleen morphologi- 
es was shown in Figure 2A, and the spleen 
weights were shown in Figure 2B. The spleen 
weight of the control mice (0.13 ± 0.06 g) was 
much lower than that of the tumor-bearing mice 
(0.47 ± 0.13 g).

Comparison of the proportion of MDSCs ex-
tracted from the spleen and bone marrow of 
tumor-bearing mice, as detected by FCM

We applied FCM to detect the proportions of 
MDSCs derived from the spleen and bone mar-
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much lower that in the bo- 
ne marrow cell suspension 
(86.30 ± 10.60%) (Figure 3B). 
The data indicated that the 
proportion of MDSCs extract-
ed from spleen is much lower 
than that extracted from the 
bone marrow in tumor-bearing 
mice.

Comparison of H&E and PAS 
staining of lung tissues from 
the mice in each group

We first confirmed that the 
asthmatic mouse model was 
established by analyzing the 
pathological changes in con-
trol mice, asthmatic mice,  
and budesonide-treated mice. 
H&E staining of lung tissues 
from the asthmatic mice ex- 
hibited submucosal edema, 
mucous gland hyperplasia, 
and increased mucous secre-
tion, accompanied by incre- 
ased mucosal folds, visible 
epithelial fractures, epithelial 
cell shedding, mild bronchiole 
smooth muscle hypertrophy, 
and bronchial wall and base-
ment membrane thickening 
and shape irregularities (Fig- 
ure 4A and 4B).

Each group had different pa- 
thological changes. The air-
way remodeling in the asthma 
group was significantly gre- 
ater than that in the control 
group. The airway remodeling 
changes in the intervention 
group and the transplantation 
group were significantly allevi-
ated compared to those in  
the asthma group (Figure 4A), 
as demonstrated by H&E st- 
aining and PAS staining.  
The thickness of the airway 
smooth muscle (μm), airway 
wall (μm) and epithelial muco-
sa (μm) was determined by 
H&E staining of tissues from 
mice in the control group, the 

Figure 1. 4T1 cell microscopic findings related to breast cancer cells and 
tumors in mice with breast cancer. A: The morphology of 4T1 breast cancer 
cells under an electron microscope (20 ×), the cells under the inverted mi-
croscope showed a single layer of adherent growth. B: Breast cancer-bearing 
mice.

row (Figure 3A). The proportion of MDSCs in 
the spleen suspension (56.20 ± 8.20%) was 

asthma group, and the groups of asthmatic 
mice treated with budesonide or MDSCs from 

Figure 2. Comparison of the 
spleen between control mice 
and tumor-bearing mice. A. 
Comparison of spleen mor-
phology between control mice 
and tumor-bearing mice. The 
spleen of the tumor-bearing 
mouse is much larger than 
that of the control mouse. B. 
Comparison of spleen weights 
between control mice and tu- 
mor-bearing mice. *P<0.05 
vs. Control.
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breast tumor-bearing mice (Figure 4B). The 
asthmatic mice exhibited significantly higher 
levels of pathological changes than the mice in 
the control group and the treatment groups. 
These results indicated that the asthma model 
was established and that the intervention and 
transplantation therapies were effective.

Comparison of the levels of IL-10 and IL-12 in 
the BALF and serum of the mice in each group

We then explored the effect of MDSCs induced 
by tumor cells on the expression of Il-10 and 
Il-22 in asthmatic mice. The IL-10 and IL-12 lev-
els of BALF (Figure 5A) and serum (Figure 5B) 
in mice of each group were detected by ELISA, 
and results indicated that the level of IL-10 in 
the asthma group was significantly higher than 
that in the control group, while the level of IL-12 
was significantly decreased. Compared with 
the asthma group, the levels of IL-10 in the 
BALF (Figure 5A) and serum (Figure 5B) of 
asthmatic mouse significantly reduced in the 
intervention and transplation groups, while the 
levels of IL-22 significantly enhanced. 

Comparison of MDSCs in lung tissues from the 
mice in each group

To observe the changes of MDSCs in the asth-
ma group, the control group, the intervention 

Correlation analysis of MDSCs with the expres-
sion of IL-10 and IL-12 in the transplantation 
group

Finally, we analyzed the relationship between 
MDSCs and the expression of IL-10 and IL-12 in 
asthmatic mice. We performed IHC of MDSCs 
in tissues from asthmatic mice treated with 
MDSCs from breast tumor-bearing mice, and 
IHC of MDSCs was quantified (HSCORE).

The serum IL-10 and IL-12 levels of mice from 
the transplantation group were detected by 
ELISA, and the correlations between MDSCs 
and IL-10 and IL-12 expression in the transplan-
tation group were analyzed. Results indicated 
that MDSCs was positively correlated with 
serum IL-10 level (Figure 7A) and negatively 
with serum IL-12 level (Figure 7B) in asthmatic 
mice.

Discussion

MDSCs have different functions in different 
conditions. Isolated and purified MDSCs have 
been found to play a therapeutic role in autoim-
mune diseases and transplantation immunity. 
There are few reports on the negative immuno-
regulation effect of MDSCs in asthma. Bone 
marrow is the main gathering place of MDSCs 
under normal physiological conditions, and 

Figure 3. Comparison of the proportion 
of MDSCs extracted from the spleen 
and bone marrow of tumor-bearing 
mice, as detected by FCM. A. The MD-
SCs extracted from the spleen (56.20 
± 8.20%) and bone marrow (86.30 
± 10.6%) of tumor-bearing mice was 
detected by FCM. B. The proportion 
of MDSCs extracted from spleen and 
bone marrow in tumor-bearing mice. 
***P<0.001 vs. Control.

group and the transplation, 
the MDSCs levels of each 
group were measured by 
immunohistochemical stain-
ing and FCM. Quantification  
of IHC (HSCORE) of MDSCs 
from mice in each group was 
performed. 

We found that the number of 
MDSCs in the asthma group 
was significantly higher than 
that in the control group. The 
number of MDSCs in the inter-
vention group and the trans-
plantation group was signifi-
cantly lower than that in the 
control group (Figure 6A and 
6C). A comparison of the MD- 
SCs extracted by FCM in each 
group yielded similar results 
to those obtained via immu-
nohistochemical staining (Fi- 
gure 6B and 6D). 
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these cells can differentiate into mature ma- 
crophages and dendritic cells [18]. MDSCs 
increase significantly in tumors, during inflam-
mation, and in other diseases and exert a nega-
tive immunomodulatory effect [19]. The use of 
bio-markers for immune surveillance can be 
applied to the clinical classification and follow-
up of patients and provide new predictive and 
diagnostic tools for clinical practice. MDSCs 
can be used as a new target for chronic inflam-

matory conditions, such as bronchial asthma 
[20].

Different sub-types of MDSCs have different 
functions, and MDSCs have an immunosup-
pressive function in cancer [18]. MDSCs are  
a heterogeneous population of cells that con-
sist of myeloid progenitor cells and immature 
myeloid cells. MDSCs have been identified as  
a cell population that may affect CD4(+) and 

Figure 4. Comparison of H&E and PAS staining of lung tissues from the mice in each group. Pathological changes in 
the lung tissues of asthmatic mice and asthmatic mice treated with budenoside or MDSCs from breast tumor-bear-
ing mice. A. H&E staining (upper) and PAS staining (lower) of mouse lung tissues respectively from the control group, 
the asthma group, and the groups of asthmatic mice treated with budenoside or MDSCs from breast tumor-bearing 
mice. All images were obtained at a 200 × magnification. The scale bar represented 80 μm. B. The thickness of the 
airway smooth muscle (μm), airway wall (μm) and epithelial mucosa (μm) were determined by H&E staining of tis-
sues from mice in the control group, the asthma group, and the groups of asthmatic mice treated with budesonide 
or MDSCs from breast tumor-bearing mice. All data were presented as the mean ± SD. *P<0.05, **P<0.01, and 
***P<0.001.
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CD8(+) T cell activation to negatively regulate 
immune responses, making these cells an 
attractive target for the treatment of transplant 
patients and autoimmune disease patients. 
The roles of MDSCs in different transplantation 
and autoimmune disease models and the 
potential to target these cells for therapeutic 
benefit have been investigated [21]. However, 
there are few studies on the negative immuno-
regulation effects of MDSCs in asthma. Studies 
have reported that MDSCs can be isolated fr- 
om the spleen or peripheral blood of tumor-
bearing mice or mice with severe infections 
[22]. However, how to extract MDSCs more 
effectively has not been investigated.

vironments. In tumor-bearing animals, MDSCs 
inhibit CD4(+) and CD8(+) T cells, B cells and 
natural killer (NK) cells [23], probably by pro-
moting the secretion of nitric oxide (NO), argi-
nine depletion, and the production of oxygen 
free radicals and TGF-β [24]. In tumor-bearing 
mice, the development of immune tolerance is 
the result of MDSC-induced high expression of 
Treg Foxp3 [25]. MDSCs can negatively regu-
late asthma, and the mechanism may due to 
the role of MDSCs in inhibiting T cells. This 
function is achieved via increased iNOS levels 
after the up-regulation of arginase I, which 
leads to the release of more NO and ROS [26, 
19]; the other regulatory pathway is the down-

Figure 5. Comparison of the levels of IL-10 and IL-12 in the BALF and serum 
of the mice in each group. Levels of asthma-related cytokines (IL-10 and IL-
12) in mouse BALF (A) and serum (B) were determined by ELISA. All data 
were presented as the mean ± SD. *P<0.05, **P<0.01, and ***P<0.001.

The 4T1 breast cancer mice 
used in this study were gener-
ated from 6- to 8-week-old 
BALB/c mice. The spleens of 
the tumor-bearing mice we- 
re significantly heavier than 
those of the control mice. The 
breast cancer cells were poly-
morphous, and desmosomes 
were seen at the junctions of 
the cells. Mucin particles and 
cell bodies were seen in the 
cytoplasm, suggesting that 
predominantly the breast can-
cer cell grew and that the 
mouse model of breast can-
cer was successfully estab-
lished. In addition, MDSCs 
could be extracted from the 
spleen and bone marrow of 
the mice. The proportion of 
MDSCs extracted from the 
bone marrow cell suspension 
was higher than that extract-
ed from the spleen, suggest-
ing that high-purity MDSCs 
could be isolated from the 
bone marrow cell suspension 
of tumor-bearing mice. This 
finding laid a foundation for 
studying the inhibition of air-
way inflammatory responses 
after the transplantation of 
exogenous MDSCs into asth-
matic mice.

MDSCs from different sourc-
es play roles in immunosup-
pression through different pa- 
thways in different micro-en- 
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regulation of L-selectin on the surface of T cells, 
which is a result of MDSC inhibition [27]. The 
Th2 cell-mediated inflammatory response is 
the result of exogenous MDSCs, which inhibit 
the expression of TGF-β1 that is induced by the 
allergen [17].

The labeled MDSCs extracted after LPS stimu-
lation can inhibit airway inflammation and ulti-
mately improve airway inflammation by revers-
ing the proportion of Th1/Th2 cells, increasing 
the proportion of Tregs and decreasing IL-4 
[28]. The immunosuppressive activity of CD11b 

(+) Gr-1 (+) Ly6G (+) Ly6C (int) MDSCs is we- 
akened in allergen-induced COX-1 gene knock-
out asthma mice and asthmatic patients with 
aspirin intolerance, which may be achieved 
through an EP4-mediated signal transduction 
pathway [29]. Thus, we envisaged that MDSCs 
may be used as a new method for treating 
asthma.

This study investigated whether MDSCs played 
a negative immunomodulatory role during as- 
thma. The results demonstrated that airway 
inflammation and airway remodeling were most 

Figure 6. Comparison of MDSCs in lung tissues from the mice in each group. MDSCs in the lung tissues of OVA-
induced asthmatic mice, asthmatic mice treated with budenoside or MDSCs from breast tumor-bearing mice and 
control mice. A. MDSCs in the lung tissues from mice in each group obtained via immunohistochemical staining. 
All images were obtained at a 200 × magnification. The scale bar represented 80 μm. B. MDSCs extracted by FCM 
from mice in the control group, the OVA-induced asthma group, and OVA-induced asthmatic mice that were treated 
with budenoside or MDSCs from breast tumor-bearing mice. C. Analysis statistics of MDSCs in the airways of mice 
in each group. D. Analysis statistics of MDSCs in the bone marrow of mice in each group. All data were presented as 
the mean ± SD. *P<0.05, **P<0.01, and ***P<0.001.
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obvious in asthmatic mice, and the transplan-
tation group and the intervention group exhib-
ited significant asthma relief. Transplantation 
of MDSCs isolated from a mouse model of 
breast cancer could inhibit the airway remodel-
ing of asthmatic mice. The enhanced IL-10 lev- 
el and of decreased IL-12 level in asthmatic 
mice were inhibited by MDSCs transplantation. 
These findings suggested that MDSCs isolated 
from breast cancer mouse model might be able 
to inhibit asthmatic airway remodeling by regu-
lating the Th1/Th2 imbalance via altering the 
levels of IL-10 and IL-12. MDSCs extracted from 
tumor-bearing mice could be used as a new  
target for asthma treatment, especially for 
patients with poor hormone effects or concerns 
about the use of hormones. To determine the 
exact mechanism by which exogenous MDSCs 
inhibited asthma and investigate the applica-
tion of these cells during later periods, further 
in-depth study is needed.
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