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Myeloid-derived suppressor cells (MDSCs) are present in the human lungmicroenvironment, and theymay be involved in the local
inflammatory process in chronic obstructive pulmonary disease (COPD). Chronic inflammation in COPD may induce
immunogenic cell death of structural airway cells, causing the release of damage-associated molecular patterns (DAMPs).
DAMPs may activate the innate and adaptive immune system. The relationship between MDSCs and DAMPs in COPD is
poorly described in the available literature. Objectives. (1) Assessment of MDSC percentage and DAMP concentration in
bronchoalveolar lavage fluid (BALF) and peripheral blood. (2) Analysis of the relationship between MDSC percentage and
chosen DAMPs. Patients and Methods. 30 COPD patients were included. Using monoclonal antibodies directly conjugated with
fluorochromes in flow cytometry, MDSCs were assessed in BALF and peripheral blood. The concentration of DAMPs was
estimated using sandwich ELISA. Using the Bradford method, the total protein concentrations were evaluated. Results. The
percentage of MDSCs among MC in BALF correlated well with the concentration of defensin and heat shock protein 27.
Assessing the percentage of MDSCs among all leukocytes in BALF, we revealed a significant correlation with the concentration
of defensin, hyaluronic acid, and surfactant protein A. No dependencies occurred between DAMPs and MDSCs in peripheral
blood. Conclusion. MDSCs and DAMPs occur in the COPD patient lung microenvironment. Significant correlations between
them found in BALF may indicate their influence on the local inflammatory process in COPD. These relationships allow better
understanding of the inflammatory process in COPD.

1. Introduction

Chronic obstructive pulmonary disease (COPD) is a signifi-
cant cause of death in the world. Because of continued expo-
sure to COPD risk factors and aging in the population, the
COPD burden is projected to increase in the nearest future
[1]. The inflammatory process in response to exposure to dif-
ferent environmental factors, including smoking, remains
essential in the etiopathogenesis of this disease [2]. The
chronic airway inflammation in COPD is characterized by
the activation of the innate immune system, as defined by

increased numbers of innate immune cells such as neutro-
phils, macrophages, natural killer cells, and mature dendritic
cells in the lung tissue and airway lumen. Also, the adaptive
immune system is activated in COPD, as defined by lung
infiltration of CD8 T cells, B cells, and both the Th 17 and
Th 1 types of CD4 T cells, along with a decrease in regulatory
T cells in the airways [3]. These cells release soluble inflam-
matory agents, which interact with structural cells in the air-
ways, lung parenchyma, and pulmonary vasculature. Various
mediators that are increased in COPD patients attract the
inflammatory cells from the circulation (chemoattractants)
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and enhance the inflammatory process (proinflammatory
cytokines) [1].

Damage-associated molecular patterns (DAMPs) termed
alarmins or “danger signals” are the endogenous particles
secreted actively by viable cells and passively from dying cells.
Their central role is to alert the organism to the negative con-
sequence of tissue damage and initiate the repair process
[4, 5]. Furthermore, DAMPs can also activate and mature
cells of the innate as well as the adaptive immune system
directly upon binding of pattern recognition receptors
(PRRs), especially the Toll-like receptors (TLRs) [3, 6]. There
is a close relationship between DAMPs and pathological
processes like autoimmunity, chronic inflammation, and
carcinogenesis [7, 8]. One of the hypotheses is that cigarette
smoke-induced airway epithelial immunogenic cell death is
followed by DAMP release and subsequent triggering of the
innate and adaptive immune responses in COPD [9]. This
theory is supported by a few new studies conducted in vitro
and in vivo. They revealed that cigarette smoke extract
(CSE) exposure on pulmonary epithelial cells can increase
apoptosis and necrosis and the release of DAMPs such as
HMGB1, S100A6, S100A8, and HSP70. In this way, DAMPs
may modulate the inflammatory response after exposure to
cigarette smoke [10–13].

However, the main immunogenic cell death pathway
induced by chronic cigarette smoke exposure is unclear.

Myeloid-derived suppressor cells (MDSCs) are the
diverse population of cells in the different stage of maturation
which are produced in the bone marrow. In mice, they are
defined as Gr-1+CD11b+ cells, which comprise pathologically
activated CD11b+Ly6CloLy6G+ immature granulocytes and
CD11b+Ly6ChiLy6G− monocytes. In the microenvironment,
they mainly suppress T cell function. These cells not only
inhibit the proliferation of T lymphocytes but also induce
the accumulation of suppressive regulatory T lymphocytes
(Treg Foxp3+). Moreover, the stimulation of MDSCs with
IFN-γ led to increased production of IL-10 and TGF-β—the
most potent known immunosuppressive cytokines [14].
MDSC may also be involved in the metabolism of L-
arginine by arginase-1 or inducible nitric oxide synthase
[15, 16]. Through some different immunological mecha-
nisms, MDSCs promote tumor progression [16–18]. In the
course of COPD, cigarette smoking enhances the number
and activity of circulating MDSCs. However, this phenome-
non is not observed in smokers with normal lung function.
The MDSC activation in COPD is associated with the loss
of the T-cell receptor ζ chain expression [19]. In addition,
after four months of cigarette smoke exposure, the number
of MDSCs was elevated in the bone marrow, spleens, and
lungs, while this was accompanied by a decreased amount
of pulmonary dendritic cells (DCs) [20]. Our previous study
results confirm that MDSCs and DAMPs occur in the lung
microenvironment and PB in patients with COPD. Smoking
history may not affect the number of MDSCs. These cells can
be involved in the local inflammatory process in COPD,
independently from smoking [21]. On the contrary, DAMPs
may also be included in local and systemic inflammatory
process in COPD. Concentrations of most of these proteins
may be uninfluenced by smoking history, and only a part of

the tested DAMPs correlated with clinical parameters. Only
a part of triggering DAMPs may influence COPD clinical
progression [22].

The aim of the current study was to evaluate the presence
of MDSCs and DAMPs in the lung environment using BALF
and attempt to determine their mutual relationship in the
course of COPD.

2. Patients and Methods

2.1. Study Population. A study was performed in the
Department of Pulmonology, Allergology and Pulmonary
Oncology, Poznan University of Medical Sciences, Poland.
30 patients (24 males, 6 females) diagnosed with COP-
D—according to GOLD 2010 criteria [1] with a relevant
history confirmed with a postbronchodilator FEV1/FVC
ratio < 0 7—were included in the study. All patients were
>40 years old, current and former smokers. Subjects with
other pulmonary disorders, such as asthma, tuberculosis, pul-
monary thromboembolism, or interstitial pulmonary lesions,
and with contraindications to the performance of fiberoptic
bronchoscopy or pulmonary function tests were excluded.

The research was carried out in accordance with the pro-
tocol approved by the Ethics Committee of the Poznan Uni-
versity of Medical Sciences. All patients gave their written
informed consent to participate in the study.

2.2. Pulmonary Function Tests.Using a Master Screen Body/-
Diffusion Jaeger device, spirometry and body plethysmogra-
phy were performed, and the diffusion capacity of carbon
monoxide (DLCO) was measured, by an experienced techni-
cian. Spirometry was performed 15–30min after the inhala-
tion of short-acting bronchodilator. The results were shown
as % predicted. The airflow limitation was defined as
postbronchodilator FEV1/FVC ratio < 0 70 [1].

2.3. Blood Samples. For cytometric immunophenotyping,
peripheral blood samples were collected into tubes with
EDTA (9ml). Blood samples for soluble analyte assessment
were collected into the tube without anticoagulant (9ml)
and centrifuged at 2500 rpm for 10min at 4°C. The obtained
serum samples were frozen immediately at −70°C for the
next investigations.

2.4. Fiberoptic Bronchoscopy and BALF. The patients
undergoing routine fiberoptic bronchoscopy for diagnostic
purposes were enrolled into the study. BAL fluid samples
were collected according to international guidelines criteria
[23, 24]. The bronchoscope was wedged in the segmental or
subsegmental bronchus of the middle lobe. The bronchus
was lavaged with 50ml aliquots of the sterile saline solution
at a temperature of 37°C, and then, the fluid was aspirated.
Furthermore, two 50ml aliquots of saline solution were
instilled and aspirated in the same way [25, 26].

2.5. Immunophenotypic Assessment. Using a flow cytometer,
fresh unfixed cells from BALF and peripheral blood were
immunophenotyped. The estimation of antigenic determi-
nants, which are characteristic for MDSC populations, was
performed using monoclonal antibodies directly conjugated
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with fluorochromes (Figure 1). MDSCs were defined as cells
with immunophenotype SSClow/Lin-1neg/HLA-DRneg/low/
CD11+/CD33+/CD45+ [21]. The samples for cytofluori-
metric analyses were prepared in the following manner.
The initial preparation of BALF samples comprised sterile
filtration to remove any mucus, blood clots, and tissue frag-
ments. Cells were then concentrated through centrifugation
for 10min at 1800 rpm. Supernatants were removed, frozen,
and stored for later evaluation of the concentration of
DAMPs. Antibodies were added to the cell pellets from
BALF as well as to peripheral blood samples: 5 μl of each
antibody per 2 × 105 – 1 × 106 of cells in a sample. Negative
controls were samples without added antibodies. The follow-
ing antibodies were used: anti-Human Lineage Cocktail 1
(Lin-1) FITC (cocktail of antibodies against CD3, CD14,
CD16, CD19, CD20, and CD56; BD Biosciences), anti-
HLA-DR PerCP (clone: L243; BD Biosciences), anti-CD11b
APC (clone: ICRF44; BD Biosciences), anti-CD33 PE-
Cy™7 (clone: P67.6; BD Biosciences), and anti-CD45 APC-
Cy™7 (clone: 2D1; BD Biosciences). Cells were incubated
with antibodies for 15min in the dark. Erythrocyte residues
studied were lysed using 2ml of lysing solution (BD Biosci-
ences). By adding PBS solution after 10min, lysis was
stopped. Finally, all lysed residues, morphotic particles, and

soluble proteins were washed out by double centrifugation
for 5min at 1500 rpm. Using a FACS Canto flow cytometer
(BD Biosciences, San Jose, CA, USA), appropriately stained
cells were analyzed, and the obtained results were processed
via FACS Diva software (BD Biosciences, San Jose, CA,
USA). Up to 50,000 events of each sample were collected.
The percentage of positive cells was assessed [21].

2.6. DAMP Concentration Assessment. Serum samples and
BALF supernatants were collected before analyses and stored
at −80°C. Frozen samples were thawed only once, directly
before DAMP concentration assessment. All studied mole-
cules were evaluated in both serum and BALF supernatant
samples. Using kits produced by USCN (Wuhan, China),
concentrations of defensin (DEF2) (pg/ml) and heat shock
protein-27 (HSP27) (ng/ml) were estimated. Surfactant
protein A (SP-A) (ng/ml) was assessed using BioVendor kit
(Brno, Czech Republic) and hyaluronic acid (HA) (ng/ml)
by TECO medical kit (Sissach, Switzerland). All tests were
conducted following manufacturers’ instructions. Serum
samples were diluted with dilution buffer in appropriate
ratios: 1 : 10 for DEF2; 1 : 10 for SP-A; 1 : 50 for HA, and
additionally, BALF samples for the evaluation of SP-A
were diluted in ratio 1 : 100. The measurements were made
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Figure 1: Evaluation of MDSC immunophenotype using a flow cytometer. Scattergrams showing MDSC cells in peripheral blood (a) and in
BALF (b). The MDSC immunophenotypic pattern was defined as Lin-1neg/low/HLA-DRneg/low/CD33pos/CD11bpos.
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according to calibration curves. Reactions were stopped
with H2SO4, and the absorbance of colored products was
measured at 450nm using Multiscan Bichromatic (Labsys-
tems) microtitration reader.

There is no standard range of these molecules, and the
amount of BALF collected was variable. Therefore, using
Bradford assay, the values of DAMPs were corrected for total
protein concentration [27].

2.7. Statistical Analysis. Using the Statistica 10.0 program,
statistical analyses were performed. The Shapiro-Wilk test
was used to assess the normality of data distribution and con-
firmed that all parameters were normally distributed. Results
were shown as mean ± standard errors of the mean and
median ± standard deviation (SD). We used the Pearson cor-
relation coefficient to assess the presence of a relationship
between % of MDSCs in BALF and peripheral blood and
DAMP concentration. A P value less than 0.05 was consid-
ered statistically significant.

3. Results

3.1. Subject Characteristics. 30 COPD patients were enrolled
to the study. All patients were current or former smokers
with mean smoking history 35 67 ± 4 07 pack years. The
mean age of the study group was 66 60 ± 1 53 yrs. The major-
ity of patients who participated in the study belonged to
GOLD 2010 stages II and III (FEV1 49 75 ± 3 77% pre-

dicted). 29 subjects were assessed using BODE index with
mean 3 79 ± 0 49 points. Detailed characteristics of the study
population are shown in Table 1.

3.2. Soluble Mediator Concentrations. DEF, HSP27, SP-A,
and HA were detected and corrected by total protein (TP)
in all BAL fluid and serum samples (Tables 2 and 3). The
concentrations of all soluble mediators were higher in BAL
fluid than in serum.

3.3. The Percentage of Myeloid-Derived Suppressor Cells. The
percentage of myeloid-derived suppressor cells among all
leukocytes and among mononuclear cells in bronchoalveolar
lavage fluid (BALF) and peripheral blood was done in whole
assessed subject and was lower in BALF. This data was pre-
sented in Table 4.

3.4. Soluble Mediators vs. MDSCs. The analysis of bronchoal-
veolar lavage fluid in the entire group revealed the significant
correlation between the percentage of MDSCs among MC
and DEF/TP (pg/ml) (rs = 0 36, P = 0 0485) and HSP27/TP
(ng/ml) (rs = −0 43, P = 0 0181) (see Figures 2(a) and 2(b)).

We also revealed a significant correlation with BALF
DEF/TP (pg/ml) (rs = 0 39, P = 0 0327) (see Figure 2(c)),
BALF HA/TP (ng/ml) (rs = 0 38, P = 0 0381) (see
Figure 2(d)), and BALF SP-A/TP (ng/ml) (rs = −0 39, P =
0 0316) (see Figure 2(e)), assessing the percentage of MDSCs
among all leukocytes.

Table 1: Characteristics of the study population.

N Mean ± SEM Median ± SD Min Max

Age (years) 30 66 60 ± 1 53 67 5 ± 8 38 52 83

FEV1 (% pred) 30 49 75 ± 3 77 49 5 ± 20 64 22.1 93.2

FVC (% pred) 30 70 87 ± 3 57 67 7 ± 19 54 39.8 112.1

RV (% pred) 29 205 74 ± 14 74 200 1 ± 79 4 28.4 423.8

TLC (% pred) 29 120 53 ± 4 82 117 4 ± 26 0 67.2 188.5

RV/TLC (%) 29 63 12 ± 2 78 66 94 ± 15 0 16.12 87.41

SaO2 (%) 30 93 95 ± 0 35 94 1 ± 1 98 90.4 96.6

PaO2 (mmHg) 29 67 84 ± 1 41 66 9 ± 7 61 57.7 80.5

6MWT (m) 30 326 33 ± 24 09 360 0 ± 131 9 60 545

BODE (1-10) 29 3 79 ± 0 49 3 ± 2 64 0 9

Smoking (pack years) 27 35 67 ± 4 07 30 0 ± 21 16 4 98

Abbreviations: 6MWT: 6-minute walking test; BODE index: B—BMI, O—obstruction, D—dyspnea, E—exercise; FEV1: forced expiratory volume in one
second; FVC: forced vital capacity; PaO2: arterial oxygen pressure; RV: residual volume; SaO2: arterial oxygen saturation; TLC: total lung capacity.

Table 2: Concentrations of soluble mediators corrected by TP in BAL fluid.

N Mean ± SEM Median ± SD Min Max

BALF DEF/TP (pg/ml) 30 66 01 ± 7 03 59 30 ± 38 48 0.16 175.4

BALF HSP27/TP (ng/ml) 30 2 49 ± 0 99 0 88 ± 5 412 0 28.61

BALF SP-A/TP (ng/ml) 30 2 66 ± 1 18 0 ± 6 47 0 37.47

BALF HA/TP (ng/ml) 30 1626 63 ± 283 92 1040 13 ± 1555 12 0.77 5789.8

Abbreviations: BALF: bronchoalveolar lavage fluid; DEF: defensin; HA: hyaluronic acid; HSP27: heat shock protein-27; SP-A: surfactant protein A; TP: total
protein.
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We did not find any significant dependencies between
DAMPs and MDSCs in peripheral blood.

4. Discussion

Myeloid-derived suppressor cells (MDSCs) are a heteroge-
neous population comprising immature macrophages, gran-
ulocytes, dendritic cells, and other cells in the early stages of

differentiation with strong immunosuppressive activity [16].
Chronic inflammation accompanying various diseases can
trigger the release of cytokines and other intercellular medi-
ators that lead to disturbances in the maturation of cells in
the bone marrow and the formation of a population of
MDSCs with their potentially immunosuppressive function
[28]. The expression of proinflammatory cytokines may be
activated by pattern recognition receptors (PRRs) [29].

Table 4: The percentage of MDSCs among all leukocytes and MC in BALF and peripheral blood.

N Mean ± SEM Median ± SD Min Max

BALF MDSCs (%) 30 0 71 ± 0 13 0 48 ± 0 72 0.04 3.45

BALF MDSCs (% of MC) 30 4 77 ± 0 84 3 43 ± 4 61 0.12 20.01

Blood MDSCs (%) 30 4 33 ± 0 68 2 98 ± 3 72 1.39 16.02

Blood MDSCs (% of MC) 30 12 73 ± 1 54 9 99 ± 8 45 3.49 36.36

Abbreviations: BALF: bronchoalveolar lavage fluid; MC: mononuclear cells; MDSCs: myeloid-derived suppressor cells.

Table 3: Concentrations of soluble mediators corrected by TP in serum.

N Mean ± SEM Median ± SD Min Max

Serum DEF/TP (pg/ml) 22 2 38 ± 0 48 1 52 ± 2 25 0.92 10.33

Serum HSP27/TP (ng/ml) 22 0 00 ± 0 00 0 00 ± 0 00 0 0.01

Serum SP-A/TP (ng/ml) 22 0 02 ± 0 00 0 02 ± 0 01 0.01 0.07

Serum HA/TP (ng/ml) 22 0 54 ± 0 11 0 37 ± 0 53 0 1.78

Abbreviations: DEF: defensin; HA: hyaluronic acid; HSP27: heat shock protein-27; SP-A: surfactant protein A; TP: total protein.
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Figure 2: Correlations observed in bronchoalveolar lavage fluid (BALF) between percentage of myeloid-derived suppressor cells (MDSCs)
among mononuclear cells (MCs) and defensin (DEF/TP) (a) and heat shock protein-27 (HSP-27) (b). Correlations observed in
bronchoalveolar lavage fluid (BALF) between percentage of myeloid-derived suppressor cells (MDSCs) among all leukocytes and defensin
(DEF) (c); hyaluronic acid (HA) (d); and surfactant protein A (SP-A) (e). All concentration data were corrected by total protein.
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Binding of ligands to TLRs plays an essential role in innate
and adaptive immunity in the course of tissue damage
[30]. Ligation of DAMPs with TLRs requires the presence
of other molecules—most often proteins such as HSPs,
S100, HMGB1, versican, fibronectin, hyaluronic acid, and
surfactant proteins [31].

Our previous studies confirmed that MDSCs and
DAMPs may be involved in the local inflammation in
COPD and may aggravate inflammation together with the
severity of bronchoconstriction [21, 22]. In the current
study, we attempted to find the relations among MDSCs
and DAMPs in the lower airways, where the inflammatory
process begins and persists, and in the serum, as the sign of
the systemic inflammation.

The assessed DAMPs, SP-A, HSP-27, Def, and HA, corre-
lated with MDSCs in BALF in the conducted study. We did
not find any dependencies between DAMPs and MDSCs in
the blood. These particles independently may take part in
the local, nonsystemic inflammatory process in COPD. This
hypothesis may be supported by the fact that the observed cor-
relation between MDSCs and chosen protein concentration
was always assessed as corrected total protein concentration.

Surfactant protein A (SP-A) is involved in the mainte-
nance of normal lung structure [32]. It is also essential for
pulmonary function as it reduces alveolar tension and plays
a crucial role in innate immune response and lung homeosta-
sis [33]. Concerning the role of SP-A in COPD, the available
literature presents conflicting results. The extensive study
conducted by Kobayashi et al. hypothesized that SP-A in
plasma and sputum may be considered as an early marker
of lung stress reaction/minimal lung injury in smokers, even
before any decline of lung function has occurred [34]. Ilu-
mets et al. confirmed that plasma SP-A concentration
increases with aging, smoking, and COPD [35]. Mazur
et al. evaluated SP-A in induced sputum in COPD. They
showed that smoking significantly increases its concentra-
tion. Only a few studies were conducted using BALF. They
concluded that the concentration of SP-A is lower in smo-
kers/COPD compared to nonsmokers [36, 37]. We achieved
a similar result in our previous study, in which we assessed
the concentration of SP-A in BALF [22]. In the available lit-
erature, we did not find the data concerning the correlation
between SP-A and MDSCs in BALF. The current study is
the first of its kind undertaking this topic. A lower concentra-
tion of SP-A that occurred in the course of COPD may be
partially the response for an increased number of MDSCs.

The next interesting protein group belonging to DAMPs
is heat shock proteins (HSPs). HSPs are chaperone proteins
that are upregulated in various types of physiological and
environmental stress conditions. They have been shown to
activate TLR2 and TLR4 leading to the release of proinflam-
matory cytokines [3]. Hulina-Tomašković et al. conducted
an in vitro study, in which they explored inflammatory
parameters (TLR2, TLR4, and HSP70) after the exposure of
bronchial-epithelial cell line to cigarette smoke extract
(CSE). They showed that HSP70 modulates inflammatory
responses and TLR2, TLR4, and HSP70 gene expression
and protects bronchial-epithelial cells against CSE-induced
cytotoxicity. They concluded that HSP-70 might be impli-

cated in the development of inflammatory diseases affected
by cigarette smoke like COPD [11]. Furthermore, HSPs can
activate the maturation and activation of dendritic cells
[38]. A few reports have evaluated HSP-27 in COPD. Al
Kayal et al. and Ünver et al. have presented significant differ-
ences in serum HSP-27 concentration between COPD and
healthy controls, with the highest concentration in COPD
[39, 40]. Our previous study corresponded with the above-
mentioned report, confirming the correlation between HSP-
27 and PFT in COPD [24]. We did not find the reports con-
cerning cross-talk between HSP-27 and MDSCs in COPD.
Only one finding suggested the relationship between HSP-
27 and monocytic myeloid suppressor CD14+HLA-DRlow/neg

cells in lymphoma [41]. Therefore, it is difficult to explain the
negative correlation between these parameters. A positive
relationship should be expected primarily because of the abil-
ity of this protein to trigger the IFN-γ and IL-10 secretion.
On the contrary, MDSCs were elevated in the organs after
four months of cigarette smoke exposure, while this was par-
alleled by decreased pulmonary dendritic cells (DCs) that
may be connected with lower HSP-27 concentration [21].

Some of the antimicrobial peptides can also function as
DAMPs, and one of the best known are defensins [3]. By
binding to the chemokine receptor CCR6, human β-defen-
sins attract memory T cells, especially Th 17 subtype, neutro-
phils, and immature dendritic cells [42]. It also increases the
expression of proinflammatory cytokines (e.g., IL-6, IL-8,
monocyte chemotactic protein-1, and granulocyte macro-
phage colony-stimulating factor) and induces necrotic cell
death [43]. Pace et al. presented an increased concentration
of β-defensin-2 in mini-BAL samples of COPD patients
compared to nonsymptomatic smokers and healthy volun-
teers [44]. Our previous study also confirmed the occurrence
of β-defensin-2 in BALF of COPD patients [21]. On the con-
trary, Tsoumakidou et al. showed no detectable β-defensin-2
in BALF of COPD patients, while it was detectable in control
smokers and nonsmokers [45].

The molecules from the extracellular matrix (ECM) may
also activate the immune system to danger response [38].
One of these molecules is hyaluronan. There is emerging evi-
dence that HA and its degradation products have an impor-
tant role in lung pathobiology in COPD [46]. It can activate
TLR2 and TL4 downstream NF-kβ pathways, thereby induc-
ing or maintaining proinflammatory activation of the innate
immune system [47, 48]. Unfortunately, there are no data
showing the connection between HA and MDSCs in the lung
microenvironment. The current study results have given new
information about the possible function of HA. It may indi-
rectly influence and increase the number of the BALF MDSC
in COPD.

We are aware about some limitations of our study.
The first limitation is the lack of a control group. It was
impossible to obtain the consent of the Ethics Committee
to perform fiberoptic bronchoscopy in healthy subjects, so
we designed this study as cross-sectional. The second lim-
itation is the difficulty to define the immunophenotype of
MDSCs in humans. These cells are positive for myeloid-
lineage markers, CD11b and CD33, but do not express
HLA-DR molecules, and they are negative for markers
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characteristic of lymphoid cells. Recently, MDSCs were sub-
divided into monocytic (CD14+/HLA-DR-) and granulocytic
(CD15+/HLA-DR-) MDSCs. In the presented study, MDSCs
were defined as cells belonging to leukocytes (CD45+), with
low granularity (SSClow), and express the following immuno-
phenotype: CD11b+/CD33+/HLA-DR- [49].

5. Conclusions

In conclusion, the study confirms that MDSCs and DAMPs
occur in the COPD lung microenvironment. Our study is
the first to provide information about the relationships
between MDSCs and DAMPs in human BALF. Significant
correlations between them found in BALF but not in serum
indicate that their interactions may influence the local, but
not systemic, inflammation in the course of COPD. More-
over, the current study confirms the complex inflammatory
pathway in COPD.
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