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Backgrounds: Deiodinase type 2 (DIO2) is a selenoen-
zyme involved in the synthesis of thyroid hormones. 
Chemerin is a newly investigated adipokine known 
also as novel chemokine. Both molecules have been re-
cently expected and found to play an important role in 
inflammation and immunity. DIO2, for example, is up-
regulated during acute and chronic inflammation. In 
addition, inflammation-induced expression of DIO2 in 
macrophages has been confirmed, while chemerin mod-
ulates the activation and chemotaxis of immune cells. 
It is widely known that chronic obstructive pulmonary 
disease (COPD) – the most common lung disease in the 
world – is accompanied by an inflammatory process and 
immune activation. There are no studies demonstrating 
an association between DIO2, chemerin and COPD. The 
aim of this study was to estimate DIO2 and chemerin 
concentration in serum collected from patients suffer-
ing from COPD and to compare it with healthy subjects, 
as well as to correlate with basic and clinical character-
istics. Methods: The study group included 50 patients 
with COPD and 30 healthy subjects. DIO2 and chemerin 
serum levels as well as c-reactive protein levels were de-
termined in all the subjects using commercial enzyme-
linked immunosorbent assay kits. The association be-
tween serum DIO2 and chemerin with sociodemographic 
and clinical variables was assessed. Results: DIO2 se-
rum levels were significantly higher in the patients with 
COPD as compared to the control group (50.3±23.2 U/L 
vs. 13.3±13.1; p<0.00001). No differences were observed 
in serum chemerin levels between the patients and con-
trols (107.559±86.695.6 vs. 100.701±53.805; p=0.54). Fur-
thermore, there was no association between DIO2 and 
chemerin levels and other variables, and no correlation 
between both molecules. Conclusions: This study dem-
onstrated that DIO2 levels were higher in the patients 
with COPD than in the control subjects. The examined 
molecules should be further investigated if they are in-
tended to be considered markers of processes involved 
in COPD mechanisms.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is an 
important cause of mortality and morbidity worldwide 
and is becoming a major public health problem (Lo-
pez-Campos et al., 2016). The disease is a result of many 
complex gene-environment interactions and is character-
ized by an unclear and multidirectional background; it is 
also considered to be a multicomponent disease (Mayer 
& Newman, 2001).

Large number of data have demonstrated that a 
chronic and systemic inflammation reaction and their 
components may participate in the patomechanism of 
COPD, and that signs of inflammation are also charac-
teristic for individuals suffering from this disease (Sinden 
& Stockley, 2010).

Inflammation is orchestrated by many factors. One of 
them is the adipose tissue, which produces mediators, 
such as adipokines, involved in many chronic inflamma-
tory diseases, including COPD (Fantuzzi, 2005).

Chemerin, which is found in the liver, the white fat 
tissue, lung, heart, and immune cells, is one of the new-
ly discovered adipokines, also known as adipocytokines 
(Fatima et al., 2014). Chemerin plays a role of an immu-
nomodulating factor, the regulation of which is under the 
influence of, for example, IL-1, IL-6, TNF-α and other 
proinflammatory molecules. As a Chemerin as a ligand of 
chemerin-like receptor participates in inflammation from 
its first acute phase and in its reduction. The process 
through which chemerin is involved in inflammation is 
the induction of chemotaxis of immune cells, such as nat-
ural killers, macrophages, dendritic cells, and neutrophils 
(Mariani & Roncucci, 2015). Increased levels of chemerin 
concentration in the serum are observed in various diseas-
es of inflammatory nature (Weigert et al., 2010; De Palma 
et al., 2011; Kaneko et al., 2011). The mediatory role of 
chemerin observed in the immune responses may be asso-
ciated with the pathogenesis of asthma and the inflamma-
tory process itself (Zhou et al., 2018). Levels of chemerin 
in the synovial fluid and synovial membranes have been 
shown to be increased in the knees of osteoarthritis pa-
tients and those levels proportionately correlate with the 
severity of the disease (Ma et al., 2015).

Thyroid hormones (THs) are other key factors affecting 
almost all systems of the human body. Thus, special at-
tention has been once again recently paid to the THs and 
THs-synthesis related enzymes – iodothyronine deiodinas-
es (DIOs) – as important immune targets and modifiers 
of an inflammatory response (Korle 1999). There are also 
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findings that both, the THs and DIOs may modulate the 
immune system and influence inflammatory processes by 
affecting phagocytosis, chemotaxis, oxidative stress or cy-
tokine production (De Vito et al., 2012).

Deiodinase type 2 (DIO2) is an activating enzyme that 
converts the T4 prohormone into triiodothyronine T3 
through deiodination at the phenolic ring. This enzyme is 
responsible for local cellular demands, rather than for cir-
culating T3. Presence of DIO2 is observed in the central 
nervous system, pituitary, placenta and skin. Regulation of 
DIO2 expression and function is a complex process. For 
example, mRNA levels for DIO2 and its enzymatic activ-
ity are controlled by the mechanism of posttranslational 
regulation (Korle, 1999). DIO2 is stimulated by corticoste-
roids and growth factors (Courtin et al., 1990; Coppola et 
al., 2005). Some reports indicate a highly inducible nature 
of DIO2 during inflammation by the nuclear factor-κB 
after treatment with bacterial lipopolysaccharide (LPS). In 
addition, its expression is similar to that of pro-inflamma-
tory cytokines (Quan et al., 1998; Zeold et al., 2006). A 
study conducted by Kwakkel and others (Kwakkel et al., 
2014) confirmed that DIO2 is upregulated during acute 
and chronic inflammation in macrophages and is correlat-
ed with IL-1 independently of the T3 serum levels. This 
may suggest that this enzyme plays a special role in the 
immune response. Therefore, DIO2 loss of function has 
significant metabolic implications, as D2KO mice have 
been shown to gain more weight and adipose tissue, and 
that tissue also being a known source of the pro-inflam-
matory molecules (Marsisli et al., 2011).

In COPD, as in many other diseases, different bio-
markers play a potential role in risk stratification, pre-
diction of treatment responsiveness, monitoring of the 
disease and new drug investigation. Biomarkers are wide-
ly investigated in the sputum and blood of patients. A 
number of previous studies have examined concentration 
of different biomarkers in COPD; however, to the best 
of our knowledge, chemerin and deiodinase type 2 have 
not been studied in the serum of patients diagnosed with 
COPD. Markers involved in inflammation may play a 
crucial role in the development, mechanism and man-
agement of a disease, such as COPD. Measurements of 
inflammatory related molecules may be proposed as a 
biomarker with clinical utility in COPD.

Both DIO2 and chemerin are implicated in the im-
mune and inflammatory processes that play a key role in 
the development of COPD.

In addition, it would appear that DIO2 plays a role 
in the determination of TH levels, with its inappropri-
ate serum concentrations found in some patients diag-
nosed with COPD. Reduced TH serum levels have been 
shown in patients with acute exacerbations of COPD 
with subsequent recovery of THs to various degrees, as 
the primary disease improves (Coskun et al., 2009; Cheng 
et al., 2016). Whereas chemerin (adipokine) is a product 
of adipose and there are data that adipokines may func-
tion as the link between adipocytes and COPD (Stanciu 
et al., 2009).

The purpose of this study was to determine whether 
the serum chemerin and DIO2 levels are linked with 
COPD, and to assess the role of these molecules as po-
tential novel markers and/or risk factors of this disease.

MATERIALS AND METHODS

This study was carried out on a group of 80 subjects, 
including patients diagnosed with COPD and healthy 
volunteers – all of Caucasian ethnicity. The study was 

conducted at the Norbert Barlicki University Clinical 
Hospital No. 1 (Łódź, Poland), Department of Pulmo-
nology and Allergology of the Medical University of 
Lodz, Poland, and later at an outpatient clinic. All of the 
patients underwent detailed diagnostics, which included a 
clinical examination, spirometry, gasometry, and anthro-
pometry.

The group of patients with COPD comprised 50 
people diagnosed in compliance with the Global Ini-
tiative for Chronic Obstructive Lung Disease (GOLD) 
document from 2015. All the patients were ex-smokers. 
Smoking history in the study group totaled between 25 
and 40 years, and the average number of packs of ciga-
rettes per year was 25.

A total of 30 subjects, matched for age and sex, were 
selected among healthy community individuals invited to 
take part in the study based on the absence of diagnostic 
criteria.

Lung function was tested in clinically stable patients 
with the use of the LUNGTEST 1000 spirometer in a 
sitting position after a minimum of 15-minute rest. The 
patients were instructed to avoid short-acting β2-agonists 
at least 6 hours before testing and long-acting β2-agonists 
at least 12 hours prior to the lung function test. Gasom-
etry was measured based on arterial blood according to 
the required standards, and the test was performed us-
ing the Corning 348 blood gas analyzer (Ciba Corning, 
United States).

Body weight and height were measured for all of the 
patients with an intention to calculate the body mass in-
dex (BMI), while the waist and hip circumference ena-
bled the calculation of the waist-to-hip ratio (WHR).

Exacerbations in the course of the study were ex-
cluded based on laboratory tests (blood cell count with 
a smear, C-reactive protein – CRP) and clinical presen-
tation (absence of dyspnea, normal body temperature, 
no green sputum expectoration). Lung tumors were ex-
cluded using radiological modalities (X-ray, computed to-
mography).

All of the procedures were reviewed and approved by 
the Local Bioethics Committee. Written informed con-
sent was obtained from all the participants of the study.

The venous blood samples were collected into ster-
ile tubes (2×5 ml) without additives and stored at room 
temperature until formation of a surface clot (about 30 
minutes); then, the samples were centrifuged for 15 min-
utes at approximately 1000×g. After centrifugation, the 
serum was removed and aliquots were stored at –80°C. 
Sera samples were collected from patients participating 
in the study in the morning, not less than 12 hours after 
their last meal.

Chemerin and DIO2 were assessed using a commer-
cially available Human DIO2 ELISA Kit (MyBiosourse, 
San Diego, CA, USA) and Human Chemerin Quan-
tikine ELISA Kit (R&D Systems, McKinley Place, MN, 
USA). All calculations were performed according to the 
instructions and protocols provided by the manufactur-
ers. The absorbance of the samples was measured using 
Multiskan Ascent Microplate Photometer (Thermo Lab-
systems) at λ=450 nm. Analytical curves of the analyzed 
proteins were assessed to determine protein concentra-
tion. Serum DIO2 protein was presented in U/L, while 
serum chemerin protein levels in ng/ml. The detection 
range for human deiodinase type 2, manufactured by 
Mybiosourse was 1.56 U/L to 50 U/L. The detection 
range for human chemerin assay manufactured by R&D 
Systems was 48.0 to 142 ng/ml. Both, the Intra-assay 
CV(%) and Inter-assay CV(%) were less than 15 [CV(%) 
=SD/mean ×100].
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Statistical analysis. All of the data analyses were per-
formed using Statistica (version 12.0). A statistical analysis 
of the collected material included calculation of both, the 
descriptive and inferential statistics. The results are pre-
sented as percentages (%) or means (M) with standard 
deviation (± S.D.). The chi-square test and Mann-Whit-
ney U test were used to compare demographic variables 
(gender and age) between the patients and controls. The 
comparison of DIO1 and DIO3 concentration between 
the subjects with COPD and the controls was performed 
using the non-parametric Mann-Whitney U test. Pearson’s 
correlation was calculated to evaluate the relationships be-
tween the analyzed protein levels and other variables. Sta-
tistical significance was defined as p<0.05 for all analyses.

RESULTS

The group of COPD patients consisted of 19 (38%) 
females and 31 (62%) males, with mean age of 65.7±8.2 
years (range: 50–81 years). Amongst the 30 volun-
teers from the control group, 16 (53.33%) were female 
and 14 (46.67%) male, with mean age of 62.7±7 years 
(range: 52–74 years). The baseline characteristics of the 
subjects, together with anthropometric and spirometric 
data, are summarized in Table 1. There were no dif-

ferences with respect to age (z=1.61, p=0.1), gender 
(χ2=1.79, p=0.1808), and BMI (z=0.79, p=0.43). Dif-
ferences between the COPD patients and the controls 
were observed in terms of WHR (z=3.81, p=0.000137). 
A significant reduction in FEV1, FV1/CV, and FVC in 
the COPD patients was acknowledged after a compari-
son with the controls, with z=–7.45108, p<0.001, z=–
7.05856, p<0.0001, and z=–7.19838, p<0.0001, respec-
tively.

The obtained results confirmed that DIO2 levels were 
significantly higher in the serum of the patients suffer-
ing from COPD when compared to the healthy controls. 
Detailed data are presented in Table 2. We also inves-
tigated correlations between DIO2 and chemerin levels 
and the respiratory function parameters. No correlations 
were observed (data are presented in Table 3) between 
the investigated molecules levels and FEV1 values in 
controls (for DIO2 r=–0.15, for chemrin r=–0.015; 
p>0.05) and patients (for DIO2 r=–0.046, for chemerin 
r=–0.13; p>0.05).

DISCUSSION

Currently, the focus of many research studies is placed 
on the significance of biomarkers in respiratory dysfunc-

Table 1. Baseline characteristics of the study population, including antropometric and spirometric data

Healthy controls

Parameters Mean Median Minimum Maximum Standard deviation

Age (years)
Age women (yeras)
Age men (years)
BMI (kg/m2)
WHR
FEV1
FEV1/VC
FVC

62.7
62.2
63.2
25.0
0.8
102.8
100.4
109.4

63
62
63.5
25.2
0.9
102
97.5
109

52
53
52
17.7
0.69
87
82
85

74
74
74
33
1.0
116
134
128

7
7.1
7.1
4.6
0.1
6.0
11.6
11.1

Patients with COPD

Age (years)
Age women (years)
Age men (years)
BMI (kg/m2)
WHR
FEV1
FEV1/VC
FVC

65.7
66.1
65.5
27.6
1
40.1
65.5
65.8

65.5
67
65
25.7
1
38.5
60.5
64.5

50
50
52
16.80
0.75
17
39
36

81
81
78
97.3
1.3
63
96
118

8.2
8
8.4
11.3
0.1
14.0
16.6
13.3

Table 2. Statistical analysis describing differences in the protein levels between controls and COPD patients

Variable Healthy controls COPD Patients Statistical Analysis

DIO2 U/L
Mean
Median
Minimum
Maximum
Standard deviation

13.1
10.5
0.11
69
13.1

50.3
52.0
3.74
92.7
23.2

z=6.15
P<0.00001

Chemerin ng/ml
Mean
Median
Minimum
Maximum
Standard deviation

100.701
96.063
4.693
272.19
53.805.5

107.559
86.278
5.506
579.641
86.696

z=–0.61
P=0.54

HS–CRP mg/L
Mean
Median
Minimum
Maximum
Standard deviation

3.816
3.824
1.14
9.39
1.959

9.721
8.919
2.487
22.807
4.911

z=5.62
P<0.00001

COPD, chronic obstructive pulmonary disease; DIO2, deiodinase type 2, HS-CRP, high sensitive C, reactive protein
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tions. This study was intended to test serum concen-
trations. The authors compared serum molecule levels, 
such as deiodinase type 2 and chemerin, in patients di-
agnosed with COPD. According to the latest scientific 
data, DIO2 is not only involved in TH synthesis, but 
also in the immune- and inflammation-related mecha-
nisms (Kwakkel et al., 2014). The investigated molecules 
may play an important role in COPD, i.e. a disease with 
inflammatory mechanisms. This study demonstrated that 
DIO2 and chemerin are detectable in the serum of pa-
tients with COPD and in healthy controls. The main 
finding of this study is that DIO2 serum levels are high-
ly increased in the patients suffering from COPD. To 
the best of our knowledge, and due to the fact that we 
were not able to find any other data on DIO2 concen-
tration in COPD, this is the first study addressing and 
investigating this particular issue.

The investigated molecule was of interest in terms of 
other pulmonary-related diseases. Barca-Mayo and oth-
ers (Barca-Mayo et al., 2011) had investigated the role of 
DIO2 in response to acute lung injury (ALI) in epithelial 
and pulmonary endothelial cells. Similar to our results, 
both, the DIO2 immunoreactivity and enzymatic activity, 
had increased. This suggests that higher levels of DIO2 
may play a protective role against the lung injury, as the 
injury was more severe in D2 knock-out mice (D2KO) 
(Barca-Mayo et al., 2011). A significant increase in the 
gene and protein levels was also found in the lung tis-
sue in a murine ALI model. In addition, an allele of the 
Thr92Ala single nucleotide polymorphism, related to a 
higher expression level, had a protective function in se-
vere sepsis and severe sepsis-associated ALI (Ma et al., 
2011). The protective effect may be explained in a mul-
tidirectional manner. One mechanism may include the 
effects of DIO2 on the TH levels. It is widely known 
that a severe illness, such as for example acute lung in-
jury, is characterized by a non-thyroidal illness known as 
decreased T4 and T3 serum levels (Pappa et al., 2011). 
DIO2 may work as a compensatory mechanism during 
the injury when hepatic/renal DIO1 production is re-
duced. An increase in DIO2 may be considered a pro-
tective mechanism against inflammation. DIO2 could 
be upregulated as part of the inflammatory pathway via 
NF-κB, which is also strongly involved in acute lung 
injury and COPD (de Vries et al., 2014). Marked up-
regulation of DIO2 expression was observed by Kwak-
kel and others (Kwakkel et al., 2014) during acute and 

chronic inflammation. These researchers had suggest 
that DIO2 is important for macrophage phagocytic ca-
pacity. Increased DIO2 levels also result in higher TH 
levels, which are known to enhance the following ele-
ments of inflammation: respiratory bursts, iNOS activa-
tion, cytokine production, and bacterial killing (Chen et 
al., 2012). The local role of DIO2 in thyroid hormone 
transformation must be of importance for the inflamma-
tory response and favors the innate immune response, as 
DIO2 deficiency results in proinflammatory expression 
(Barca-Mayo et al., 2011; Kwakkel et al., 2014). Wittmann 
and others (Wittmann et al., 2014), who had observed a 
cell type-specific and highly inducible nature of DIO2 
expression by inflammation, claimed that DIO2 was in-
volved in inflammation. Moreover, according to Chen 
and others (Chen et al., 2012), suppression of selenopro-
teins, such as DIO2, resulted in strong pro-inflammatory 
effects with increased expression of interleukin-1 and cy-
clooxygenase type 2.

To shortly sum up, an increase in DIO2 levels in 
COPD may by a complex issue, associated with TH syn-
thesis, modulation and control of the immune function.

Chemerin was yet another molecule of interest in our 
study. This adipokine demonstrates immunomodulating 
activity and is regulated by proinflammatory cytokines, 
such as TNF-α, IL-6, IL1β (Kaur et al., 2010).

The results of our study did not confirm any signifi-
cant differences in the chemerin levels between patients 
suffering from COPD and the healthy controls. Accord-
ing to the best of our knowledge, based on the available 
literature, there are only three studies estimating chemer-
in in COPD. The results of these studies are not in line 
with our results, hence an open discussion and further 
exploration of the role of chemerin in COPD are nec-
essary. Li and others (Li et al., 2016) used ELISA to de-
tect plasma chemerin levels in COPD. These researchers 
had observed that chemerin levels might be a prognos-
tic factor for COPD and might reflect lipid metabolism. 
The patients enrolled in that study were divided into two 
groups, taking into account the body mass index (thin 
group with BMI≤18.5 kg/m2 and normal group with 
BMI≥18.5 kg/m2). The collected data had shown differ-
ences in the chemerin levels between the patients and 
heathy controls. When compared with the control group, 
plasma levels of chemerin were elevated in the COPD 
group during acute exacerbation and remission stages. 
The plasma levels of chemerin in the normal group were 

Table 3. Correlation between DIO2, chemerin protein levels and other parameters

Healthy controls n r Patients with COPD n R

DIO2 & age
DIO2 & BMI
DIO2 & WHR
DIO2 & chemerin
DIO2 & HS-CRP
DIO2 & FEV1
DIO2 & FEV1/VC
DIO2 & FVC

30
30
30
30
30
30
30
30

0.236575
0.129686
0.426451
0.031367
–0.203578
–0.148490
–0.059227
–0.005650

50
50
50
50
50
50
50
50

–0.058321
0.181011
0.096871
–0.058315
–0.080361
–0.045653
0.215806
–0.129634

Chemerin & age
Chemerin & BMI
Chemerin & WHR
Chemerin & DIO2
Chemerin & HS-CRP
Chemrin & FEV1
Chemerin & FEV1/VC
Chemerin & FVC

30
30
30
30
30
30
30
30

0.351187
–0.306040
–0.246334
0.031367
0.269543
–0.014631
–0.286143
0.365811

50
50
50
50
50
50
50
50

–0.009996
–0.001541
0.071330
–0.058315
–0.095915
–0.127662
–0.191124
–0.005087
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lower in comparison with the thin group. The plasma 
levels of chemerin in patients suffering from COPD, 
who were hospitalized for half a year or that had died, 
were higher than the plasma levels in COPD patients 
without hospitalization. In addition, there was a correla-
tion between chemerin and lipid levels, such as the total 
cholesterol, triglyceride, and high-density protein levels. 
Similarly, an increase in the plasma levels of chemerin in 
patients diagnosed with COPD and the relationship with 
total cholesterol and triglyceride levels were confirmed 
in the second study by Boyuk and others (Boyuk et al., 
2015).

The involvement of chemerin and chemerin-related 
signal was also confirmed in a murine cigarette smoke 
(CS) COPD. The obtained results revealed that subacute 
and chronic CS exposure caused increased protein levels 
of the ChemR23 ligand and chemerin in the bronchoal-
veolar lavage (BAL) fluid of wild-type (WT) mice. High-
er levels of the above-indicated molecules were positively 
correlated with massive accumulation of inflammatory 
cells, including neutrophils, monocytes or dendritic cells. 
In contrast, the inflammatory process was diminished in 
the BAL fluid and lungs of ChemR23 knockout mice 
(Demoor et al., 2011).

Results confirm that the two molecules investigated 
in our study are induced by the proinflammatory cyto-
kines characteristic for COPD, such as TNF-α, IL-6, 
IL-1β, and are positively correlated (Kaur et al., 2010; 
Kwakkel et al., 2014). Therefore, we aimed to find if 
there is a correlation between DIO2 and chemerin lev-
els in COPD. Nevertheless, the obtained results did not 
reveal any correlation between the molecules and their 
role in the mechanism involved in COPD. We have not 
observed correlation between DIO2, chemerin and the 
severity of the disease. Nevertheless, COPD is charac-
terized by persistent inflammation. Increased levels of 
DIO2 may result in a higher production and release of 
proinflammatory cytokines, promoting the occurrence 
and development of an inflammatory process.

LIMITATIONS

The study presented here has several limitations that 
need to be noted. Patients in this study continued to 
take their prescribed COPD medications during the en-
tirety of the study period. Nevertheless, a comprehen-
sive search of literature relevant to the subject matter 
did not yield any information that could link DIO2/
chemerin levels with various pharmacotherapies used for 
treatment of COPD. Yet another notable limitation of 
this study pertains to the lack of significant information 
about the patients’ thyroid hormone status. Undoubted-
ly, data demonstrating the patients’ TH serum concentra-
tions could add valuable information about the possible 
association(s) between DIO2 and the thyroid hormones.

CONCLUSION

COPD is considered to be a disease of systemic in-
flammation. Identification of biomarkers related to this 
process is a developing field. Chemerin and DIO2 are 
significantly linked to inflammation. The study presented 
here confirmed an association of circulating DIO2 in 
COPD. While recognizing that more studies need to be 
conducted in this subject matter, the data presented here 
continues to cautiously support our initial hypothesis 
that DIO2 may play a role in COPD, including in its 
inflammatory mechanism. However, other mechanisms 

might also be considered as responsible for that process. 
Further studies are necessary to investigate the biological 
function of DIO2 in COPD and its role in the occur-
rence and development of the disease. Nevertheless, we 
did not confirm the role of chemerin in the disease in 
question. Further research and studies on larger popula-
tions are needed to prove the results for both molecules.
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