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Abstract

Introduction: Chronic obstructive pulmonary disease (COPD) is character-
ized by the presence of depressive symptoms.

Methods: Cytokine and deiodinase iodothyronines (DIOs) levels were evalu-
ated in COPD patients and patients diagnosed with depressive disorder and
control individuals. using enzyme-linked immunosorbent assays.

Results: Interleukin 1B (IL-1B), and tumor necrosis factor-a (TNF-a) levels
were higher in COPD and depression patients than in control individuals.
DIO2 were significantly lower in COPD and recurrent depressive disorder
(rDD) patients than in controls.

Conclusions: Changes in the levels of IL-1B, TNF-a and DIO2 in COPD pa-
tients may explain the presence of depression in COPD patients.

Key words: cytokines, chronic obstructive pulmonary disease, depressive
disorder, deiodinase iodothyronine.

The large number of diagnoses of lung diseases results in the appear-
ance of different aspects of cures for pulmonary diseases. Decellular-
ized lung tissue can be used in the laboratory to study various aspects
of pulmonary biology and physiology [1]. Recently, a new strategy has
been proposed for the cellular engineering of lung tissue [2]. The main
components are three-dimensional (3D) scaffolds [3], a system that
supports active 3D composite biology [4] and a source of stem cells [5].
Biochemical and basic, peripheral examinations are still performed and
are needed. For example, peripheral diagnostic biomarkers are useful
for detecting hypertension [6]. Chronic obstructive pulmonary disease
(COPD) is a widely diagnosed lung disease worldwide [7]. The import-
ant inflammation-related part of the COPD mechanism is mostly un-
derstood. COPD is characterized by increased levels and activity of dif-
ferent immune cells that secrete a variety of inflammatory mediators,
including cytokines. A prominent role is played by interleukin (IL)-1B, IL-6,
tumor necrosis factor (TNF)-a, and interferon (IFN)-y, which are known
as master cytokines [8]. The presence of COPD reduces the quality of
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life. In particular, measuring quality of life is sug-
gested for older individuals [9]. The presence of
disturbances in mental health, including depres-
sive symptoms, and inflammation play important
roles in lowering the quality of life for COPD pa-
tients [10]. Studies involving patients diagnosed
with depression have found significant elevations
of pro-inflammatory cytokines in plasma and/or
serum levels that resulted in the formulation of
the “cytokine hypothesis of depression” [11]. The
main cytokines related to depression include IL-1,
IL-6, TNF-o, and IFN-y [11]. The occurrence of de-
pressive symptoms may result from direct inflam-
matory-related pathways, but this is not the only
possibility.

Both COPD and depressive disorder are charac-
terized by disturbances in thyroid hormone levels
[12, 13] affected by iodothyronine deiodinases
(DI10s), among other factors.

Recently, the deiodinase iodothyronines (DIOs)
have gained a “reawakened” interest as an im-
mune-inflammatory marker that can be induced
and/or interfere with cytokines. A correlation be-
tween cytokines and deiodinase expression levels
has been found.

For example, IL-1, IL-6, and TNF-a affect T3-me-
diated induction of mRNA for deiodinase type 1
(DIO1) [14]. Recently, the presence and subcellular
location of DIO3 at the transcriptional level have
been confirmed in human neutrophils [15]. DIO2
is known to be up-regulated in inflammation [16],
but its activity also is needed to determine proper
levels of triiodothyronine in the brain, while low
activity of DIO2 and T3 level are associated with
the presence of depressive symptoms [17].

Depressive disorder, similar to COPD, is one of
the most common diseases and imposes a heavy
burden on individuals and society [18]. Consid-
ering the frequent presence of depressive symp-
toms in COPD patients, there is an unmet need
to explain the mechanisms of action and identi-
fy the molecules that link COPD and depression.
Thus, peripheral biomarkers could be used to de-
termine the risk of depressive symptoms in COPD
patients.

The aim of this study was to evaluate the levels
of inflammatory and thyroid hormone metabo-
lism-related molecules that may explain the pos-
sibility of the presence of depressive symptoms in
COPD patients. We measured and compared the
profiles of four main cytokines, (master cytokines)
and DIOs, between COPD and recurrent depres-
sive disorder (rDD) patients and healthy controls

Methods. Subjects. A group of 23 patients (9
women, 14 men) with stable COPD (mean (SD),
median (IQR) age 67.3 (10.02); 67 (63-71)), 27
patients (9 women and 19 men) with rDD (mean
(SD), median (IQR) age, 57.4 (3.9), 57 (55-60))

and 25 (9 women, 17 men) healthy controls (age:
mean (SD) 52.3 (6.7), median (IQR) 57 (43-60))
participated in the study. Both COPD and rDD
were diagnosed according to the ICD-10 criteria.
For a detailed description of patients and controls
see Appendix 1. For cytokine and deiodinase io-
dothyronine measurements see Appendix 2. For
statistical analysis see Appendix 3.

Results. IL-1B was highest in COPD patients
(229.9,1QR 214.0-248.9) and differed significantly
when this group was compared with rDD patients
(116.4, IQR 106.3-124.7) and controls (64.24, IQR
58.9-81.3), p < 0.001. There was a significant dif-
ference in the concentration of IL-1 between rDD
patients and controls, p < 0.001 (Figure 1).

IL-6 concentrations were significantly higher in
COPD (3.9, IQR 3.1-4.7) and rDD (5.0, IQR 4.7-6.2)
patients than in controls (1.72, IQR 1.4-2.6), p <
0.001. IL-6 levels were highest in the rDD group
and differed significantly when compared to the
COPD group, p = 0.007 (Figure 1).

Concentrations of TNF-a were significantly
higher in COPD patients (8.5, IQR 5.5-15.1) and
in rDD patients (11.25, IQR 10.3-12.3) compared
to controls (4.6, IQR 4.1-5.4), p < 0.001. There was
no significant difference between COPD and rDD,
p > 0.05 (Figure 1).

Concentration of IFN-y was not significantly
higher in COPD patients (81.3, IQR 42.4-210.2)
when compared to rDD patients (47.6, IQR 42.7-
53.6), p = 0.1, but was significantly different
when compared to controls (45.3, IQR 42.9-49.1),
p = 0.025. IFN-y concentration did not differ sig-
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Figure 1 Distribution of concentrations of the
seven parameters studied by type of disease and
indication of significance of differences between
groups (“A” above the bars indicates significant
difference between COPD and rDD; “B” indicates
significant difference between COPD and Con-
trols; “C” indicates significant difference between
rDD and Controls. A bold italic capital letter means
a significance level of p < 0.001, an italic capital
letter without bold means a significance level of
p < 0.010, a capital letter without italics and with-
out bold means a significance level of p < 0.050.
Letters were given for the group with the higher
concentration)
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nificantly between rDD patients and controls,
p > 0.05 (Figure 1).

The highest presence of DIO1 was in COPD pa-
tients (95.6, IQR 48.2-115.8) and differed signifi-
cantly between rDD patients (17.34, IQR 15-24.1)
and controls (21.34, IQR 17.9-25.1), p < 0.001.
There was no difference between rDD and con-
trols, p > 0.05 (Figure 1).

The DIO2 value was higher in COPD patients
(53.1, IQR 30.4-64.3) and differed significantly
from rDD patients (36.0, IQR 31.9-38.2), p = 0.02.
The highest value was in the controls (67.6, IQR
63-80.2) and differed significantly from COPD
patients, p = 0.003, and rDD patients, p < 0.001
(Figure 1).

There were no significant differences in DIO3
values between the three investigated groups:
COPD patients (18.4, IQR 9.9-27.7), rDD patients
(15.44, 1QR 11.5-24.5), and controls (12.9, IQR
9.1-19.9), p » 0.05 (Figure 1).

In rDD patients, assessment of the relationship
revealed a correlation between DIO2 and IFN-y
(R = 0.47, p = 0.01) and a correlation between
DIO3 and IL-6 (R = 0.4, p = 0.04).

We did not observe any other correlation.

Discussion. To the best of our knowledge,
there is only one published study comparing the
inflammatory statuses between COPD patients
and those with depressive disorder [19]. Our study
provides novel information and confirms potential
inflammation-related and thyroid hormone-relat-
ed mechanisms involved in the development of
depressive symptoms in COPD patients. In addi-
tion, the results of our study identify molecules
that might participate in the development of de-
pressive symptoms in COPD patients.

IL-1B is a product of pro-IL-1B activation by
caspase-1. The expression and activity levels of
caspase-1 are promoted after processing by the
nucleotide oligomerization binding domain-like
receptor protein (NLRP3) inflammasome com-
plex, which generates biologically active IL-1P
[20]. Thus, the expression and activity levels of
caspase-1 may determine IL-1B production and
differentiate between COPD and rDD patients. In
this case, the inflammasome is activated when
pathogen-associated molecular patterns (PAMPs)
are involved. PAMPs are important inducers of
inflammatory pathways in COPD [20], but few
have been investigated in depressive disorder. In-
creased levels of IL-1B, in particular, have been as-
sociated with increased inflammasome activation
in COPD patients [21].

The increased levels of IL-13 in COPD have been
associated with increased inflammasome activa-
tion in COPD patients [21], while the mRNA levels
of AIM 2, a component of inflammasomes that
can activate caspase-1, were similar between in-
dividuals with depressive symptoms and non-de-

pressed participants [22]. The IL-1B precursor is
processed by other serine proteases, including
neutrophil proteases, such as elastase, chymase,
and granzyme A. Regarding IL-1P formation, one
explanation for the differences between COPD
and rDD is that they may result from neutrophil
infiltration and/or the levels and activity of the
abovementioned proteases [23].

The differences in the levels of IL-1B between
COPD and rDD patients may result from high air-
way cell secretion and increased expression levels
of systemic IL-1B. Many other factors influence
IL-1B levels. For example, IL-1B expression can
be promoted by the resistin-like molecule, which
is highly expressed in COPD patients [24]. Tissue
and cell distribution may also play a role in the
determination of its expression level. Differences
between lung and brain distribution may influence
the systemic levels, as well as the gut-lung axis
and gut-brain axis. The microbiome, the gut-lung
axis and the gut-brain axis may influence inflam-
mation, as the microbiome can affect the NLRP3
inflammasome response and IL-1 expression [25].

IL-6 has pro- and anti-inflammatory activities.
Higher IL-6 levels in rDD may reflect the anti-in-
flammatory pathway of II-6 signaling. Patients in
our study were treated with antidepressants with
anti-inflammatory properties [26]. Kubera et al.
[27] found that antidepressants increase IL-6 in
animal models and in humans with depression.

Regarding the above, the differences in the lev-
els of IL-6 between COPD and rDD patients may
result from multidirectional processes. High IL-6
levels in rDD patients may reflect the anti-inflam-
matory pathway of Il-6 signaling. This suggestion
can be supported by the fact that the patients
included in our study were treated with antide-
pressants that have anti-inflammatory properties
[26]. Antidepressants have been found to signifi-
cantly decrease serum soluble IL-6R levels and
IL-6 trans-signaling pathways [28]. In our study,
higher levels of IL-6 in depression patients than
in COPD patients may indicate a potential protec-
tive role of IL-6 in brain cells. This may influence
peripheral levels due to bidirectional communica-
tion between the central nervous system and the
periphery.

TNF-a is an important cytokine as its actions
are numerous and diverse. TNF-a is mainly pro-
duced by macrophages. Many inflammatory me-
diators stimulate the secretion of TNF-a, for ex-
ample lipopolysaccharide (LPS), IL-1pB, IFN-y as well
TNF-a itself [29].

The differences in the levels of TNF-o between
COPD and rDD were not significant.

Such results may suggest that the TNF-a.-relat-
ed pathway is similarly involved in both diseases
and that TNF-a. can be a risk factor for the possible
development of depressive symptoms in COPD pa-
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tients. Activation of intracellular signals through
the TNF receptor is important in the production
of pro-inflammatory cytokines, chemokines, in-
ducible nitric oxide synthase (iNOS), cyclooxygen-
ase-2 (COX-2) and TNF-a itself [29]. Considering
the above, studies including anti-TNF-a therapy
might be conducted, regarding the possibility of
depression treatment in COPD patients.

We observed significantly higher IFN-y levels in
COPD patients compared to rDD patients and the
controls and did not confirm the results of Rybka
et al. [19], who suggested IFN-y as a link between
COPD and rDD. IFN-y levels are highly increased
in COPD patients during exacerbation but have
also been observed to be lower in stable COPD pa-
tients than in control individuals [30]. IFN-y levels
were associated with Haemophilus influenzae col-
onization in COPD patients [31]. IFN-y also plays
an important role in depression. It has been ob-
served that the administration of IFN-y in humans
produces symptoms of depression, and lympho-
cytes from depressed patients release more IFN-y
than those from healthy control individuals [32].
The explanation for the high IFN-y levels in rDD
patients presented by Rybka et al. [19] can be re-
lated, for example, to increased glucocorticoid sig-
naling and activity of the HPA axis [33].

COPD patients had the highest levels of DIO1
when compared to rDD patients and the controls,
which cannot be explained by the correlation with
the investigated cytokine. The above results have
not confirmed previous findings about the abili-
ty of cytokines to reduce the expression of DIOs.
DIO2 levels were found to be significantly lower in
COPD and rDD patients than in the controls and
may suggest the molecule involved in the devel-
opment of depressive symptoms in COPD, not only
by inflammatory-related mechanisms but also by
the influence of thyroid hormone levels or even
other unexplored mechanisms. DIO2 is a determi-
nant of the tissue-specific levels of T3, including
those in brain areas [34].

The inducible nature of DIO2 during inflamma-
tion has also been reported [35]. The results of
our study may not suggest a possible direct role
of DIO2 as an inflammation-related molecule in
COPD and rDD. Our data are opposite to the find-
ings of Kwakkel et al., who observed increased ex-
pression of DIO2 during acute and chronic inflam-
mation. Lower levels of DIO2 may result in lower
T3 levels in the brain. Decreases in DIO2 in COPD
and rDD patients may suggest the possibility of
the presence of depressive symptoms in COPD pa-
tients as a result of lower levels of T3, especially in
the brain. This should be considered a risk factor
for the development of depressive symptoms in
COPD patients.

In addition, in cases with microbial infection,
lower thyroid hormone (TH) levels may not reduce

bacterial inflammation, as TH are able to induce
processes leading to bacterial killing [36].

DIO3 is the main determinant of rT3 but DIO3
involvement in inflammation is described.

For example, DIO3 is highly expressed in in-
flammatory lesions [37]. Nevertheless, our study
did not confirm the role of DIO3 in inflammatory
related diseases such as COPD and rDD.

In conclusion, IL-1B, TFN-a, and DIO2 might
be suggested as putative agents that may be
risk factors for the possible development of de-
pressive symptoms in COPD patients. Patients
with COPD having high levels of IL-1B and TNF-a.
and lower levels of DIO2 compared to healthy
controls are suggested to be examined for the
presence of mood disorders including depressive
symptoms.

There are some limitation to this study. It is
a single center study with a relatively small sample
size, which might represent sampling bias. Obesi-
ty was not estimated in the participants and obe-
sity was not an exclusion criterion. The smoking
status was not evaluated in the whole group of
participants. Patients included in the study were
under medication, which might have affected the
results. The results of this study showed signifi-
cant differences but are of preliminary nature and
should be interpreted with caution. The number
of patients per group needs to be increased and
more exclusion criteria should be used for further
studies.
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Comparing chronic obstructive pulmonary disease and depressive disorder in terms of inflammation-related biomarkers

Appendix 1

For COPD patients the pulmonary function was
tested using a spirometer in a sitting position after
a minimum 15-minute rest. The patients were in-
structed to avoid short-acting B,-agonists at least
6 h before testing and long-acting B, agonists at
least 12 h prior to the lung function test. Gasom-
etry was measured using arterial blood. Exacer-
bations in the course of the study were excluded
based on laboratory tests (blood cell count with
smear, CRP) and clinical presentation (absence
of dyspnea, normal body temperature, no green
sputum expectoration). Lung tumors were exclud-
ed using radiological modalities (X-ray, computed
tomography). All the patients were ex-smokers. In
the study group, smoking history totaled between
25 and 40 years, and the average number of packs
of cigarettes per year was 25.

For rDD patients, the number of depressive epi-
sodes, the duration of the disease and the number
of hospitalizations were recorded for each patient.
The severity of depression was also estimated.
The group of control subjects comprised individ-

Appendix 2

Venous blood samples were drawn and collect-
ed into sterile tubes (2 x 5 ml) without anticoag-
ulants and stored at room temperature for about
30 min to enable clot formation; then the sam-
ples were centrifuged for 15 min at approximately
1000 x g. After the centrifugation, the serum was
removed and aliquots were stored at —80°C.

Human IL-1B, IL-6, TNF-a, IFN-y ELISA Kit (R&D
Systems, INC. MIN USA, cat. No No.DLB50, D6050,
DTAQOC, DIF50; respectively), DIO1, DIO2 and DIO3
were measured using the commercially available
Human DIO1 ELISA Kit (MyBiosourse, San Diego,

Appendix 3

The results of the measurements were ana-
lyzed by descriptive statistics including the mean
(SD) and median (IQR). Since the data could not
be assumed to be normally distributed, the Krus-
kal-Wallis test with the post hoc test and Spear-

uals selected among healthy community individu-
als invited to take part in the study based on the
absence of diagnostic criteria of COPD and rDD.
Both patients and controls with other psychiatric
diagnoses concerning axes | and Il disorders and
other medical illnesses (i.e. endocrine disorder,
cancers, chronic infections, immune-inflamma-
tory diseases) were excluded from the study. All
patients were on their usual medication at the
time of blood collection. COPD diagnosed patients
were treated with a f2-mimetic, cholinolytic and
some received inhaled steroids. Depressed pa-
tients were treated with selective serotonin re-up-
take inhibitors (SSRI), serotonin-noradrenaline
re-uptake inhibitors (SNRI) and a tricyclic antide-
pressant (TCA). All procedures were reviewed and
approved by the Local Bioethics Committee. Writ-
ten informed consent was obtained from all the
participants of the study. All patients and control
subjects who participated in this study were un-
related and native inhabitants of central Poland.

CA, USA; MBS055509, MBS039426, MBS108556,
respectively). All calculations were performed ac-
cording to the instructions and protocols provid-
ed by the manufacturers. The absorbance of the
samples was measured using a Multiskan Ascent
Microplate Photometer (Thermo Labsystems) at
A = 450 nm. Analytical curves for the analyzed
proteins were worked out to determine protein
concentration. Serum IL-1pB, IL-6, TNF-o. and IFN-y
values were presented as pg/ml. Serum DIO1,
DIO2 and DIO3 were presented as U/L.

man’s rank correlation coefficient were calculat-
ed to find differences or correlations. Differences
were considered significant if the p-value was
0.05 or less.
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