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Inflammatory, anti-inflammatory and requlatory cytokines in relatively healthy
lung tissue as an essential part of the local immune system

Zane Vitenberga, Mara Pilmane

Background. The innate and adaptive immune systems in lungs are maintained not only by immune cells but also by
non-immune tissue structures, locally providing wide intercellular communication networks and regulating the local
tissue immune response.

Aims. The aim of this study was to determine the appearance and distribution of inflammatory, anti-inflammatory and
regulatory cytokines in relatively healthy lung tissue samples.

Material and Methods. We evaluated lung tissue specimens obtained from 49 patients aged 9-95 years in relatively
healthy study subjects. Tissue samples were examined by hematoxylin and eosin staining. Interleukin-1 (IL-1), interleu-
kin-4 (IL-4), interleukin-6 (IL-6), interleukin-7 (IL-7), and interleukin-10 (IL-10) were detected by an immunohistochemistry
(IMH) method. The number of positive structures was counted semiquantitatively by microscopy. Non-parametric tests
were used to analyse the data.

Results. IL-1-positive cells were mostly found in the bronchial cartilage and alveolar epithelium. Immunoreactive
lung macrophages were also found. The numbers of IL-4, IL-6, IL-7, and IL-10 containing cells were also found in the
bronchial epithelium (in addition to those previously listed). The number of positive structures varied from occasional
to moderate, but was graded higher in cartilage. Overall, fewer IL-1-positive cells and more IL-10-positive cells were
found. Almost no positive structures for all examined cytokines were found in connective tissue and bronchial glands.
Conclusions. Relatively healthy lung tissue exhibits anti-inflammatory response patterns. The cytokine distribution
and appearance suggest persistent stimulation of cytokine expression in lung tissue and indicate the presence of
local regulatory and modulating patterns. The pronounced cytokine distribution in bronchial cartilage suggests the
involvement of a compensatory local immune response in the supporting tissue.
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INTRODUCTION immunocompetent cells. Interestingly, epithelial tissue
is among the structures that possess immunogenicity®’.
The complexity of the lung immune system extends The airway epithelium works as a physical barrier

beyond immunocompetent cells and their wide intercel- in lungs to maintain effective mucociliary clearance®’.
lular signalling networks. Lung tissue immunity harbours =~ Mucus covers the upper surface of the epithelium and
necessary structures and forces for pathogen recogni- actively serves as an environment capable of preventing
tion, also maintaining various immune response types airways from possible inhaled harm?®°,
and tissue repair. In general, the lung innate and adap- Macrophages resident in non-immune tissue partici-
tive immune system in its steady state exhibits a gener-  pate in tissue-specific homeostasis. Interestingly, tissue-
ally anti-inflammatory environment!. Failure of immune  specific macrophages able to secrete extensive types of
response regulation might lead to a disrupted normal lung  various biological molecules provide unique landscapes
tissue architecture and structure due to minor and major  both in steady and active states, mirroring the ontogenetic
structural changes?. and microenvironment background related to their role
The barrier functions of epithelial tissue in the lung  in shaping local homeostasis!"'>. Moreover, tissue macro-
environment are essentially responsible for a major por-  phages residing in certain organ-specific environments dis-
tion of tissue homeostasis’. Epithelial tissue works as an  play high plasticity and may shape their cellular identity'>.
outline barrier in the respiratory system®*. Apart from The interleukin-1 (IL-1) family has been found to have
true immune cells, epithelial tissue and its communication  auto-inflammatory and autoimmune properties; however,
with other tissue structures design and shape signalling  IL-1 itself is a pro-inflammatory cytokine. IL-1 regulates
pathways to produce local immunity®. We can highlight  the innate and adaptive immune system towards the ini-
the novel understanding of immune system, for which im-  tiation and amplification of the immune response into
munogenic properties have been described in other than  inflammation and regulates tissue damage. As a result
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of the IL-1 presence in tissue, the recruitment of macro-
phages is a local immune response'.

IL-4 is a key cytokine in the development of allergic
inflammation and an important local factor participating
in cell signalling due to allergen exposure'®. IL-4 increases
fibroblast proliferation and the secretion of extracellular
matrix components leading to fibrosis'®. IL-4 also highly
promotes the pathogenesis of both allergy and asthma'’.

IL-6 is a pro-inflammatory cytokine; however, the im-
portant anti-inflammatory and regenerative nature of IL-6
has also been described’®. Furthermore, the IL-6-medi-
ated profibrotic properties through the direct activation
of fibroblasts and numerous indirect mechanisms have
been reviewed!s".

1L-7 is also a cytokine with pleiotropic functions;
however, IL-7 mostly functions as an immunoregulatory
cytokine. Wide research has established IL-7 as the regu-
lator of lymphocyte overall development, maintenance
and homeostasis?. IL-7 increases lymphoid cell lineage
re-population and generation, serving as a lymphoid re-
generative factor?'. Cytokine IL-7 is involved in the early
development and further maintenance of T cells'"?'.

Immunity concepts have been reviewed with interest
when considering the possible non-immune cell response
to various inflammatory mediators as well as the produc-
tion of their own pro-inflammatory, regulatory and anti-
inflammatory mediators, not only by macrophages and in
surface structures but also deeper in the tissue underlying
the epithelium.

Thus, the aim of the present study was to perform a
routine histological analysis and determine the appearance
and relative distribution of interleukins (IL)-1, IL-4, IL-6,
IL-7, and IL-10 in relatively normal lung tissue material.

MATERIALS AND METHODS

Patients

We evaluated lung tissue material obtained during a post
mortem autopsy from forty-nine patients aged 9 to 95 years
in relatively healthy study subjects. Among the diagnoses
of the study subjects were heart disease (mostly sudden
cardiac death) or death of the patients by either intentional
self-harm (suicide) or unintentional major injury due to
trauma. Tissues with surgically and histologically clear re-
section margins of suspected cancer patients were included
in this study. Patients with severe respiratory conditions
and failure, with any history of acute or severe chronic
respiratory pathology, and treated with medications con-
flicting the possible results of this study, as well as tissue
samples with pathological findings determined in routine
histological analysis, were not included in this study.

All authors hereby declare that all experiments were
examined and approved by the appropriate ethics com-
mittee and were therefore performed in accordance with
the ethical standards laid down in the 1964 Declaration
of Helsinki. This study was approved by the Ethical
Committee of Pauls Stradins Clinical University Hospital
dated January 23, 2013.
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Methodology

Soft tissue material pieces with an approximate size of
1 cm? were taken during the autopsy and further fixed in a
mixture of 2% formaldehyde and 0.2% picric acid in 0.1 M
phosphate buffer (pH 7.2). Afterwards, the tissue samples
were rinsed in thyroid solution, containing 10% sucrose
for 12 h. Continuing the rinsing, tissue specimens were
embedded in paraffin. Six to seven micrometre (um) thin
tissue sections were cut to proceed with staining. Routine
histological staining with hematoxylin and eosin was used
for each case to obtain review photographs of each tis-
sue material. All the tissue specimens were examined by
bright field microscopy.

From sixty-nine tissue materials in total, we excluded
twenty tissue specimens because pathological findings
(e.g., massive immune cell infiltrations, bleeding, emphy-
sema) were observed by bright field microscopy, despite
the clear medical history.

Forty-nine tissue sections were prepared for the detec-
tion of cytokines IL-1a, IL-4, IL-6, IL-7, and IL-10 using
the biotin-streptavidin immunohistochemistry (IMH)
method??. The characteristics and parameters of the pri-
mary antibodies used in this study were as follows:
IL-1a (code: sc-9983, mouse, work dilution 1:50,
Santa Cruz Biotechnology),

IL-4 (code: orb10908, rabbit, work dilution 1:100,
Biorbyt),

IL-6 (code: sc-130326, mouse, work dilution 1:50,
Santa Cruz Biotechnology),

IL-7 (code: orb48420, rabbit, work dilution 1:100,
Biorbyt),

IL-10 (code: P22301, rabbit, work dilution 1:400,
BioSite).

The samples were examined under bright field mi-
croscopy using a Leica DC 300F camera microscope
for conventional histological photographs. The acquired
photographs were analysed using the picture visualization
program Image Pro Plus.

We examined the appearance and distribution of cyto-
kine-containing structures, where the relative number of
positive immunohistochemical structures in the epithelial
tissue (precisely epithelial cells, both ciliated and secreto-
ry), connective tissue (fibroblasts), bronchial glands (both
serous and mucous glandulocytes), bronchial cartilage
(chondroblasts, chondrocytes), and alveolar epithelium,
as well as cytokine-containing alveolar macrophages, were
graded semi-quantitatively?>*.

The following scale of the semi-quantitative method
was used, counting the immunoreactive (positive) struc-
tures seen in the visual field: 0 - no positive structures
(0%), 0/+ - occasional positive structures (12.5%), + -
few positive structures (25%), +/++ - few to a moderate
number of positive structures (37.5%), ++ - moderate
number of positive structures (50%), ++/+++ - moderate
number of to numerous positive structures (62.5%), +++
- numerous positive structures (75%), +++/++++ - numer-
ous to abundant positive structures (87.5%), ++++ - abun-
dance of positive structures (100%) observed in the visual
field.
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Fig. 1. Representative microphotographs of relatively healthy lung tissue examined by routine histological staining with hematoxylin
and eosin (a) and detection of cytokines IL-1a, IL-4, IL-6, IL-7, and IL-10 using the biotin-streptavidin immunohistochemistry
(IMH) method (b - f). (a) An arrow marks dust-containing macrophages in the lung tissue of a 29-year-old male. Hematoxylin and
eosin, X250. Scale bar, 16 um. (b) Note the numerous IL-4-containing alveolar epithelial cells and alveolar macrophages (arrows)
in the lung tissue of a 56-year-old male. IL-4 IMH, X200. Scale bar, 20 um. (c) Note the moderate number of IL-6-containing
bronchial epithelial cells in the squamous metaplastic epithelium in the lung tissue of a 45-year-old male. IL-6 IMH, X250. Scale
bar, 16 um. (d) Note the moderate IL-7-containing bronchial epithelial cells and few connective tissue fibroblasts indicated with an
arrow (d) in the lung tissue of an 81-year-old female. IL-7 IMH, X400. Scale bar, 10 um. (e) Note the moderate IL-10-containing
bronchial epithelial cells in the lung tissue of a 27-year-old female. IL-10 IMH, X400. Scale bar, 10 um. (f) Note the moderate IL-
10-containing hypertrophic hyaline cartilage cells in a large bronchus wall of a 30-year-old male. IL-10 IMH, X250. Scale bar, 16 um.
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Table 1. Appearance and distribution of cytokines in 49 lung tissue specimens of relatively healthy humans.

Bronchial Alveolar Alveolar
cartilage epithelium macrophages
Mdn Q Q, Mdn Q Q, Mdn Q Q,

Bronchial Connective Bronchial
epithelium tissue glands
Mdn Q, Q, Mdn Q Q, Mdn Q Q,
IL-1 05 O 1.0 05 O 1.0 0 0 0
IL-4 15 075 1.5 05 0 0.5 05 0
IL-6 10 10 25 05 O 0.5 0 0 0
IL-7 125 10 15 05 O 1.0 05 0
IL-10 125 10 15 10 05 10 05 O

0.5
1.0

10 05 10 05 05 15 05 05 10
05 05 10 10 05 175 15 05 20
10 05 20 10 05 10 15 05 20
20 L5 25 10 075 20 075 05 20
.75 1.5 25 10 05 20 15 10 20

“0” - no positive (0) structures seen in the visual field, “0.5” - rare (0/+) positive structures seen in the visual field, “1.0” - few (+) positive struc-
tures seen in the visual field, “1.5” - few to a moderate (+/++) number of positive structures seen in the visual field, “2.0” - moderate (++) number
of positive structures seen in the visual field, “2.5” - moderate to numerous (++/+++) positive structures seen in the visual field, “3.0” - numerous
(+++) positive structures seen in the visual field, “IL-1” - interleukin-1, “IL-4” - interleukin-4, “IL-6" - interleukin-6, “IL-7” - interleukin-7, and
“IL-10” - interleukin-10, “Mdn” - Median value, “Q,” - 25" percentile value (1* Quartile), “Q,” - 75" percentile value (3" Quartile).

All the acquired data were ranking as ordinal values,
where no positive structures (0) seen in visual field of
bright field microscopy were ranked with the value of 0,
occasional positive structures (0/+) were ranked with the
value of 0.5, few positive structures (+) were ranked with
the value 1.0, ef cetera. The maximum grade of abundance
of positive structures (++++) in the visual field was ranked
with the value of 4.0.

To perform the statistical analysis, we used nonpara-
metric statistical methods.

* From the parameters analysed in descriptive statistics,
the median (Mdn) value and interquartile range (IQR)
were determined.

* The Wilcoxon matched pairs Signed Rank Test was
conducted to determine whether there was a differ-
ence in the number of positive structures of one exam-
ined cytokine (dependent variable) in two different tis-
sue types (independent variables, e.g., related groups),
as well as to evaluate the positive ranks, negative ranks
and ties. The data are medians unless otherwise stated.

* Spearman's rank-order correlation was run to deter-
mine the relationship between the number of cyto-
kine-containing structures in one type of tissue and
in a different tissue, as well as with age. We evaluated
the correlation coefficient as follows: The closer r_
(Spearman’s rho) is to +1, the stronger the positive
correlation. The closer r_is to -1, the stronger the nega-
tive correlation. The r_value of 0.00-0.30 is regarded
as a negligible correlation; 0.30-0.50, as low; 0.50-0.70,
as moderate; 0.70-0.90, as strong; and 0.90-1.00, as a
very high (very strong) correlation?.

The statistical analysis was performed using the
statistical program SPSS Statistics, version 22.0 (IBM
Company, Chicago, USA). In all the statistical analyses,
Pvalues < 0.05 were considered statistically significant.

RESULTS

Routine histology
Among the minor pathological findings, we evalu-
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ated emphysematous lung tissue regions not larger than
one visual field of bright field microscopy in two elderly
patients. In the tissue materials of three patients, in-
creased smooth muscle cell proliferation was seen as a
minor pathological finding in the wall of a conducting
bronchus or bronchiole. Neoangiogenesis with few small-
calibre capillaries in the lung tissue parenchyma was seen
in one case. Sclerotized blood vessels were found in the
tissue materials of three elderly patients; however, these
findings were rare in the whole tissue material. We found
hemosiderin-containing macrophages and dust-containing
macrophages (Fig. 1a) in three patients.

Interestingly, we found goblet cell hyperplasia in the
tissue material of one patient as a fragment of the lining
epithelium with a size not exceeding one visual field at
magnification X200. Goblet cell hyperplasia was seen as
a unique lining epithelium covering the wall of a large-
calibre bronchus. Normal ciliated cells were partially re-
placed by an abundance of goblet cells.

Immunohistochemistry

The number of IL-1-positive cells in the bronchial
epithelium and connective tissue varied from no positive
structures (0%) seen in the visual field to few-to-moder-
ate (+/++ or 37.5%) IL-1-containing structures (Fig. 1b).
Almost no positive (0%) structures for IL-1 were detected
in bronchial glands. Surprisingly, IL-1-containing struc-
tures in the bronchial cartilage were found more frequent-
ly. The number of IL-1-positive alveolar epithelial cells
varied from no positive structures in the visual field to a
moderate number (++ or 50%) observed. The count of
IL-1 immunoreactive macrophages was also found to be
variable, numbering from occasional (0/+ or 12.5%) to
almost numerous (+++ or 75%) IL-1-containing macro-
phages. In summary, more IL-1 positive tissue structures
were found in bronchial cartilage and alveolar epithelium,
ranging from occasional (0/+ or 12.5%) to few (+ or 25%)
immunoreactive structures seen in the visual field. No
positive (0%) to only a few (+ or 25%) positive cells were
found in the bronchial epithelium, connective tissue and
bronchial glands.

IL-4-containing bronchial epithelial cells varied from
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Table 2. Summary of Spearman's rank-order correlation analysis to determine the strong relationship (0.70 > |rs| > 0.90)
between the numbers of cytokine-containing structures in different tissues. The results are ordered in descending order by cor-
relation coefficient rs (Spearman’s rho).

Tissue group (evaluated cytokine) n r P
Alveolar epithelium (IL-1) Alveolar epithelium (IL-4) 24 0.823 <0.0005
Alveolar epithelium (IL-1) Bronchial glands (IL-6) 18 0.809 <0.0005
Alveolar epithelium (IL-4) Alveolar epithelium (IL-10) 24 0.804 <0.0005
Alveolar epithelium (IL-1) Alveolar epithelium (IL-10) 24 0.778 <0.0005
Bronchial epithelium (IL-10)  Alveolar epithelium (IL-10) 19 0.769 <0.0005
Alveolar epithelium (IL-1) Alveolar epithelium (IL-7) 24 0.767 <0.0005
Alveolar epithelium (IL-6) Bronchial glands (IL-10) 18 0.763 <0.0005
Alveolar macrophages (IL-4)  Bronchial glands (IL-10) 19 0.742 <0.0005
Alveolar epithelium (IL-1) Bronchial epithelium (IL-10) 19 0.715 0.001
Alveolar epithelium (IL-1) Bronchial glands (IL-10) 18 0.711 0.001

G

n” - pairs analysed in Spearman’s rank-order correlation analysis, rs - correlation coefficient (Spearman’s rho), “P” - P values < 0.05 are consid-

ered statistically significant, “IL-1” - interleukin-1, “IL-4” - interleukin-4, “IL-6” - interleukin-6, “IL-7” - interleukin-7, and “IL-10" - interleukin-10.

occasional (0/+ or 12.5%) to numerous (+++ or 75%) IL-4
positive cells. The number of IL-4-containing fibroblasts
in the connective tissue varied from no positive (0%)
structures to a moderate number (++ or 50%), except for
two cases, where we evaluated numerous (+++ or 75%)
IL-4-positive fibroblasts. Almost no positive (0%) to oc-
casional (0/+ or 12.5%) IL-4 positive glandulocytes and
connective tissue fibroblasts were found in this study.
Overall, the appearance of IL-4 positive structures in the
bronchial cartilage and alveolar epithelium was graded
from no positive (0%) structures to a moderate number
(++ or 50%). The number of IL-4-containing alveolar
macrophages varied from occasional (0/+ or 12.5%) to
almost numerous (+++ or 75%).

The appearance and distribution of IL-6 among the
tissue groups of this study varied, ranging from occasional
(0/+ or 12.5%) structures in the connective tissue and in
the bronchial glands and mostly few (+ or 25%) struc-
tures in the alveolar epithelium. IL-6-containing struc-
tures were more prominent in the bronchial epithelium
(Fig. 1c) and in the bronchial cartilage, mostly ranging
from few to moderate (+/++ or 37.5%). In addition, few
to moderate IL-6-containing macrophages were found in
the majority of the examined tissue specimens.

Similar findings were seen in the analysis of the ap-
pearance and distribution of IL-7-positive structures
(Fig. 1d), except for IL-7-containing alveolar epithelium,
where few to moderate (+/++ or 37.5%) IL-7 positive epi-
thelial cells were found. Interestingly, from a moderate
(++ or 50%) to numerous (+++ or 75%) IL-7 positive struc-
tures were found in bronchial cartilage, reaching overall
the highest evaluation among all the examined cytokines.

The number of IL-10-containing structures in bron-
chial epithelium (Fig. 1e), in alveolar epithelium, as well
as the number of alveolar macrophages varied from oc-
casional (0/+ or 12.5%) to numerous (+++ or 75%) struc-
tures seen in visual field, in average ranging from few
to moderate (+/++ or 37.5%) number. Only occasional
(0/+ or 12.5%) IL-10-containing glandulocytes were found
in this study. Few (+ or 25%) fibroblasts positive for IL-
10 were found in majority of examined tissue specimens,
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where this result was seen as the most prominent among
all cytokines evaluated in connective tissue. Moderate (++
or 50%) number of mostly IL-10-containing hypertrophic
chondrocytes was found in bronchial cartilage (Fig. 1f).
Overall, the number of IL-4, 1L-6, IL-7, IL-10 positive
structures was considerably higher in the cartilage, alveo-
lar epithelium, and bronchial epithelium; furthermore,
there was a more pronounced number of lung macro-
phages. No positive to few structures were found in the
connective tissue and bronchial glands (Table 1).

Statistical data

We found a statistically significant (P < 0.05) lower
number of IL-1 positive structures in bronchial glands
(0), connective tissue and bronchial epithelium (0.5). A
higher number of IL-1-containing structures were found
in the bronchial cartilage; in addition, more alveolar mac-
rophages (1.0) were observed to containing IL-1. IL-1-
positive cells in the bronchial glands were fewer than in
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Fig. 2. Comparison of IL-1a-containing structures in bronchial
glands, bronchial cartilage and of the number of IL-1a-positive
alveolar macrophages. “1” - z=-3.596, P < 0.0005, n = 18; “2”
-z=-4.433, P<0.0005, n = 38.
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Fig. 3. Comparison of IL-4-containing structures in bronchial
cartilage, bronchial epithelium and of the number of IL-4-con-
taining alveolar macrophages. “1” - z =-2.263, P=0.024, n =
20; “2” - z=-2.585, P=0.01, n = 32.
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Fig. 5. Comparison of IL-7-containing structures in bronchial
epithelium, bronchial glands, bronchial cartilage and of the
number of IL-7-containing alveolar macrophages. “1” - z =
-4.181, P < 0.0005, n = 31; “2” - z=-2.762, P = 0.006, n = 20;
“3” -z=-5.260, P<0.0005, n = 39; “4” - z=-3.595, P<0.0005,
n = 30.

the bronchial cartilage and were fewer compared with the
number of alveolar macrophages (Fig. 2).

A statistically significant (P < 0.05) lower number
of IL-4-containing structures were found in the con-
nective tissue, bronchial glands and bronchial cartilage
(0.5); howeyver, a higher number of IL-4 positive struc-
tures were found in the alveolar epithelium (1.0) and
bronchial epithelium, and there was a higher number of
IL-4-containing macrophages (1.5). IL-4-positive cells in
the bronchial cartilage were fewer than in the bronchial
epithelium and were fewer compared with the number of
alveolar macrophages (Fig. 3).

Significantly (P < 0.05) fewer IL-6-positive structures
were found in the bronchial glands (0) and connective
tissue (0.5); however, more IL-6-positive structures were
found in the bronchial epithelium, bronchial cartilage,
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Fig. 6. Comparison of IL-10-containing structures in bronchial
epithelium, connective tissue, bronchial glands and bronchial
cartilage. “1” - z=-5.335, P<0.0005, n = 42; “2” - z =-4.191,
P<0.0005,n=31;“3"-2z=-5277,P<0.0005,n=38;“4” - z
-4.081, P<0.0005, n = 37.

and alveolar epithelium (1.0), as well as IL-6 containing
alveolar macrophages (1.5). IL-6-positive cells in bron-
chial glands were fewer than in the alveolar epithelium
and were fewer compared with the number of alveolar
macrophages (Fig. 4).

A statistically significant (P < 0.05) lower number of
IL-7-containing structures was found in the connective
tissue, bronchial glands (0.5) and alveolar epithelium
(1.0). A higher number of IL-7-containing structures were
found in the bronchial epithelium (1.5) and in the bron-
chial cartilage (2.0), as well as a higher number of IL-7
positive alveolar macrophages (1.5). IL-7-positive cells in
the bronchial glands were fewer than in the bronchial epi-
thelium or bronchial cartilage and were fewer compared
with the number of alveolar macrophages (Fig. 5).

Similarly, regarding the IL-7 distribution among the
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examined tissues, a statistically significant (P < 0.05)
lower number of IL-10-containing structures were found
in the bronchial glands (0.5), connective tissue and al-
veolar epithelium (1.0). Furthermore, a higher number of
IL-10-containing structures were found in the bronchial
epithelium (1.5) and bronchial cartilage (2.0), as well as
a higher number of IL-7-positive alveolar macrophages
(1.5). IL-10-positive cells in the bronchial glands and
connective tissue were fewer than those in the bronchial
epithelium and bronchial cartilage (Fig. 6).

A statistically significant (P < 0.05) positive correla-
tion with a strong relationship was found between the
number of positive structures for mostly IL-1 and IL-10
in the alveolar epithelium, as well as between the number
of positive structures for IL-10 in bronchial epithelium
and bronchial glands with positive structures for 1L-4,
IL-6 and IL-7. Interestingly, there was a strong, positive
correlation between positive structures for IL-1 and IL-10
in the alveolar epithelium (r = 0.778, P < 0.001), alveo-
lar epithelium and bronchial epithelium (r = 0.715, P =
0.001), as well as alveolar epithelium and bronchial glands
(r,=0.711, P=0.001), respectively (Table 2).

No statistically significant (P < 0.05) positive or nega-
tive correlations were determined between the number of
positive structures in any tissue groups examined in this
study and age.

DISCUSSION

Our study reveals a more pronounced number of IL-1-
containing structures in bronchial cartilage, as well as a
higher number of IL-1-containing alveolar macrophages;
howeyver, fewer IL-1-positive structures were found in the
bronchial epithelium, connective tissue and in alveolar
epithelium. We also measured a strong correlation of ex-
clusively IL-1-containing alveolar epithelium dependent
on other tissue groups containing predominantly IL-10,
as well as IL-4, IL-6, and IL-7. Although we may speculate
about the substantiation of IL-1 regulating all other cyto-
kines, conversely, the release of IL-1 is also regulated by
other pro-inflammatory, regulating and anti-inflammatory
cytokines; therefore, the causality of one cytokine affect-
ing another cytokine must be estimated in the context
of multiple factors. In summary, epithelial cells are both
activated by and further release the following cytokines:
IL-1a, IL-4, IL-6 and IL-10%3"2%, As the first exposed sur-
face, the airway epithelium actively regulates local immu-
nity. Due to antigen exposure, activated epithelial cells
might recruit locally inhabiting immunocompetent cells.
Epithelial cells use autocrine and paracrine signalling
pathways to provide intercellular and intracellular com-
munication® ¢, In summary, epithelial tissue serves as a
first-line defence system in the innate immune system due
to the continuous exposure to airborne antigens, sensing
potential danger and harm, while initiating, regulating and
suppressing the adaptive immunity’. Pro-inflammatory
cytokines (IL-1, IL-6) and chemokines produced by
epithelial cells recruit and activate immune cells in the
submucosa’®. Importantly, specifically IL-1a even boosts
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the epithelial cell participation in the immune response
through the autocrine stimulation®. However, to suppress
the immune responses caused by the release of IL-1, the
epithelium might release anti-inflammatory cytokine IL-
103. Therefore, we suggest that in relatively normal lung
tissue, the anti-inflammatory environment is produced
by the down-regulation of pro-inflammatory cytokines.

We found a higher number of IL-4-containing struc-
tures in the bronchial epithelium and alveolar epithe-
lium but a slightly lower number of structures in other
tissue groups, as well as alveolar macrophages. In lung
tissue, IL-4 upregulates the adhesion molecules on the
epithelium while regulating the inflammatory response,
promotes increased airway responsiveness, and ensures
and increases goblet cell hyperplasia; moreover, enhanced
immunoglobulin (Ig) E switching, mast cell involvement,
and eosinophilia, as well as higher mucus hyperproduc-
tion and overall higher airway tissue responsiveness have
been described®!. Although we observed a thickening of
the basal membranes in some of the patients, generally,
no allergic changes in the tissue were found, assuming the
production of IL-4 is occurring for other reasons apart
from allergic conditions.

Our study shows a more pronounced number of IL-6-
containing structures in the alveolar epithelium, followed
by the number of IL-6-positive structures in the bron-
chial cartilage and IL-6-containing alveolar macrophages.
IL-6 was less found in connective tissue and in bronchial
glands, where rare structures and almost none were found,
respectively. IL-6 is a pleiotropic cytokine controlling T
cell infiltration to the lungs, increasing the mucus secre-
tion, up-regulating the mast cell proliferation, and induc-
ing contractions in lung smooth muscle cells. Importantly,
IL-6 mediates the pro-inflammatory, pro-angiogenic and
immunomodulatory role of other cells!®. As observed,
IL-6 is produced early during the infection from unin-
fected cells compared with infected cells, suggesting its
regulatory role?. As we found, the major sources of IL-6
are structures more exposed to airborne antigens, and
the understanding of IL-6 functions may be explained as
a more intermediate occurrence in subsequent signalling
with a regulatory role, rather than an initiating factor of
immune response induction due to antigen stimulation.

A higher number of IL-7-containing structures were
found in bronchial cartilage, followed by location in the
bronchial epithelium and the number of IL-7-positive
alveolar macrophages. Fewer IL-7-containing structures
were found in the alveolar epithelium, connective tissue
and bronchial glands. Although IL-7 is found to be se-
creted by mostly immune cells, as well as supporting cells
affecting the development, differentiation and functioning
of lymphocytes?, our results suggest other non-immune
sources. Surprisingly, bronchial cartilage was the most
pronounced source for IL-7 affecting the local regulation.
However, the role of IL-7 in local immunity is still unclear
because the number of studies describing the role of this
cytokine in tissues other than lymphoid is limited.

Our study shows that the predominant distribution of
IL-10 is higher in bronchial cartilage, ranging from few
to numerous IL-10-containing chondrocytes, followed by
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the number of IL-10-containing alveolar macrophages
and the number of structures in the bronchial epithe-
lium. Fewer IL-10-containing structures were found in
the alveolar epithelium and bronchial glands. Few to a
moderate number of interleukin-containing alveolar mac-
rophages, ranging from no positive alveolar macrophages
for any other cytokine to numerous IL-10-containing al-
veolar macrophages were found. However, a lower num-
ber of IL-1-containing alveolar macrophages were found.
Interestingly, our study results reveal that all structures at
first exposed to antigens sourcing from inhaled air (bron-
chial epithelium, alveolar epithelium, and alveolar mac-
rophages) contained less IL-1 and more IL-10, affecting
their own activity in an anti-inflammatory manner. The
anti-inflammatory response to the initiated inflammation
shows a signalling background between pro-inflammatory
and anti-inflammatory cytokines, suggesting that cells ca-
pable of expressing IL-10 have powerful sources of con-
trolling the immune response into the anti-inflammatory
direction?’.

As we examined relatively normal tissue without any
clinical and microscopic evidence of acute inflammatory
condition, our weak findings of IL-1-containing struc-
tures confirms the understanding of relatively normal
tissue with a preparedness to ignite a full-scale immune
response towards inflammation if necessary and dedicat-
ed to the status of tissue affected by antigens. Alveolar
macrophages unique to lung tissue play a pivotal role in
maintaining local immunity. Moreover, alveolar macro-
phages elicit and further amplify the immune response?s%.
Importantly, the amount of secreted anti-inflammatory
cytokine IL-10 decreases, suggesting the inflammatory
response predominance over the tissue anti-inflammatory
response, if excited by an antigen. Although epithelial tis-
sue is also a source of cytokines, alveolar macrophages are
overall more potent producers of inflammatory mediators
than is the epithelium?. Antigen exposure causes an in-
crease in acute phase inflammatory cytokines IL-1p, IL-6
produced by alveolar macrophages®’.

As an example of cells regulating the immune system,
alveolar macrophages are constantly excited by direct
exposure to the inhaled antigens through breathing; how-
ever, the following pro-inflammatory signalling is strictly
controlled and regulated to prevent lung tissue from pos-
sible damage due to the full-scale immune response. Not
excited by incoming potentially harmful antigens, macro-
phages function in a relatively silent mode; however, at the
same time, alveolar macrophages are ready to be excited.
In this state, macrophages suppress the local immunity
by producing low levels of cytokines and other signalling
molecules?. Although alveolar macrophages are found
to initiate and maintain the immune response in the in-
flammatory mode, the contributing factors strongly affect
the behaviour of alveolar macrophages. The certain estab-
lishment of intercommunication between alveolar mac-
rophages and alveolar epithelial cells directly enhances
the immunomodulation in an immunosuppressive way*°,
but we found possible evidence of both paracrine and
autocrine regulation by either neighbouring cells or by
the cells themselves, respectively.
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Although we did not analyse the cytokine contents in
the mucus covering the epithelium, we inspected the bron-
chial glands containing all examined cytokines. Except for
few cases where a moderate number of interleukin-con-
taining glandulocytes were found, we obtained an almost
negative result, with either no positive cells or mostly rare
interleukin-containing glandulocytes. Mucus secreted
by both secretory cells and bronchial glands works as a
complex defence system containing multiple protective
molecules; therefore, we hypothesize that the primary
source of cytokines in mucus are not glandulocytes in
bronchial glands. Importantly, goblet cells as a one of the
secretory cell types are resident and specific to the airway
epithelium, where they actively participate in innate and
acquired immune responses ongoing throughout the nasal
cavity, trachea, conducting bronchi and bronchioles®’.
Although induced by IL-13, particularly IL-4, IL-6 and
IL-7 are secreted from goblet cells in significantly greater
amounts compared with ciliated cells, and these cytokines
are expected to also be found in the mucus layer. IL-1RA
and IL-10 were also secreted from goblet cells in greater
amounts at the apical surface and basolaterally, respec-
tively’'. Goblet cells apart from other cell types in tissue
specimens processed for immunohistochemistry were
analysed by semi-quantitative grading, where they showed
mostly low-grade colouring. However, this understanding
partly fits with our findings in the bronchial epithelium,
where all were found up to a mostly moderate number,
but in some cases up to numerous interleukin-containing
structures.

We found rare to few interleukin-containing structures
in the connective tissue, with a greater number of IL-
10-containing connective tissue fibroblasts. From many
pro-inflammatory, modulating and anti-inflammatory cy-
tokines, chemokines and cell adhesion molecules, lung
fibroblasts are found to produce IL-1, 1L-4, and 1L-6.
Airway smooth muscle cells have been described to se-
crete cytokines IL-1, IL-6, and IL-10 (ref.*?). Because of
damage to the cellular structure, epithelial cells release
IL-1a to trigger sufficient inflammatory responses in
deeper connective tissue fibroblasts®*. Although epithe-
lial tissue as a lining structure is a more potent producer
of cytokines, and the underlying connective tissue shows
low, but efficient, amounts of interleukin-containing fi-
broblasts. A more prominent number of IL-10-contain-
ing fibroblasts was found compared with other tissues,
suggesting the anti-inflammatory environment was also
deeper in the tissue.

Interestingly, we found a prominent source of IL-7
and IL-10 in the bronchial cartilage, where moderate to
numerous hypertrophic chondrocytes, as well as chondro-
blasts positive for IL-7 and IL-10 were found. Although
as an early damage pathogen recognition site is in epithe-
lial tissue and alveolar macrophages, other non-immune
structures greatly contribute to the initiation, regulation
and suppression of the immune response. The epithe-
lium stimulates immune cells and ignites the innate and
adaptive immunity signaling®; moreover, alveolar macro-
phages easily initiate both local and systemic immune
responses, as well as recruit other immune mediators,
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leading to inflammation®®?. However, the influence of
deeper structures to initiate, regulate and suppress the
immune responses is poorly evidenced. We suggest the
influence of deeper tissue structures in the wall on a larger
histological structure, but they mostly regulate the local
immune responses by localizing pathological conditions
(e.g., inflammation, infection, malignancies, etc.) to pre-
vent spreading throughout the tissue.

We evaluated the relationship between the age of
an individual and the number of interleukin-containing
structures in all examined tissue, where no statistically
significant (P < 0.05) correlations were found. Although
cellular defects play an important role in the outcomes
due to the aging, both local and systemic environments
are reorganized towards the inflammation®. A persistent
low-grade, chronic, systemic pro-inflammatory state de-
scribed in aging is termed as “inflammaging” or immu-
nosenescence®?’. A significant increase in IL-6 and IL-18
due to increasing age was observed. IL-10 was equivalent
to the measurements in younger study subjects. An overall
basal increase of pro-inflammatory cytokines is observed
with aging®. Although we evaluated structures containing
proinflammatory cytokines, we observed more IL-10-con-
taining structures, suggesting the predominance of anti-
inflammation is explained as controlling conditions to
suppress and regulate the inflammatory environment in
relatively healthy lungs regardless of age.

CONCLUSION

The predominance of IL-10-positive structures in all
examined tissue groups indicates the anti-inflammatory
response in relatively healthy lung tissue. The weak find-
ings of IL-4-containing structures except in structures
more exposed to the outer environment may prove the
deficiency of allergic changes in tissue samples mirror-
ing the ontogenetic aspects. The widespread findings of
IL-6-positive structures suggest the continuous stimula-
tion of cytokine expression in lung tissue. The relative
distribution of IL-7 in all tissue groups indicates the local
regulatory and modulating patterns involving non-immune
cells and alveolar macrophages. The pronounced distribu-
tion of all the cytokines in bronchial cartilage suggests the
involvement of a compensatory local immune response
in supporting tissues.
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