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Abstract

The purpose of this study was to analyze the presence of interleukins 6, 8, and 18 in post-mortem lung tissue of subjects
deceased due to polytrauma. In addition to this, we have described different micromorphological features of lung tissue in
ARDS cases associated with fatal traffic trauma. A total of 18 autopsy cases with ARDS after polytrauma and 15 control
autopsy cases were analyzed in this study. From every subject, we collected one sample for each lung lobe. All of the his-
tological sections were analyzed by using light microscopy, and for the purpose of ultrastructural analysis, we used trans-
mission electron microscopy. Representative sections were further processed by way of immunohistochemistry analysis.
Quantification of IL-6, IL-8, and IL-18-positive cells was conducted by applying the IHC score. We noticed that all samples
of ARDS cases exhibited elements of the proliferative phase. Immunohistochemical analysis of lung tissue in patients with
ARDS showed strong positive staining for IL-6 (2.8 +0.7), IL-8 (2.2+1.3), and IL-18 (2.7 + 1.2), while staining of the con-
trol samples resulted in no positivity to low/moderate positivity (for IL-6 1.4 +0.5; for IL-8 0.1 +0.4; for IL-18 0.6 +0.9).
Only IL-6 correlated negatively with the patients’ age (r= —0.6805, p <0.01). In this study, we described microstructural
changes in lung sections of ARDS cases and control cases, as well as interleukins’ expression, demonstrating that autopsy
material is as informing as tissue samples collected by performing open lung biopsy.
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Introduction

Acute respiratory distress syndrome (ARDS) is a syndrome
of acute respiratory failure caused by noncardiogenic pul-
monary edema [1]. It is a life-threating respiratory condi-
tion characterized by hypoxemia and stiff lungs that lead to
the death of most patients unless mechanical ventilation is
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applied [2]. Incidence and mortality of ARDS are impor-
tant so that patients could obtain adequate care and treat-
ment. Criteria for the diagnosis for ARDS have changed
over time. In 1994, American-European Consensus Confer-
ences (AECC) published a statement on definitions, mecha-
nisms, relevant outcomes, and clinical trial coordination that
attempted to delineate and guide treatment [3] and defined
tree criteria based on which the diagnosis is made: heavy
hypoxia with PaO,/FiO, ratio < 200 mmHg, bilateral opaci-
ties that are not fully explained by effusions and lobar/lung
collapse or nodules [2—8]. Later, in 2012, Berlin Clinical
Classification of ARDS was established to classify patients
according to the etiology of ARDS. The current working
definition proposes three mutually exclusive categories:
mild (PaO,/FiO, 200-300 mmHg), moderate (PaO,/FiO,
100-200 mmHg), and severe (PaO,/FiO, <100 mmHg)
[2—-6], with widely varied reported mortality rates.
Potential biomarkers that indicate activation or damage
of certain cell types may be useful in understanding the
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pathogenetic mechanisms and improving the diagnosis of
ARDS [6]. Thrombin and proinflammatory cytokines acti-
vate endothelial cells, lead to the activation of plasminogen
inhibitors, and suppress fibrinolysis [9, 10]. IL-6 is a pro-
inflammatory cytokine that stimulates adhesive molecules
expression in endothelial cells, suppresses fibrinolysis, and
leads to endothelial capillary destruction [11]. IL-8 is signifi-
cant neutrophil chemotactic factor [9]. Neutrophil migration
is correlated with severity and volume of pulmonary paren-
chyma destruction in ARDS [11]. Activated neutrophils in
ARDS produce numerous cytotoxic substances, including
granular enzymes, bioactive lipid, numerous proinflamma-
tory cytokines, and neutrophil extracellular traps (NETs).
IL-18 is a proinflammatory cytokine that belongs to the
IL-1 superfamily [16] and operates in synergy with IL-12
[9, 11-13].

To the best of our knowledge, various authors detected
different proinflammatory cytokines in bronchoalveolar fluid
and lung tissue sampled during open lung biopsy, but only
few with detection of interleukin in autopsy-sampled lung
tissue. Therefore, the aim of this study is to analyze the pres-
ence of interleukins 6, 8, and 18 in post-mortem lung tissue
of subjects deceased due to multiple traumas. In addition to
this, we have demonstrated that different micromorphologi-
cal features of lung tissue in ARDS are associated with fatal
traffic trauma.

Material and methods

A total of 18 autopsy cases with ARDS after polytrauma
and 15 control autopsy cases (cases of natural death, with-
out ARDS, pulmonary pathology, and trauma) were ana-
lyzed. All cases in the experimental group were pedestrians
with various injuries, but without lung injuries. From every
subject, we collected five lung tissue samples: one sample
for each lung lobe. The including criteria were adult age
(> 18 years) and diagnosis of ARDS according to the Ber-
lin criteria (2012). The excluding criteria were the follow-
ing: age under 18 years, deceased who died within 3 days
after being admitted to the hospital, presence of obstructive
lung disease, pulmonary embolism, pneumothorax, or bron-
chopleural fistula appearing within less than 2 weeks after
lobectomy, cardiac edema, increased intracranial pressure,
myasthenia gravis, muscle dystrophy, as well as other causes
of ARDS (sepsis, operations, burns). All autopsies (in both
groups) were performed within 24 h post-mortem.

Light microscopy analysis
After sampling, the tissue was fixed in an automatic sample

processor Leica ASP6025, embedded in paraffin blocks and
stained with hematoxylin and eosin (HE). Light microscopy

@ Springer

was performed by using Olympus BX45 microscope. A total
of 165 histological sections were analyzed, and representa-
tive sections were further processed by way of immunohis-
tochemistry analysis.

Immunohistochemical analysis

Immunohistochemical analysis of lung tissue in patients
with ARDS was conducted on representative paraffin sec-
tions by using Ultravision LP-HRP polymer detection kit
(Thermo Scientific, TL-125-HL) with various antibodies:
anti-IL6 (Sigma-Aldrich, SAB4301665, dilution 1:20), anti-
IL8 (Sigma-Aldrich, HPA057179, dilution 1:100), and anti-
IL18 (Sigma-Aldrich, HPA003980, dilution 1:500). After
incubation with antibodies, visualization was performed
with 3,3'-diaminobenzidine (DAB).

Digital images of HE sections were made with a Leica
DM4000B LED (Leica Microsystems, Wetzlar, Germany)
microscope with a Digital Camera (Leica DFC295) and LAS
4.4 Software.

Quantification of IL-6, IL-8, and IL-18-positive cells was
conducted by applying the IHC score calculated by way of a
10-high-power-fields method (x 400 magnification), where
the total proportion of cells staining positively at any inten-
sity was scored as 0 (no cell staining), 1 (less than 25% cells
stained; weak, sparse staining), 2 (26 to 50% cells stained,
focal positivity), 3 (50 to 75% cells stained, diffuse positiv-
ity), and 4 (more than 75% cells stained, strong positivity).

Transmission electron microscopy analysis

For the purpose of ultrastructural analysis of lung tissue
changes in ARDS, tissue samples were fixed in 3% gluta-
raldehyde and postfixed in 1% OsO,. After dehydration in
a series of graded alcohols and propylene oxide, samples
were embedded in epoxy resin (Sigma-Aldrich, 45,345)
and cut by using an ultramicrotome (Leica UltraCut UCT,
Leica Microsystems, Wetzlar, Germany). Ultrathin sections
were contrasted with uranyl acetate and lead citrate and then
analyzed on a transmission electron microscope (Morgagni
268D, FEI, Hillsboro, OR).

Statistical analysis was conducted by implementing the
SPSS software (Chicago, IL), using Student’s z-test and
Pearson correlation coefficient. A p value below 0.05 was
considered as statistically significant and below 0.01 as
highly statistically significant.

Results

The general characteristics observed in ARDS cases and
control cases are presented in Table 1. By using light
microscopy, we noticed that all samples of ARDS cases
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Table 1 Characteristics of ARDS and control group cases

Characteristic ARDS cases Control cases P value

n (number) 18 15

Age (in years) 46 +15 71+11 0.000*

Duration of hospitality (in 7.1+5.8 7.8+8.6 0.793
days)

Number of leukocytes 15.8+5 14.1+£6.3 0.362

Number of granulocytes 82.1+133 82.4+12.8 0.943

Differences between groups were analyzed by Student’s #-test
“p<0.01

exhibited elements of the proliferative phase, which is
consistent with clinical data, given that all were lethal out-
comes within 10 days of admission. The analyzed histol-
ogy sections showed the presence of hyaline membranes,
interstitial edema, and a certain degree of intra-alveolar
fibrinous exudate. The walls of a great number of alveoli
were mostly congested, with disruption and focal alveolar
hemorrhage (Fig. 1).

Transmission electron microscopy analysis of ARDS
lungs showed that alveolar space was filled with edema
and hyaline membranes. Hyaline membranes appeared
homogeneous and extended along and partially covered the
denuded epithelial basement membranes. Nuclei of some
of the alveolar epithelial cells showed chromatin condensa-
tion and fragmentation, i.e., features of apoptotic cells. Most
alveolar epithelial cells were necrotic and were missing in
most parts of the ARDS lungs. Endothelial cells in capillar-
ies were necrotic, and the endothelial basement membrane
was thickened. No obvious proliferation of fibroblasts was
observed in ARDS lung samples (Fig. 2). In the control sam-
ples, the ultrastructure of alveolar epithelial cells types I and
II and of endothelial cells did not show the abovementioned
pathological features and hallmarks of ARDS.

Immunohistochemical analysis of lung tissue in patients
with ARDS showed strong positive staining for IL-6
(2.8+0.7), IL-8 (2.2 +1.3), and IL-18 (2.7 +1.2), while
staining of the control samples resulted in no positivity

Fig. 1 Hyaline membranes,
interstitial edema, and a certain
degree of intra-alveolar fibrin-
ous exudate in ARDS lungs
(%20 magnification)

to low/moderate positivity (for IL-6 1.4 +0.5; for IL-8
0.1+0.4; for IL-18 0.6+0.9) (Fig. 3). Differences in stain-
ing of the abovementioned ILs between lungs of patients
with ARDS and lungs of the control samples were highly
significant (p <0.01).

In our analysis of IL-6, IL-8, and IL-18, we correlate
interleukin staining positivity level with the patients’ age,
duration of hospital stays, and the leukocyte and granu-
locyte number. Pearson correlation coefficient showed
that only IL-6 correlated negatively with the patients’ age
(r=—-0.6805, p<0.01) (Fig. 4). No other significant correla-
tions have been observed.

Discussion

Etiology of ARDS is diverse. Most common causes are clas-
sified as direct (pneumonia, aspiration of gastric content,
lung contusion, inhalation lung injury, reperfusion pulmo-
nary edema) and indirect causes (sepsis, multiple trauma,
cardiopulmonary bypass, acute pancreatitis, drug abuse) [6].
Despite the ongoing efforts to improve therapy, traumatized
patients experience mortality rate of approximately 20%,
often due to developing a “post-injury syndrome,” with
ARDS being the most common complication during hospi-
talization [14]. Among the potential mechanisms involved in
the “post-injury syndrome,” inflammasomes might become
promising targets of future research [15]. “Post-injury syn-
drome” is referred to as a disorder that leads to local and
systemic release of endogenous mediators acting as threat
signals (damage-associated molecular patterns — DAMPs)
[15]. Recognition of DAMPs by the innate immune system
triggers both an intense proinflammatory immune response
and a concomitant anti-inflammatory immune response [15]

By using light microscopy, we found certain character-
istic features of lung tissue: hyaline membranes, interstitial
edema, and increased number of neutrophils. Those histo-
logical hallmarks are consistent with the exudative phase of
ARDS [17, 18]. In the exudative phase, the earliest changes
detectable by light microscopy are capillary congestion,
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Fig.2 a Most alveolar epithelial
cells were necrotic and were
missing in most parts of ARDS
lungs. b, ¢, d TEM images of
ARDS showed only small iso-
lated areas with collagen fibers
and with no obvious prolifera-
tion of fibroblasts. e, f Nuclei
of some alveolar epithelial cells
showed chromatin condensation
and fragmentation, features of
apoptotic cells. g Endothelial
cells in capillaries were necrotic
and with thickened endothe-

lial basement membrane. h In
alveoli, the hyaline membranes
appear homogeneous and
extend along and partially cover
the denuded epithelial basement
membranes. i The alveolar
space of ARDS lungs was filled
with edema

interstitial and alveolar edema, and intra-alveolar hemor-
rhage, which was demonstrated in our study sample. A far
more distinctive histological feature is reflected in the fact
that hyaline membranes were most prominent along the
alveolar septa [19]. In an attempt to better understand the
pathophysiology and immune reactions in ARDS, finding
these histological hallmarks in autopsy material is very sig-
nificant and as informative as open lung biopsy, considering
that open lung biopsy is an invasive procedure for a patient
on mechanical ventilation [20-23].

In this research, we attempted to establish a connec-
tion between IL-6, 8, and 18 and lethal outcome of ARDS
in young and otherwise healthy individuals who suffered
trauma of various degree, but which led to them developing
life-threatening respiratory failure. Our staining showed the
presence of interleukins 6, 8, and 18 in all lung tissue sam-
ples of ARDS cases. Cells from samples of lungs prior diag-
nosed as one with ARDS showed an increase in expression
of IL-6, 8, and 18. In our sample, all sections sampled from
lungs with ARDS showed a presence of interleukin anti-
body for IL-6, IL-8, and IL-18. None of those interleukins
was present in the control group. In many previous studies,
authors reported presence or increased levels of those inter-
leukins as they tried to connect them with such malicious
outcomes [3, 24-34]. In this study, not only did we obtain
results consistent with research by other authors, namely
the presence of interleukins 6, 8, and 18 in lung tissue, but
we also identified them in autopsy material. The importance
of our findings is multiple, and with these results, we could
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open the door to easier, cheaper, and less invasive sam-
pling of lung tissue, but with the same quality of molecular
information.

Different authors attempted to explain the role of interleu-
kin 6 in pathophysiology of ARDS in trauma patients. Our
results showed that IL-6 correlated with a younger age of the
deceased and with a shorter survival interval. This result is
in concordance with the works of other authors, who sug-
gested that after suffering a blunt trauma, ARDS would more
likely develop in younger, male Caucasians [35]. Consider-
ing that IL-6 is a proinflammatory cytokine responsible for
activation of the innate immune response to trauma, which
could lead ether to healing, but could also be a major driver
of complications and fatal outcome after injury [36, 37],
Niesler et al. suggested that alveolar macrophages activated
by blunt trauma release chemokines, inflammatory, and pro-
inflammatory cytokines [37].

Even with the ongoing development of safety systems in
traffic and lower numbers of trauma patients worldwide, the
outcome of ARDS still poses a challenge to the emergency
care units. In order to decrease the mortality rate, it is neces-
sary to make an effort in understanding the role of mediators
of inflammation in the development of ARDS. In this paper,
we presented our results showing that autopsy material is as
informing as tissue samples collected by performing open
lung biopsy, but with a clear advantage. By sampling post-
mortem specimens, one can provide a representative sample
while at the same time avoiding ethical issues of performing
an invasive and expensive procedure.
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Fig.3 a, Negative staining for
IL-6, a, positive staining for
IL-6; b, negative staining for
IL-8, b, positive staining for
IL-8; ¢, negative staining for
IL-18, ¢, positive staining for
IL-18 (x 20 magnification)
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Key points

1. This study analyzed the presence of interleukins 6,
8, and 18 in post-mortem lung tissue of subjects with
ARDS deceased due to multiple traumas, as well as in
tissue of control cases, and described micromorphologi-
cal features of lung tissue.

2. Immunohistochemical analysis of autopsy lung tissue in
patients with ARDS showed strong positive staining for
IL-6, IL-8, and IL-18.

3. IL-61is in negative correlation with the patients’ age.

4. Autopsy material is as informing as tissue samples col-
lected by performing open lung biopsy.
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