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Introduction
Adult Respiratory Distress Syndrome (ARDS) is char-
acterized by diffuse pulmonary microvascular injury
resulting in increased permeability and thus also in
non-cardiogenic pulmonary oedema. This clinical syn-
drome determines the host inflammatory and repair
cellular responses, but the mechanisms regulating the
resolution of ARDS are however poorly understood.
The mortality rate remains high, ranging between 20%
and 60% [1]. The basic abnormality is the disruption of
the normal alveolar-capillary barrier. The triggering
insult in the parenchyma is considered to be an initial
release of proinflammatory cytokines and other
inflammatory mediators, secreted by local epithelial
and endothelial cells. Activated neutrophils,
macrophages, platelets and lymphocytes quickly
migrate into the inflamed lung parenchyma and con-
tribute to the amplification of the phenomenon. The
histopathological picture involves features of diffuse
alveolar damage and hyaline membrane formation.

The histopathological pattern can be divided into 
3 main phases: the first early exudative, the second
proliferative phase and the last fibrotic phase [2,3].
These phases can overlap and diffuse into each other
without apparent borders. The purpose of this
immunohistochemical study was to evaluate the
histopathological alterations and to determine the
apoptosis of the alveolar epithelium using immunohis-
tochemical methods.

Materials and methods
Clinical features. A motorcycle rider (20-year-old male) was
involved in a high-energy collision with a car, suffering traumatic
amputation of the upper right arm in its middle third, compound
fractures of the right thigh and right tibia with soft tissue devasta-
tion and problematic blood perfusion in the region. Patient was in
haemorrhagic shock with 40% estimated blood loss (initial haemo-
globin 59 g/l), 80/40 mmHg blood pressure, 120 beats per minute
heart rate and mental confusion. Spiral head and torso CT scan
revealed no other organ injury. After surgical soft tissue debride-
ment and bone stabilization (external fixator, Kirschner-wire skele-
tal traction) the patient was transferred to the intensive care unit for
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further treatment. On the second day no signs of lung parenchyma
infiltration were revealed by plain X-ray of the chest. There was an
unsuccessful attempt to wean the patient from mechanical ventila-
tion. On the third day after injury, diffuse crackles on chest auscul-
tation and infiltration of the lung parenchyma at the right and left
bases with right pleural effusion were revealed by X-ray. Positive
end-expiratory pressure (PEEP) mode of mechanical ventilation
was instigated. On the fourth day the patient became cyanotic with
a drop in oxygen saturation to 72%. Emergency therapeutic fibre-
optic bronchoscopy was carried out with suctioning of pink-tinged
clear frothy fluid, and the right pleural space was drained with
active suction.  On the fifth day a CT scan of the lungs revealed
signs of ARDS, atelectasis and minimal bilateral pleural effusions.
Despite treatment with higher levels of PEEP with an increased
fraction of inspired oxygen in the gas and repeated therapeutic
fibreoptic bronchoscopies, the patient died from his injuries on day
seven. 

Specimen samples. Necroptic lung specimens were harvested and
immediately fixated in 4% paraformaldehyde and embedded in
Paraplast wax, sectioned in 4 - 5 μm tissue slices and stained with
H+E. The severity of lung injury was determined. Two selective
immunohistochemical methods (both Roche Molecular Biochemi-
cals, Germany) were used - M30CytoDEATH and terminal
deoxyuridine In Situ nick and end-labeling method (TUNEL) for
apoptotic cell measurement.

A lung histopathological injury scoring method was applied to
quantify changes in lung architecture visible by light microscopy.
The degree of microscopic injury was scored based on the follow-
ing variables: alveolar and interstitial oedema, leukocytes infiltra-
tion, alveolar haemorrhage, presence of fibrin and septal thicken-
ing. The severity of injury was graded for each variable: no injury
= 0; injury to 25% of the field = 1; injury to 50% of the field = 2;
injury to 75% of the field = 3; and diffuse injury to >75% of the
field = 4 [4]. The samples were analyzed based on a scaled grad-
ing system by a pathologist who was blinded to the pathological
state and the region of sampling.

Results
Histopathological and immunohistochemical
findings
In the lung H+E stained sections a high degree of
fourth-grade histological injury- severe diffuse injury
up to >75% of the field - was displayed (Fig. 1).
Accentuated interstitial and intraalveolar oedema,
destruction of the alveolar epithelium with denudation
of the basement membrane, capillary congestion and
multiplication of alveolar macrophages, interstitial
inflammation and many focal intraalveolar haemor-
rhages were observed. The walls of the alveoli were
necrotic and occasionally lined with amorphous
eosinophilic material, probably consisting largely of
fibrin and formed the hyaline membranes. The capil-
laries were full of blood, but endothelial and alveolar
epithelial cells could not be distinguished. The alveo-
lar spaces contained necrotic cells and cell debris.
Type II pneumocytes multiplied to line the alveolar
surfaces, becoming cuboidal in shape. Mixed inflam-
matory infiltration was present in the interstitium. A lot
of macrophages were very large and distended with
hemosiderin derived from the ingested red blood cells.

There were also early organization and fibrosis with
elongated fibroblasts in the alveolar walls and within
the alveoli (Fig. 2). Our histopathological observation
corresponds with typical features of the first acute
exudative as well as the second proliferative ARDS
phases.

The average numbers of positive apoptotic alveolar
epithelial cells in the lung parenchyma were detected
using the M30 method, and only a low number 3.4±0.2
(Fig. 3) was found. In contrast, a high number 9.8±0.7
(Fig. 4) was detected using the TUNEL method. All
apoptotic positive cells were dispersed in the lung
parenchyma. Alveolar macrophages with M30-posi-
tive cytoplasm (resulting from phagocytosis of apop-
totic cells or apoptotic bodies), and granulocytes with
TUNEL-positive segmented nuclei, were occasionally
present. 

Discussion
Data published within the last ten years have revealed
the complexity of lung cell apoptosis control mecha-
nisms. Although apoptosis plays an important role in the
immune system and during tissue repair, there are sev-
eral potential mechanisms by which apoptosis might
play a role in ARDS. Apoptosis was described during
ARDS particularly in the population of neutrophils [5],
endothelial cells [6], myofibroblasts [7], and pericytes
[8], as well as in alveolar epithelial cells [9]. 

The apoptotic alveolar epithelial cells in the pre-
sented case showed the maximum positive immunore-
activity detected using the TUNEL method (9,8±0,7).
The immunureactivity detected with the M30 method
was markedly lower (3,4±0,2), although the statistical
significance was not confirmed. The difference was
more likely caused by different detection sensitivities
of the immunohistochemical methods used. The M30
method shows a neo-epitope in CK18 typical for an
early caspase cleavage event [10], which foresees
DNA fragmentation in the nucleus, evaluated with the
TUNEL method. In our previous study [11], we deter-
mined the apoptotic index in the lungs of healthy rats.
During the early phase we measured an apoptotic
index of 0.75±0.14 and of 0.4±0.16 in the late phase.
Apoptosis represents one of the important mechanisms
maintaining homeostasis in live organisms, and nor-
mally occurs throughout life. No significant correla-
tion between apoptosis and clinical physiological
function of the lungs has been confirmed. Fisher et al.
[9] found that up to 34% of pulmonary cells underwent
apoptotic cell death after transplantation of lungs with-
out significant alteration of their function in humans.
The authors hypothesized that a high index of apopto-
sis in transplanted organs indicates their ability to
eliminate injured cells and avoid the more destructive
process of necrosis. In the presented case study, the
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major form of cell death appeared to be necrosis visu-
alized using the H+E staining method. The histopatho-
logical finding revealed diffuse injury to >75% of the
field. Our results indicate that the cleavage and disrup-
tion of CK18 in the alveolar epithelium is of lesser
importance in acute lung injury because only low num-
bers of M30-positive apoptotic alveolar epithelial cells
were detected.

Two main hypotheses involving apoptosis in the
pathogenesis of ARDS have been formulated: the 'neu-
trophilic hypothesis' and 'epithelial hypothesis'. The
epithelial hypothesis suggests association of epithelial

injury during ARDS with apoptotic death of alveolar
epithelial cells in response to soluble mediators such as
soluble Fas-ligand. The blocking of such inhibitors
may be beneficial in preventing or treating ARDS [12].
The neutrophilic hypothesis suggests an important role
of neutrophil apoptosis in the resolution of inflamma-
tion [13]. The precise mechanism responsible for
epithelial cell apoptosis in acute lung injury has not
been understood so far, but several lines of evidence
point to the role of the Fas/Fas ligand system [14]. 

According to Polunovsky et al. [15], apoptosis may
play an important role during resolution of lung injury
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Fig. 1. The alveolar spaces were filled with densely-packed red blood cells and the alveolar septa showed necrotic signs. The capillaries
were full of blood, but the endothelial and alveolar epithelial cells could not be clearly distinguished (H+E, magnification ×400).
Fig. 2. The capillaries were full of blood cells. The alveolar spaces contained necrotic cells and cell debris, much of it derived from red
blood cells. The airspaces showed incipient organization of the hyaline membranes by proliferation of fibroblasts and acute and chronic
inflammatory cells. The newly-formed type II pneumocytes tended to have a prominent cuboidal shape and they formed rows. There were
abundant fibrin fibres present. The alveolar lining cells and capillary endothelial cells were sloughed, leaving their respective basement
membranes denuded of cells (H+E, magnification ×400).
Fig. 3. M30 immunohistochemical staining showed only a low number of apoptotic cells. M30-positive cells (arrows) were detected by
brown-coloured cytoplasm based on reaction of the M30 antibody with altered cytoskeleton during the early apoptosis stage 
(M30 CytoDEATH, cytokeratin 18, magnification ×400).
Fig. 4. Representative view of lung necropsy stained using the In Situ TUNEL method. The bright-yellow apoptotic cells (arrows) were
found in the alveolar epithelium as well as within the interstitium (In Situ TUNEL staining method; magnification ×400)



mainly in the late fibrotic phase of ARDS. Endothelial
apoptosis may play a role in the pathogenesis of
ARDS, and its inhibition may provide clinical benefits
for patients with ARDS [6]. Our data indicate that dur-
ing the overlapping exudative and proliferative stages
of ARDS, the relative rate of apoptotic cell death
should be lower than the rate of other forms of cell
death. 

In conclusion, the histological picture of ARDS
was a predominant characteristic of the presented
study. The detected apoptosis of alveolar epithelial
cells may contribute to the pathogenesis of ARDS. The
higher apoptotic index in the alveolar epithelium was
found using the TUNEL staining method, which is
sensitive and specific for intermediate and late stages
of apoptosis in cell nuclei. Our findings indicate that
apoptotic cell death is important at the beginning of the
second proliferative phase of ARDS, but that serious
destruction of the alveolar epithelium plays a central
role. 
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