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Abstract

Acute, intermittent or chronic hypoxia have negative effects on lung maturation during the embryological period which has
been shown by many experimental models designed on animal studies. The receptors responsible from the development of
lungs in fetal period are affected from hypoxia. Hypoxia also affects the morphometry, anatomy and microscopy of lung tis-
sue in the adults. In acute phase of hypoxia; lung parenchyma showed destructive oxidative changes. However, in later phas-
es repair and proliferative processes were observed in the lung tissue. Damage to the lining layer of alveoli, accumulation of
alveolar macrophages, oedematous changes in the lung parenchyma, mild oedema, inflammatory cell infiltration, increased
number of type Il pneumocytes and pulmonary fibrosis are the main findings in cases of hypoxia. Chronic hypoxia accentu-
ates lung growth by increasing the lung parenchyma. Decrease of capillary volume and suppression of elastin repair in lung
fibroblasts are other clinically important microscopic findings in hypoxia. Many molecular studies found in the literature
revealed micro-RNAs to be involved in modulation of hypoxia-induced pulmonary hypertension. In animal models submitted
to acute hypobaric hypoxia; the researchers detected an increase in eNOS mRNA which is responsible of the immediate
response, producing nitric oxide that caused vasodilation and bronchodilation in lung tissue. In other molecular studies; sup-
pression of many immune molecules, major changes at the levels of various enzymes and growth factors were detected in
the researches. Additionally; hypoxia causes to an increase in the amount of lung cancer cells and therefore; induces the

metastases of lung cancer cells to brain tissues.

Introduction

Hypoxia describes the inability while using oxygen or it
is the case of oxygen deficiency in tissues. Hypoxia itself
is not a respiratory disease, but is often a consequence of
respiratory diseases. According to its cause; hypoxia is
classified in four groups; hypoxemic hypoxia, ischemic
hypoxia, anemic hypoxia and histotoxic hypoxia. In
hypoxemic hypoxia; the arterial PO: is low and it is due
to inadequate pulmonary gas exchange in most of the
cases. The major causes of hypoxemic hypoxia are respi-
ratory arrest, degenerative lung diseases, atmospheric
deficiency of oxygen at high elevations and impaired
ventilation. Inadequate circulation of the blood is the
cause of ischemic hypoxia. Congestive heart failure is a
good example to this condition. Anemic hypoxia occurs
in cases of anemia and in this situation; the blood cannot
carry adequate amounts of oxygen for the body. If a
metabolic poison prevents the usage of oxygen by a tis-
sue; histotoxic hypoxia occurs in these cases."
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Approximately 480 million alveoli are found in the
human lungs. 64% of total lung structure is formed by
these alveoli. Alveoli provide a surface area of 120-150
m’ dedicated for gas exchange. The oxygen diffusion
constant and gas exchange surface area are proportional
to body weight and oxygen consumption. Exposure to a
cold environment, living in high altitudes and physical
hyperactivity causes to an increase in oxygen diffusion
capacity in proportion to enhanced oxygen consumption.
Life-threatening barrier to proper oxygenation occurs in
cases of decreased ventilatory drive, airway obstruction,
intraalveolar exudate, damages to alveolar capillaries,
septal thickening due to edema, inflammation and fibro-
sis. The alveolar/arterial PO: gradient is enhanced if
there is a life-threatining barrier to proper oxygenation.”

The aim of this review article is to define the embry-
ological, gross anatomic, histopathological and molecu-
lar changes observed in the lung tissue in cases of hypox-
ia. Additionally; the relation of hypoxia and tumors is
also discussed in the study. The manuscripts related to


https://orcid.org/0000-0001-6360-6008

hypoxia were searched from the literature, from PubMed
(https://www.ncbi.nlm.nih.gov/pubmed) in between the
years of 1945-2019. From these manuscripts; the ones,
which were related to lung tissue changes due to hypox-
ia, were chosen and included to the review. The key
words selected for searching the database were “hypoxia
and lungs”. In the research of these keywords; totally
15,445 manuscripts were found. From these manu-
scripts; 43 of them were related with our subject and
these studies were included to the review study.

Hypoxia and Development of the Lungs

Schwartz et al.” examined fetal growth in rats exposed to
brief and intermittent hypoxia with little change in nutri-
ent intake. In rats exposed to hypoxia for one hour; fetal
body weight, length of the fetus and liver weight was
decreased. However; the brain/liver weight ratio was
increased in these rats, when compared with the control
group. In the study; another group of rats were exposed
to hypoxia for two hours and results were the decrease of
the fetal body weight and fetus length. The lung devel-
ops in relative hypoxic conditions if the fetus is exposed
to 25% of ambient oxygen levels in utero.” Hypoxic
conditions in fetal environment stimulates the develop-
mental stages of embryo, organogenesis and vasculariza-
tion of the organs.”” Vascular endothelial growth factor
(VEGF) is an important factor in lung development in
the fetus. Inhibition of VEGF receptor signaling impairs
the branching of airways and blood vessels in lung
explants. Regulation of hypoxia-inducible genes and
expression levels of hypoxia-inducible factors such as
VEGEF are necessary for proper lung development.”

The differential effects of hypoxic levels to organ sys-
tem development of the chicken was studied by Zhang
and Burggren."” Hypoxia occurring from day zero to day
10 during incubation had larger effects on embryonic
mortality and organ growth than hypoxia occurring from
day 10 to day 18. Growth of the heart and chorioallan-
toic membrane was stimulated by chronic hypoxia in the
study. However; the lung, brain, eye, liver, stomach,
beak, and toes were most affected from hypoxia.
Sustained hypoxia from the beginning of incubation in
chicken decreased blood haemoglobin and haematocrit
levels. Red blood cell concentration of embryos at day 10
were also affected. At day 18; there was no statistically
significant difference in between hypoxic and normoxic
groups. In conclusion; modest hypoxia which describes
15% oxygen level during development, or hypoxia at any
level during the late stages of development (from day 11
to day 18) increased the weights of the heart and
chorioallantoic membrane. The results of this study
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showed that the first half of embryonic development
contained critical parameters for the detrimental effects
of hypoxia and the second half of embryonic develop-
ment contained critical parameters for the compensatory
responses of hypoxia in key organs.

Schmiedl et al.” investigated the influence of prena-
tal hypoxia and/or postnatal hyperoxia on morphological
lung maturation based on stereological parameters in
mice. The aim of this study was to find out which model
best reflects morphological changes in lung development
comparable with alterations observed in bronchopul-
monary dysplasia. The authors found that prenatal
hypoxia and postnatal hyperoxia differentially influenced
the maturation of parenchyma of lungs. After hypoxia
and hyperoxia in 14-day old mice, they observed a sig-
nificant retardation in lung development morphological-
ly which lead to bronchopulmonary dysplasia like alter-
ations.

Hypoxia and Anatomic Studies

Davies et al."” developed a method based on planimetry
of elastic laminae in vessel cross sections and determined
the reactivity of microvessels of lung tissue. The authors
obtained slices from the lungs of six rats exposed to
hypobaric hypoxia for 14 days. According to their
results; after chronic hypoxia, the regression line shifted
which indicated the structural remodeling. After hypox-
ia, newly muscularized arteries were found and in these
vessels; the new internal elastic lamina was always short-
er than the external elastic lamina. A complex network of
elastin was connecting the two laminae. Sekhon and
Thurlback™ studied the morphometry of lungs in rats
between four and seven weeks of age. They divided the
rats into five groups; control, hypobaric normoxic, nor-
mobaric hypoxic, hypobaric hypoxic, and weight
matched to the hypobaric hypoxic group. In hypobaric
hypoxic and normobaric hypoxic rats; the volume of the
lungs, alveolar surface area of lungs and total number of
alveoli were increased when compared to the weight-
matched control group. In normobaric hypoxia group of
rats; mean linear intercept, mean chord length of alveoli
were increased and the number of alveoli per unit vol-
ume were decreased when compared to the weight-
matched control animals. In hypobaric hypoxia group;
the only change was the increase of mean chord length
in rats. In hypobaric normoxia group; alveolar size and
lung volume were diminished when compared with the
control groups. Lung growth was impaired in weight-
matched controls without affecting the dimension of air-
spaces. In hypobaric hypoxic and normobaric hypoxic
rats; an increase was observed in lung growth which
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overcame the nutritional effects. In the rats; Sulkowska"”

evaluated the effects of hypobaric hypoxia on lung
parenchyma and in the surfactant system-forming struc-
tures in the lungs. These changes were evaluated basing
on ultrastructural analysis by transmission electron
microscopy. In the early phase; in three days, destruc-
tive-exudative changes predominated. These ultrastruc-
tural changes were delamelation of type Il pneumocytes,
oedematous changes in the lungs (Figure 1), damage to
the lining layer of alveoli and accumulation of alveolar
macrophages in the lung tissue. In the later phases,
repair-proliferative processes were found to be predom-
inant such as increased number of type II pneumocytes
and focal intensification of fibroplasia (Figure 2). In
hypobaric conditions for 3 and 10 days; the changes
within the surfactant system-forming structures were
accompanied by the accumulation of granulocytes and
monocytes. In hypobaric conditions for 30 days; an accu-
mulation of blood platelets was detected in the vascular
bed of the lungs. Clough et al."" used x-ray microfocal
angiographic images of isolated perfused dog lung lobes
in order to detect the effects of alveolar hypoxia on pul-
monary microvascular volume. Their results showed that
the capillary volume was decreased by hypoxia in the
dogs’ lung lobes. In a scanning electron microscopic
study; Gade et al."” examined the effects of bronchial
arterial devascularization on the morphological appear-
ance of bronchi in pigs. Bronchial arterial devasculariza-
tion and bronchial transection were performed in pigs
and the ultrastructure of the surfaces of bronchi was

examined. In conclusion; the grooves in between the
bronchi were wrinkled in appearance and a large propor-
tion of the epithelial cells were devoid of cilia. New cilia
seemed to shoot up from the surface, in the study. On
the control side; the ultrastructural morphology was sim-
ilar with the normal pigs. In another study; Gade et al."”
examined the physiological consequences of porcine
bronchial transsection and reanastomosis with and with-
out bronchial artery blood supply with relation to lung
transplantation. In the study; postoperatively, bronchial
transsection and reanastomosis without bronchial artery
blood supply was resulted by a significant decrease in the
mucosal blood flow and saturation. Additionally; a sig-
nificant decrease was detected in the tissue haemoglobin
concentration. These findings provided a physiological
explanation of histological changes observed in the
study. In the microscopic examination of main bronchi
and lung parenchyma; oedema (Figure 1), slight fibrosis
(Figure 2) and inflammation were detected. In this
study; the most remarkable two findings were the oede-
matous lung septa with inflammation and beginning of
the fibrosis. In an experimental study of chronic hypoxia
by Berk et al.;"” it was shown that the chronic hypoxia
supressed elastin repair by rat lung fibroblasts.
According to their data; it was suggested that regional
hypoxia limited lung elastin repair following protease
injury at least in part by inhibiting elastin gene expres-
sion. In cases of acute hypoxia; Miserocchi"” examined
the lung interstitial pressure and structure of the lungs.
In the study; fragmentation of chondroitin sulphate pro-

—

Figure 1. Transmission electron micrograph showing oedematous
changes in lung tissue (*) in hypoxia. (Original magnification x5000) (from
the collection of author).

Figure 2. Transmission electron micrograph showing pulmonary fibro-
sis (f) in hypoxia. (Original magnification x5000) (from the collection of
author).
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teoglycans of the extracellular matrix and heparansul-
phate proteoglycans of the basement membrane were
detected in acute hypoxia. There was a decrease in tissue
elastance and an increase in the permeability of the
endothelial barriers and epithelial barriers. In the study;
when the overall proteoglycans fragmentation overcame
to a critical threshold, developing of a severe lung edema
was observed, in acute hypoxia.

In the adult mice; Reinke et al."” examined the effects
of chronic intermittent hypoxia on lung growth. The
morphometry of the lungs, mean airspace chord lengths
of lungs and alveolar surface areas of lungs were deter-
mined. In the study; it was shown that intermittent
hypoxia increased the lung volumes and alveolar surface
areas in the experimental model. Secondly; intermittent
hypoxia induced a 60% increase in cellular proliferation,
however; the number of proliferating type II alveolocytes
were tripled. The authors could not be able to detect any
increase in apoptosis. Other important findings of the
study were upregulation of pathways for cellular move-
ment, cellular growth and development in chronic inter-
mittent hypoxia. Key developmental genes, vascular
endothelial growth factor A and platelet-derived growth
factor B were also upregulated by chronic intermittent
hypoxia in adult mice. Zhang et al."” studied the effects
of hypoxia on the histological structure of rats’ lungs.
Their results demonstrated that mild edema and inflam-
matory cell infiltration appeared in the lung tissue at the
third day of hypoxia. As the treated time extended; a
gradually aggravated inflammation was observed in the
rats. In the rats, due to the increase of the exposure time
to normobaric hypoxia; interalveolar septa became thick-
er and thicker. By using in vivo high-resolution comput-
ed tomography measurements; Llapur et al.”” examined
the effects of chronic hypoxia on lung growth. In the
study; a number of 19 healthy adults living at 2.000
meters above sea level and a number of 23 healthy adults
living in 400 meters above sea level underwent high-res-
olution computed tomography. In between the two
groups; differences in the total lung volume, air volume
and lungs’ tissue volume were compared. Additionally;
the mean lung densities of the two groups, airway
lumens and wall areas in anatomically matched airways
were compared in between the two groups. The authors
detected no significant differences for age, sex, weight or
height in between the two groups. Their results showed
that the adult lung did not increase its lung volume later
in life by expansion of an existing number of alveoli.

Rivolta et al.”" developed a hypoxia model by apply-
ing 10% of oxygen to Wistar male rats for 30 days and
compared the results with the control animals. The
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researchers measured: pulmonary interstitial pressure,
cardiac and haemodynamic parameters by echocardiog-
raphy. Additionally; they examined the morphometry of
lungs in the lung specimens obtained after fixation in
situ. After the exposure of hypoxia to rats; mean + stan-
dard deviation of pulmonary interstitial pressure was
increased, air/tissue volume ratio was decreased and cap-
illary vascularity index in the air-blood barrier was
increased in hypoxic rats, when compared with the con-
trol group. In normal regions of the lung tissue; the den-
sity of pre-capillary vessels was increased and their thick-
ness/internal diameter ratios were decreased. In the
oedematous regions of the lungs; opposite results were
obtained. In chronic hypoxia group of animals; the pul-
monary artery pressure was increased, when compared to
controls. In oedematous regions of lung tissue, the
decrease in capillary vascularity was found to be corre-
lated with the remarkable increase in interstitial pres-
sure. Additionally; the morphometry of pre-capillary
vessels suggested an increase in vascular resistance, in
chronic hypoxia. In regions of normal lung tissue; the
opposite findings were detected. In hypoxic state; an
acute inflammatory reaction was observed in some stud-
ies found in the literature. The authors of these studies
explained this condition by the activation of bone mar-
row and immigration of inflammatory precursor cells. It
was measured by the increase of pulmonary granulocytes
and megakaryocytes.””” In humans; the lack of oxygen
resulted in a tremendous increase of perivascular mast
cells, being rapidly recruited in the lungs within a few
minutes.”” In the experimental study of Orth et al.”” per-
formed on rats; the duration of hypoxia necessary for
mast cell degranulation took only five minutes. Schmied]
etal.” examined the lung parenchyma of 14-day old mice
with light microscopy and electron microscopy. In the
study; well-developed formed septa, normal alveoli and
normal alveolar ducts were observed in the lungs of con-
trol group. Prenatal hypoxia induced lungs of mice
showed lung parenchyma without clearly visible alter-
ations, when compared to control animals. Postnatal
hyperoxia induced lungs of mice indicated more expand-
ed airspaces with fewer septa than the control group. In
the microscopic examination; the lungs exposed to pre-
natal hypoxia and postnatal hyperoxia displayed enlarged
parenchymal airspaces surrounded by thick septa.
Hypoxia and hypoxia signalling have many negative
effects on the lung tissue. Fibroblast proliferation,
inflammatory cell infiltration and interstitial thickening
are the main pathological findings. These pathological
findings are combined with alveolar ventilation defects
in order to increase the oxygen consumption and limit
the oxygen supply to the injured lung tissues. As a result;
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local tissue hypoxia is observed in the lungs. In the lung
tissues of patients having idiopathic pulmonary fibrosis
or cystic fibrosis, and in the experimental models devel-
oped idiopathic pulmonary fibrosis or cystic fibrosis in
mice; increased stabilisation of hypoxia-inducible tran-
scription factor (HIF-1c) had been detected.”**”
Following exposure to hypoxia; a proliferation was
observed in the fibroblasts and these fibroblasts had the
highest quantity of excreted collagen; mainly the type-I
collagen.” As a result of all these studies; it can be con-
cluded that hypoxia is involved in the development of
pulmonary fibrosis (Figure 2). In an experimental study
performed on rats; Ge et al."" investigated the patholog-
ical changes on upper and lower respiratory tract in
chronic intermittent hypoxia. In conclusion; chronic
intermittent hypoxia formed irreversible changes both at
upper and lower respiratory tracts in the rats. The thick-
ness of the lamina propria of soft palate was significantly
increased in hypoxia group. Additionally, in rats; pul-
monary interval thickening was detected in the lungs.

Hypoxia and Molecular Studies

In hypoxic human lung fibroblast cell cultures, Shan-Shan
Liu et al.”” examined the effects and underlying mecha-
nisms of angiotensin II on collagen synthesis. After hypox-
ic treatment; angiotensinogen, angiotensin converting
enzyme, angiotensin II type 1 receptor and angiotensin II
type 2 receptor expression levels in human lung fibroblast
cell cultures were analysed by using real-time polymerase
chain reaction. Secondly; collagen type I, angiotensin II
type 1 receptor and nuclear factor kappaB (xB) protein
expression levels were detected by using Western blot
analysis. In addition to all these analyses; nuclear factor kB
nuclear translocation was measured by using immunoflu-
orescence localization analysis. Angiotensin II levels in
human lung fibroblast cell cultures were measured by
using enzyme-linked immunosorbent assay (ELISA)
method. The authors found that hypoxia increased colla-
gen type I mRNA and protein expression levels in human
lung fibroblast cells. According to the results of the study;
it has been shown that these effects could be inhibited by
an angiotensin II type 1 receptor or angiotensin II type 2
receptor inhibitor. After exposure to hypoxia; the levels of
nuclear factor kB, renin-angiotensin system components
and angiotensin II production in human lung fibroblast
cell cultures were significantly increased. Tsao and Wei™
developed a prenatal hypoxia model in mice experimental-
ly. In these animals; the authors examined the role of vas-
cular endothelial growth factor (VEGF) and VEGF
receptors in fetal lung development and maturation. In
the study; prenatal hypoxia resulted in fetal mice body
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weight gain impairment and the authors observed delayed
fetal pulmonary aeration and maturation in mice.
Pulmonary surfactant proteins SP-A, SP-B, SP-C, and
SP-D mRNA were all decreased in the prenatal hypoxia
group in mice. In addition, the authors demonstrated that
prenatal hypoxia inhibited the developmental increase of
pulmonary hypoxia-inducible factors HIF-1o and HIF-
200 expression and resulted in decreasing VEGF and its
receptors (Flt-1 and Flk-1) at the mRNA expression level.
Secondly; the VEGF protein levels in fetal lungs were also
found to be decreased.

Primary murine alveolar epithelial cells were exposed
to 1% of oxygen for 24 hours in order to develop a hypox-
ia model in wild-type mice. In the study; a significant sup-
pression of key innate immune molecules was observed.
These key innate molecules included granulocyte-
macrophage colony stimulating factor, CCL2, and IL-6.
Any toxicity finding was not observed in the experimental
model, however; it induced stabilization of hypoxia
inducible factor la protein and shift to glycolytic metabo-
lism. The researchers found that hypoxia greatly decreased
the rate of granulocyte-macrophage colony stimulating
factor transcription. In another experimental model; the
mice were exposed to hypoxia in vive by the application of
12% oxygen for two days. In this model; the lung granu-
locyte-macrophage colony stimulating factor protein
expression was reduced and iz vivo phagocytosis of fluo-
rescent beads by alveolar macrophages was suppressed. In
conclusion of all these studies; it can be suggested that in
critically ill patients; local hypoxia may contribute to the
susceptibility of poorly ventilated lung units to infection
through complementary effects on several pathways
reducing alveolar epithelial cell expression of granulocyte-
macrophage colony stimulating factor and other key
innate immune molecules.™ Many studies found in the lit-
erature revealed micro-RNAs to be involved in modula-
tion of hypoxia-induced pulmonary hypertension.””
Blissenbach et al.” examined the plasma micro-RNA lev-
els in order to make a correlation with hypoxia induced
pulmonary hypertension. In the study; plasma micro-
RINAs were evaluated in a model of hypoxia-related pul-
monary hypertension in humans exposed to extreme alti-
tude. Plasma levels of micro-RNA -17, -21, and -190 were
measured by real-time quantitative PCR method. The
obtained results were correlated with systolic pulmonary
artery pressure, which was assessed by echocardiography.
In the study; a significant altitude-dependent increase in
circulating micro-RNAs expression was detected.

Four hours of exposure to a simulated altitude of
31,000 feet; Martinez-Romero et al.”” studied compara-



tively the effects of pharmacological inhibitors of nitric
oxide production or Poly (ADP-ribose) polymerase activ-
ity in the response of the mouse cerebral cortex. The
researchers analysed nitric oxide and reactive oxygen
species production, the expression of nitric oxide synthase
isoforms, Poly (ADP-ribose) polymerase-1 activity,
hypoxia-inducible factor-1 alpha expression and hypoxia-
inducible factor-1 transcriptional activity, the protein level
of the factor inhibiting hypoxia inducible factor, and at last
beclin-1 and fractin expression, as markers of cellular
damage. According to their results; the reduction of nitric
oxide level did not affect reactive oxygen species produc-
tion. However; significantly dampened the post hypoxic
increase in neuronal nitric oxide synthase and inducible
nitric oxide synthase expression without altering endothe-
lial nitric oxide synthase protein level; prevented Poly
(ADP-ribose) polymerase activation; decreased hypoxia-
inducible factor-1 alpha response to hypoxia; achieved a
higher long-term hypoxia-inducible factor-1 transcrip-
tional activity by reducing factor inhibiting hypoxia-
inducible factor expression and reduced hypoxic damage.
"Their results provided an important data about the molec-
ular mechanisms underlying the beneficial effects of con-
trolling nitric oxide production under hypobaric hypoxic
conditions. Singh et al.”” examined the roles of activator
protein-1 (AP-1) transcription factor; mitogen activated
protein kinases (MAPKSs) which are the c-Jun N-terminal
kinase (JNK), extracellular-signal regulated kinase (ERK)
and p38 in the hypobaric hypoxia induced changes in lung
tissue. In rats; immediate response to hypobaric hypoxia
induced c-Jun:c-Fos subunits of AP-1; responsible for
proliferation that might cause inhomogeneous vasocon-
striction leading to vascular leakage and inflammation at
increased duration of hypobaric hypoxia exposure.
Secondly; hypoxia resulted in significant increase in reac-
tive oxygen species (ROS), vascular endothelial growth
factor (VEGF) and decreased nitric oxide (NO) in hypo-
baric hypoxia conditions. These act as signaling molecules
for activation of MAPK and also contribute in develop-
ment of vascular leakage which was an indicator of pul-
monary edema.

In rats submitted to acute hypobaric hypoxia; Rus et
al.*" measured endothelial and inducible nitric oxide syn-
thase (eNOS, iNOS) mRNA and protein expression, loca-
tion, and in situ Nitric Oxide Synthase activity as well as
nitrated protein expression and location. In addition,
nitric oxide levels were indirectly quantified (NOx) as well
as the apoptosis level. The researchers detected an
increase in eNOS mRNA, protein activity and eNOS pos-
itive immunostaining at 0 h posthypoxia which coincided
with raised NOx levels. However; the iNOS, nitrated pro-

Lungs and hypoxia 81

tein expression and apoptosis level augmented during the
final reoxygenation times. The authors concluded that
eNOS was responsible of the immediate response, pro-
ducing nitric oxide, which caused vasodilation and bron-
chodilation in lung tissue. Secondly; iNOS was related to
the second late response, which seemed to be involved in
some of the deleterious consequences that hypoxia
induced in the lung. In another study; by using a nitric
oxide synthase (NOS) inhibitor, Rus et al.* searched to
clarify the current controversy concerning the double pro-
tective/toxic role of endogenous nitric oxide under hypox-
ia/reoxygenation situations. The study was conducted in
rats submitted to hypoxia/reoxygenation with or without
prior treatment using the nonselective NOS inhibitor L-
NAME. Their results showed that after L-NAME admin-
istration, in situ NOS activity was almost completely elim-
inated and consequently, NOx levels fell. Lipid peroxida-
tion and the percentage of apoptotic cells rose at the ear-
liest reoxygenation time, but decreased in the later peri-
ods, in the study.

Hypoxia and Tumors

Hypoxia occurs frequently in solid tumors and this condi-
tion is a poor prognostic factor for the outcome of the
patients. Hypoxia promotes tumor cell proliferation, inva-
sion of tumor cells, angiogenesis, resistance to therapeutic
agents and occurrence of metastasis. In a growing tumor;
two forms of hypoxia can be observed: Chronic hypoxia
caused by abnormal tumor vasculature and intermittent
hypoxia caused by transient perfusion facilitated by
tumor-supplying blood vessels. In the presence of inter-
mittent hypoxia; many genetic, molecular, biochemical,
and cellular changes are detected. All of these changes
facilitate the survival of tumor cells and their colonization.
Depending upon to all these results; metastatic growth

rate of the cancer cells increases.™

In order to reveal the possible mechanisms of brain
metastases of lung cancers; Wei et al."” studied the rela-
tionships in between hypoxia and hypoxia inducible fac-
tor-la. (HIF-1a) in lung cancer cells. The hypoxia model
of A549 lung cancer cells was established in the study.
After the hypoxia culture of A549 cells for 0.5, 2, 4, 8, 12
and 24 hours; the concentration of HIF-1o in A549 lung
cancer cell culture medium were determined by ELISA
test. In conclusion; hypoxia induced the increase of HIF-
la in lung cancer cells. Due to the increase of HIF-1a in
A549 lung cancer cells; a decrease was detected in
Claudin-5 expression. These changes increased blood-
brain barrier permeability which lead to the metastases of
lung cancer cells into the brain tissue.
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Conclusion

Clinical manifestations of acute, intermittent or chronic
hypoxia have negative effects on lung maturation during
the embryological period which has been shown by many
experimental models designed on animal studies. Hypoxia
also affects the morphometry, anatomy and microscopy of
lung tissue in the adults. Chronic hypoxia accentuates lung
growth by increasing the lung parenchyma. However; the
airways in the lung tissue were found to be normal in
hypoxic cases. Histology of lung tissue shows microscopic
changes due to hypoxia. Mild edema and inflammatory cell
infiltration appear in the lung tissue in experimental stud-
ies performed on animal models. In cases of hypoxia; the
lung parenchyma shows destructive exudative changes in
the early phase; in the later phases repair and proliferative
processes are dominant. Decrease of capillary volume,
suppression of elastin repair in lung fibroblasts and pul-
monary fibrosis are other clinically important findings of
hypoxia. Due to hypoxia; the receptors responsible from
fetal lung development are also affected. In molecular
studies; hypoxia induced pulmonary hypertension, sup-
pression of many immune molecules, major changes at the
levels of various enzymes and growth factors were detect-
ed in the researches. Additionally; hypoxia causes to an
increase in the amount of lung cancer cells and therefore;
induces the metastases of lung cancer cells to brain tissues.

Exposure to hypoxia during embryological period
must be avoided for normal lung maturation in the fetus.
In the adult; if morphometric, anatomic or microscopic
changes are observed in the lung tissue; exposure to
hypoxia must also be remembered in differential diagno-
sis. If pulmonary hypertension, suppression of immune
molecules, changes in the levels of enzymes or growth fac-
tors are detected in molecular studies of lung tissue; the
possibility of the exposure to hypoxia must also be remem-
bered. Additionally, in cases of lung cancers, in order to
control the over increase of cancer cells or spread of
metastases; a great care should be taken to keep patients
away from hypoxic environment.
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