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ARTERIAL STIFFNESS IS A RELEVANT MARKER 
OF CARDIOVASCULAR RISK

Belova N.

Department of Physiology, Medical University of Sofia, Bulgaria

A b s t r a c t

The cardiovascular diseases are still the leading cause of mortality and impaired quality of life worldwide. This
fact implies the necessity of appropriate screening markers for focusing primary prevention on the individuals at
higher cardiovascular risk.

The relevance of arterial stiffness as a predictor of future cardiovascular events is due to the fact it is a mani-
festation of the cumulative effect of all the harmful factors acting on the vascular wall, their duration and intensi-
ty, as well as of the genetic background of the individual.

The major structure of the vascular wall of the large “conduit” arteries is reviewed and the organization of the
basic unit, the lamellar unit, is discussed in relation to the normal aging process and the concomitant alterations
in arterial stiffness.

A review of the modern non-invasive methods for arterial stiffness evaluation is carried out: imaging of the rela-
tionship between vascular size and distending pressure; pulse wave analysis; measurement of pulse wave velocity
(PWV).

A comparison of the resting brachial-ankle PWV (ba-PWV) is performed between two groups of young healthy
adults: offspring of parents with cardiovascular pathology (N+) and their age matched controls (N-). Brachial-ankle
PWV was significantly higher (8.72 ± 0.35 m/s) in N+ as compared to N- (6.72 ± 0.66 m/s) (P < 0.01). We consid-
er the increased PWV as a consequence to an autonomic dysbalance and to an elevated sympathetic stimulation
of the vascular smooth muscle in the healthy young adults with positive family history for cardiovascular pathol-
ogy. We can conclude that measurement of ba-PWV is a relevant and cost-effective method for screening the indi-
viduals at higher cardiovascular risk.

Keywords: arterial stiffness; pulse wave velocity; cardiovascular risk; autonomic dysbalance.

INTRODUCTION

The cardiovascular diseases and their outcome are a major social burden. They are still
the leading cause of morbidity and mortality worldwide. Hence, scientific research is direct-
ed towards the search for appropriate markers of individuals at higher cardiovascular risk
in order to promote primary prevention.

The relevance of arterial stiffness as a predictor or marker of cardiovascular pathology has
been definitely acknowledged by the recent Expert Consensus Document (1). In fact, the
conduit and cushioning role (2) of large elastic arteries and the gradual impairment of the
cushioning function with age has been demonstrated long ago. William Osler was the first
to show that aging was frequently associated with arterial wall alterations, distinct from the
localized and primarily intimal vascular lesions specific for atherosclerosis (3).

Typically for medical science, the “physiological” transformation of vascular wall was
recently rediscovered and the introduction of sophisticated non-invasive diagnostic devices
focused the attention of cardiologists on arterial stiffness. The functional consequence of
aging per se is an increase in arterial stiffness, which results from the alterations and inter-
actions between the extracellular matrix and the smooth muscle cells (SMC) of the media
(4). Furthermore, the effects of aging are more pronounced in the proximal elastic arteries
than in the more distal muscular arteries. “Physiological” aging affects to a greater extent
the middle layer of the arterial wall, which is subjected to the continuous load of elastic
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recoil. (5). However, hormonal, inflammatory and growth factors might modulate the effect
of aging on vascular wall. For example, conditions like diabetes and renal dysfunction are
frequently accompanied by earlier alterations in the large arteries, described as premature
vascular aging (6).

In a brilliant way Nilsson and al. (7) gave ground for the significance of arterial stiffness
as a cumulative measure of all negative factors, which had impacted the arterial wall, as
opposed to the instantaneous condition shown by well-known markers as arterial pressure,
metabolic parameters, which might be altered by random factors. In fact arterial stiffness
reveals the specific long-term impact of various damaging factors, which depends both on
the genetic background and on the diversity, the intensity and the duration of the harmful
factor action on the arterial tree. 

FUNCTIONAL MORPHOLOGY OF TUNICA MEDIA IN THE LARGE ARTERIES

Understanding the mechanisms of arterial wall remodeling necessitates a detailed knowl-
edge of large artery structure and functions. The major structural elements of the vascular
tunica media are smooth myocytes embedded in extracellular matrix. The basic unit of the
media is the ‘lamellar unit’, which is composed of two elastic lamellae. The extracellular
matrix of the media consists mainly of elastin and collagen fibers, microfibrils, and inter-
lamellar ground substance containing glycosaminglycans and proteoglycans. This complex
structure plays a role in vascular function both as a mechanical support and through bio-
logical signaling. The clarification of the interaction between SMC and matrix components
may contribute to the development of new therapeutic approaches for the management of
vascular pathology.

The viscoelastic properties of the arterial wall depend on the arrangement of the major
structural components (8). Most lamellar units contain a single central layer of SMC,
enveloped by a network of elastin protrusions (Fig. 1). 

Fig. 1. The lamellar units consist of concentric layers of elastic lamellae, vascular smooth-muscle cells and inter-
lamellar matrix. The extracellular-matrix components ensure the integrity of the arterial wall (Reproduced with the
kind permission of DY Li (9).

The SMC are connected to the elastic protrusions with fibers build of the proteins fibrillin
and type VI collagen. It has been shown that fibrillin stabilizes the interaction between SMC
and the integrated matrix. Fibrillins bind to the integrins of SMC and this interaction is
essential for the cell attachment and adhesion (9). In close proximity to the lamellae colla-
gen fibrils form fibers, which are oriented in parallel to the lamellae. On the contrary, there
is no specific orientation of the collagen fibrils in the central portion of the unit. (10). 

Elastin is a protein of specific spring-like properties. This protein is the major factor con-
tributing to the elasticity of conduit vessels, lungs and skin. Its elastic modulus is around
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1 MPa (11). What is more important, elastin is a protein of a very slow turnover - the half-
life of elastin molecule is estimated to be more than 40 years. In addition, the synthesis of
elastin is negligible in the adult individual (12). The elastin degradation rate depends on
several factors: age, hormonal activity, stress, elastase activity, etc. (13)

The serine proteases and several matrix metalloproteinases (MMPs) possess the property
to destroy elastin. The MMPs are a family of enzymes, which decompose extracellular matrix
components and take part in morphogenesis and tissue remodeling. For example, the
increased activity of MMP-9 and MMP-2 may cause destruction of the elastic lamellae and
arterial remodeling (14). 

Collagen is a comparatively inextensible protein (it might be stretched out to no more than
10% above its initial length), which confers firmness to the arterial wall. Collagen fibers are
estimated to be 1000 times stiffer than elastin – collagen elastic modulus is around 1 GPa
(11). Yet, collagens are not only structural components; they are active participants of vas-
cular extracellular matrix.  They interact with many cell types within the arterial wall and
these effects depend on the geometric organization of matrix microenvironment as well.
Despite their strength, collagens are susceptible to proteolytic digestion and mineralization
like elastin, which might contribute to arterial wall remodeling and stiffening (15). In their
classic experiments Roach and Burton (16) showed the effect of trypsin digestion of elastin
or formic acid degradation of collagen on the tension-length curves of the iliac arteries. They
were the first to evidence the non-linearity of arterial wall elasticity. The increased stiffness
of arterial wall at larger distention of the vessel was attributed to the tensed collagen fibers.
Aortic collagen fibers are assembled in bundles and no specific arrangement of those bun-
dles is observed at low pressures. However, at higher than physiological pressures the col-
lagen fibers in the media align circumferentially and they are the main contributors to the
increased stiffness of the wall under these conditions (17).

The elastin/collagen ratio is highest in the large conduit arteries. It gradually decreases
with the concomitant increase in SMC number per unit of mass and the decrease of arteri-
al lumen in muscle arteries. Recent experiments using elastase-treated arteries demon-
strated the significance of elastin-collagen interdependence. Elastin destruction led to col-
lagen fiber recruitment and non-linearly increased arterial stiffness, especially in conditions
of elevated circumferential stress (18). 

ARTERIAL STIFFNESS

Arterial stiffness is a property of the vascular wall, which is hard to be defined and even
more difficult to be precisely measured. Arnett and al. defined arterial stiffness as an esti-
mate of the ability of large arteries to expand in response to the systolic ejection of stroke
volume (19). Arterial stiffness is inversely proportional to arterial distensibility and arterial
compliance (20). In fact the terms stiffness, compliance and elasticity are a manifestation of
volume changes in the vessel in response to a pressure change, while distensibility depends
on the initial vascular dimensions as well (21).

Further on, Greenwald (12) differentiates the terms material stiffness and functional stiff-
ness. Material stiffness of the arterial wall is manifested by its resistance to distension in
response to an applied force and, therefore, it is related to its structural components. Yet,
Greenwald introduces the term functional stiffness, which is the apparent stiffness of the
vascular wall. The apparent stiffness depends on the ratio thickness/lumen of the vessel as
well. The functional consequence is that an artery of a thicker wall would show greater
functional stiffness than a vessel with similar structural characteristics but of a thinner
wall. Theoretically, this also means that functional stiffness will depend on smooth muscle
tone, which determines vascular diameter. A constricted vessel would have a smaller thick-
ness/lumen ratio and its functional stiffness should be greater and vice versa.

Therefore, in short-term conditions the contractile function of smooth muscle cells (SMCs)
contributes to the arterial mechanical properties. The pattern of SMC arrangement is dif-
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ferent in the large arteries as compared to SMC architecture in the more distal muscular
arteries. In the conduit arteries the myocytes bridge the elastic lamellae, while in the mus-
cular arteries they form rings parallel to the elastic lamellae. This arrangement pattern in
the large arteries determines the specific contribution of SMC contraction to arterial wall
stiffness (22, 23, 24). On the contrary to resistance vessels, the relatively small amount of
SMC in the elastic arteries determines a small diameter reduction upon contraction. Hence,
the functional effect of SMC contraction is a redistribution of force between the collagen and
elastin fibers, i.e. modulation of tension. This might explain the existence of acute arterial
stiffness dynamics (25, 26). 

It also should be kept in mind that arterial stiffness is a function of the distending pres-
sure as already discussed due to the recruitment of collagen fibers; hence, arterial stiffness
should be considered a dynamic property of the vessel (27). 

All these assumptions give theoretical reasons for expecting a reduction in arterial stiff-
ness through appropriate interference with SMC contraction.

EFFECT OF AGING ON LARGE ARTERIAL CHARACTERISTICS

The long-term gradual stiffening of the elastic arteries might be related to changes in the
composition, altered geometry and the resulting redistribution of forces within the arterial
wall. The large arteries dilate, they get more rigid and their wall thickens (28, 29).

The structural alterations in the media components act not only as a causative agent for
a change in material stiffness; they lead to altered cell-matrix interactions as well (30).
There are a lot of putative mechanisms for intracellular signalling in the genesis of arterial
stiffness, which could be therapeutically targeted only after understanding the underlying
mechanisms. 

The typical changes in vascular media with aging are summarized by Lakatta et al. as ele-
vated collagen/elastin ratio, increased amount of matrix, matrix metalloproteinase (MMP)
dysregulation and increased number of SMC (31).

The gradual decrease in elastin content is a physiological manifestation of aging. Aging is
accompanied not only by loss of elastic fibers, but also by thinning, splitting and fragmenta-
tion of elastin (32, 33). This phenomenon was described by O’Rourke as elastin fatigue (34).
The elastin lamellae progressively thin, and, in addition, they are put under an increased wall
tension according to Laplace’s law due to arterial dilation accompanying aging. Therefore, the
aortic elastin reduction accounts for the decreased aortic compliance (35, 36). 

In addition, it should be pointed out that elastin has a high affinity for calcium, and age-
related elastic fiber fragmentation is associated with a greater predisposition for calcifica-
tion. Besides, it has been shown that MMP mediated elastin degradation leads to formation
of soluble elastin peptides, which also may induce calcium deposition. Elastin calcification
was associated with an up-regulation of the MMP mRNA expression, MMP-9 and MMP-2, in
particular (37). 

Those unfavorable changes in extracellular matrix (ECM) proteins are promoted and accel-
erated by inflammation and immunological stress, in which condition inflammatory cells
produce increased amounts of MMPs and elastase (38).

Several studies suggest that genetic factors might influence at least in part the elastic
properties of large arteries. A positive association between gene polymorphism of
angiotensin II receptor type 1 (AT1

1166A/C) and of aldosterone synthase (CYP11B2
344T/C)

with aortic stiffness has been shown in hypertensive subjects (39, 40). A significant
decrease in carotid artery distensibility was observed in individuals carrying Ser422Gly
polymorphism in the gene-encoding elastin. The interesting point was that the association
of elastin gene polymorphism and increased stiffness existed only in subjects above 50
years, which implies the existence of an age-genotype interaction (41).

Fibrillin-1 genetic polymorphism was also associated with large artery stiffening and
increased cardiovascular risk (4).
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It has also been shown that MMP-3 gene polymorphism could lead either to increased pro-
duction of the enzyme with the ensuing arterial wall weakness and risk of aneurysm for-
mation, or to increased extracellular matrix deposition because of decreased levels of MMP-
3. The optimal intermediate levels of the enzyme leading to a balance between matrix dep-
osition and breakdown are observed in individuals with heterozygous MMP-3 expression
(42). On the contrary, MMP-9 gene polymorphism with elevated levels of the enzyme in the
aorta was related to elastic matrix degradation and remodeling, which causes arterial stiff-
ening (43).

EVALUATION OF ARTERIAL STIFFNESS

In general, three approaches might be used to measure non-invasively arterial stiffness
(44):
1. Assessment of the relationship between vessel size and distending pressure usually by

means of echo-tracking techniques, aplanation tonometry and magnetic resonance imag-
ing;

2. Pulse wave analysis with the help of aplanation tonometry or echo-tracking, which pro-
vides data about the alterations in the aortic pulse wave contour;

3. The gold standard for arterial stiffness assessment is the measurement of pulse wave
velocity (PWV). This method is based on the equation of Moens–Korteweg: 
PWV2=Eh / 2rρ, where E is Young’s modulus (estimated by the slope of the stress–strain
relationship of the vessel); ρ is blood density, h is vascular wall thickness and r is vas-
cular radius. PWV in the central arteries increases with age and what is more important
– it increases non-linearly and of a higher rate above the age of 50 (45).

ASSESSMENT OF ARTERIAL STIFFNESS BY MEASUREMENT OF BRACHIAL-ANKLE
PULSE WAVE VELOCITY (BA-PWV)

Recently there are several papers, which give evidence for a good correlation between aor-
tic or central PWV and the brachial-ankle PWV (ba-PWV), which is easier for estimation
(46, 47).

We have measured ba-PWV to compare arterial stiffness in two groups of normotensive
young adults: young individuals with family history for increased cardiovascular risk (N+)
as compared to their age matched controls (N-). The (N+) individuals were the offspring of
parents and/or grand parents with hypertension, diabetes, obesity and/or target organ
damage like myocardial infarction or brain stroke. Their general characteristics are shown
on Table 1.
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Table 1. General characteristics of the studied individuals. 
Data are means ± SEM. HR – Heart rate at rest (min-1); SAP – Systolic arterial pressure at rest (mm Hg); PP – Pulse
pressure at rest (mm Hg).

Groups n Age                 BMI HR SAP PP

N+ 35 20.4 ± 0.4        23.3 ± 0.6 75 ± 1.3 119 ± 1.6 43 ± 1.3

N- 9 21.5 ± 0.8 22.2 ± 0.5 69 ± 3 113 ± 4 39 ± 2

As it is clearly seen from Table 1 the studied subjects were age matched, non-obese and
normotensive. There were slight differences in the resting heart rate, systolic arterial pres-
sure and pulse pressure. All these parameters were within the normal range, although high-
er in the N+ group. Yet, no statistical significance could be shown.



Fig. 3. Two screens from the AcqKnowledge software. A. Simultaneous recording of electrocardiogram and two pho-
toplethysmograms from a. brachialis and a. dorsalis pedis. B. Calculation of the time lag between two fiducial cor-
responding points of the photoplethysmograms: the onset of the anacrotic phase. It is measured as the time inter-
val between the respective peaks of the photoplethysmogram second derivatives.

The measurement of ba-PWV was carried out in supine position of the patient after 10
min for adaptation and taking the baseline brachial arterial pressure. Two photoplethys-
mograms (PPG) were simultaneously recorded from the right a. brachialis and the right
a. dorsalis pedis using the Biopac MP 100 digitizer and the Acknowledge software.
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Fig. 2. The route difference traveled by the pulse wave corresponds to the time lag between the foot of the brachial
and dorsal pedis photoplethysmograms. S2 corresponds to the shorter distance traveled by the pulse wave between
the sternal notch and the brachial artery recording site; S1 is the longer distance between the sternal notch and
the dorsal pedis recording site.



PWV calculation was based on the difference in the route traveled by the pulse wave (Fig.
2) to the sites of recording (brachial artery and dorsal pedis artery) and on the time lag (Δt)
between the start of the anacrotic phase in the respective PPG (Fig. 3). Hence, ba-PWV =
ΔL/Δt.

A screen from the software program AcqKnowledge with a simultaneous recording of the
two PPG is shown on Fig. 3A. Figure 3B demonstrates the calculation of the time lag
between the two fiducial corresponding points of the PPGs. It is measured as the time inter-
val between the peaks of the second derivatives of the PPG curves, which peaks coincide
with the opening of the aortic valve and the transition to the ascending phase of the curve
(48). The corresponding route is calculated as follows. The route traveled by the pulse wave
from the aortic semilunar valve to the branching of the truncus brachiocephalicus dexter
(positioned roughly beneath the sternal notch) is common for both distances. The shorter
route S2 is measured from the sternal notch to the brachial artery recording site. The greater
distance S1 to the dorsal pedis site is calculated using the formula S1 = (0.8129 x height
+12.328)/100, where S1 is in m and height is in cm. Hence, ΔL = S1 – S2 (46).

Our ba-PWV data correspond to the reference values given by Boutouyrie et al. (49) for
central PWV. Yet, we have shown the existence of a significantly higher ba-PWV in the N+
individuals as compared to the controls (P < 0.01, Fig. 4). The resting value in N- it was 6.72
± 0.66 m/s, while in N+ it was 8.72 ± 0.35 m/s.

A C T A  M E D I C A  M A R T I N I A N A  2 0 1 1   11 / 3 11

Fig. 4. Brachial-ankle PWV is significantly higher in the N+ individuals as compared to the control group.

We plan to carry out additional studies that could clarify the cause(s) for the higher PWV
in the individuals with positive family history for increased cardiovascular risk.

The putative underlying mechanisms comprise genetic factors that could determine a pre-
mature morphological “aging” of the arterial wall. There are studies showing the existence
of gene polymorphisms associated with variance in the arterial stiffness phenotype. These
studies are elegantly presented in the review of Lacolley and al. (50). Several candidate gene
polymorphisms are discussed in this review: renin–angiotensin–aldosterone genes, matrix
and metalloproteinase genes, endothelial cell related genes, inflammatory genes, etc. Yet,
the average age of the studied individuals in the above cited genome linkage studies is more
advanced than in our subjects: it is higher than 40. This fact is not surprising as the accu-
mulation of influences on a composite parameter such as the arterial stiffness needs more
time to produce a manifested alteration.



So, interpreting our results we are inclined to speculate that the higher PWV in the young,
healthy and normotensive individuals with positive family history for cardiovascular risk
could be associated with functional rather than structural causes. As it has been already
shown the change in the vascular smooth muscle tone due to sympathetic stimulation
might cause increased arterial wall rigidity (25, 51, 52, 53). Our hypothesis is that an auto-
nomic dysbalance with a sympathetic predominance exists in those individuals. This idea
is supported by earlier studies of ours showing the existence of altered heart rate variabili-
ty in similar groups of subjects (54). Although not statistically significant, the slightly high-
er resting heart rate, systolic pressure and pulse pressure in the N+ are also in favor of the
existence of elevated sympathetic drive to the cardiovascular system.

In conclusion, the measurement of ba-PWV is an easy for performance, non-invasive and
cost-effective method that might be used as an additional tool in a battery of functional tests
for screening individuals at higher cardiovascular risk.
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BCL-2 FAMILY PROTEINS IN DEVELOPMENT AND TREATMENT OF
MALIGNANT DISEASES

Racay P., Jurecekova J.,  Stefanikova A., Klikova K., Hatok J., Dobrota D.

Institute of Medical Biochemistry, Jessenius Faculty of Medicine, Comenius University, Martin, Slovakia

Abstract

Proteins of Bcl-2 family are key regulators of mitochondrial pathway of apoptosis. Deregulation of apoptosis dis-
rupts the complex and delicate balance between cell proliferation, survival and death and plays an important role
in the development of malignant diseases. In addition to uncontrolled proliferation, alterations in apoptotic pro-
teins are frequently associated with resistance of malignant cells to chemotherapy, leading to ineffective treatment
with chemotherapy that primarily acts by apoptosis initiation. Despite the progress in combinatory and biologic
therapy, response rates for treatment of different malignant diseases are not high enough. Therefore, new anti-
cancer agents that selectively kill tumour cells and spare normal tissues are still urgently needed. Progress in bio-
chemistry and cell biology leading to detailed dissection of cell signalling pathways allows development of new ther-
apeutic strategies targeting different proteins involved in malignant transformation and uncontrolled proliferation
of malignant cells. Emerging knowledge on molecular mechanisms of apoptosis deregulation in cancer develop-
ment has revealed Bcl-2 family proteins as potential targets for drugs discovery. Structural analysis of these pro-
teins together with studies of apoptosis mechanisms have outlined strategies for generation of new drugs, result-
ing in numerous novel chemical entities with mechanism-based activity. Many of the most logical targets for pro-
moting apoptosis of malignant cells are technically challenging, involving often disruption of protein interactions
or changes in gene expression, as opposed to traditional pharmaceutical approach that predominantly attacks
enzymes. Understanding of the core components of the apoptotic machinery at the molecular and structural lev-
els may lead to new era in cancer therapy where the intrinsic and acquired resistance of malignant cells to apop-
tosis can be pharmacologically reversed, reinstating natural pathways of cell suicide.

Key words: Bcl-2 family proteins, apoptosis, cancer therapy, chemoresistance

INTRODUCTION

Apoptosis is an evolutionarily conserved mechanism of cell death that is crucial for  the
development of multicellular organisms. Apoptosis is also critical for the maintenance of
normal tissue homeostasis by the removal of damaged, unnecessary or potentially danger-
ous cells. Unlike necrosis, apoptosis is characterized by typical morphologic and biochem-
ical features such as cell shrinkage, condensation of nuclear chromatin and cleavage of
genomic DNA at internucleosomal sites, resulting in the generation of a characteristic pat-
tern of DNA fragments [1]. Blebbing of the cell surface results in the release of membrane-
bound apoptotic vesicles. Cells undergoing apoptosis are eliminated by macrophages or
neighbouring cells without inflammation of surrounding tissue. The majority of molecular
changes during apoptosis are caused by family of intracellular cysteine proteases, called
caspases. Caspases synthesised as inactive zymogens are proteolytically processed to an
active form following apoptotic stimulus [2]. Two groups of caspases are recognized accord-
ing to their functions. Initiator caspases (caspases 2, 8, 9, 10) are capable of autocatalytic
activation in response to different stimuli. Active initiator caspases are capable of proteolytic
cleavage and consequent activation of effector caspases (caspases 3, 6, 7) that can cleave
various cellular substrates such as cytoskeletal proteins or proteins involved in signal trans-
duction. Cleavage of target proteins is associated with cell collapse and induction cell death
[3]. In addition, proteolytic degradation of inhibitor of caspase activated DNAse leads to
intranucleosomal fragmentation of genomic DNA. There are two distinct pathways that lead
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to apoptotic cell death: (1) the extrinsic or receptor pathway; and (2) the intrinsic or mito-
chondrial pathway [1, 2]. 

The extrinsic pathway is initiated by the binding of extracellular ligands (e. g. members of
tumour necrosis factor super family) to their receptors on plasma membrane, which
induces formation of the death-inducing signalling complex (DISC) by binding to specific
intracellular proteins characterised by presence of death domain [2]. DISC promotes acti-
vation of initiator caspase 8 and consequent activation of effector caspase 3. Degradation of
substrate proteins by active caspase 3 culminates in apoptotic cell death.

The intrinsic pathway is usually initiated in response to intracellular stress, which include
hypoxia, DNA damage, viral infection and activation of oncogenes. Proteins of Bcl-2 family
are central regulators of mitochondrial pathway of apoptosis [4]. The BCL-2 (B-cell lym-
phoma gene-2) gene was first cloned from the breakpoint of the t(14;18) translocation in B-
cell follicular lymphoma [5]. Its discovery has led to identification of a whole family of pro-
teins that control commitment to apoptosis via mitochondrial pathway [4]. To date, 25 mem-
bers of the Bcl-2 family have been identified. In addition to cytoplasm, these proteins are
located predominantly in the outer mitochondrial membrane [2]. Proteins of the Bcl-2 fam-
ily are related to each other due to their four conserved Bcl-2 homology (BH) domains and
can be classified into three subfamilies based on structural and functional features [4].

The anti-apoptotic subfamily contains the Bcl-2, Bcl-xl, Bcl-w, Mcl-1, Blf1/A-1 and Bcl-B
proteins, which suppress apoptosis and contain all four BH domains, designated 1-4. The
3-dimensional structures of anti-apoptotic Bcl-2 proteins reveal that each has a similar
overall helical fold centered on a core hydrophobic helix with the BH1-3 domains arranged
to expose a hydrophobic groove on the molecule. The integrity of this hydrophobic groove is
required both for their pro-survival activity and for the binding of their pro-apoptotic part-
ners.

Pro-apoptotic proteins, such as BAX, BAK, and BOK, contain BH 1-3 domains and are
termed “multidomain proteins”, whereas other pro-apoptotic proteins, such as BIM, BAD,
BID, PUMA and Noxa contain only BH3 domain and are termed “BH3-only” proteins. The
BH3 domain of pro-apoptotic proteins is the most important mediator of the interaction with
anti-apoptotic proteins. In viable cells, the „multidomain“ pro-apoptotic proteins are pres-
ent in the form of inactive monomers residing at the mitochondria (BAK), where are bound
to anti-apoptotic proteins Bcl-xl or Mcl-1, or in the cytosol (BAX) [6]. In response to multi-
ple types of stress, BAX translocates to mitochondria. Monomeric BAX and BAK undergo
a conformational change leading to dimerisation and formation of oligomers during apop-
tosis. These changes occur at mitochondrial membranes and are promoted by local avail-
ability of selected BH3-only proteins (BIM, BID, and PUMA) [7]. Oligomerisation of BAX
and BAK leads to pore formation in outer mitochondrial membrane followed by the release
of cytochrome c and other pro-apoptotic proteins from mitochondria to cytosol, activation of
initiator caspase 9 and consequent activation of caspase 3 and apoptosis initiation [4]. 

The „BH3-only“ proteins bind due to BH3 domain into the hydrophobic groove of anti-
apoptotic proteins inhibiting their anti-apoptotic function and indirectly activate BAX
and/or BAK. The balance between pro- and anti-apoptotic members of Bcl-2 family
expressed in outer mitochondrial membrane determines apoptosis initiation or cell sur-
vival. Disruption of this complex equilibrium may result in overinduction of apoptosis or
by contrast in regression of apoptosis [8]. In addition to the regulation of cell cycle and
DNA repair, p53 is an important regulator of mitochondrial apoptosis at the level of Bcl-
2 family proteins. It can initiate apoptosis by transcriptional activation of the expression
of pro-apoptotic proteins (e.g. BAX, BAK, PUMA and Noxa) [9], as well as transcriptional
repression of the expression of anti-apoptotic proteins of Bcl-2 family [10]. Transcription-
independent pathway involves translocation of p53 to mitochondrial membrane and its
direct binding to anti-apoptotic proteins (e.g. Bcl-xl); thereby inhibiting their anti-apop-
totic function [11].
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DEREGULATION OF BCL-2 FAMILY PROTEINS IN MALIGNANT CELLS

Deregulation of apoptosis plays an important role in the development of a variety of
human pathologies, including autoimmune, neurodegenerative and malignant diseases [1].
The identification of the components of apoptotic pathways has enabled the detection of var-
ious biochemical defects present in malignant cells compared to their normal counterparts
[12]. These defects contribute to the survival advantage of malignant clone over the normal
cells and are also frequently associated with low response rate to standard chemotherapy
and poor survival of patients [13]. Significant correlation between expression of some pro-
teins of Bcl-2 family and sensitivity of cancer cell lines to more than 100 cytostatics was
documented [14]. Dissection of molecular pathway of apoptosis has lead to the identifica-
tion of many potential targets for the development of new drugs targeting anti-apoptotic
molecules abnormally expressed or deregulated in malignant cells. Many of these drugs
have potential to restore the sensitivity of malignant cells to apoptotic stimuli and some of
them are under investigation at a clinical level [15]. Molecular mechanisms involved in
deregulation of mitochondrial apoptosis in malignant cells include overexpression of anti-
apoptotic proteins and down-regulation or loss of function of pro-apoptotic proteins.

OVEREXPRESSION OF ANTI-APOPTOTIC PROTEINS

The overexpression of proto-oncogene BCL-2 was first identified in 70% of human follicu-
lar B-cell lymphomas due to t(14;18) chromosomal translocation [5]. The same transloca-
tion, however with less frequency (28%), was detected in diffuse large B-cell lymphomas
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Table 1. Association of Bcl-2 Anti-apoptotic Family Members with Human Malignant Diseases

Protein

Bcl-2

Bcl-xl

Mcl-1

Bcl-w

Diagnosis

Neuroblastoma

Small-cell lung carcinoma

Acute and chronic lymphoid leukaemias

Acute myeloid leukaemia

Breast adenocarcinoma

Prostate adenocarcinoma

Lung adenocarcinoma

Hepatocellular carcinoma

Glioma

Colorectal adenocarcinoma

Acute lymphoblastic leukaemia

Renal carcinoma

B-cell non-Hodgkin lymphomas

Anaplastic large cell lymphoma

Multiple myeloma

Melanoma

Gastric adenocarcinoma

Colorectal adenocarcinoma

Reference

24

25

19, 20, 26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41



(DLBCL) [16]. This translocation places the BCL-2 gene into juxtaposition with powerful
enhancer elements associated with immunoglobulin heavy chain locus, which results in ele-
vated levels of Bcl-2 mRNA and protein [17]. In addition to t(14;18) chromosomal transloca-
tion, t(2;18) and t(18;22) translocations that involve Bcl-2 and either IG kappa or lambda
genes have been observed in some rare cases of B cell malignancies. The molecular analy-
sis revealed that these translocations juxtaposed the BCL-2 and immunoglobulin light-chain
(IGL) genes [18] and is cause of Bcl-2 overexpression in approximately 10 % of cases of
chronic lymphoblastic leukaemia (CLL) [19]. Bcl-2 was found to be overexpressed in all
investigated cases of CLL [20]. Although hypomethylation of the bcl-2 gene did not neces-
sarily correlate with the relative levels of Bcl-2 protein present in the B-CLL cells [20], this
epigenetic event represents additional mechanisms for regulating Bcl-2 expression in can-
cer cells. Increased expression of Bcl-2 protein was also described in 31% of DLBCL due to
BCL-2 gene amplification which was independent from t(14;18) chromosomal translocation
[21]. Overexpression of the apoptotic protein Bcl-2 provides a block in apoptosis that can be
frequently observed also in other types of cancers (Table 1). The up-regulation of Bcl-2 can
be used as prognostic marker in some cancer types while it does not correlate with disease
progression in other types [22]. In the most cases, overexpression of Bcl-2 is associated with
resistance to chemotherapy. For example, high level of Bcl-2 in acute myeloid leukaemia
(AML) is associated with poor remission outcome and patient survival [23].

Alternative splicing of BCL-X gene gives two variants, long variant Bcl-xl and short vari-
ant Bcl-xs that are translated to proteins with opposite functions. Bcl-xl is the most potent
anti-apoptotic protein of Bcl-2 family that is often up-regulated in malignant cells due to
replacement of wild type exon IA of BCL-X gene with exon IB. The promoter found upstream
of exon IB is 300-fold more potent that “wild” type promoter [42]. Bcl-xl is also upregulated
in many types of malignacies (Table 1). On the other hand, association of decreased level of
mRNA of anti-apoptotic Bcl-xs with shorter disease free and overall survival indicates
important association of BCL-X gene products with chemotherapy induced cell death [43].

In addition to Bcl-2 and Bcl-xl, increased expression of other anti-apoptotic proteins of
Bcl-2 family (e. g. Mcl-1, and Bcl-w) occurs in significant subsets of common types of malig-
nant diseases (Table 1) and is generally correlated with poor response. However, the exact
cause of overexpression of these proteins is not yet fully elucidated.

DOWN-REGULATION OR LOSS OF FUNCTION OF PRO-APOPTOTIC PROTEINS

Down-regulation of BAX, the main pro-apoptotic pore forming protein of Bcl-2 family, is
often observed in some solid tumours. In the most cases, the reduced level of BAX protein
is accompanied by mutations in the P53 gene. According to its function in cell death, P53
gene is frequently mutated in solid tumours [44], leading to expression of inactive p53 pro-
tein which cannot activate transcription of BAX gene. Frameshift mutations of BAX gene
have been detected in T cells of acute lymphoblastic leukaemia (ALL) [45] and endometrium
[46]. In all cases of gastrointestinal cancers, there are two characteristic missense muta-
tions of BAX gene in codon 169 (Thr → Ala or Thr → Met). These mutations are functional
and therefore, they inhibit the pro-apoptotic activity of the protein and contribute to car-
cinogenesis [47]. Finally, Rampino et al. [48] found that more than 50% of human matrix
metalloproteinase positive (MMP+) colon adenocarcinomas had frameshift mutations in the
third exon, spanning codons 38 to 41. These results suggest that inactivating BAX gene
mutations are selected during the progression of colorectal MMP+ tumours and that the
wild type BAX protein plays a suppressor role in a p53-independent pathway for colorectal
carcinogenesis.

Reduced levels of BAK, another pore forming protein, were detected in gastric tumours
[49] and colorectal adenocarcinomas [33]. This down-regulation may be explained by the
presence of missense mutations in the BAK gene [50]. Six missense mutations were found
by analysis of the BAK gene in the carcinomas of uterine cervix, while no mutations were
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detected in normal cervical tissues [51]. BAK mutations were observed more frequently in
the advanced stage, at which mutated cancer tissues were resistant to radiotherapy [51].

THERAPY OF MALIGNANT DISEASES TARGETING THE BCL-2 FAMILY PROTEINS

The fact that high expression of anti-apoptotic proteins of Bcl-2 family may confer resist-
ance to chemo- or radiotherapy initiated the effort in developing strategies that overcome
the cytoprotective effect of these proteins. Less effort has been made in search of strategies
restoring the activity of pro-apoptotic proteins. Attempts to overcome the cytoprotective
effects of anti-apoptotic proteins include 3 strategies: (1) shutting off gene expression; (2)
inducing mRNA degradation; and (3) direct attack of the proteins with small-molecule
inhibitors [52].

Drugs regulating gene expression
Several types of drugs regulating the expression of anti-apoptotic Bcl-2 family genes were

found. Some synthetic retinoids reduce levels of Bcl-2 or Bcl-xl mRNA in malignant cells
(e. g. fenretinide) [52]. Fenretinide has shown promising anticancer activity in preclinical
studies, but its limited oral bioavailability has hindered clinical assessment.

Also inhibitors of histone deacetylases (HDACs), chromatin-modifying enzymes, have the
ability to reduce the expression of BCL-2, BCL-X or MCL-1 at transcriptional level. For exam-
ple, sodium butyrate, inhibitor of class I HDAC, induces apoptotic cell death accompanied
by up-regulation of pro-apoptotic BAX and down-regulation of anti-apoptotic Bcl-2 and Bcl-
xl [53]. Clinical trials of HDAC inhibitors are progressing, with hints of activity document-
ed for lymphoma and some solid tumours [54]. The use of valproic acid that acts also as
a class I HDAC inhibitor has shown promising results in patients with AML and myelodys-
plastic syndromes [55].

Drugs attacking mRNA
Antisense oligonucleotides are short single stranded synthetic deoxyribonucleotides that

complement and bind specific coding regions on mRNA, forming DNA/RNA hybrids which
are subsequently degraded. Thus, degradation of mRNA prevents translation of the target-
ed protein. This approach is highly specific since any DNA sequence longer than 17
nucleotides occurs only once within human genome. Preclinical studies have demonstrated
that oblimersen sodium (Genasense; G3139), an 18-mer phosphorotioated oligodeoxynu-
cleotide antisense designed to bind the first six codons of human Bcl-2 open reading frame,
downregulates expression of its target [56]. The feasibility of this approach in vivo was inves-
tigated in several phase II/III trials of oblimersen alone or in combination with other the -
rapy in both solid tumours and haematological malignancies [52]. In a recent phase III
study, oblimersen combined with fludarabine/cyclophosphamide was shown to prolong
survival of a subset of patients with refractory or relapsed CLL [57]. Oblimersen also holds
promise for the treatment of metastatic melanoma [58].

Small-molecule inhibitors of the Bcl-2 family proteins
Intensive research using computational modeling has led to discovery of structures of new

small molecules that could potentially promote death of cancer cells. Designed molecules
mimic the function of BH3-only pro-apoptotic proteins, destroying cancer cells by inhibiting
activity of anti-apoptotic proteins and specifically targeting pathways that allow survival of
cancer cells [59]. The attempt to target the protein-protein interaction site between anti-
apoptotic Bcl-2 proteins and BAX or BAK has resulted in the generation of ABT-737, which
binds with high affinity (Ki ≤ 1 nM) to Bcl-2, Bcl-xl and Bcl-w, but not to the less homolo-
gous proteins Bcl-B, Mcl-1 and A1 (Ki >1 μM) [60]. ABT-737 binds directly into the
hydrophobic groove in the structure of anti-apoptotic proteins. Thus, ABT-737 inhibits
anti-apoptotic Bcl-2 family proteins, but does not directly activate the pro-apoptotic proteins
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BAX and BAK. ABT-737 is an effective single agent in a panel of different malignancies,
especially in those that critically depend on anti-apoptotic Bcl-2 proteins for survival [60,
61]. Using of ABT-737 as a therapeutic agent is obstructed by its poor pharmaceutical prop-
erties. This compound is not orally bioavailable and has low solubility in water. The second-
generation inhibitor ABT-263, that is orally bioavailable, is currently evaluated in phase I/II
trials for lymphoma and CLL [62] as well as small cell lung carcinoma [63]. However, inhi-
bition of Bcl-2, Bcl-xl and Bcl-w by ABT-263 has only moderate effects on survival of dif-
ferent types of malignant cells and additional inhibition of Mcl-1 is required to activate cell
death [60, 62]. Therefore ABT-263 may have limited clinical potential for the treatment of
glioma and other solid tumours [64]. However, ABT-263 and related compounds display
synergism with chemo- and radiotherapy, significantly reducing the median effective con-
centration (EC50) value for cytotoxicity of the chemotherapeutic in a variety of cancer cell
lines [60].

Obatoclax (GX15-070) mesylate is a molecule that can also supplement the activity of
ABT-263. Although obatoclax mesylate has a lower affinity than ABT-263 for Bcl-2, Bcl-xl
and Bcl-w, it can successfully prevent Mcl-1/BAK binding [65]. Phase I studies in different
malignancies demonstrated evidence for single-agent activity and was well tolerated.
Clinical response to obatoclax mesylate was observed in patients with refractory leukaemia
[66], with CLL [57] and lymphoma or advanced solid tumours [67]. Its safety profile makes
it an attractive candidate for its combinatorial use with traditional chemotherapy [68].
Promising results were obtained during phase I trials using obatoclax mesylate in combi-
nation with topotecan in patients with relapsed small cell lung carcinoma [69].

In addition to synthetic compounds, natural substances are tested for treatment of di -
fferent malignant diseases. Gossypol is a natural polyphenolic compound and BH3 mimet-
ic derived from cottonseeds, which possesses pro-apoptotic effects in various in vivo and in
vitro models [70]. Similar to obatoclax, gossypol acts as a pan-Bcl-2 inhibitor and can inac-
tivate Bcl-2, Bcl-xl, Mcl-1 and Bcl-w. There are two enantiomers of gossypol, (+)-gossypol
and (-)-gossypol. The latter being more potent tumour growth inhibitor, (-)-gossypol (AT-
101), has shown single-agent activity in various types of malignant diseases. Although gas-
trointestinal toxicity is considerable dose limiting factor [52], its potential impact for cancer
therapy is currently investigated in phase I/II clinical trials. As a single agent AT-101 is test-
ed for treatment of prostate cancer [71] and gliomas [64]. AT-101 combined with topotecan
at a reduced dose is currently investigated in phase I/II clinical trials for treatment of
relapsed and refractory small cell lung carcinoma [72].

A combination of drugs targeting several anti-apoptotic proteins may be necessary to over-
come resistance to apoptosis in some cancers. For such reason, recent research is directed
not only at investigation of clinical effects of already discovered inhibitors, but also at iden-
tification of new small molecules that could make stable complexes simultaneously with
Bcl-2, Bcl-xl and Mcl-1. A few small molecules were obtained by computer-based modifica-
tion of known molecules. Usefulness of the new designed molecules for anticancer drug
development is waiting for determination [59].

CONCLUSIONS

The development and progression of the malignant diseases invariably involve deregula-
tion of apoptosis. Despite major efforts during the past 40 years, limited improvements in
response rates and overall survival have been made. The current primary treatment for
malignant diseases is chemotherapy inducing cell death by apoptosis mainly mediated
through the mitochondrial pathway. The progress made in understanding of the central role
of apoptosis deregulation in the development of malignant diseases and chemoresistance
has launched the academic community, as well as the pharmaceutical and biotechnology
industry into a search to indentify new compounds for the treatment of malignant diseases.
Targeted therapies that are designated to induce apoptosis in malignant cells are currently
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the most promising anticancer strategies. These strategies are aimed at targeting and killing
the malignant cells specifically with no or limited collateral damage to normal cells. Finally,
further elucidation of the molecular apoptotic machinery as well as its defects in malignant
diseases lays the basis for developing new drugs able to trigger apoptosis of malignant cells,
and therefore to improve survival of cancer patients. 
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A b s t r a c t

Worldwide more than several hundred million humans are exposed to severe air pollution, and a significant part
of them also smoke. The effect of air pollution on human health has been recognized for many years.

The nose, as the first portal of entry to the respiratory system is constantly exposed to a large volumes of air,
which is composed of a mixture of gases, particulate matter and infectious agent, and any material other than
physiological amount of oxygen, nitrogen, carbon dioxide and water is considered as pollutant. Being exposed to
critical amount of air pollutants, nasal cavity shares sophisticated system of protective and defensive mechanisms
regarding the lower airways and lungs, however the highest risk of direct exposure to relevant air pollutants is just
within the nose. Air pollution is considered to be responsible for some of the pathological processes affecting air-
ways prone to allergic reactions in predisposed subjects, onset of nasal sensorineural hyperresponsiveness, non-
specific inflammation, sinonasal cancer and definitely, the risk is not limited just to the nasal mucosa, but can
proceed toward the lower airways. 

The broad spectrum of irritants probably shares very similar molecular background of action. They are capable
to activate the cation channenl tranisient receptor potential A1-TRPA1 by covalent modification of the channel pro-
tein, because many of them are highly reactive and nonstable molecules with possibilities for various chemical
reactions. Activation of this channel is responsible for nociceptive reactions mediated by stimulation of afferent
trigeminal nerves, retrograde release of tachykinins, activation of parasympathetic afferent drive leading to
increase of mucus output and decrease of nasal patency, with subsequent alteration of nasal functions. Based on
the recently described neuro-immune bidirectional relationships, air pollutants may be responsible for recruitment
of immune cells with infiltration of the nasal mucosa possibly leading to the inflammatory processes and allergies. 

Our paper is discussing the nose as the target for air pollution, and focuses on the relevance of TRPA1 channel
on trigeminal afferents in pollution mediated responses. 

Key words: nose, air pollution, TRPA1, airways

INTRODUCTION

Worldwide, more than several hundred million humans are exposed to severe air pollu-
tion, and significant amount of them also smoke. The effect of air pollution on human
health has been recognized for many years. Dramatic episodes of severe pollution occurred
in the Meuse Valley in Belgium in 1930, Donora (Pennsylvania, USA) in 1948 and London,
UK in 1952. Majority of pollution of that period was caused by sulphur dioxide derived from
coal used for domestic heating. The introduction of the Clean Air Act in the UK in 1956
reduced air pollution as it was followed by the change of domestic heating method. Later
coal associated pollution has been replaced by other types of pollutant resulting from the
increasing use of liquid petroleum and gas in transport, domestic and industrial settings
[1].

Growing interest in indoor pollution has appeared in the early 1980s and 1990s when
more than 300 volatile organic compounds were identified as indoor pollutants. They orig-
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inate from building materials, combustion fumes, cleaning compounds, paints and stains
in addition to tobacco smoke [2]. This coincided with the description of sick building syn-
drome, characterized by eye, nose and throat irritation, headache, mental fatigue, and res-
piratory distress affecting some sensitive individuals after the exposure to indoor environ-
ment. 

Inhalation of pollutants is associated with adverse cardiovascular and respiratory reac-
tions and may lead to an increase in mortality. The nose, as the first portal of entry to the
respiratory system is constantly exposed to a large volumes of air, which is composed of
a mixture of gases, particulate matter and infectious agents, and any material other than
physiological amount of oxygen, nitrogen, carbon dioxide and water is considered as pollu-
tant [3]. Two critical issues in understanding the etiology of air pollution caused airway
damage are the identification of the responsible chemicals and the identification of their
receptors on epithelial cells and sensory nerves that innervate these areas. 

Much progress has been made as recent studies point to a role for TRPA1 channels in
response to pollutants, whether they originate from cigarette smoke, oxidizing agents, or
from other irritants in the air. Our rewiev is focused on the importance of the nose, as the
target for air pollution and the relevance of TRPA1 channel in responses of the airways to
the common airborn pollutants [4].theOur

NOSE AND IT�S FUNCTIONS

Nasal cavity is surrounded by bone and divided into halves by the septum. The two sep-
arate airways extent from the anterior nares to the posterior ones, where they are united to
a single airway at the nasopharyngeal level. The nose has an external visible part sur-
rounding the vestibule and an internal part containing the main nasal cavity. The nasal
vestibules are trumpet-shaped orifices, narrowing towards the main nasal cavity. In the
main nasal cavity three bony shelves project from lateral wall on each side, the nasal
turbinates. The turbinates increase the surface of the nasal mucosa, while at the same
time, they narrow the lumen. This design facilitates the nasal functions [5].

The nasal passages are the first parts of the conducting airways carrying the air from the
atmosphere toward the lungs, contributing significantly to the humidification and heating
of the air. The shape of the nasal cavity which bends and has differences in lumen area,
causes turbulent flow of the air and promotes deposition and trapping of particles onto the
nasal mucosa. Therefore the air that enters the lower airways is filtered and conditioned.
Nasal mucosa is also the site of immune reactions, nasal sinuses are the site of NO pro-
duction, and the system of cavities within the skull shares the spaces allowing resonance,
thus giving characteristic modulation to the voice [6].

In this paper, we would like to focus on those functions which may significantly reduce
the hazards for lower airways caused by inadequate conditions of inspired air – mainly the
presence of airborn irritants, which contributes to high respiratory morbidity and for sure,
can promote exacerbation of chronic airway diseases as chronic obstructive airway disease
(COPD), allergic rhinitis or bronchial asthma. It has been shown that impairment of nasal
functions significantly influence the functions of lower airways both in humans [7] and in
animal models [8].

PROTECTON AGAINST AIR POLLUTION IN UPPER AIRWAYS

Logically, if the nose shares protective function regarding the lower airways it must be
equipped with some possibilities for such a defense. These mechanisms can have defensive
or protective role, and could be of reflex and non reflex type. 

The general idea of the protective mechanisms is to prevent penetration of dangerous
noxae to the respiratory system (for example apnoeic reflex, which does not allow inhalation
of the hazards as the breathing is suppressed at the end of expiration phase). Defensive
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mechanisms are activated if any relevant noxa has penetrated to the respiratory system or
has been produced (mucus) within the respiratory system, and there is a need to expel it
out from the respiratory regions (cough, sneezing) [9].rizationV

First important nasal function regarding the airway defense is filtration. Material accom-
panying the airstream tends to impact on the mucus surface. It is a function of the aero-
dynamic equivalent diameter (AED). Approximatelly 80% of material with an AED of  > 9 μm,
50% with an AED of 2-9 μm and 40% with an AED of  < 2 μm stick to the nasal wall. The
rest finds its way into the lower respiratory tract. In addition, some particles are hygroscopic
and tend to accumulate water along the way. This enhances their chances of sticking to the
nasal wall. Although this process is effective in protection of the lower airways from relevant
amount particulate mater with an AED > 9 μm, it exposes the nasal mucosa to constant
stream of irritants. Nasal exposure to such pollution may promote onset and development
of diseases in individuals constatntly exposed to polluted air [10].

Filtration of inspired air is promoted by the specific pattern of air blowing through the
nose, which is turbulent. This turbulent flow through nasal passages allows the closest
contact of the air with mucosal surface promoting deposition of particles onto the mucus.
There are important mechanisms which also enhace that deposition, especially electrostat-
ic interactions between the charge of particles and mucosal surface and impingement. 

Impingement is the process allowing deposition of particles onto the nasal wall which is
caused by collision between the airstream and the sites of the bending or narrowing of the
nasal passages and also at the sites, where the airstream gets different direction [6]. There
are two of such places within the upper airways – the nasal vestibule and posterior wall of
nasopharyx. 

Particles, which were trapped onto the mucosal surface, are effectivelly eliminated from
the nasal cavity by the mucociliary transport (MCT) fig.1.  A thin blanket of mucus covers
the nasal epithelium. It consists of two layers: a low viscosity layer enveloping the cilia and
a more viscous layer riding on the sol phase. Nasal mucus is derived from goblet cells,
seron-mucus and serous glands, exudate from blood vessels and tears. The mucus contains
a lot of molecules with immunomodulatory and antibacterial action including lysozyme,
lactoferin, cytokines and immunoglobulines. Particles and substances trapped or disolved
in the mucus are swallowed and are then inactivated and destroyed by enzymes in the gas-
trointestinal tract [11].The cilia beat with varying rate and propelling speed is usually 6
mm/min. The function of MCT is very important in imunity for two reasons: it acts as
a mechanical escalator removing noxious substances and particles and it actively partici-
pates in immune reactions through the mediator it contains. 
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MCT in the nose is relatively resistant to climatic extremes, commonly present environ-
mental pollutants, wide variations of pH, excess of corpuscular pollutants and most of
intranasal local treatments. Decreased activity of nasal MCT could be induced by benzal-
conium chloride (a component of certain drugs), detergent sprays, hypotonic solutions, as
a consequence of exsication of the nasal mucosal surface and finally due to viral infections.
Cosequence of its  reduced effectiveness is increased risk for the mucosa to be infected by
any viral primoinfection, or secondary bacterial invasion after viral primoinfection. Recovery
of mucociliary funtions after rhinits is completed in couple of weeks [6].

WHAT HAPPENS IF THE NOSE IS EXPOSED TO AIRBORN IRRITANTS?

We have mentioned mechanisms of non-reflex origin which paricipate in the protection of
the respiratory system, but what actually happend if the nasal mucosa is exposed to the
airborn irritants? Trigeminal excitation by airborn pollutants initiates the sensation of irri-
tation, pain, lacrimation and sneezing [12]. Sensory-autonomic parasympathetic efferent
reflex pathways induce secretions from nasal, lacrimatory, and salivary glands, and the
dilation of vessels in the nasal mucosa and sinuses. Neuropeptides, such as substance P
and CGRP (calcitonin gene related peptide), released from chemically stimulated nerve
endings, promote neurogenic inflammatory vasodilation and leakage, contributing to narro-
wing or obstruction of the nasal passages [13]. Exposure to airborn pollutants may elicit
protective and defensive reflexes such as apnoea, sniffing and sneezing. The role of apnoe-
ic reflex is to prevent inhalation of potential hazzards deeper to the respiratory system. It
could be elicited as a response to the cold (diving response), strong chemical irritants like
xylol, ammonia, chlorine or cigarette smoke and also some kind of mechanical stimulation
of the nasal mucosa [9]. The breathing stops at the end of expiration and new breathing
cycle is abolished. Sniffing is considered to be a semireflex process. It is characterized by
several brief strong inspirations, which are redirecting the air stream to the neibourghood
of the olfactory region. It also promotes cleaning of the nose, as the mucus and particles
trapped onto its surface are removed by these strong inspiratory efforts to the nasopharynx
and pharynx, from where they could be expelled, or swallowed. Sneezing is defensive reflex,
which also could be elicited by stimulation of trigeminal afferents by airborn pollutants.  It
is also common symptom of rhinitis, because nasal nerves are stimulated by inflammatory
mediators and by the excess of mucus, as well [14, 15]. Afferent information is carried out
via trigeminal nerve to the sensitive trigeminal nucleus. If the stimulus is strong enough to
elicite sneezing, then the sneezing pattern and motor output are generated by central neu-
ronal network.  It starts with preparatory inspiration through the mouth - to prevent the
aspiration of the hazzard, which has initiated it to more distal airways. Later the glottis is
closed with simultaneous activation of expiratory muscles, which allows formation of high
intrathoracic pressure. Finally the glottis is open, and the compressed air blows out
through the nose to expel the mucus and noxae which have initiated this reflex. 

Other consequences of the exposure to irritants are local reflex reactions which are called
axon reflexes, and naso-nasal reflexes. Stimulation of afferent nerve endings (mainly C
fibres) leads to retrograde release of neuromediators – tachykinins - substance P, CGRP, VIP
(vasoactive intestinal peptide), NPY (neuropeptide Y), which have a diversity of effects on the
nasal mucosa, generally known as a neurogenic inflammation [16]. They are capable to
induce vasodilatation, increase glandular output and increase vascular permeability with
plasma leackage. General idea of this reaction is to dilute the irritant in the superficial
mucosal fluids and enhance its removal. The danger of axonal reflex is that continual expo-
sure to irritants could significanlty contribute to prolonged inflammatory process within the
upper airways based on neurogenic inflammation. 

Nasonasal reflexes participate mainly in the regulation of the vascular tone, congestion of
mucosal sinuses and mucus output by glands. The afferent arm is secured by the trigemi-
nal afferents, and the efferent drive is provided by the autonomic fibres. In the response to
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irritants, mainly the parasympathetic nerves are called upon the action, and their main
effects are similar to those provided by tachykinis – so the exposure to irritants induces
parasympathetic nerves mediated hypersecretion and vasodilatation with venous sinus
engorgement [12]. Stimuation of the trigeminal afferents by relevant stimuli (cold, chemical
irritants, mechanical probing) may induce also strong cardiovascular responses. For exam-
ple, apnoea is followed by bradycardia, hypertension with redistribution of circulating blood
[17]. Stimulation of nasal afferent is believd to influence resistance of lower airways. This
mechanism is called nasobronchial reflex. Some scientists confirmed that acute nasal
provocation challenges are followed by decrease of lower airway patency [18] with limited
expiration flows. If the nose is constantly exposed to irritants, these reflexes may signifi-
cantly contribute to the airflow limitation thus leading to symptoms due to bronchocon-
striction such is dyspnoe or wheezing. 

CONSEQUENCES INDUCED BY NASAL EXPOSURE TO AIRBORN IRRITANTS

If the subjects are exposed to air pollution and they are breathing through the nose, what
is preffered pattern of inspiration for subjects in rest conditions, then the nose is the first
site of the respiratory system, which is affected by the pollutants themselves. 

As we mentioned before, immediate responses to the pollutant exposure involve sensory
nerve activation and its consequences such are the reflex responses, retrograde tachykinins
release and finaly activation of parasympathetic afferent drive. These machanisms are
responsible for typical symptoms which follow exposure to irritants, like irritation, sneez-
ing, nasal discharge, lacrimation and nasal obstruction. These smptoms are present in case
the action of pollutant is being limited to the nasal mucosa. However effective is the nasal
cavity regarding the protective and defensive mechanisms, some of the pollutants can defi-
nitelly reach the lower airways. 

The question is, what is the impact of well defined airborn pollutants on the nose?  This
effect has been identified for most common pollutants. For example ozone - O3 which is
formed in the atmosphere through complex photochemical reaction sequence that requires
reactive hydrocarbons, nitrogen dioxide and sunlight [19]. It has been shown that exposi-
tion to ozone causes inflammatory response in the nasal mucosa indicated by an influx of
neutrophils, and the inflammatory markers as eosinophilic cationic protein, albumin and
leukocytes in the nasal lavage fluids correlate with increase of ambient ozone levels. 

Nitrogen oxides have also impact on the nasal mucosa. In the atmosphere, NO is gradu-
ally converted to NO2 and, like ozone, NOx are a product of combustion of petroleum. The
effect of NO2 was determined in subjects exposed to air and 400 ppb NO2 for 6 hours and it
was found that exposure to NO2 did not affect the count of immune cells within the mucosa,
but when the NO2 or air exposure was followed by the allergen challenge, it was document-
ed that allergen induced immune cells recruitment was much stronger in NO2 rather than
air treated group [20].

SO2 is a by-product of coal burning for domestic and industrial heating. The effect of SO2
on nasal mucosa was determined after exposure to 750 ppb. Nasal mucosal biopsies were
analyzed and the authors documented that SO2 exposure caused a cilia compounding with
changes of the ultra structure of ciliary membrane. 

The acute effects of outdoor or indoor exposure to various fumes and particulate matter
have been demonstrated. It has been reported, that deposition of pollutant particles onto
the nasal mucoa leads to the recruitment of immune cells, and may induce T–helper cell
like inflammation [21]. Growing evidence also indicates that tobacoo smoke has significant
effect on the nose and sinuses. It has been shown, that cigarette smoking or exposure of
children to parental smoking may lead to increase risk for allergic rhinitis, nonspecific nasal
mucosal inflammation and even sinonasal cancer. Data from epidemiological studies have
shown that allergy has increased since the 1960. This increase has been linked to the effects
of pollution on the airways by many authors, however some of the literature rewievs spec-
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ulate about clear direct evidence, which could prove the relationship between air pollution
and allergy [22]. Some of the recent papers regarding occupational allergies in subjects who
had been exposed to air pollutants at workplace and studies comparing the respiratory
function of citizens living in  industrial/traffic areas vs those who live in country-side, or
less polluted areas clearly shows that exposure to air pollution enhace respiratory morbid-
ity [23].

IS THERE ANY RELEVANT SENSOR TO DETECT AIR POLLUTION?

The airways are innervated by both chemosensory nerves detecting a large variety of nox-
ious chemicals and mechanosensory nerves that constantly measure the tension of airway
tissue and participate in respiratory feedback control. Trigeminal chemosensory nerve end-
ings in the nasal mucosa are in the first line of defense against noxious challenges. 

Among many classes of nerve fibers are the polymodal nociceptors (PMNs). These
unmyelinated neurons send signals that cause the perception of irritation and/or pain in
response to potentially damaging thermal, mechanical, and chemical stimuli. Their activa-
tion induces protective reflexes and nocifensive behaviors. Although there are many types
of PMNs, the most common are those that are activated by capsaicin through its receptor,
transient receptor potential cation channel, family V, member 1 (TRPV1). TRPV1 is a mem-
ber of the TRP family that are all inhibited by the polyvalent cationic dye and ion channel
blocker ruthenium red, but specific antagonists exist for individual TRP channels. When
capsaicin-sensitive neurons are activated, they transmit nociceptive information to
upstream relay centers within the CNS that are associated with pain perception and these
neurons also release proinflammatory mediators via retrograde signaling [24]. The major
portion of nociceptive trigeminal fibers express TRPV1 channel and they are called cap-
saicin sensitive fibers. It had been shown that reaction to cigarete smoke in experiment,
which was believed to be mediated via TRPV1 channel, was not completely inhibited by
selective antagonist capsazepine. This was a new result, which focused on TRPV1-inde-
pendent mechanism in the phenomenon of cigarette smoke induced airway irritation and
that event had pointed the critical role of another TRP channel in airway chemosensation. 

A NEW MEMBER OF TRP FAMILY

An initial breakthrough was made when pharmacological experiments revealed that
acrolein, the noxious unsaturated aldehyde enriched in photochemical smog and smoke is
a potent agonist of human and murine TRPA1 channels. Cultured sensory neurons from
TRPA1-deficient mice lacked any response to this irritant, suggesting that TRPA1 is the sole
chemosensory receptor for acrolein [25], fig. 2. 

This transient receptor potential channel belongs to the TRP group, family A, member 1
(TRPA1). TRPA1, like TRPV1, is expressed by trigeminal neurons and, moreover, both chan-
nels are most often found on the same neuron. It means that activation of TRPA1 will like-
ly exert effects similar to those observed following the activation of TRPV1. The channels are
generally activated by different agonists (an exception is allicin, the pungent ingredient in
garlic, which activates both TRPA1 and TRPV1). TRPA1 is exclusively activated by mustard
oil, cinnamaldehyde, lipids, chlorine, the pollutant acrolein, and some endogenous mole-
cules. Calcium ions are essential co-activators of TRPA1 as removal of Ca2+ dramatically
reduced the potency of mustard oil to activate TRPA1 and slowed channel activation kinet-
ics. TRPA1 is not inhibited by capsazepine but rather by the specific antagonists HC-030031
and AP 18 [26]. In sensory neurons, TRPA1 was first identified as a cold-sensitive ion chan-
nel in a small subset of sensory neurons. However, later studies showed that TRPA1 expres-
sion is more widespread, encompassing 20–35% of sensory neurons. Pharmacological
experiments revealed that TRPA1 is the sensory neuronal receptor for mustard oil  (allyl
isothiocyanate), the pungent ingredient in mustard and wasabi. Similar to capsaicin, mus-
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tard oil activates peripheral C-fibers, causing acute pain, thermal and mechanical hyperal-
gesia, and neurogenic inflammation. Recent studies identified additional pungent natural
products as TRPA1 agonists. These include cinnamon aldehyde from cinnamon, allicin and
diallyl sulfides from garlic and onions, carvacrol in oregano, isovalleral, a fungal deterrent
[27]. The properties of TRPA1 show parallels with those of the proposed reactive airway irri-
tant receptor. Functional imaging and electrophysiological studies showed that TRPA1 is
expressed in a subpopulation of TRPV1-expressing C-fiber neurons and is permeable to cal-
cium. This finding is in agreement with previous studies showing that reactive airway irri-
tants activate influx of calcium in a subset of capsaicin sensitive neurons. Then, TRPA1 is
blocked by ruthenium red known to antagonize irritant-induced reactions. Capsaicin pre-
treatment makes C-fibers insensitive to both mustard oil and chemical airway irritants and
finally AITC (allylisothiocyanate) – mustard oil itself is a potent upper airway irritant. Taken
together, these facts encouraged closer examination of the role of TRPA1 in airway chemi-
cal sensing [28].

TRPA1 is not only sensitive to electrophiles, but is also activated by oxidizing agents enter-
ing the airways including the hypochlorite (OCl–), the oxidative mediator of airway irritant
– chlorine, which is a common chemical, used in industrial processes and for disinfection.
Hydrogen peroxide, another oxidizing agent known to excite airway nerve fibers and to
induce respiratory depression also stimulates TRPA1. Results of the studies have been con-
firmed on TRPA1 lack mice and using selective TRPA1 antagonists. In summary, these
recent studies have shown that TRPA1 is essential for chemical sensing of oxidants and
electrophilic agents in the airways, initiating physiological responses such as respiratory
depression and neurogenic inflammation [25].

As it was mentioned before, TRPA1 is activated by a large variety of reactive irritants,
including acrolein, a major constituent of tobacco smoke, allicin, mustard oil, and cin-
namaldehyde, tear gas, the reactive oxygen species, hydrogen peroxide and hydroxyl radi-
cal, hypochlorite,  chlorine, formaldehyde, isovelleral, sesquiterpene and other molecules.
How can a single receptor cover such broad chemical space? 

Recent structure function studies provided a potential explanation for the diversity of
TRPA1 agonists. These studies suggest that TRPA1 is activated through covalent modifica-
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Fig. 2 Structure of TRPA1 cation channel, which is believed to be the target for mort important air pollutants enter-
ing airways.



tion of the channel protein. Most TRPA1 agonists are chemically unstable in biological envi-
ronments and can undergo chemical reactions with proteins, lipids, nucleic acids, and
metabolic products [29]. Covalent modification implies that dose-response relationships
and activation kinetics of TRPA1 do not conform to standard pharmacological paradigms
and are highly dependent on the chemical status of the cellular and tissue environment. For
any given chemical, TRPA1 agonist activity will depend on the reversible or irreversible
nature of the chemical bonds formed and on agonist membrane permeability. With each
breath, more reactive agonist is delivered, leading to an increase in covalent modifications
and heightened TRPA1 activity. This cumulative effect may result in robust TRPA1-induced
irritation even at low subacute exposure levels, for example during periods of increased pho-
tochemical smog exposures, or low level indoor air pollution. Once irreversibly modified,
channels may remain active for extended periods of time even when the irritant stimulus is
removed [30]. Oxidative stress is a hallmark of most acute and chronic inflammatory air-
way diseases, but ROS (rective oxygen species) are also produced during oxidant exposures
and through catalysis by inhaled toxic particles. Exposure of cellular membranes to inflam-
matory ROS, hypochlorite, or exogenous oxidants causes membrane lipid peroxidation, pro-
ducing electrophilic reactive mediators such as 4-hydroxy-2-nonenal (HNE), 4-oxo-2-none-
nal (ONE), as well as cyclopentenone prostaglandins and isoprostanes. Exogenously applied
HNE, ONE, and cyclopentenone prostaglandins activated TRPA1 in heterologous cells, neurons,
and nerve fibers and induced TRPA1- dependent nocifensive behavior in mice [29].REVIEWS

CONCLUSIONS

Twenty years ago, Brooks coined the term „reactive airway dysfunction syndrome“ (RADS),
which he defined as symptoms mimicking asthma within 24 hours after  single massive
chemical exposure [31]. Exposures to high levels of TRPA1 agonists, including chlorine and
aldehydes, often induce RADS characterized by asthma-like symptoms such as cough,
wheezing, chest tightness, and dyspnoea and heightened sensitivity to chemical and phys-
ical stimuli, including the initial sensitizing stimulus [32]. The multiple chemical sensitivi-
ty of TRPA1 can readily explain the broad chemical sensitivity observed in RADS patients. 

The nose as the very first site of the respiratory system which is exposed to airborn irri-
tants may play critical role in airway protection, however, continual exposure to pollutants
may initiate such processes, which in turn can potentiate onset and develepoment of dis-
eases such is allergic rhinitis, nonallergic rhinitis, bronchial hyperreactivity syndroma,
bronchial asthma and upper airway cough syndrome [7]. Last mentioned problems are well
defined as being, most likely, concequences of upper vs lower airways bidirectional rela-
tionships. Some of them are also resistant to common rhinitis and/ or asthma treatment.

If these reactions are mediated by TRPA1 channel leading to prolonged hypersensitivity to
multiple reactive chemicals, then using TRPA1 antagonist may be of high clinical impor-
tance, especially if it can significantly reduce, or abolish irritant induced reaction, and irti-
rant induced pathological process.  TRPA1 antagonists may be useful for blocking the exag-
gerated chemosensory responses accompanying these conditions. Post exposure treatment
with TRP channel antagonists may reduce sensory irritation and potentially, prevent
adverse long-term health effects elicited by neurogenic inflammatory mechanisms.
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A b s t r a c t

Fibrosarcoma is a malignant spindle cell tumor of the soft tissues uniformly composed of collagen-producing
cells capable of exhibiting varying degrees of fibroblastic differenciation. This diagnosis was more liberally applied
to many types of spindle and pleomorphic cell sarcomas that exhibited fibrosarcoma-like patterns, e.g., malignant
schwannoma, synovial sarcoma,  malignant fibrous histiocytoma, and some benign fibroproliferative lesions, par-
ticularly fibromatosis and reactive tumor-like lesions.

The major challenge in the diagnosis lies in over and under diagnose of fibrosarcoma and underdiagnosis of
reactive fibrosis. But this histologic differenciation is necessary owing to different treatment strategies.

Keywords: fibrosarcoma, fibromatosis, spindle cells tumors

INTRODUCTION

Fibrous tumors and tumor-like lesions form a heterogeneous group of distinct entities dif-
fering in biologic behaviour but being histologically very similar and thus presenting con-
siderable difficulty in pathologic diagnosis. Examination of various classifications reveal
many diverse lesions with confusing and overlapping nomenclature (1).

Traditionally, fibrosarcoma (FS) has been defined as a malignant mesenchymal tumor, the
cells of wich recapitulate the appearance of the normal fibroblasts. This admittedly broad
definition has resulted in a great deal of subjectivity as to which spindle cell, collagen-form-
ing tumors were appropriately termed FS (2).

As a result of the foregoing trends, a number of general statements can be made con-
cerning the diagnosis of FS.

1. FS has become, in large part, a diagnosis of exclusion. It pressuposes that diagnoses
such as monophasic fibrous synovial sarcoma and malignant peripheral nerve sheat
tumor have been excluded by the appropriate immunohistochemical studies

2. FS, like other fibroblastic tumors (e.g., fibromatosis), may have a variable component
of neoplastic cells with features of myofibroblasts. Therefore, the finding of various
actin isoforms within these tumors does not mitigate against the diagnosis of FS.

3. Collagen-forming spindle cell tumors of high nuclear grade by convention are classified
as malignant fibrous histiocytoma. Consequently, lesions diagnosed as FS, for the most
part, occupy the low-grade end (grades 1 and 2) of a spectrum that includes malignant
fibrous histiocytoma at the high-grade end (3).
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The term fibromatosis refers to a group of fibrous tumors or tumor-like lesions of  soft tis-
sues tht share similar microscopic characteristics and possess an intermediate biologic
potential between benign and malignant lesions (4).

Here, we report a case of  FS of the retromolar area. The histopathological pictures in all
the areas was analyzed in great detail and an attempt was made to separate the neoplasm
from other lesions of same origin on the basis of definite histopathological parameters.

CASE REPORT

A 25 year old female referred to the Clinic of Stomatology and maxillofacial surgery JMF
CU and UHM, with the chief complain of 3 months  tumorous proliferation of the left side
of mandibular  retromolar soft tissue.  There was no pain.  Patient had a history of  trau-
matic superficial mucosal exulceration of tumorous lesion.

Intraoral examination revealed tumorous swelling 2 x 2 cm in the left distal mandibular
region with ill defined borders of redish-violet color and firm consistency. Regional lymph
nodes were not palpable.

On radiological examination, an superficial osteolytic lesion with irregular margins was
seen in the lingual part of the retromolar bone compacta. The provisional diagnosis was of
mandibular tumor .

An excisional biopsy was performed and gross examination showed two red-purple tissue
bits (both measuring 1x 1,5 cm).

Bioptic examination revealed a cellular connective tissue proliferation of predominantly
fibroblastic cells in a background of minimal amount of collagen tissue. The overall pattern
was generally ranging from sheets, storiform pattern and a certain extent, in a fascicular
pattern. A classic herringbone pattern was only minimal (Fig. 1). Abundant reticulin fibers
parallel to the long axis of the tumor cells are accentuated by the reticulin silver impregna-
tion technique (Gomori s silver stain). The cells were large, spindle shaped and fibroblastic
in nature but pleomorphism was minimal. Occasionally atypic and plump nucleus within
fibroblast-like cells is present.  Mitotic activity varies among visual fields with value mitot-
ic index  3/10 high power fields (HPF), sporadically atypical mitotic structure was identified
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Fig.1 Fibrosarcoma consisting of uniform spindle cells showing little variation in size and shape and a distinct fas-
cicular pattern with district of „herringbone“ pattern (HE 120x)



too. Small districts of  necrosis was present within tumor. Focal infiltration by lymphocytes
and plasma cells, and prominent focally dilated blood vessels lined by plump endothelial
cells were found.

Immunohistochemically tumor cells demonstrated strong positivity for vimentin (<95  %)
(Fig. 2) and was negative for EMA (epithelial membrane antigen), cytokeratins (CkAE1/AE3
and CkHMW), S-100 protein, desmin, caldesmon, CD117 (cluster of differentiation), and was
lightly focally positive for smooth actin  (>2 %) – (all used antibody from DACO). The lesion
was nuclear positive for proliferative factor Ki-67 protein expression (<50 %) (Fig. 3). 
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Fig. 2 As seen by immunohistochemistry, the cells are marked with antibodies for vimentin (Anti-vimentin Ag,
120x)

Fig. 3 The lesion was nuclear positive for proliferative factor Ki-67 protein expression (Ki-67 Ag, 120x)



The final diagnosis given was that of low grade fibrosarcoma. The patient was subjected
to whole body scan and no distant metastasis was detected. The lesion was operated and
chemotherapy was started. 

DISCUSSION

FS is a malignant tumor that arises from the fibroblasts (cells that produce connective tis-
sue). This is a type of sarcoma that is predominantly found in the area around the bones
or in soft tissue. In earlier studies of soft tissue neoplasm, this tumor has been greatly over-
diagnosed, and this diagnosis has been frequently applied to virtually any richly cellular,
collagen-forming spindle cell tumor, including malignant fibrous histiocytoma, malignant
Schwannoma and a host of other sarcomatous and pseudosarcomatous lesions (2).
Malignancies of the fibroblasts are decidedly rare in the oral and oropharyngeal region, but
FS is, nevertheless, the most common mesenchymal cancer of the region, representing more
than half of all sarcomas. Of all the FS occurring in humans, only 0.05% occurs in the head
and neck region. Of this, 23% of head and neck FS occur within the oral cavity (5, 6).

It is often difficult to distinguish FS from other spindle cells tumors, and in many
instances only careful examination of multiple sections and ancillary studies permit a cor-
rect diagnosis. In bioptic differential diagnosis crucial role plays immunohistochemical
investigation. Positivity for pertinent immunoreactans in malignant spindle cells tumor was
initiated in Tab. 1.
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Table 1 Percentages of positivity for pertinent immunoreactants in malignant spindle cells tumor

Note: FS- fibrosarcoma, LMS- leiomyosarcoma, MPNST- malignant peripheral nerve sheath tumor, MFH- malig-
nant fibrous histiocytoma
Ck- cytokeratins, VIM- vimentin, DES- desmin, SMA- “smooth muscle“ (alpha isoform) actin, CALD-  h-caldesmon,
S-100-  S-100 protein /monoclonal/ 
/Adapted according to: Cerilli LA, Wick MR, 2006 (7)/

Antigen/
Tumor

FS

LMS

MPNST

MFH

Ck

0

<10

<10

76

VIM

100

91

100

100

DES

0

75

11

0

SMA

<5

88

<1

12

CALD

0

85

<1

<1

S-100

2

8

63

30

Monophasic fibrous synovial sarcoma may also closely simulate  FS, althouhg it is gener-
ally composed of more ovoid-appearing cells arranged in an irregular fascicular growth pat-
tern. Moreover, many of thease sarcomas have areas in which the cells contain more
eosinophilic cytoplasm with a suggestion of cellular cohesion, even if well-formed glands are
not present. Immunohistochemically, almost all cases of synovial sarcoma expressed at
least one epithelial marker, a feature not found in FS. The identification of t(X;18)by fluo-
rescence in situ hybridisation (FISH) is a highly sensitive and specific method for identifi-
cation a tumor as a synovial sarcoma (8).

Agressive fibromatosis may also show a distinct spindle cell pattern as in FS. The fibro-
matosis constitute part of a spectrum of poorly understood proliferative lesion whose histo-
logic features overlap to such an extent that the pathologist may be more influenced by the
anatomic location of the lesion, sex and clinical behavior than by the histologic appearance



in rendering his of her diagnosis (9). It has been defined as a non neoplastic spindle cell
proliferation of childhood which may be locally aggressive but has no metastatic potential.
The fibromatosis that occur in the head and heck including those that involve oral and
paraoral structures is considered under the heading of extraabdominal fibromatosis, infan-
tile fibromatosis is the childhood counterpart of extraabdominal fibromatosis (Enzinger).
The histopathologic differenciation between agressive fibromatosis and FS is a challenge to
the pathologists as it requires expertise to differentiate the finer details. The grade 1 FS is
usually discernable from fibromatosis by the presence of occasional larger nuclei with omi-
nous chromatin clumping, greater cellularity, greater mitotic acticity and thin rather than
thick collagen bundles (1). Immunohistochemistry is of little help in differential diagnosis
because positive immunostaining against vimentin can be observed in all fibrous connec-
tive tissue tumors (10).
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Table 2. Comparison between histological features of low-grade fibrosarcoma and fibromatosis /adapted accord-
ing Weis SW, and Goldblum JR., 2001 (8)/

Parameter

Cellularity

Nuclear overlap

Nuclear hyperchromasia

Nucleoli

Mitotic figures

Necrosis

Vessel and infiltration

Low grade fibrosarcoma

Low to moderate

Present

Present

More prominent

1+ to 3+

Rare

Rare

Fibromatosis

Low to moderate

Usually absent

Absent

Inconspicuous

1+

Absent

Absent

The final diagnosis of fibrosarcoma was based on a number of factors which included
spindle shaped monotonous population of fibroblasts arranged in a fasciculated pattern, lit-
tle presence od collagen, nuclear overlap, small districts of necrosis  and presence of mitot-
ic figures including atypic form (Tab. 2). 

Immunohistochemical methods was helper in establishing the diagnosis too (Tab.1).

CONCLUSION

There is a very fine distinction between low grade fibrosarcoma and other types of spin-
dle cell sarcomas, or fibromatosis. Careful microscopic examination with acurate sampling,
and practical experience of pathologist is required to render the correct diagnosis. An acu-
rate diagnosis is imperative since it changes the line of treatment.
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Abstract

The aim of this article is to describe the development of one day surgery (ODS) and assess its role within the
Slovak healthcare system.

ODS is a surgical healthcare system based on single treatment of a patient or single diagnostic procedure when
performing this healthcare intervention enables dismission of patient in stabilized state in 24 hours.

During 1997-1999 the first healthcare facilities of ODS were established in the Slovak Republic. Since then the
number of ODS centers has grown to 54. Currently, some 8% of all operations in Slovakia, mainly surgical and
ophtalmological, are done via ODS.

The authors suggest that, if possible, ODS is an economic option regardless of medical specialty. They expect an
increase of facilities performing ODS within existing health structures, establishment of new facilities for ODS and
a overall increase in number of ODS interventions in Slovakia in near future.

As a conclusion, the authors highlight a possibility of pregradual experience of medical students with ODS and
its benefit in dissemination of understanding and positive attitude towards the ODS methods.

Key words: one day surgery, Slovakia, regional distribution, cost, types of operations

INTRODUCTION

One day surgery (ODS) was first used in 1909 when Dr. Nichol, a paediatric surgeon, per-
formed a successful one day surgery in Glasgow. The professional public did not accept his
approach that time, what resulted in its delayed use. In 1970 there was established the first
autonomous unit of ODS in Arizona (1).

ODS is a surgical healthcare system based on single treatment of a patient or single diag-
nostic procedure when performing this healthcare intervention enables dismission of
patient in stabilized state in 24 hours. In the world, this type of healthcare is known as
„Tages Klinik“, „One day care“, „One day surgery“ or „jednodenní chirurgie“ (2, 3, 4).

There exist two types of facilities performing ODS. One is an autonomous, fully equipped
and independent unit. The second one is a so-called integrated unit – a ward within a hos-
pital (1).

There are various proportions of ODS in healthcare systems of different countries.
Furthermore, these proportions have evolved through the recent 20-30 years. As it was
mentioned during the 5th Symposium of SAJCH (Slovak association of one day surgery) in
Bratislava in 2009, in the European Union countries in 2005 some 60% of all surgical oper-
ations were performed as ODS. Even higher percentage is known from Canada and the
USA, where the use of ODS has reached 87, respectively 84%. However, 1980s in the USA
it was only 45%. In Canada in 1999 it was 60%. Similar situation is in Australia, where in
1999 it was 40%. The proportions of ODS in all three mentioned countries have almost dou-
bled since then.

On the contrary, in Slovakia some 8% of surgical operations in 2008 were done as ODS.
The aim of this article is to describe the development of ODS and assess its role within

Slovak healthcare system.
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DEVELOPMENT OF ODS IN SLOVAKIA

During 1997 and two consecutive years the first healthcare facilities of ODS were estab-
lished in the Slovak Republic. Later on, in 2002, the Slovak association of one day surgery
was constituted. Eva Vidová MD became its president. In 2003 a list of 174 surgical proce-
dures performed via ODS already existed. This list was enlarged in 2005, comprising plas-
tic surgery and laparoscopical cholecystectomy. The list has grown constantly since then.

However, the proportion of ODS from all surgical operations remains relatively small,
approximately 7-10%. Comparably, the number of healthcare facilities performing ODS
grows very slowly – and only in bigger regional centers – due to lack of motivation criteria
and conditions. Recently, there are 54 centres of ODS in Slovakia. Establishment of an ODS
center poses a high initial financial burden (operation theatre with necessary background),
demanding financing of running and limited reimbursement from healthcare insurance
companies.

The precise number of ODS centers is hard to know. Our knowledge is based on statistics
of the state health insurance company, the General Insurance Company (VšZP). There are
some minor centers which are not financed by this company, therefore not registered.
Furthermore, to assess the situation according the insurance company statistics is compli-
cated because not all of the registered providers really do perform a considerable proportion
of ODS (thus making the real picture of ODS performance questionable).

In Figure 1 is presented a distribution of ODS centers in eight Slovak regions.

A C T A  M E D I C A  M A R T I N I A N A  2 0 1 1   11 / 340

Figure 1. Distribution of one-day-surgery centers in eight Slovak regions.

The distribution seems balanced. A little surprisingly, the eastern region Prešov accounts
for more ODS centers than more developed and even more populated regions in western
part of the country (natural tendency for better resource allocation?).

Regarding the specialities and types of operations performed via ODS, we did a small sur-
vey among the ODS centers. An average rate of complications at all operations in 2008 was
under 0.8 %. Results are shown in Table 1.



In last 5 years, the most frequent surgical operations have been operations of varices,
carpal tunnels and extirpations of cutaneous and subcutaneous tumours. In ophtalmology
they have been the operations of cataracts, in gynaecology histological curettage and oper-
ations for urinal incontinence, in ENT the endoscopic tonsilectomies, adenotomies, plasti-
cal operations of the septum, in urology operations of phimoses and hydrocele.

In Table 2 we present a cost summary from selected hospitals run by regional govern-
ments and from hospitals included in basic healthcare facilities network (that is the facul-
ty and district healthcare facilities).
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Tab 1. Types of operations performed at one-day-surgery centers. Slovakia, 2010.

Proportion of operations performed at ODS centers in Slovakia (%)

surgical 49.5

ophtalmological 26.7

gynecological 17.8

ENT 3.8

urological 2.2

TOTAL 100.0

Specialty

Surgery

Gynaecology

ENT

Urology

Ophtalmology

Regional hospitals

432 €

365 €

299 €

298 €

365 €

Hospitals of the basic network
(faculty or district)

996 €

830 €

830 €

830 €

664 €

One day surgery

266 €

232 €

249 €

249 €

315 €

Note: payments at hospitals (regional, faculty or district) for dismissed patients according
data from General Healthcare Insurance (VšZP)

ROLE OF ODS

One day surgery is a very popular choice for many people who have to undergo a surgical
intervention and they are able to stay at home after the operation.

The system of ODS is an important decision at managerial level at healthcare facilities (2,
5). It may be considered not only an alternative but a structurally new approach.

Despite of advantages of ODS, the key factor remains the experience of a surgeon, assur-
ing after evaluation of an actual health condition a correct selection of patients for such
diagnostic-therapeutical solution within ODS. A surgeon suggests a traditional surgical
solution of more serious diseases (e.g. acute and subacute cholecystitis, varices of lower
extremities related to more evident trophic changes and others) out of ODS. Similarly, also
an anesthesiologist excludes from the ODS program patients with extreme obesity, serious
form of diabetes mellitus and others.

Tab 2. Comparison of cost of standard healthcare and ODS, selected hospitals, Slovakia 2005 – 2008.



When including a patient in the ODS program, it is necessary to assess whether the fur-
ther care will be provided well at home. Persons with not sufficient social background are
not suitable for ODS, eventually lonely living people are not recommended as well. Patients
after ODS intervention should not live too far away from the surgical healthcare facility, so
that in case of complications it would be possible to transport them soon to the hospital in
any season. In some cases patients from remote areas arrange an accomodation in hotels,
which are closer to a hospital, or they live temporarily at their relatives.

A relation with regional home care services seems to be a crucial need and suitable solu-
tion. This care is performed by professionals trained in surgical care follow up (2).

Despite the fact that at present the ODS is only little being used in Slovakia, based on lit-
erature evidence and our survey data, we expect an increase of facilities performing ODS
within existing health structures, establishment of new facilities for ODS and a overall
increase in number of ODS interventions.

We think that ODS is an economic option regardless of medical specialty. The possibility
to save enormous financial cost for hospitalization is one of the important factors favorizing
use of ODS methods.

Similarly as Onetti et al. (2008), we are convinced that in case of possible choice, it is suit-
able to prioritize a ODS intervention over the traditional procedure with hospitalization.

The principles that should be kept for ODS encompass the one that the patients at inpa-
tient wards should not be „mixed“ with patients who underwent the ODS (6).

It is necessary to create conditions for establishment of new ODS departments according
regional needs.

The support for development of ODS may be accompanied with reduction of beds (7).
It is advisable to invest to promotion of ODS and to education of medical doctors, nurses

and health insurance employees, as well as to monitor and publish the results from depart-
ments of ODS (8).

Treatment effect of ODS is comparable with results of standard healthcare. ODS signifi-
cantly saves public resources. The promotion and support for ODS should become a pub-
lic matter of interest and insurance companies should be more actively engaged in support
for ODS.

In Slovakia we could also apply the experience of Seabrook et al. (1998) with teaching ODS
to medical students. It would be  possible to gain the basic practical knowledge in the
framework of pregradual education of the medical students and to acquire practical skills
in the framework of postgradual specialization study in surgical specialties. This would
enhance the understanding and positive attitude towards ODS and foster its implementa-
tion in the Slovak healthcare system.

The basic condition for ODS is a skilled and qualified surgeon who is competent in
autonomous decisions (9). Equally important is to guarantee management of complications,
technical equipment of the operating theatre and technical and pharmacological possibili-
ties for an anesthesiologist. After completion of all necessary requirements, it is especially
important to motivate the workers involved in realization of this type of healthcare inter-
vention.

REFERENCES

1. ADSNA – Australian Day Surgery Nurses Association. What is day surgery, 2009. Available online:
http://www.adsna.info/whatis.htm.

2. Czudek S et al.: One day surgery. Bratislava: Grada 2009, 126 p. ISBN 9788024717869. [Original in Czech lan-
guage]

3. Gold BS, Kitz DS, Lecky  JH, Neuhaus JM. Unanticipated admision to the hospital following ambulatory sur-
gery. Experiences after 2411 surgical  interventions. JAMA 1989;262:3008-10.

4. Guzzanti E, Mastrobuono I. La day  surgery e la chirurgia ambulatoriale in Italia: la storia dei primi quindici
anni di attivita scientifica , istituzionale  ed organizzativa e le prospettive di sviluppo. Organizzazione sanitaria,
2006;30(2):3-16. 

A C T A  M E D I C A  M A R T I N I A N A  2 0 1 1   11 / 342



5. Onetti A. Applying a managerial approach to day surgery. Internat.J. Surgery 2008; 6: 41-3.
6. Colley KC, Wiliams BA, DaPos SV, Chen C, Smith RB. Retrospective evaluation of unanticipated  admissions and

readmissions  after same day surgery and associated costs. J. Clinic. Anesthesia 2002;14(4): 349-53.
7. Roberts L. Bed costs savings in day surgery in Australia. Ambulat.Surgery 1996; 4(1):15-17.
8. Seabrook MA, Lawson M, Malster M, Solly J, Rennie J, Baskerville PA: Teaching  medical students in day sur-

gery unit:adapting medical education to changes in clinical practice. Medical Teacher 1998;20(3):111-26.
9. Brebbia G, Boni L, Dionigi G, Rovera F, Besozzi M, Diurni M, Carcano G, Dionigi R. Surgical Infections. Surgical

site infections in day surgery. 2008; 7 (Suppl.2): 121-23.

Received: June, 3, 2011
Accepted: July, 14, 2011

A C T A  M E D I C A  M A R T I N I A N A  2 0 1 1   11 / 3 43




