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Abstract
The respiratory system is permanently exposed to the influence of numerous harmful environmen-

tal factors: various microbial pathogens, allergens and air pollution, with non-volatile toxic chemicals
of tobacco smoke. Therefore, there have been developed several mechanisms protecting from these fac-
tors. These mechanisms can be classified as innate, non-specific, or acquired, much more specific, which
are associated with regular immune response. In this review authors shortly describe the innate, non-
specific mechanisms, which compose the first line of antimicrobial defense in our respiratory system.
The mechanisms of innate immunity include passive protection, provided by the mucus-mediated mechan-
ical barrier. Moreover, by means of active defense, several potent immunoregulatory factors and vari-
ous substances displaying antibacterial, antifungal and antiviral activity are also engaged.
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Introduction
The respiratory tract is, next to the skin and the gas-

trointestinal tract, the third system of our body, which has
permanent contact with dangerous environmental factors.
These factors include numerous pathogenic bacteria, fungi
and viruses, allergens or various chemicals of air pollution,
with highly toxic, non-volatile components of tobacco
smoke [1]. The exposure of the respiratory system to men-
tioned detrimental factors obviously depends on the level
of the environmental pollution. However, in majority of
urban areas with their usual concentration of the most com-
mon particulate matters (with the particle size above 10 µm)
and respirable suspended particles (with the size below 10 µm),
the pollutant load in respiratory tract may easily reach up
to 0.5 milligrams of dry mass per day [2]. This amount of
pathogens requires the presence of highly efficient system,
which protects from the injury caused by those factors.
Therefore, as a result of the evolution several protective
mechanisms have been developed. These mechanisms are
usually classified into two groups. The first group, known
as the innate immunity, is represented by non-specific mech-
anisms. They involve passive protection provided by
mechanical mucus barrier and mucociliary clearance, as

well as active protection, mediated by numerous antimi-
crobial factors produced by epithelium and leukocytes [3].
The second group of protective mechanisms is classified as
acquired immunity. It is much more specific, and is associ-
ated with processing and presentation of antigen by spe-
cialized cells, and its recognition by T lymphocytes, fol-
lowed by an effector phase of immune response [4].

It is noteworthy, that mechanisms of innate immunity
in respiratory system, although considered as more primi-
tive, than acquired immune response, nevertheless they are
quite composed (Fig. 1). Therefore, in this review authors
would like to focus on the mentioned first line of our
defense system.

Mucus
The main component of innate immunity in respiratory

tract is the mechanical barrier. It protects from invasion of
microbial pathogens or uncontrolled intake and exposure of
organism to foreign antigens/allergens, which are inhaled
into the respiratory tract together with the air. The first con-
stituent of this protective barrier is thick mucous film, which
overlays the second component of the barrier, formed by the
pseudostratifed ciliated columnar epithelium.
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Mechanical barrier

The mucus is a colorless, viscous and elastic gel-like
substance, produced by single mucous cells, known as gob-
let cells, or by cell clustered in mucosal glands. Based on
the mechanical and biochemical properties there are two dis-
tinguishable layers of mucus. The upper layer, which is more
dense and viscous, plays a role of the trap or filter with the
mesh of 100 nm, responsible for immobilization of micro-
bial cells and foreign particles [5]. When immobilized, those
pathogens and particles are removed from the respiratory
tract together with mucus towards the oral cavity. This mech-
anism is commonly known as the mucociliary clearance.

The upper layer of the mucus is composed mainly of
large amounts of mucins, water and ions. Mucins belong to
the family of at least 19 glycoproteins with the high molec-
ular weight and extraordinarily high glycosylation level, that

results in their high water-binding capacity and increased
resistance to proteolysis [6]. Furthermore, cysteine-rich
amine- and carboxy-termini of mucin molecules participate
in formation of disulfide bonds within the same molecule,
or between various monomers. Thus, disulfide bonds and
non-covalent interactions between mucin molecules allow
their arrangement into mega aggregates with molecular mass
reaching much more than ten Mega Daltons (MDa) [7].
Majority of mucin monomers are secreted as a free compo-
nent of mucus, however, some of them, e.g. MUC1, due to
the presence of hydrophobic transmembrane domain may
also be anchored in the cell membrane. There are data sug-
gesting that these membrane-attached mucins may play some
role in signal transduction [8]. Moreover, these transmem-
brane forms are also supposed to suppress the immune
response against mucin-expressing cancer cells [9, 10].

Fig. 1. The schematic representation of main mechanisms of the innate immunity in airway system (see detailed description in text)
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Antimicrobial factors

Besides a mechanical and chemical protection the
mucus also provides the proper hydratation of the epitheli-
um. This property is due to its thin hydrous layer, located
between upper viscous mucus layer and epithelial cells [7].
The lower layer of mucus is produced by submucosal
glands. When compared to the upper layer, it is less viscous,
contains mainly water, ions and large quantities of various
antibacterial/bactericidal substances, secreted by epithelial
cells, neutrophils and macrophages. Among mentioned
direct and indirect antimicrobial agents, the most important
include: lysozyme, lactoferrin, secretory leukocyte pro-
teinase inhibitor (SLPI), phospholipase A2, defensins, cathe-
licidins and surfactant proteins [3, 11, 12].

Lysozyme

Lysozyme, also known as muramidase, or N-acetylmu-
ramide glycanhydrolase, is one of main antibacterial fac-
tors of mucus. Its large quantities were detected in sputum
(up to 1 mg/ml), it can also be found in tears and serum
[13, 14]. It is produced by epithelial cells, but also has been
found in azurophilic and specific granules of neutrophils,
monocytes and macrophages. Lysozyme reveals the strong
bactericidal activity, directed mainly against Gramm-posi-
tive bacteria. The mechanism of action is based on destruc-
tion of bacterial wall. It is due to lysozyme-catalyzed hydrol-
ysis of 1,4-β linkage between N-acetylmuramic acid and
N-acetylglucosamine in peptidoglycans, or between
N-acetylglucosamine residues in chitodextrins [14]. It has
been demonstrated that lysozyme reveals synergistic effect
with other antimicrobial factors – lactoferrin, SLPI and
cathelicidins [15].

Lactoferrin

Lactoferrin, or lactotransferrin, is a globular glycopro-
tein, produced by epithelial exocrine cells; also it is present
in specific granules of neutrophils [12, 14]. Lactoferrin was
firstly discovered in milk, especially in human colostrum (so
called “first milk”), where it reaches extraordinarily high
concentrations (up to 7 g/l), however, its large quantities are
also present in saliva and sputum (up to 1 mg/ml), tears,
serum and sperm [14]. The best recognized antibacterial
effect of lactoferrin depends on chelating of iron cations
(Fe3+), which are necessary for bacteria metabolism and
growth. Furthermore, lactoferrin can bind to bacterial or fun-
gal wall and affects cell membrane permeability, possibly
by formation of peroxides, thus leading to cell lysis
[16, 17]. Interestingly, other, iron chelating-independent
mechanisms of its antimicrobial activity, were also report-
ed [17]. It has been demonstrated that lactoferrin revealed
an antiviral activity against a broad spectrum of pathogenic
viruses, including: herpes simplex viruses 1 and 2, human
immunodeficiency virus (HIV), hepatitis C virus (HCV),
cytomegalovirus (CMV), rotaviruses, human respiratory syn-

cytial virus (HRSV) and many others [18]. There are two
main mechanisms of antiviral lactoferrin activity reported
to date. First mechanism depends on competitive binding of
lactoferrin to the same cellular lipoproteins, as these recog-
nized by viruses on target cells. Alternatively, lactoferrin can
directly bind to, and neutralizes viral particles. The second
mechanism of antiviral activity is due to significant affinity
of lactoferrin to nucleic acids, and its ribonuclease activity.
Thus, lactoferrin seems to play an important role in protec-
tion, especially against retroviral infections [18].

Secretory leukocyte protease inhibitor

Secretory leukocyte protease inhibitor (SLPI), is cation-
ic protein, which is secreted by epithelial cells of submu-
cosal glands and surface epithelia. Its significant amounts
are detectable in saliva, bronchial and nasal fluid. In nasal
mucus its concentration reaches approximately 80 µg/ml
[19]. The main role of this factor is to protect epithelia from
endogenous serine proteases, e.g. neutrophil elastase, cathep-
sin G, trypsin, and mast cell chymase [20]. Therefore, the
administration of recombinant human SLPI is considered as
highly beneficial in reducing symptoms of cystic fibrosis,
emphysema or asthma [19-21]. Moreover, SLPI also reveals
some antimicrobial activity against a broad spectrum of
microorganisms. In vitro studies revealed its effectiveness
against Staphylococcus aureus, Pseudomonas aeruginosa,
Escherichia coli, Klebsiella pneumoniae, Haemophilus
influenzae, Streptococcus pneumoniae, Branhamella
catarrhalis, and Aspergillus fumigatus, Candida albicans or
Mycobacterium tuberculosis [21]. Recently, the protective
role of SLPI was also postulated in viral infections, includ-
ing its highly promising anti-HIV properties [22].

Phospholipase A2

Phospholipase A2 (PLA2), especially its secreted form
(sPLA2) plays a key role in regulation of the immune
response in the respiratory system [23, 24]. A main source
of sPLA2 is the population of activated alveolar ma-
crophages, however, in addition to macrophages, also the
epithelial cells along the respiratory tract may produce
sPLA2. The expression of sPLA2 may be induced by pro-
inflammatory cytokines (e.g. tumor necrosis factor), or bac-
terial products, e.g. lipopolysaccharide (LPS), therefore an
increased expression of sPLA2 is found mainly in areas of
intense inflammatory reaction [23, 24]. The main activity
of sPLA2 concerns the generation of bioactive eicosanoids,
stimulation of chemokines and cytokines expression, how-
ever, the direct bactericidal activity of sPLA2 against var-
ious bacteria was also reported [25].

Defensins

Defensins are arginine-rich, small cationic microbici-
dal peptides, which have been implicated in antibacterial
and antifungal resistance [16, 26]. The defensins bind to
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and damage microbial cell membranes by formation of pore-
like membrane defects. Thus, they result in target cell death
by uncontrolled efflux of ions and nutrients. Defensins,
especially two of them – the human β defensin-1 (HBD-1)
and -2 (HBD-2), play a key role in protection of human
epithelia against microbial colonization. It has been found
that HBD-1 is expressed constitutively, whereas the expres-
sion of HBD-2 molecule is induced by bacterial prod-
ucts/derivatives and by pro-inflammatory cytokines, main-
ly IL-1β and TNF [3, 11]. In addition to their main
membrane-associated activity, HBD-1 and -2 molecules
may also reveal properties of chemotactic and activating
factors for phagocytes – monocytes, and neutrophils, but
also for dendritic cells and T lymphocytes, thus providing
a link between innate and acquired immunity [11]. More-
over, it was reported, that defensins may neutralize some
bacterial toxins, activate the complement pathway thus sup-
porting the humoral immune response and display an antivi-
ral activity, including some anti-HIV properties [14, 26-28].

Cathelicidins

Cathelicidins are a family of antimicrobial peptides,
which are produced and stored in lysosomal granules of acti-
vated macrophages, neutrophils and epithelial cells [28]. The
expression of cathelicidins is induced by bacteria, fungi,
viruses, and by 1,25-dihydroxycholecalciferol, the active
form of vitamin D3 [28, 29]. Interestingly, it has been report-
ed, that cathelicidins may be involved in antituberculosis
resistance. Furthermore, they may inactivate bacterial
lipopolysaccharide and therefore reveal some protective
activity against a development of septic shock [30]. Most
recently, some synthetic analogs of cathelicidins are tested
for their ability to treat infections caused by biofilm-form-
ing bacteria strains, especially Pseudomonas aeruginosa [3].

Surfactant proteins

In addition to mentioned above, a crucial role in the
innate immunity in the lowest parts of respiratory tract and
in alveoli may play colectins: the surfactant proteins SP-A
and SP-D [3, 11]. These proteins are able to recognize and
bind to oligosaccharides, which are present on the surface
of various bacteria. Such complexes are then recognized
through the receptor for C1q complement factor. Thus, the
SP-A and SP-D induce phagocytosis and stimulate bacteri-
cidal properties of pulmonary macrophages [3, 11].

Epithelium

As previously described, the entrapment of microbial
and dust particles is considered to reflect the main protec-
tive role of mucus. This mechanism however requires func-
tional mucocilary clearance, which depends on a proper
composition and consistence of mucus, but also is based
considerably on the coordinated movement of epithelial cil-
ia [31]. Their impaired movement, known as ciliary dysk-
inesia, may result in accumulation of dense mucus with

attached highly concentrated bacteria, and, thus, it signifi-
cantly increases the risk of recurrent infections of respira-
tory tract [32]. Furthermore, ciliary dyskinesia, especially
its primary form, which also affects the reproductive sys-
tem, may be responsible for ectopic fetus implantation and
male infertility [33].

Cilia

The normal epithelial cells are represented mainly by
cuboidal cells with 50-200 cilia located on their apical sur-
face. The cilia are 5-7 µm long, with 0.2-0.3 µm of diame-
ter. Each cilium is composed of plasma membrane, which
covers a core known as the axoneme. The axoneme is
formed by the central pair of microtubules surrounded by
9 dublets of microtubules with attached dynein arms and
other associated proteins involved in cilia movement
[34, 35]. Normal cilia reveal characteristic, coordinated,
two-phase movement with mean frequency of approx. 12 Hz
that enables the mucus transport with the average speed
above 7 mm per minute (> 42 cm/h) [36, 37]. However, any
changes, inherited or acquired, in structure and function of
axoneme, including abnormal number and location of
microtubules, or impaired function of microtubule-associ-
ated proteins – especially dynein arms, may result in abnor-
mal movement of cilia and lead to disturbances in mucocil-
iary clearance [37, 38]. Based on the origin of mentioned
abnormalities, the inherited, genetically determined changes
are classified as primary ciliary diskinesia (PCD), whereas
the acquired, usually associated with various detrimental
factors (e.g. infection, allergy, or chronic exposure to tobac-
co smoke) are characterized as secondary ciliary dyskine-
sia (SCD) [37-41].

Toll-like receptors and cytokines

In addition to the previously described mechanical activ-
ity of the epithelial cells, they also express various factors
involved in both, direct and indirect regulation of immune
response. Among them there are Toll-like receptors (TLR)
and various cytokines [3, 11]. The members of TLR fami-
ly are transmembrane glycoproteins, located on the cell sur-
face, or intracellularly, in endosomes [42]. They are respon-
sible for the recognition of pathogen-associated molecular
pattern (PAMP), the conserved structures of various
microorganisms, which activate the intracellular signaling
pathways, and support pro-inflammatory response [43].
The TLR molecules mainly involved in pro-inflammatory
response in respiratory system are TLR-2, -4 and -9 [44,
45]. The in vitro studies have shown that stimulation of
TLR-2 and -4 increases the various cytokines production,
including IL-1, -5, -6, -8, and GM-CSF by epithelial cells.
They further stimulate the antimicrobial and antimycotic
activity of last line of innate immunity, the professional
phagocytes – macrophages, neutrophils and eosinophils, as
well as engage components of acquired immune response
[3, 11, 46].

Mechanisms of the innate immunity in the respiratory system
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Concluding remarks

The innate immunity in the respiratory tract involves
three main mechanisms. The first component is mechani-
cal barrier formed by upper layer of mucus. The second are
various highly effective antimicrobial substances secreted
to lower layer of mucus. The third mechanism is efficient
mucociliary clearance. In addition, epithelial cells are able
to express various immunoregulatory factors, including
cytokines or TLR molecules, which further support im-
mune response. Although considered as primary, or even
primitive and unspecific, the mentioned mechanisms, if
functioning well, are highly effective, whereas any distur-
bances in their function may lead to chronic or recurrent
infections.
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