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INTRODUCTION

Epidemiology has shown that the elderly is more susceptible to respiratory 
illness, and advanced age appears to predispose older individuals to the 
increased severity of respiratory infections. Chronic rhinosinusitis in old 
patients is linked to immune functional changes with age, the immunose-
nescence, depending on impaired cell-mediated immunity and secretory 
senescence. These factors are implicated in cancer, higher probability of 
complications like cardiovascular illness, respiratory complications and 
challenging management of physical and psychological conditions. The 
modifications of epithelium and mucus film is common in several districts 

Secretory senescence of the upper and lower airway represents the 
most important risk factor for respiratory complication in the elderly. 
In most cases, patients present with high health care costs due to the 
relevant number of hospitalizations and medical cares.
A growing evidence is accumulating on the role of immunosenescence in 
the pathogenesis of chronic rhinosinusal disorders, and on defect in the lu-
brication of the corneal, conjunctival and scleral mucosa, delicate structures 
of the external eye, and of trachea-bronchial diseases, dependent on a fail-
ure of the gland system and reduction of mucociliary clearance (MCC). The 
presence of multiple comorbidities in the elderly may significantly contribute 
to a systemic pro-inflammatory state which negatively affects the airway.
Secretory senescence promotes systemic inflammation and exacer-
bates the pre-existing pathologies. The role of cytokines is associated 
to a pro-inflammatory state of breathing apparatus. Several observations 
support the hypothesis that the secretory senescence can act in a para-
crine and vasocrine manner to influence the structure and function of 
glands, mucus and lacrimal secretions, thus contributing to fraility and 
hospitalizations in the elderly. Given the recognized role of secretory se-
nescence in the pathophysiology of airway disease, it should be desir-
able to identify specific therapies targeting the nasal, lacrimal and tra-
cheo-bronchial secretory system able to modulate its pro-inflammatory 
profile and the negative effect of the inflammatory burden on the elderly.

Key words: immunosenescence, mucociliary clearance, nasal mucus 
felting, lacrimal system, Meibomian glands, tracheo-bronchial tract
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of the upper airways in the elderly as the lacrimal sys-
tem, and its consequence, the dry eye disease, is a very 
common disorder that affects the elderly population. 
This causes a defect in the lubrication of the corneal, 
conjunctival, and scleral mucosa. Aging represents a 
gradual deterioration of organization at the molecular, 
cellular, tissue, organ, and system level of the body. 
The increased incidence of respiratory diseases in the 
old age is due to cellular, molecular and structural al-
terations based on several mechanisms and includes 
alteration in immune response, clearance mechanisms 
(cough and mucociliary clearance), and inflammatory 
cytokine secretion. The importance of each of these 
risk factors vary between individuals. So, to reduce the 
incidence and severity of respiratory diseases in the 
elderly, it is necessary to understand the effect of aging 
on these systems. Even if biological aging is normally 
linked to chronological age, it can occur earlier in life, in 
a way partially independent from an individual’s chrono-
logical age. Markers that are used to describe biological 
aging are also generally related to chronic inflammation. 
These alterations also involve the low airways and can 
be dangerous for chronic inflammation.

THE RHINOSINUSAL DISTRICT 

The rhinosinusal district consists of a pseudostratified 
ciliated epithelium with mucipar goblet cells covered by 
a mucus film. Both the epithelium and the mucus film 
are involved in the senescence process with changes 
in the composition of the mucus and in the relationship 
between ciliated and mucipar goblet cells 1.
Geriatric rhinitis is an inflammation of the nasal mucosa 
with multifactorial etiology, in which different alterations 
of cellular types and characteristic of mucus can be 
involved. This inflammation can be due to viruses, bac-
teria, irritants or allergens that produce large variation in 
several aspects of mucous, resulting in runny nose or 
postnasal drip. In the elderly, nasal mucosa atrophies 
because of the recession of the collagen fibres and 
loss of elastic fibres in the skin. Fibrosis and atrophies 
were correlated with the expression of HSP47 gene. 
The weakening or thinning of these connective tissues 
in the nose can cause the tip of the nose to droop 
which restricts airflow with subsequent nasal obstruc-
tions. Some of the symptoms of geriatric rhinitis in ad-
dition to a runny nose include loss of smell, crustiness 
in the nostrils and a dry cough or epistaxis. A runny 
nose is very common in individuals with Lewy body 
dementia and Parkinson’s disease, and common in 
the later stages of Alzheimer’s disease. Elderly persons 
present reduced nasal mucosal sensitivity with regard 
to trigeminal, chemosensory irritation and they could 

present a decreased sensitivity of intranasal trigeminal 
nerve endings due to trophoneurotic atrophy as pos-
sible reason for difficult nasal breathing.2 Furthermore, 
nasal complaints could be correlated to impaired intra-
nasal air conditioning, due to decreased heat and water 
exchange. The age-related alterations therefore could 
lead to intranasal climatization alteration. The reduc-
tion of the water component of the mucus film would 
favour the action of irritating agents. Nasal mucus 
contains 90% water and glycoproteins, as well as ions 
(sodium 128-150 mmol, potassium 17-41 mmol, cal-
cium 4 mmol, magnesium 5 mmol, chloride139 mmol). 
The right balance of all components of the nasal mucus 
will allow the formation of the phenomenon known as 
“Ferning” observable by a phase contrast microscope.
It is produced by submucosal, seromucous glands, 
goblet cells, transudation of blood plasma, mucosal 
tissue fluid and tear fluid. Due to transudate, most pro-
teins detectable in serum may also be showed in nasal 
secretions. In cases of local inflammation, the amount 
of transudate and their respective proteins will increase. 
The mucus layer will be moved at a velocity of 2-25 mm/
min. In the elderly, the aqueous component decreases 
and the mucociliary transport time increases.
At microscopic level, the phenomenon of ferning will be 
reduced until not realising itself, as it happens in the 
different forms of rhinopathies 4.
Mucociliary clearance (MCC) is the first line of defence 
in both the upper and lower airways. Efficient MCC, 
whereby debris and pathogens trapped in the mucus 
are cleared from the airways by ciliary beating, depends 
on the proper functioning of three major systems: 
1	 the synthesis and secretion of mucin and other mu-

cus proteins;
2	 the proper hydration of the airway surface, and 
3	 the coordinated activity of the cilia. 
A perturbation in any of these components can result in 
impaired MCC 3.
Patients with primary ciliary dyskinesia, caused by a 
mutation in genes necessary for the proper formation 
or function of cilia, suffer from recurrent/chronic rhi-
nosinusitis, otitis media, and pulmonary infections and 
bronchiectasis disease. In cystic fibrosis, mutations in 
the CFTR gene cause a defect in Cl− and hence water 
secretion that results in dehydration of mucus and im-
paired MCC that leads to chronic pulmonary infections, 
bronchiectasis, and eventually lung failure. Runny nose 
can be caused by environmental irritants, such as pollu-
tion, dust, tobacco smoke, perfume, scented candles, 
or oils. Central heating can exacerbate the condition. 
If not an environmental factor, a runny nose could be 
caused by allergies to pets, a new detergent or fabric 
softener, a new soap or shampoo, or foods. Geriatric 
rhinitis is a familiar and bothersome condition in aging 
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adults, can cause headaches and diminished con-
centration. Some individuals have chronic nose drips 
that have no underlying cause. This condition is called 
nonallergic rhinitis. Individuals typically sneeze a lot and 
experience nasal congestion, symptoms much like hay 
fever. However, the individual is not allergic to anything. 
Though little can be done about this condition, the car-
egiver can identify triggers that could possibly make the 
nasal drip worse, such as certain odours, medications, 
changes in diet or food, and the weather. 
In the elderly, the nasal mucosa involves a reduced 
number of goblet cells and a reduced number of 
elastic fibres and structures may contribute to a more 
pronounced feeling of a dry nose, recurrent intranasal 
crusting, postnasal dripping, and obstructed nasal 
breathing. Data on intranasal climatization in elderly 
persons show temperature and humidity reduced. This 
reduction of humidity is accompanied by a reduction 
in the local vascularization of the turbinate mucosa, 
shown as well in the picture of atrophic rhinitis by rhino-
endoscopy. 
Aging significantly increases the vulnerability to rhinosi-
nusal disorders, but there are few studies investigating 
the key factors in aging that affect the rhinosinusal tract. 
Most of these investigate the microbiota and host gene 
expression changes in association with ageing. In the 
elderly, at the level of the mucous membranes of the 
upper airways, there is a reduction of secretory IgA, 
which is due to both age-related immunosenescence 
and to the reduction of local vascularization and chronic 
use of drugs as well evidenced by the studies about 
immunosenescence. Immunosenescence is defined as 
changes in the innate and adaptive immune response 
associated with increased age.
Additionally, the airway epithelial cells produce nitric ox-
ide, secrete several cytokines, in particular type I and III 
IFNs, growth factors such as granulocyte/macrophage 
colony-stimulating factor, IgA and several antimicrobial 
proteins. There are notable changes in the airway epi-
thelium, as well as for the lower airways, including the 
nose, in patients also with disruptions of the epithelial 
cell tight junctions, increased susceptibility to apoptotic 
effects of oxidants, and impaired production of IFN-β 
and IFN-α, which promote epithelial damage and in-
crease the susceptibility to viral infections. 
Nasal epithelial tissue collected from non-smoking 
healthy individuals (ages 11 to 90 years) without 
respiratory disease demonstrated a significantly de-
creased ciliary beat frequency and clearance with age 
accompanied by microtubular disarrangements. This 
was linked to increased apoptosis of goblet cells in the 
upper airway. The barrier function of nasal mucus was 
also compromised and the microbiota were frequently 
observed in contact with the epithelium. Lysozyme was 

expressed in significantly reduced amounts. These bar-
rier defects were accompanied by major changes in the 
microbiota and were negatively affected by old age in 
human beings. Transcriptomics revealed age-associat-
ed decreases in the expression of immunity and other 
genes in nasal mucosal tissue, including decreased T 
cell-specific transcripts and T cell signalling pathways. 
The physiological and immunological changes we 
observed in old age could have major consequences 
beyond the gut. 
Very little information is available regarding Nasal Mu-
cociliary Clearance (NMC) and the effect of age on this 
defence mechanism. For this reason, a study P. Paul 

e P. Johnson was conducted to assess the effect of age 
on nasal mucociliary clearance in a population of rural 
women. This study showed that NMC time increases 
with increasing age and that defences by mucociliary 
clearance mechanisms are impaired with age. Impair-
ment of NMC with age was found to be higher among 
lower socioeconomic status, lower literacy status, 
and biomass fuel users. Anatomical changes that oc-
cur with ageing include nasal mucosal damage which 
has accumulated from infections over the years, ciliary 
ultrastructural defects such as the occurrence of in-
creased central microtubular disorientation, age-related 
changes resulting in altered proportions of elastic tis-
sues and collagen, and alterations in the cross-linkage 
of ageing collagen. Mucociliary clearance became ab-
normally slow or uncoordinated ciliary beating, where 
neighbouring cilia do not beat in a coordinated fashion 
and in the same direction. Biochemical changes such 
as greater oxidative stress potential may play a role as 
well. Chronic rhinosinusitis in old patients is linked to im-
mune function changes with age, immunosenescence, 
depending on impaired cell-mediated immunity due to 
thymus involution. A lot of pathogenic mechanisms are 
proposed for including oxidative stress and elevated 
reactive oxygen species, especially in old age. These 
factors are implicated in cancer, higher probability of 
complications, like cardiovascular illness, respiratory 
complications, and challenging management of physi-
cal and psychological conditions. High concentrations 
of uric acid in the upper airways are achieved through 
active secretion of uric acid from cells lining the res-
piratory tract. There is a two-layer structure, comprising 
a lower aqueous Sol phase and an upper mucus, Gel 
phase. Peden et al. have demonstrated that Sol phase 
uric acid concentration is increased in the nasal cavity 
following cholinergic stimulation of the airways. Further-
more, they demonstrated that the increase in uric acid 
correlated positively with lactoferrin low concentration. 
As lactoferrin is predominately derived from mucosal 
gland secretions (Gel phase) this supports the conten-
tion that uric acid in the upper airways is derived, in part, 
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from glandular secretions. Uric acid secretion in this gel 
phase may therefore be closely related to mucus se-
cretion. Cellular secretion is probably involved, coupled 
with poor re-absorption mechanisms. If antioxidant 
defences are indeed compromised in older people, 
even in the absence of airways disease, this is likely to 
increase their sensitivity to air pollution. Studies of the 
airways in asymptomatic elderly humans suggest that 
inflammatory cell numbers are increased in comparison 
with younger volunteers. This low-grade inflammation 
may influence antioxidant concentrations through in-
creased free radical fluxes in the airways. Ageing has 
also been associated with increased interleukin-6 con-
centrations and superoxide production in older sub-
jects. These findings have been interpreted to indicate 
that low-grade inflammation does indeed exist in the 
respiratory tract of many asymptomatic elderly  5. The 
reduction of blood flow to the nasal mucosa contributes 
to local atrophy and leads to an expansion of the nasal 
volume with loss of the ability to humidify the inspired air 
and the appearance of a paradoxical nasal congestion 
sensation. Atrophic rhinitis can overlap other forms of 
rhinitis, both allergic and non-allergic, or may represent 
their evolution. As regards the various pictures of nasal 
cytology, allergic rhinitis is characterized by an inflam-
matory infiltration of neutrophils, mononuclear cells 
(lymphocytes and monocytes), eosinophils and partly 
mast cells degranulated, without differences between 
the elderly and younger patients  6. In elderly patients 
with persistent rhinitis, the cytologic aspect is charac-
terized by numerous neutrophils and rare eosinophils, 
which could suggest the presence of minimal persis-
tent inflammation in the nasal mucosa. Note that in the 
study reported by the work of prof. Gelardi, the ratio 
between ciliary cells and goblet cells was significantly 
lower than in young adults. The relative reduction in the 
ratio of ciliary cells / goblet cells in favour of goblet cells 
is associated with an increase in the presence of bac-
teria and the formation of biofilms (Figs. 1-2) which is 
probably the consequence of a slower clearance of the 
ciliary mucosa. The cellular alterations of the epithelium 
and the variations of the secretory component of mucus 
lead to a higher incidence of infections in the elderly, a 
greater susceptibility of the nervous regulation, and a 
reduction of the performances both in nasal obstruction 
and in the multifunctionality of the nose.
Nasal mucus felting according to Rolando’s classifica-
tion (1984).
The nasal mucus specimen is obtained atraumatically 
with a micropipette, without anesthesia, is placed on 
a slide and left to dry at room temperature (20-22°C). 
It’s observed under a phase contrast microscope at 
40-100 magnifications. The test is based on a charac-
teristic common to all mucous secretions, which is their 

ability to crystallize in the form of ferns, when dried, due 
to evaporation. The biochemical processes of ferning 
are still not fully known. The most accepted hypoth-
esis proposes that the felting process derives from 
the interaction between electrolytes (Na + Cl- and K + 
Cl-) with globular material consisting of high molecular 
weight glycoproteins of mucus (mucins). The optical 
microscope evaluation defines four types of branch-
ing, in particular: Types  I and II indicate good mucus 
and nasal film efficiency. While when the glycoprotein 
component increases, as it happens during degenera-
tive processes and the consistency of the mucus gets 
worse, the progress of ferning is prevented (Figs. 3-4).

THE LACRIMAL SYSTEM 

Secretory senescence of the lacrimal system, and its 
consequence, the dry eye disease, is a very common 
disorder that affects the elderly population. This causes a 
defect in the lubrication of the corneal, conjunctival, and 
scleral mucosa, delicate structures of the external eye, 
dependent on a failure of the glands of lacrimal system 
to secrete proteins, lipids and fluid in sufficient quantity 
or in appropriate composition. The dry eye disease is 

Figure 1. Type I: ferning present uniformly without spaces 
between the different ones.

Figure 2. Type II: still abundant crystallization but smaller ferns 
with small gaps.
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prevalent in women, but this difference becomes relevant 
only with aging, being senescence the most relevant fac-
tor. Asian ethnicity and androgen deficiency are other 
substantial risk factors for the developing of disease 11-12. 
Tear film is essential to maintain the integrity and the 
health of ocular surface. It is structured in three differ-
ent layers: the inner layer contains mucin synthesized 
by conjunctival and corneal cells; the middle layer is 
composed principally by water, produced primarily by 
lacrimal glands; the upper layer is composed by lipid 
secretion released by Meibomian glands. The lipid layer 
has a physiological key role because it prevents the 
evaporation of the tear film.
Based on the secretion loss, we can recognize two dif-
ferent types of dry eye disease, linked with the patho-
genesis: the first type is the aqueous-deficient, caused 
by a diminution of the secretion of lacrimal glands, and 
so the tear output; the second type is linked with the 
Meibomian gland dysfunction, so it is defined evapora-
tive13. Both causes could be represented together: so, 
tear production decreases and at the same time the 
composition of the tear film changes. 
Different mechanisms related to cellular senescence 
play a role for the development of secretory loss, caus-
ing structural and functional alterations of the lacrimal 
gland.

The oxidative stress produced by free radical agents 
is one of these principal factors, associated to aging 
of lacrimal gland cells, altering the structure and func-
tion of biological key molecules as lipids, proteins, and 
DNA. This is evident by intracellular accumulation of 
lipofuscin, composed by highly oxidized, cross-linked 
and not degradable proteins 14,15. 
The increase of ROS can also result from hyperglycae-
mia and cellular resistance to insulin, both conditions 
frequently encountered in old age people, activating 
different inflammatory pathway such as NF-kB and 
JNK/SAPK  14-16, as demonstrated by Rocha et al. on 
murine model; furthermore insulin resistance produces 
reduction in insulin signalling, which include also lipo-
genesis. In fact, insulin signalling activates an impor-
tant transcription factor named PPARg, that promotes 
lipogenesis and sebaceous gland differentiation; this 
condition could directly affect the activity of Meibomian 
glands 13,14-17. 
Aging of the immune system and its consequent de-
crease in efficiency plays another fundamental role, 
being able to generate a persistent inflammation of the 
lacrimal pathway, in association with the exposure to 
numerous external pathogen agents. Thus, chronic 
and subclinical inflammation created by lymphocytes 
and polymorphonuclear leukocytes in this anatomical 
site, for a long period, could generate periductal and 
perivascular fibrosis, obliteration of blood vessels, and 
consequentially atrophy of lacrimal glands, associated 
to the widening and tortuosity of secretory ducts. All 
these effects have a negative impact on the secretory 
function 18. 
Some studies demonstrate that minimal alterations 
start in the middle age and accumulate during life until 
acinar atrophy and ductal fibrosis produce the initial 
pathological signs and symptoms 4.
The function of the Meibomian glands is regulated by 
the estrogenic, progestin and androgenic hormones, 
confirming that sequences of mRNA specific for ster-
oid hormones are identified in these structures. Steroid 
hormones are known to be implicated in the regulation 
of lipid and protein synthesis, especially androgens are 
involved in the regulation of sterols, which influence in 
this tissue the levels of lipid composition and the quan-
tity of secretion 19. This may explain how low levels of 
androgen and oestrogen related to aging, can affect the 
quality and quantity of the tear secretion.
A contribution to the pathogenesis is also given by 
the nerve fibres. In fact, the epithelium of the ocular 
mucosa is densely innervated by sensory and visceral 
nerves, which are finely regulated due to their important 
contribution to the trophic, protective, and proliferative 
function, promoting the integrity of the mucosa  19,20. 
The senescence process also involves nerve fibres as 

Figure 3. Type III: ferning present only partially.

Figure 4. Type IV: dried drop with scattered granules but no 
ferning.
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well known, affecting negatively the functionality and 
homeostasis of lacrimal glands. Peripheral nervous 
system, in addition, is bidirectionally linked with the im-
mune system as recent studies demonstrate, regulating 
innate response thought hormonal and neuronal routes. 
Furthermore, adrenergic nerve fibres work as regula-
tors of the recruitment of leukocytes to and within tis-
sues 20,21. This issue, combined to what was previously 
said, could be another additional factor related to the 
decreased age-related immune response. 
The common consequences produced by continue 
sheer stress on the conjunctival and ocular mucosa 
are principally discomfort and visual impairment, but 
in some rare cases corneal perforation that can lead 
to blindness could occur. Symptoms as dryness, irri-
tation, sensation of foreign body, itching and burning 
are frequently reported simultaneously. Curiously, signs 
show a greater increase per decade than symptoms as 
literature and clinical experience show 1. 
The lacrimal excretory outflow system, through the 
canaliculus and nasolacrimal duct that ends into lower 
nasal meatus, also plays an important role in maintain-
ing the health status of this site. Primary or secondary 
acquired obstruction in this way of output, causes stag-
nation of secretions with consequential epiphora and 
superinfection, increasing damage to glandular struc-
tures in this site  22. In these cases, surgical approach 
is necessary through DCR (dacryocystorhinostomy) to 
promote a correct drainage of secretions.
Nowadays, several therapeutic approaches are avail-
able, due to a better knowledge of the multifactorial 
mechanisms that lead the disease. Topical therapies 
with eye drops are certainly the most used to restore 
the hydration of mucosal epithelium, in association with 
others topical medications that try to replace deficient 
biological molecules and reduce inflammation.
First line therapy includes artificial tears with the pos-
sible addition of various molecules such as lipids and 
hyaluronic acid. Cyclosporine is currently used for the 
treatment of dry eye disease due to its anti-inflamma-
tory properties, reducing IL-2 and T-Cell function, and 
the capacity of increasing tear production  23. Another 
important therapeutic target in dry eye disease are 
Meibomian glands. Thermal pulsation, warm compress 
with lipid/semifluorinated alkane-containing eye drops 
are useful method for this condition; thermal pulsation 
and intense pulsed light therapy may be suitable as 
second line therapy in some eligible unresponsive pa-
tients 24. Finally, Lifitegrast is a recently approved class 
of topical drug. It works blocking the cellular surface 
proteins LFA-1 (Lymphocyte Function-Associated Anti-
gen 1) and ICAM-1 (Intercellular Adhesion Molecule 1), 
inhibiting leukocyte migration, and so the symptoms 
associated to inflammation 25.

THE TRACHEO-BRONCHIAL TRACT

Mucus and water are combined to compose the res-
piratory tract secretions. Vagal efferent nerves regulate the 
produce of secretions from the airway submucosal glands. 
This secretion consists of an upper part made of gel and 
a lower fluid sol in which the cilia beat freely and sweep 
the gel, with itstrapped inhaled particles, up the airway to 
be swallowed 26. Respiratory infections as a major cause 
of morbidity and mortality in the elderly can be supported 
by altered and/or insufficient mucociliary clearance, which 
is impaired in older individuals, but the cause is not com-
pletely clear. It depends on the correct functioning of three 
systems: the synthesis and secretion of mucin and other 
mucus proteins, the right hydration of the airway surface, 
and the coordinated activity of the cilia. A perturbation in 
any of these components, such can occur in the elderly, 
results in impaired mucociliary clearance 27.
The elderly people suffer from more frequent and more 
severe community-acquired and nosocomial infections 
compared to younger, and this is linked to immunose-
nescence, physiological aging process, and immune 
function. In the elderly, the immune system function 
declines, reducing vaccine responses and increasing 
susceptibility to infections and to cancer. Thus, im-
munosenescence is an impairment in both cellular and 
adaptive immunity as a result of age-related change, 
causing age-related declines in immune function at 
both cellular and serologic levels.
Aging is associated with a chronic low-grade inflam-
matory state and increased proinflammatory cytokines 
(TNF-α, IL-1, and IL-6). 
Furthermore, Toll-Like-Receptors expression and func-
tion declines. Toll-Like-Receptors are expressed on a 
variety of cells not only in blood (including macrophages 
and lymphocytes) but also in airways (bronchial epithelia) 
and are utilized by the innate immune system to recog-
nize specific molecular patterns present on pathogenic 
surfaces. When activated, they can stimulate the secre-
tion of antimicrobial peptides and trigger an inflamma-
tory response through cytokine and chemokine cellular 
secretion to eliminate the offending pathogen. 
There are also significant changes in humoral immune 
function in the elderly. These changes are characterized 
by decreased high-affinity antibodies responses and 
production. 
Immunoglobulin A is the dominant immunoglobulin 
isotype on all mucosal surfaces, including those of the 
airways, where it acts as a first line of defense against 
microbial invasion. Secretory IgA concentrations vary 
over the day due to a range of variables including di-
etary factors, daily mood, and exercise. Miletic et al. 
performed a study about IgA secretion in young and 
old men, and the main finding was that IgA secretion 
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rate was significantly lower in the elderly than in the 
young 28.
Finally, a reduction in cell-mediated immunity forms part 
of the aging immune profile: naïve T-cells are reduced in 
both the blood and peripheral tissues of elderly individu-
als, but there is an increase in memory cells, particularly 
CD4+ and CD8+ 29.
Cellular senescence is a cell state in which normal cells 
stop dividing as a mechanism to prevent tumorigenesis 
and tissue damage. Senescent cells can be cleared by 
the immune system, but upon aging the number of se-
nescent cells increases in tissues. These cells secrete 
several inflammatory protein factors and may disturb 
normal tissue homeostasis and repair. Recent evidence 
suggests that airway epithelial cells, and particularly 
Clara cells, play a pro-inflammatory role in the immune 
response due to secretion of pro-inflammatory cy-
tokines 30. Clara cell senescence was accompanied by 
exacerbation of airway inflammation that was at least 
in part attributable to deregulated pro-inflammatory 
cytokine secretion by senescent epithelial cells. These 
findings support the idea that other senescence induc-
ers stimulate pro-inflammatory cytokine secretion.
Pro-inflammatory cytokine secretion is predicted to 
cause chronic inflammation, at least locally and possibly 
systemically, becoming one of the complex features of 
the senescence-associated secretory phenotype, which 
include alteration of normal tissue histology, promotion 
of endothelial cell invasion, and stimulation of tumor cell 
growth and invasion. Airway basal cells represent a well-
characterized stem cell population located in the trachea 
and bronchi. These cells have the ability to self-renew and 
give rise to secretory, ciliated and neuroendocrine cells 31.
Various chronic respiratory disease, first of all chronic 
bronchitis, have been associated with reduced numbers 
and dysfunction of circulating progenitor cells. Chronic 
inflammation and other factors (such as cigarette 
smoke) have been shown to reduce the repair of en-
dothelial progenitor cells, and so, stem cell exhaustion 
might contribute to chronic inflammation pathogenesis 
by reducing the endogenous renewal and repair capac-
ity of the broncho-tracheal epithelium 32.
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