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This architectural reassignment is thought to be a
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What we need to know

• What changes occur in atopic and non-atopic airway 
inflammation in asthma with increasing age?

• What is the relationship between wound healing and airway 
remodelling in older subjects?

• What is the response to anti-inflammatory therapy in older 
subjects?

• What is the basis of the “overlap syndrome” with chronic 
obstructive pulmonary disease in older people with asthma, in 
whom smoking contributes to airway disease?

What we need to do

• Identify the contribution of immunological mechanisms to 
asthma in ageing.

• Determine the extent to which airway remodelling plays a role 
in airflow obstruction in older people, specifically reversible 
components.
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• Reduce the impact of smoking in young people with asthma.
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 asthma, there is an influx of inflammatory cells, including

sinophils and mast cells, and activated T-lymphocytes (pre-
minantly reflected in the Th2 phenotype), into the airway, as

well as the production of multiple cytokines, growth factors and
inflammatory mediators.1 Together with these typical acute and
chronic inflammatory cellular findings, there are specific structural
changes resulting from airway remodelling. These include epithelial
shedding, subepithelial reticular basement membrane thickening,
submucosal collagen deposition, and submucosal angiogenesis, with

 consequence
ental growth
ith increased

y and reduced
ors.2

the airway is
essential for developing therapeutic strategies that might limit the
progressive decline in lung function associated with asthma. Longi-
tudinal surveys have clearly shown that the onset of airflow limita-
tion during childhood predicts airflow limitation in later life.3 In
addition, children with mild symptoms frequently become disease-
free and maintain normal lung function in adult life.4 Large popula-
tion studies have identified that the rate of decline in forced
expiratory volume in 1 second (FEV1) is substantially increased in
people with asthma (38 mL/year) compared with matched controls
(22 mL/year).5 Cigarette smoking is also clearly associated with
further decline in lung function, and the relatively high incidence
of smoking means that many people with asthma may be losing
lung function at an accelerated rate. Clearly, differentiating the
aetiologies of this fall in lung function may prove difficult in older
subjects (ie, those over 60 years of age), with a considerable
number showing features attributable to both asthma and chronic
obstructive pulmonary disease (“overlap syndrome”). The reduc-
tion in FEV1 is likely to be multifactorial and is probably due to
loss of elastic recoil, as well as to long-standing airway changes.
Interestingly, neither α1-antitrypsin nor elastase levels in sputum
from people with asthma were found to vary with age, reinforcing
the view that the lung is not necessarily subject to enhanced tissue
degradation with age.6

Once established, airway changes as a result of remodelling are
unlikely to be progressive over time. Analysis of airway sections
from autopsy series indicate that bronchial wall morphology is not
affected by age, suggesting that loss of elastic recoil may be a
dominant factor in loss of airway patency. The bronchial vasculature
may assume a more important role in elderly subjects with “cardiac
asthma”, because of the increased likelihood of a congested bron-
chial circulation, leading to increased bronchial reactivity.7,8

Atopic response
There is evidence that some impairment of allergic immune
responses occurs with ageing. Decreased expression of Th2
cytokines occurs in animal models of inflammation with ageing,
exhibited as a failure to induce eosinophilic airway inflammation
and produce airway hyperresponsiveness after allergen exposure.9

A defect in eosinophil accumulation occurs, associated with
reduced chemotaxis to interleukin-5 (IL-5).10 In this model, both
old and young rats were capable of ovalbumin sensitisation;
however, the elevation in IgE was greater in younger animals.
Serum eosinophil cationic protein (ECP) levels are less likely to
be elevated in older subjects during acute asthma, possibly due
to the role of remodelling rather than acute inflammatory cellular
events,10 although ECP levels are frequently raised in children
with acute wheeze.11 Despite this evidence for an impaired
cellular response, eosinophil counts have still been closely
correlated with bronchial responsiveness and asthma symptoms
in older men.12,13

Response to remodelling
The response to injury involves fibroblast migration into the zone
of tissue damage, and the activation of collagen genes to produce
scar-type collagens III and V. In studies on older rats, incorporation
of 3H-thymidine and 3H-proline were significantly reduced, indic-
ating an age-dependent loss of tissue repair capacity. These
findings also indicate a reduced turnover of collagen and likely
reduced ability to resolve deposition of scar tissue.14 In humans,
similar observations apply to donors of skin fibroblasts that show a
reduction in ability to synthesise collagen VII when stimulated by
IL-1 and tumour necrosis factor α (TNF-α) with age.15 A lack of
observed deficiency in healing in older subjects is likely to be due
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to an excessive ability to mount a repair response to injury,
masking any particular deficit at the cellular level.16 Unfortunately,
slower rates of collagen turnover may be reflected in persisting
airway remodelling abnormalities in older people with asthma.

Response to infection

Many studies on the ability of older subjects to respond to
antigenic challenge have given insight into innate and acquired
immune responses.

In a rabbit model of sepsis examining neutrophil and cortico-
sterone levels, no significant differences in age response were
identified.17 Alveolar macrophages from senescent animals cap-
able of generating reactive oxygen species and nitric oxide
showed a significantly impaired response to lipopolysaccharide
(LPS) stimulation compared with healthy adult controls.18 The
senescent phenotype is characterised by impairment of response
to stressful stimuli, with apparent prolongation of the
inflammatory response.19 This may be due to a decreased respon-
siveness to stimulation by regulating factors at the cellular
level.20 An impaired response to infection may therefore predis-
pose older people to more severe and prolonged airway infec-
tions, leading to secondary chronic inflammatory and
remodelling sequelae.

What we need to know

There is a substantial body of evidence relating airway inflam-
mation to airway remodelling and bronchial hyperreactivity in
asthma, but little evidence on changes in immune function,
healing processes and airway function to clinical asthma in the
ageing population.

Provided patients with cardiac failure are excluded, standard
bronchial provocation and/or bronchodilator testing, as well as
skin prick testing, remain valid diagnostic tests in older patients
with asthma. The decline in FEV1 seen with age does not appear
to accelerate and may be related to a combination of airway
remodelling and loss of elastic recoil in the ageing lung. Non-
allergic factors are more likely to contribute to airway symptoms
and loss of lung function than atopic asthma.21 Bronchial
hyperresponsiveness in older people remains dependent on
serum IgE level and eosinophil count.22 We must identify the
specific changes that occur with ageing in both atopic and non-
atopic airway inflammation in asthma, and we need to better
understand the relationship between wound healing and airway
remodelling with ageing. There is much to be gained by
understanding steroid-responsive and steroid-resistant mechan-
isms in older patients.

References
1 Bousquet J, Jeffery PK, Busse WW, et al. Asthma. From bronchoconstric-

tion to airways inflammation and remodeling. Am J Respir Crit Care Med
2000; 161: 1720-1745.

2 Wilson JW, Li X, Pain MC. The lack of distensibility of asthmatic airways.
Am Rev Respir Dis 1993; 148: 806-809.

3 Kelly WJ, Hudson I, Raven J, et al. Childhood asthma and adult lung
function. Am Rev Respir Dis 1988; 138: 26-30.

4 Horak E, Lanigan A, Roberts M, et al. Longitudinal study of childhood
wheezy bronchitis and asthma: outcome at age 42. BMJ 2003; 326: 422-
423.

5 Lange P, Parner J, Vestbo J, et al. A 15-year follow-up study of ventilatory
function in adults with asthma. N Engl J Med 1998; 339: 1194-1200.

6 Vignola AM, Bonanno A, Profita M, et al. Effect of age and asthma
duration upon elastase and alpha1-antitrypsin levels in adult asthmatics.
Eur Respir J 2003; 22: 795-801.

7 Cardiac asthma. Lancet 1990; 335: 693-694.
8 Wagner EM, Mitzner W. Bronchial vascular engorgement and airflow

obstruction. Chest 1995; 107 (3 Suppl): 103S-104S.
9 Ide K, Hayakawa H, Yagi T, et al. Decreased expression of Th2 type

cytokine mRNA contributes to the lack of allergic bronchial inflammation
in aged rats. J Immunol 1999; 163: 396-402.

10 Yagi T, Sato A, Hayakawa H, Ide K. Failure of aged rats to accumulate
eosinophils in allergic inflammation of the airway. J Allergy Clin Immunol
1997; 99 (1 Pt 1): 38-47.

11 Rakes GP, Arruda E, Ingram JM, et al. Rhinovirus and respiratory syncytial
virus in wheezing children requiring emergency care. IgE and eosinophil
analyses. Am J Respir Crit Care Med 1999; 159: 785-790.

12 Lieschke GJ, Maher D, Cebon J, et al. Effects of bacterially synthesized
recombinant human granulocyte-macrophage colony-stimulating factor in
patients with advanced malignancy. Ann Intern Med 1989; 110: 357-364.

13 Annema JT, Sparrow D, O’Connor GT, et al. Chronic respiratory symp-
toms and airway responsiveness to methacholine are associated with
eosinophilia in older men: the Normative Aging Study. Eur Respir J 1995;
8: 62-69.

14 Almekinders LC. Tendinitis and other chronic tendinopathies. J Am Acad
Orthop Surg 1998; 6: 157-164.

15 Chen YQ, Mauviel A, Ryynanen J, et al. Type VII collagen gene expres-
sion by human skin fibroblasts and keratinocytes in culture: influence of
donor age and cytokine responses. J Invest Dermatol 1994; 102: 205-209.

16 Eaglstein WH. Wound healing and aging. Clin Geriatr Med 1989; 5: 183-
188.

17 Martin LW, Deeter LB, Lipton JM. Acute-phase response to endogenous
pyrogen in rabbit: effects of age and route of administration. Am J
Physiol 1989; 257 (1 Pt 2): R189-R193.

18 Tasat DR, Mancuso R, O’Connor S, Molinari B. Age-dependent change in
reactive oxygen species and nitric oxide generation by rat alveolar
macrophages. Aging Cell 2003; 2: 159-164.

19 Roy AK, Oh T, Rivera O, et al. Impacts of transcriptional regulation on
aging and senescence. Ageing Res Rev 2002; 1: 367-380.

20 Seres I, Csongor J, Mohacsi A, et al. Age-dependent alterations of
human recombinant GM-CSF effects on human granulocytes. Mech
Ageing Dev 1993; 71: 143-154.

21 O’Connor GT, Sparrow D, Segal M, Weiss ST. Risk factors for ventilatory
impairment among middle-aged and elderly men. The Normative Aging
Study. Chest 1993; 103: 376-382.

22 O’Connor GT, Sparrow D, Segal MR, Weiss ST. Smoking, atopy, and
methacholine airway responsiveness among middle-aged and elderly
men. The Normative Aging Study. Am Rev Respir Dis 1989; 140: 1520-
1526. ❏
S34 MJA • Volume 183 Number 1 • 4 July 2005


	Inflammation and remodelling in the ageing airway
	Atopic response
	Response to remodelling
	Response to infection
	What we need to know
	References


