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Obstructive sleep apnea syndrome and
inflammation

Editor’s note: This feature, Images in allergy and immunology,
is designed to highlight current concepts of the immunopathol-
ogy of allergic diseases and other common immunologically
mediated diseases. The presentation will appear as sets of
images that involve cross-pathology, histopathology, and
molecular pathology and will cover a range of topics of interest
to allergists and immunologists.

Obstructive sleep apnea syndrome (OSAS) is a pre-
valent disease affecting as much as 4% of the North
American population.' OSAS is characterized by
repeated episodes of upper airway obstruction during
sleep, resulting in recurrent hypoxemia and sleep frag-
mentation. These in turn are associated with neuro-
cognitive sequelae, cardiovascular complications, and
metabolic syndrome.>* Current therapies aimed at in-
creasing upper airway caliber during sleep include sur-
gical interventions, oral appliances, and positive airway
pressure. Systemic and airway inflammation has been
recently linked to OSAS and is hypothesized to contrib-
ute to daytime sleepiness and the increased risk of car-
diovascular complications and metabolic syndrome.

The underlying inflammation in OSAS has been
attributed to upper airway mechanical tissue injury and
to systemic hypoxemia. Systemic inflammation
in OSAS is characterized by increased plasma levels
of TNF-a, IL-6, C-reactive protein, IL-1[3, reactive
oxygen species, and adhesion molecules™> (Table I).
Intermittent hypoxemia occurring in OSAS can stimu-
late transcription factors such as nuclear factor-xB and
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TABLE I. Systemic and local inflammation in obstruc-
tive sleep apnea syndrome

Systemic inflammation Local inflammation

1 C-reactive protein 1 IL-6

1 IL-6 1 8-Isopentane
T TNF-a 1 Neutrophils

1 VEGF 1 CD4" T cells
1 EPO 1 CD8" T cells

It Adiponectin
T Reactive O, species
| Nitric oxide

VEGF, Vascular endothelial growth factor; EPO, erthyropoietin.

increase production of cytokines.® Plasma levels of
vascular endothelial growth factor and erythropoietin
are increased in OSAS and are suggested to be an
adaptive response to reduced blood oxygen through
stimulation of erythrocyte production and neovascu-
larization.” There is still controversy over whether
plasma adiponectin is elevated or decreased in
OSAS.*? In OSAS, uvulopalatopharyngoplasty re-
duces plasma levels of TNF-,'* and therapy with
continuous positive airway pressure decreases plasma
levels of inflammatory mediators.''"'* Treatment of
OSAS is known not only to improve sleepiness of the
subjects but also to decrease the risk of cardiovascular
complications. These effects have been hypothesized
to be at least in part related to decreases in systemic
inflammation associated with treatment. In support
of this concept, treatment of patients with OSAS with
the TNF-a antagonist (Etanercept; Immunex Corp,
Seattle, Wash) was recently demonstrated to improve
excessive daytime sleepiness significantly.'?

Airway inflammation in OSAS has been assessed
mainly in surgical specimens obtained from uvulo-
palatopharyngoplasty and tonsillectomy (Table I).
Histological observations of uvular tissue from adult
subjects with OSAS show structural alterations such
as subepithelial edema,'* reduction of connective
tissue,'” and excessive inflammatory cell infiltration.'*
This inflammation and edema of the uvula contribute to
the upper airway obstruction observed in OSAS. The
number of leucocytes (CD45) is significantly higher
in upper airway mucosa from OSA; among these
plasma cells,"* CD4" and CD8™ T cells'® predomi-
nate. More precisely, CD4™ and CD25™ T cells are in-
creased in the muscular layer of soft palate and tonsil
pillars of patients with OSAS. In upper airway mucosa,
activated CD8" T cells prevail'® (Fig 1-4). In uvula
mucosa, higher CD4" and CD8" T cells correlate
with body weight in subjects with OSAS,'” suggesting
an influence of obesity (Fig 5).

Upper airway inflammation assessed by induced
sputum shows a higher percentage of neutrophils and a
lower percentage of macrophages in subjects with
OSAS,'® whereas eosinophils and lymphocytes were
not different from those in subjects without OSAS.
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FIG 1. Inflammatory cells infiltration of the upper airway of OSAS. A and B, H&E of section from upper airways
showing significant inflammatory cells infiltration of the mucosa and submucosa of subjects with OSAS. C,
Representative example of CD45 immunostaining showing upper airway muscle infiltrated by leucocytes in
subjects with OSAS. D, Immunostaining of submucosal infiltration with leucocytes (CD45" cells) in subjects

with OSAS.

FIG 2. CD8" T-cell infiltration in upper airways. A, Control
subjects showing absence of CD8" T cells. B, OSA subject
showing significant infiltration of CD8" T cells in the sub-
mucosa of upper airway.

IL-6 and 8-isopentane, measured in exhaled breath
condensate, are elevated in subjects with OSAS com-
pared with obese and healthy subjects.'® Furthermore,
the level of IL-6 and 8-isopentane correlated positively
with the apnea-hypopnea index. Nasal lavage fluid
from subjects with OSAS compared with healthy
controls show an elevated number of neutrophils and
higher concentration of bradykinin and vasoactive
intestinal peptide.zo Taken together, these findings
demonstrate that similar to systemic inflammation, air-
ways in OSAS are characterized by inflammation and
oxidative stress.

There are as yet only limited data evaluating the
effects of anti-inflammatory therapy on upper airway
function in OSAS. However, topical fluticasone pro-
duced a beneficial effect on apnea-hypopnea index in
pediatric patients with OSAS.?! Recent work has also
demonstrated increased expression of leukotriene
receptors 1 and 2 in tonsillar tissue of children with
OSAS compared with nonapneic controls.”” Treat-
ment with a leukotriene antagonist improved measures
of sleep-disordered breathing in this group.”

Obstructive sleep apnea syndrome is associated
with important neurocognitive sequelae and is a risk
factor for cardiovascular disorders and metabolic syn-
drome.>* The high level of inflammatory mediators in
OSAS has a potential role in the development of these
complications. Local airway tissue inflammation is
also present and likely contributes to upper airway
mechanical and neuromuscular dysfunction, and may
contribute to other processes including destabilization
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FIG 3. Inflammatory cells infiltration of the upper airway. A, CD4"* T-cell infiltration in the muscle layer in a
subject with OSAS. B, High magnification of CD4" T cells. C, CD25" T cells in muscle layer of a subject
with OSAS. D, CD4 staining in healthy subject. Reprinted with permission.'®
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FIG 4. Ratio of inflammatory cells infiltration in subjects with BMI (Kg.m?)
OSAS and healthy subjects. A, Upper airway mucosa. B, Mus-
cular layer of the upper airway. Reprinted with permission.’® FIG 5. Correlation of CD4* (A) and CD8" (B) T cells with body
*P < .01 OSAS vs control. mass index (BMI). Reprinted with permission."’
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of asthma control. Further research is required to eval-
uate the relationship between systemic and airway
inflammation and the mechanisms by which these con-
tribute to the pathophysiology of OSAS, and to deter-
mine the therapeutic potential for anti-inflammatory
treatment in this important condition.
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