SLEEP DISORDERED BREATHING

Continuous Positive Airway Pressure (CPAP) Induces Early Nasal Inflammation
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Study Objectives: To assess whether noninvasive application of nC-
PAP is a mechanical stimulus inducing early nasal inflammation.
Design: Prospective controlled animal study.

Setting: University laboratory.

Patients or Participants: 32 male Sprague-Dawley rats (250-300 g).
Interventions: The rats were anesthetized and subjected to nCPAP=10
cm H,0 and sham-CPAP through a mask for 3 h and 5 h (n=8 each).
Measurements and Results: After nCPAP or sham, nasal scraping
was carried out to detect neutrophils, and septum and dorsal nasal con-
cha were excised to assess gene expression of inflammatory markers
by real time PCR. Percentage of neutrophils in nucleated cells in the
nasal scrapings was significantly (P = 0.006) higher after 5 h of nCPAP
(3.51% % 0.73%; m £ SEM) than in the sham group (1.12% + 0.39%).
When compared with sham, the mRNA of macrophage inflammatory

protein-2 (MIP-2) in nasal tissue was significantly overexpressed af-
ter both 3 h (2.28-fold + 0.43-fold; P = 0.034) and 5 h (5.56-fold
1.88-fold; P = 0.002) of nCPAP=10 cm H,0. No significant changes
were found in the gene expressions of tumor necrosis factor-a, nerve
growth factor and tachykinin-1 receptor.

Conclusions: The compression applied by nCPAP (10 cm H,0, 5 h) on
the nasal wall of healthy rats is a mechanical stimulus that triggers an
early inflammatory process mediated by MIP-2, resulting in neutrophil
extravasation.
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INTRODUCTION

THE OBSTRUCTIVE SLEEP APNEA (OSA) SYNDROME IS
APREVALENT DISORDER CHARACTERIZED BY RECUR-
RENT PARTIAL OR TOTAL AIRWAY CLOSURE CAUSED
by increased upper airway collapsibility. The most widespread
treatment for avoiding upper airway obstructions and for pre-
venting their consequences is the nocturnal application of nasal
continuous positive airway pressure (nCPAP).! The rationale for
using nCPAP is to mechanically splint the upper airway by ap-
plying positive pressure in the airway lumen to counterbalance
the abnormal upper airway collapsibility. The treatment with
nCPAP is extremely effective in normalizing breathing during
sleep, but in a large number of patients this therapy is associ-
ated with nasal side effects such as congestion and rhinorrhea.**
As a consequence, a substantial number of OSA patients are
unable to benefit from this therapy.*

The nasal wall, and more specifically its mucosa, is subject-
ed to a continuous compression stimulus during the applica-
tion of nCPAP. Mechanical compression triggers a biological
response in a variety of cells and tissues,”® and particularly in
the airways.”!’ Recent data indicating that nCPAP increases air-
way hyperresponsiveness in patients with OSA! lend further
support to the notion that mechanical compression induces an
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inflammatory response in the airways. Accordingly, the avail-
able data from non-nasal cells and tissues suggest that nCPAP
could be an inflammatory mechanical stimulus causing de novo
nasal symptoms or exacerbating a previously existing rhinitis.

The aim of this work was to study the early inflammatory
effects of nCPAP on the nasal wall tissue. The study was con-
ducted in a novel sham-controlled setting for noninvasive ap-
plication of nCPAP in rats. The inflammatory response induced
by nCPAP was detected by directly assessing neutrophil extrav-
asation in the nasal mucosa. The potential mechanisms deter-
mining CPAP-induced nasal inflammation were investigated by
analyzing gene expression in the nasal wall tissue. In addition
to studying common inflammatory markers such as macrophage
inflammatory protein-2 (MIP-2) and tumor necrosis factor-o
(TNF-a), the potential involvement of the neurotrophin nerve
growth factor (NGF) and of the receptor of the neuropeptide
substance P (TACR1) in the tissue response to CPAP was also
investigated. The results obtained clearly show that nCPAP in-
duces early nasal inflammation in healthy rats.

METHODS
Animals

The study, which was approved by the Ethics Committee for
Animal Experimentation of the University of Barcelona, was
conducted on 32 Sprague-Dawley male rats (250-300 g) intra-
peritoneally anesthetized with urethane 10% (1g/kg).

Experimental Setting

A novel setup was devised to noninvasively apply nCPAP to
one rat and sham-CPAP to another rat simultaneously. A conven-
tional CPAP device set to 10 cm H,O was connected to a bifurcat-
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Figure 1—Diagram of the experimental setup to noninvasively
apply nasal CPAP and sham-CPAP in anesthetized rats. R are re-
sistors inducing positive pressure in the CPAP chamber and nil
pressure in the sham chamber. The airflow to avoid rebreathing
was the same in both chambers. See text for detailed explanation.

ed tube (Figure 1). One branch was connected to a chamber with
2 short cylindrical tubes (1.5-cm length, 2-cm diameter). One of
these tubes was used as a facemask and the other one was open to
the atmosphere through a resistor (R) consisting of a 1 mm diam-
eter hole. With the rat in place, this chamber was pressurized to
10 cm H,O (CPAP) and the air was renewed by a flow of 25 mL/s.
The other branch from the bifurcation was connected to another
similar chamber (Figure 1). However, in this case the resistor (R)
was connected at the inlet of the chamber instead of at the outlet,
which was directly open to the atmosphere (Figure 1). Therefore,
in this chamber (sham) the pressure was zero and the airflow to
avoid rebreathing was the same as in the CPAP chamber.

Protocol

The effects of 3 h and 5 h of nCPAP (and simultaneous sham
control, Fig. 1) were studied in 4 groups of 8 rats each. The
anesthetized animal was placed in supine and connected to the
mask, ensuring a leakless sealing by using a lubricant paste and
adhesive tape (Figure 1). After nCPAP (or sham), the animal
was sacrificed by exsanguination. A nasal scraping sample was
obtained from the left nostril, suspended in 0.9% NaCl solution
and maintained in ice. The mandibular symphysis was cut to
separate the 2 halves of the lower jaw and a sagittal cut through
the head was made along the left nostril to expose the nasal wall
structures. Septum and dorsal nasal concha from the intact right
nostril were excised and frozen (-80°C).

SLEEP, Vol. 31, No. 1, 2008

Assessment of Neutrophils in the Nasal Scrapings

Each scraping sample was pooled on a glass slide (Cytospin IV,
Shandon Scientific, UK), fixed and Wright-stained. A minimum
of 200 total cells were counted by randomly scanning the sample
(bright-field, 40x%, Eclipse TE2000, Nikon, Japan). Counted cells
were classified to compute the percentage of neutrophils.

Analysis of Gene Expression in Nasal Wall Tissue

The septum and dorsal nasal concha samples were disrupt-
ed (Polytron 2100, Kinematica, Switzerland). The content of
mRNA was isolated and gene expression of MIP-2, TNF-a,
NGF, and TACR1 were quantified in triplicate (7300 Real Time
PCR-RT, Applied Biosystems, CA), using GAPD as endoge-
nous control. The gene expression assays were obtained from
Applied Biosystems (Rn00586403 ml, Rn00562055 ml,
Rn00824646 ml1, Rn00562004 m1 and Rn99999916 sl, re-
spectively). Quantification of each gene relative to its respec-
tive control was estimated using the conventional comparative
C, method'? implemented in the PCR device.

Statistical Analysis

Data are presented as mean + SEM. Comparisons between
different groups were carried out by the Student’s #-test or the
Mann-Whitney Rank Sum Test. Statistical significance was as-
sumed for P<0.05.

RESULTS

Application of nCPAP for 5 h caused a 3-fold increase in the
number of neutrophils found in the nasal mucosa. The percent-
age of neutrophils in the total nucleated cells in the nasal scrap-
ings was 3.51% = 0.73% (mean = SE) in the nCPAP group and
1.12% =+ 0.39% in controls (Figure 2, top).

Five hours of nCPAP induced a significant increase in the
gene expression of inflammatory markers in the nasal wall tis-
sue. The mRNA of the pro-inflammatory chemokine MIP-2 was
markedly upregulated: 5.56 + 1.89 vs. 1.00 + 0.14 in controls
(Figure 2, center). This figure also shows that, although nonsig-
nificant, an overexpression trend was observed in the mRNA
of cytokine TNF-a in the nCPAP group: 2.78 + 1.19 vs. 1.00
+ (0.21 in controls. By contrast, minor nonsignificant changes
were found when comparing the gene expression of NGF and
TACRI1 between both groups (Figure 2, bottom).

When analyzing the effects of applying nCPAP for 3 h, the
only significant difference found between nCPAP and control
groups was a gene over expression of MIP-2: 2.28 + 0.43 vs.
1.00 £ 0.33 in controls (P = 0.034).

DISCUSSION

The present work provides evidence that the compression
exerted by nCPAP on the nasal wall is a mechanical stimulus
that per se triggers an early local inflammation. Five hours with
10 cm H,O of nCPAP (values typical of a one-night treatment in
OSA patients), resulted in neutrophil extravasation in the nasal
mucosa.
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Figure 2—Top: Percentage of neutrophils in total cells in the na-
sal scraping samples obtained from rats subjected to 5-h of CPAP
=10 cmH,O and to sham-CPAP. Center: Relative gene expression
of macrophage inflammatory protein (MIP-2) and tumor necrosis
factor-a (TNF-a) in the nasal wall tissue of rats subjected to 5 h
of CPAP = 10 cm H,O and to sham-CPAP. Bottom: Relative gene
expression of nerve growth factor (NGF) and of tachykinin-1 re-
ceptor (TACR1) in the nasal wall tissue of rats subjected to 5 h of
CPAP =10 cm H,O and to sham-CPAP.

To our knowledge, this is the first time that rats have been
subjected to nCPAP to mimic its application through a mask
in patients. The setting designed allowed us to precisely con-
trol the experimental conditions. On the one hand, confounding
factors such as systemic'® and upper airway inflammation' and
earlier rhinitis’ common in patients with OSA were avoided.
On the other hand, methodological factors concerning the ap-
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plication of nCPAP that could interfere with nasal inflamma-
tion were also avoided.'>!'® To this end, we made sure that there
were no air leaks caused by the mouth opening or by incorrect
mask fitting. Moreover, the use of control rats simultaneously
subjected to sham-CPAP ensured that the only factor causing
the observed results was the application of positive pressure.
The sham-CPAP system was based on an approach previously
described for application in patients.'” As shown in Figure 1,
the CPAP and the sham-CPAP chambers were connected in par-
allel to a pressure source. Given that each identical chamber
was connected to an equal serial resistor, both circuits open to
the atmosphere presented the same impedance to the pressure
source and, consequently, identical flows renewed the air in the
chambers. Connecting the resistor at the outlet or at the inlet of
the chamber (Figure 1) ensured that the pressure was positive
in one chamber (CPAP) and zero in the other (sham). The resis-
tor magnitude was selected to ensure sufficient, though not ex-
cessive, flow for air renewal through the chambers taking into
account rat minute ventilation.'® Despite the advantages of the
rodent model in isolating the inflammatory effects of nCPAP,
it is debatable whether the results obtained can be translated to
humans. This should not constitute an obstacle to the present
work given that our aim was to determine whether compression
induces nasal tissue inflammation. Indeed, as assumed in other
studies,'? the basic response mechanisms observed at cell and
tissue levels are similar in all mammals.

The finding that compression is a local pro-inflammatory
stimulus in the nasal mucosa is consistent with data obtained
when nonphysiologic compression was applied in other cells
and tissues. Indeed, data available indicate that this mechani-
cal stimulus is able to activate mechanotransduction pathways
leading to neurogenic and nonneurogenic inflammation. For
instance, the compression forces applied on the periodontium
during orthodontic tooth movements induce the secretion of in-
flammatory cytokines and the neuropeptide substance P in the
gingival crevicular fluid.®* Moreover, increased inflammatory
cytokines® and overexpression of the neurotrophic factor NGF’
were found in response to nerve and spinal cord compression,
respectively. It has also been shown that compression is an in-
flammatory stimulus in the airways, particularly in the bron-
chi and the trachea. Indeed, mitogen activated protein kinase
pathways are activated in bronchial epithelial cells subjected to
a continuous compression stimulus.? Furthermore, it has been
found that a constant positive pressure induces leukocyte re-
cruitment in the tracheal circulation in rats.’

As expected from published data on the effects of different
mechanical stimuli in cells,**? the nasal inflammation process
triggered by nCPAP was time dependent. Indeed, after 3 h of
nCPAP the only significant change detected was a 2.28-fold in-
crease in MIP-2 mRNA. This rodent chemokine, homologous
to human interleukin 8, is a potent neutrophil chemo-attractant
playing a key role in the initiation of inflammation induced by
mechanical stress in bronchial and alveolar epithelial cells**
and in the upper airway.”’ However, 3 h of nCPAP were not
enough to produce neutrophil extravasation. By contrast, after
5 h of stimulus the inflammatory process was consolidated. In
addition to a further increase in the expression of MIP-2, a ten-
dency to increase in TNF-a gene expression was also observed.
This cytokine plays a crucial role in inflammation by regulat-
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ing the expression of adhesion molecules and the production
of other inflammatory mediators and reactive oxygen species.
After 5 h of nCPAP it was possible to detect neutrophils in the
nasal mucosa scrapings showing that this time period was suf-
ficient to complete the basic inflammatory events.

The absence of early gene over expression of NGF or
TACRI1 does not exclude the possibility that the compression
stimulus could give rise to further neurogenic nasal inflam-
mation. Indeed, the early inflammatory markers induced by
CPAP could stimulate the nasal sensory nerves,”®* thereby
inducing the synthesis and secretion of the neuropeptides that
regulate symptoms of rhinitis.? It is possible that the inflam-
matory cytokines induce the synthesis of NGF in the nasal
mucosa in a way similar to that observed in bronchial epi-
thelial cells*® and in smooth muscle cells.*’ Such an increase
in NGF would in turn activate the nasal sensory nerves and,
hence, the symptoms of rhinitis.?’ Finally, as reported in co-
lon epithelial cells* and in peritoneal macrophages,* the early
inflammatory cytokines induced by CPAP could over express
the substance P receptor TACR1 in the nasal mucosa, facilitat-
ing the manifestation of symptoms of rhinitis. However, fur-
ther data from chronic exposure to compression are warranted
to confirm the long term neurogenic inflammatory pathways
activated by nasal CPAP.

Under normal physiological conditions the early inflamma-
tory process triggered by nCPAP could be compensated by adap-
tive antiinflammatory mechanisms. This would explain why in
a majority of OSA patients treated with nCPAP or in patients
subjected to long-term noninvasive ventilation by nasal positive
pressure* the symptoms of rhinitis are not documented or are so
small that they allow treatment tolerance. However, it is possible
that in some patients the potential adaptive antiinflammatory
mechanisms are not effective because of preconditioning. In such
a case the compression stimulus would act as a second-hit source
of injury. For instance, it has been reported that CPAP directly
induces nasal tissue inflammation in premature neonates with re-
spiratory failure subjected to nasal positive pressure,” and that
CPAP causes acute lung injury in rats with circulating endotox-
in.* In the specific case of OSA patients with previous rhinitis,*’
the upper airway inflammation could enhance the inflammatory
stimulus of mechanical compression, resulting in intolerance to
the therapy. It is also possible that the continuous flow of rela-
tively cold and dry air*® through the open mouth would enhance
symptoms of rhinitis even after several months of CPAP use.

In conclusion, this study shows that nasal tissue compression
caused by conventional nCPAP triggers an early local inflam-
mation. This pressure-sensitive mechanotransduction response
resulting in nasal inflammation could account for the rhinitic
side effects of CPAP in patients with OSA.
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