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SUMMARY Background: Chronic rhinosinusitis (CRS) is a heterogeneous group of inflammatory diseases
of the nasal and paranasal cavities, either accompanied by polyp formation (CRSwNP) or
without polyps (CRSsNP). The etiology and pathophysiology is unknown; some specialists
define rhinitis and sinusitis as one clinical entity, whereas others regard both as separate dis-
eases. We therefore investigated the immunological background of the chronically inflamed
nasal and sinusal mucosa.

Methods: Protein levels of the inflammatory mediators ILI-B, IL-5, ECP, INF-y, and TGF-3
were assessed in ethmoidal mucosal samples from CRSsNP and CRSwNP patients, and com-
pared with the expression profile in nasal inferior turbinate (IT) mucosa of the same patient
groups. Nasal tissue of patients without disease served as control.

Results: In CRSWNP, increased levels of IL-5 and ECP were not only observed in ethmoidal
samples, but also in the nasal IT-mucosa. TGF-B levels were lower in polyps, reaching signifi-
cance versus ethmoidal mucosa of CRSsNP. In CRSsNP, INF-y levels are up-regulated in both
ethmoidal and nasal mucosa compared to control tissue.

Conclusion: On the basis of similar inflammatory mediator profiles, we conclude that rhinitis
accompanies chronic sinusitis, supporting the consensus term “rhinosinusitis”. On the other
hand, CRSsNP and CRSwNP should be regarded as distinct clinical entities.
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INTRODUCTION

Although often mistakenly regarded as trivial, inflammation of
the nasal (rhinitis) and sinus mucosa (sinusitis) are prevalent W
medical conditions of the upper airways associated with a sub-
stantial impaired quality-of-life (2), reduced workplace produc-
tivity, and serious medical treatment costs ®

Although rhinitis may present without sinusitis (e.g. allergic
rhinitis), there is consensus among specialists that acute and
chronic sinusitis are usually associated to rhinitis “¥. Indeed,
rhinitis and sinusitis often clinically coexist and are concurrent
in many patients. According to the European Position Paper
on Rhinosinusitis and Nasal Polyps (EP3OS)(5’8) and previous
guidelines and consensus documents (4’6’7’9), the correct termi-
nology is therefore “rhinosinusitis”. Although being a valuable
guideline to ENT specialists, general practitioners, and epi-
demiologists, the clinical and epidemiological definitions that
relate rhinitis and sinusitis in these documents ®® are not yet
confirmed by solid research evidence. As a consequence, there
is still controversy over the use of the terms sinusitis and rhi-
nosinusitis "', From a research point of view, the anatomi-
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cal continuum of the nasal mucosa with the sinuses and the
fact that it is clinically often difficult to differentially diagnose
rhinitis and sinusitis, is indeed not a proof for a similar etiolo-
gy and pathophysiology of both disease entities. Furthermore,
the U.S. Food and Drug Administration (FDA) considers
rhinitis and sinusitis as distinct disease entities with differences
in pathophysiology, treatment, and risk-benefit assessment for
drug development (Guidance for Industry: Sinusitis: Designing
Clinical Development Programs of Nonantimicrobial Drugs for
Treatment. Available at http://www.fda.gov/Cder/guidance/
index.htm, accessed February 2009). This has major impact on
the appropriate structure of clinical studies designed to grant
introduction of new compounds to the market o

Moreover, according to the EP30S guidelines, CRS without
nasal polyps (CRSsNP) and CRS with nasal polyps (CRSwNP)
should, for research purposes, also be regarded as one entity
with CRSsNP as the major finding and CRSwNP being a sub-
group. However, the question then remains why polypoid tis-
sue does develop in CRSwNP patients and not in all CRS
patients. A part of the answer might be given by recent
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research evidence demonstrating that these pathologies can be
immunologically separated into distinct groups on the basis of
the expression of inflammatory and remodeling mediators ar-
9 Based on these findings, key mediators to differentiate CRS
include interferon (IFN)-y and transforming growth factor
(TGF)-B1, being up-regulated in CRSsNP, while CRSWNP typ-
ically shows increased eosinophil cationic protein (ECP) and
interleukin (IL)-5 and low TGF-B1 levels.

As the current consensus term “rhinosinusitis” is not intended
to describe or suggest an underlying etiology, but just fits most
accurately the anatomical, histological, and clinical presenta-
tion of the condition(s) to be defined (5), it is not excluded that
the pathophysiological background of both diseases might be
distinct, as postulated in the FDA’s guidance document, and as
is also reported to be the case for CRSsNP and CRSwNP Ay
In this study we therefore aimed to investigate the immuno-
logical background of the inflamed nasal and sinus mucosa in
chronically inflamed upper airways. To do so, we assessed the
expression pattern of several key inflammatory mediators in
ethmoidal mucosa or polyp tissue from CRSsNP and CRSwNP
patients respectively, in comparison to the expression profile in
nasal mucosa (inferior turbinates; IT) of the same patient
groups. IT’s of an additional group of patients without disease
to the upper and lower airways was incorporated for baseline
measurements.

MATERIALS AND METHODS

Patients and sinonasal tissues

Tissues were obtained at the Department of
Otorhinolaryngology, Ghent University Hospital, Belgium dur-
ing routine endonasal sinus surgery and approved by the local
ethical committee. All patients gave their written informed
consent before collecting material. All patients stopped oral
and topical application of corticosteroids for at least 1 month
before surgery.

The diagnosis of chronic sinus disease was based on a docu-
mented medical history, clinical examination, nasal endoscopy,
and computed tomography of the paranasal cavities according
to the current European ©8 and American Guidelines ©.
Shortly, CRSsNP and CRSwWNP were clinically defined as
inflammation of the nose and the paranasal sinuses character-
ized by two or more symptoms, one of which: 1) nasal conges-
tion or nasal discharge, potentially accompanied by facial pain
and reduction of smell, and 2) either endoscopic signs of
polyps and/or mucopurulent discharge primarily from middle

Table 1: Patients’ clinical data.
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meatus, and/or oedema primarily in middle meatus, and/or
CT changes showing mucosal changes within the ostiomeatal
complex and/or sinuses. The rhinosinusitis with more than 12
weeks of symptoms, with no complete resolution of symptoms,
was defined as being chronic. Clinical data of the patients are
summarized in Table 1.

The tissues collected during surgery were immediately trans-
ported to the laboratory, snap-frozen in liquid nitrogen, and
stored at -80°C until homogenization.

Tissue homogenates

Snap-frozen tissue specimens were weighed and suspended in
a 10 times volume of 0.9% NaCl solution with protease
inhibitor Complete (Roche, Mannheim, Germany). The tissue
was homogenized with a mechanical homogenizer (B. Braun,
Melsungen, Germany) at 1000 rpm for 5 minutes on ice. The
homogenates were centrifuged at 3000 rpm for 10 minutes at
4°C, and the supernatants were stored at -20°C until analysis.

Tissue levels of the inflammatory mediators ILI-B, IL-5, ECP,
INF-y, and TGF-f3

Tissue homogenates were assayed for IL1- and IL-5 levels by
means of Luminex xXMAP technology using the Fluorokine
MAP Multiplex Human Cytokine Panel A kit (R&D Systems,
Minneapolis, Minn, USA) on a Bio-PlexTM 200 Array Reader
(Bio-Rad, Hercules, CA, USA).

Total TGF-B1 and IFN-y were measured by using commercial-
ly available ELISA kits (R&D Systems). For TGF-B, acid was
added during the ELISA procedure, resulting in physicochemi-
cal activation of latent TGF-f. Total TGF- concentrations are
reported including both active and latent forms. ECP levels
were measured by the UNICAP system (Pharmacia, Uppsala,
Sweden). All data were expressed as picograms per gram tis-
sue.

Statistical analysis

All results were expressed as Box-and-Whisker plots represent-
ing medians and interquartile ranges; n refers to tissues
obtained from different patients. Statistical analysis was per-
formed by a nonparametric Kruskal-Wallis test, taking the data
of inferior turbinates from controls, CRSsNP and CRSwNP in
one analysis, and of inferior turbinates from control, ethmoidal
mucosa from CRSsNP, and polyps from CRSwWNP in another
analysis. Kruskal-Wallis was accompanied by a Dunns’

control (IT) CRSsNP CRSwWNP
IT ethmoidal mucosa IT ethmoidal polyps

Number of subjects 18 15 19 11 22
Median age (range; y) 27.6 (17.6-59.6) 39.7 (18.2-61.8) 39.0 (20.0-81.5) 41.3 (18.1-53.2) 48.4 (18.7-71.4)
Gender (male/female) 12/6 7/8 9/10 7/4 13/9
Athma in history 2 1 0 3 5

Skin prik test-positive 3 2 2 4 7

Aspirin intolerance reported 0 1 0 0 2




56

Van Crombruggen et al.

IL5 ECP
1000 30000+
p<0.001
—_ p<0.001 —_ - -
2 ©
3 - - 3
@ 7504 p<0.05 o
2 > 200001
= c
5 £
e 500 5 p<0.01
= _
= ~ p<0.001 a
£ - - 2 10000
w2504 < | o
9 p=<0.05 S
w
Control CRSsNFP CRSwNP CRSsNP CRSwNP S ;
Control CRSsNP CRSwNP CRSsNP CRSwNP
(Im i Sinusal t Muc/NP’ _— _
A Nasal tissue (IT) nusaltissue (Muc/F) B (m Nasal tissue (IT) Sinusal tissue (Muc/NP)
INFy TGFp1
1000 4 60000
— p<0.001
—_ < ) -t -
0 - p<0.01 - @ 50000
4 °
w - =)
s 70 p=0.01 o p<0.001
(=] = 40000
= £ -
£ p<0.01 p<0.05 35
© 500 - - £ 30000
1=
oy @
o o
Z — 20000+ L
%’ 250 =
= E 10000
T —
Control CRSsNP CRSwNP CRSsNP CRSwNP Control CRSsNF CRSwNP CRSsNP CRSwNP
(Im Nasal tissue (IT) Sinusal tissue (Muc/NP) D (m Nasal tissue (IT) Sinusal tissue (Muc/NP)

Figure 1. Quantitative tissue protein levels of key inflammatory media-
tors. Values are expressed as Box-and-Whisker plots showing the
median, the lower and the upper quartile, and the minimum and the
maximum value. CRSsNP: chronic rhinosinusitis without nasal polyps,
CRSwNP: chronic rhinosinusitis with nasal polyps, ECP: eosinophil
cationic protein, IFN-y: interferon-y, IL-5: interleukin-5, IT: inferior
turbinate, NP: nasal polyps of ethmoidal region, Muc: mucosa of eth-
moidal region, TGF-B1: transforming growth factor 1.

Multiple Comparison Test as a Post Test between all sub-
groups within each analysis. A p-value less than or equal to
0.05 was considered to be statistically significant (Graphpad,
San Diego, CA, USA).

RESULTS

To assess the immunological background of rhinitis and sinusi-
tis, and to evaluate the validity of nasal inferior turbinates as
control tissues in the research to sinus diseases, the expression
pattern of several key inflammatory mediators in ethmoidal
mucosa from CRSsNP or polyp tissue from CRSwWNP patients
was measured and compared to the expression profile in the
nasal mucosa of the same patient groups. The nasal mucosa of
disease-free patients undergoing surgery for anatomical abnor-
malities was used for baseline measurements. The key inflam-

matory mediators, including the proinflammatory cytokine IL-
1B, the eosinophilic granule protein ECP, Thl and Th2-cell
subset cytokines IFN-y and IL-5 respectively, and the T-regula-
tory and remodeling marker TGF-B1, were measured in
homogenized ethmoidal mucosal samples and inferior
turbinates (IT).

Protein levels of the Th2 cytokine IL-5 and the eosinophilic
marker ECP were significantly higher in ethmoidal samples
(p <0.001 for and ECP) and IT (p < 0.001 for IL-5; p < 0.01 for
ECP) of CRSWNP compared to control IT, while the levels of
both inflammatory markers were not significantly higher in
CRSsNP (Figure 1A and 1B). In both ethmoidal tissue and IT,
IL-5 and ECP levels were higher in CRSwNP compared to
CRSsNP, reaching statistical significance for IL-5 (Figure 1A)
but not for ECP (Figure 1B).

In CRSsNP, a clear-cut increased expression of the Thl
cytokine INF-y was observed in both ethmoidal mucosa
(p <0.01) and IT (p < 0.01) versus control. INF-y levels were
significantly higher in CRSsNP compared to CRSWNP for both
IT (p <0.01) and ethmoidal tissue (p < 0.05), (Figure 1C).

The levels of the T-regulatory and remodeling marker TGF-
B1 in IT from CRSsNP and CRSwWNP and in ethmoidal
mucosa from CRSsNP were similar to the levels measured in
IT from controls (Figure 1D). However, TGF-B1 showed a sig-
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nificantly lower expression level in ethmoidal tissue from
CRSwWNP compared to IT from controls (p < 0.05) and eth-
moidal mucosa from CRSsNP (p <0.001) (Figure 1D).

For IL1-B, no significant differences were observed among all
groups (data not shown).

DISCUSSION

In this study we report that the distinct cytokine patterns
found in sinusal tissue of CRSWNP and CRSsNP are reflected
in the nasal inferior turbinate mucosa of these respective
patient groups. These data suggest that chronic rhinitis and
sinusitis might be regarded as one disease entity, supporting
the use of the clinical term chronic ‘rhinosinusitis’. The data
also confirm our previous observation that within the rhinosi-
nusitis group, CRSsNP and CRSwNP should be regarded as
distinct clinical entities. Furthermore, the implication of the
nasal mucosa in the disease process of sinusitis has some
repercussion on the choice of the appropriate control tissue in
research protocols.

Although rhinitis may present without sinusitis, both acute
and chronic sinusitis are usually (except in dental maxillary
sinusitis and other specific cases) associated to rhinitis.
Therefore, various expert panels, task forces, and position
papers proposed the integrated clinical term rhinosinusitis over
the separate disease entities rhinitis and sinusitis. Indeed, from
an anatomical and histological point of view, it seems unlikely
to think of an isolated ethmoid sinus disease whereby the mid-
dle or superior turbinate mucosa is not involved “8) However,
this argumentation purely speculates on anatomical character-
istics, clinical features, and histological similarities, and does
not incorporate the pathophysiological mechanism involved in
the disease status. It furthermore also does not take into
account the different immunological features of CRSsNP and
CRSwNP, and has not yet been fully supported by basic
research evidence. After all, the exact pathogenesis and etiolo-
gy of CRSsNP and CRSwNP still remain unknown.

In case chronic sinusitis is accompanied by rhinitis, pro-inflam-
matory parameters should be increased in both the sinus and
nasal mucosa. Depending on the etiology of, and the catalyst
relationship between rhinitis and sinusitis, the inflammatory
cytokine pattern might be similar or distinct between the eth-
moidal and nasal regions. In Caucasians, we previously showed
that CRSwNP is typically associated with a Th2 skewed
eosinophilic inflammation with high IL-5 and ECP concentra-
tions in the ethmoidal mucosa, while CRSsNP is characterized
by a Thl milieu with increased levels of INF-y. CRSWNP is
furthermore accompanied by reduced levels of TGF-B, while
CRSsNP shows increased TGF-f production (13

IL-5 is known to activate eosinophils, to prolong eosinophil
survival, and to promote the release of eosinophil granules ),
In a previous study of our group (15), a strong correlation was
found between the eosinophil activation marker ECP and IL-
5 levels in ethmoidal mucosal tissue. Here we show that the
increased levels of ECP and IL-5 in CRSwNP are also reflect-
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ed in the inferior turbinate mucosa. TGF-B1 is implicated in
extracellular matrix formation "°. Consequently, low levels
of TGF-B1 have been associated with edema formation in
polyps U3 The absence of edema in inferior turbinates from
CRSwNP and CRSsNP, and ethmoidal mucosa from CRSsNP
is in agreement with the control levels of TGF-B1 found in
these tissues, while the TGF-B1 levels in mucosal tissue of
CRSwNP were indeed significantly lower compared to eth-
moidal mucosa of CRSsNP and IT from controls. IFN-y is
the hallmark cytokine of Thl cells. It regulates a variety of
physiological and cellular responses such as an increase in
antigen presentation by macrophages and the suppression of
Th2 cell activity. The Thl-nature of CRSsNP was confirmed
by significantly higher levels of IFN-y in CRSsNP ethmoidal
mucosa and inferior turbinates vs tissue from controls and
CRSwNP.

These data show that the distinct cytokine patterns found in
the nasal mucosa of CRSWNP and CRSsNP patients are a
reflection of the cytokine profile in the sinusal tissue of the
respective patient groups, supporting the idea that chronic
rhinitis and sinusitis can be regarded as one disease entity.
These findings potentially have significant impact on the
knowledge on the etiology and the clinical understanding of
chronic nasal and paranasal diseases as well as implications for
diagnosis and research perspectives on future drug develop-
ment 7. At present, the treatment options for rhinosinusitis
are limited but there is interest within the pharmaceutical
industry in the development of new drugs other than antibi-
otics for the treatment of rhinosinusitis. It is therefore of
utmost importance that researchers can rely on a solid defini-
tion of the disease entity based on knowledge on the etiology.
However, a major concern in regarding rhinitis and sinusitis as
one disease entity is that it could hamper disease classification
and drug development because the symptoms of these two dis-
eases overlap, and treatment approaches would necessarily
have to approach both nasal and sinusal symptoms. This ratio-
nale presumes a different etiology and/or pathophysiology in
both nasal and paranasal inflammation. Up to date, such evi-
dence is however lacking. It formerly has been demonstrated
for allergic and/or viral rhinitis that the sinuses are involved in
nasal disease ‘77,

Here we show, besides the fact that the nasal mucosa is
involved in the sinusal disease status, that the pathophysilogi-
cal background of the inflamed nasal and paranasal regions is
not different as indicated by the similar cytokine patterns in
nasal and ethmoidal samples within either the CRSsNP or
CRSwNP entity.

Further evidence for the involvement of the nose in sinus dis-
ease comes from observations on the middle turbinate in
CRSWNP. Chen et al. @¥ reported that IL-5 mRNA levels in
CRSwNP were elevated the highest in the anterior ethmoidal
mucosa, but also found an up-regulation in the lateral and
medial parts of the middle turbinate (MT). The involvement of
the MT in the disease process is not surprising as from a clini-
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cal point of view, the middle turbinates in CRSWNP are com-
monly involved in the inflammatory process, also showing
polypoidal changes. Here we found that the protein levels of
IL-5 in IT of CRSWNP subjects are lower than in the eth-
moidal samples, but they are still significantly higher than in
IT from non-diseased patients, demonstrating their involve-
ment in the disease. Similarly, in a study by Eweiss et al. @y
the number of eosinophils in the polyp tissue was significantly
higher than the number in the IT mucosa from the same
patients; again, eosinophil numbers were significantly higher
than in IT from controls.

The involvement of the nasal turbinates in the sinus disease
process can also be placed in the discussion of which tissue
type could be regarded as a valid reference for control mea-
surements. From the above we conclude that IT from healthy
control patients, but not from CRS patients, can serve as reli-
able tissue for comparative measurements of inflammatory
mediators in research setups related to upper airways diseases.

CONCLUSION

In conclusion, our data illustrate that the inflammatory media-
tor profile in nasal mucosa follows the profile found in eth-
moidal mucosa from CRSsNP and CRWwNP patients, respec-
tively. These data indicate that rhinitis and sinusitis can be
regarded as one disease entity, supporting the use of the term
‘rhinosinusitis’ as proposed before (EPOS, Am guidelines). We
confirm that CRSsNP and CRSwNP should be viewed as dis-
tinct disease entities.
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