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Local Complement Activation

in Nasal Polyposis

Thibaut Van Zele, MD; Frauke Coppieters; Philippe Gevaert, MD, PhD; Gabriele Holtappels;
Paul Van Cauwenberge, MD, PhD; Claus Bachert, MD, PhD

Objectives/Hypothesis: The role of the comple-
ment system in nasal polyps (CRSwNP) has so far
scarcely been studied. Because nasal polyps are char-
acterized by bacterial colonization, and the comple-
ment system is an effective defense mechanism, it
might be involved in the pathogenesis of CRSwNP.
This study was designed to investigate the local and
systemic activation of the complement system in
CRSwNP versus control mucosa in relation to the
local and systemic eosinophilic and neutrophilic
inflammation and local plasma exudation.

Methods: Concentrations of complement factors
C3a desArg and C5a desArg, and of albumin, «2-mac-
roglobulin, eosinophilic cationic protein, and myelo-
peroxidase were determined on nasal secretions and
serum from 12 CRSwNP patients and 10 control
patients. Tissue cryosections were stained for the
membrane attack complex (C5b9)

Results: We found a significantly higher concen-
tration of C3a desArg and C5a desArg in nasal secre-
tions from CRSwNP patients compared to controls,
whereas the serum levels between the two groups did
not differ significantly. Significant correlations were
found between Cba desArg and eosinophil cationic
protein in nasal secretions. Staining for the mem-
brane attack complex revealed a deposition around
blood vessels and the basal membrane exclusively in
nasal polyp tissue.

Conclusions: These data support the hypothesis
that, in addition to the adaptive immune responses,
the complement system is involved in the pathogene-
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sis of CRSwNP and may contribute to typical features
such as edema and granulocytic inflammation.
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INTRODUCTION

The sinonasal cavity is, both in healthy patients and
in patients with chronic sinonasal disease, under a per-
manent thread of colonization with pathogenic bacteria.
Therefore the nasal mucosal lining is defended by an
innate immune system that supports the adaptive immu-
nity to clear potential pathogens. The complement system
is one of the central components of the human innate and
adaptive immunity. The complement system consists of
more than 30 complement factors and cell membrane pro-
teins and has three activation pathways.! Central in
these three pathways is the cleavage and activation after
contact with an antigen-antibody complex or mannon on
bacterial surfaces of C3 and C5 into C3a, C3b, C5a, and
C5b. The final downstream of complement activation is
the formation of the membrane attack complex, which
causes lysis of microorganisms by formation of pores.?
Furthermore, C3a and C5a have proinflammatory func-
tions, such as contraction of smooth muscles, increased
vascular permeability, vasodilatation, stimulation of neu-
trophil and eosinophil endothelial adhesion, and
induction of proinflammatory cytokine secretion.?
Chronic rhinosinusitis with nasal polyps (CRSwNP) is a
chronic inflammatory disease that has clearly been linked
to bacterial colonization.* CRSwNP is clinically charac-
terized by the presence of polypoid structures in the
paranasal sinuses and nasal cavities. The prevalence
varies between 1% and 4%, and a clear association has
been observed with asthma and aspirin intolerance in
adults. Nasal polyps show typical histological features,
such as plasma exudation, paucity of vascular structures,
and damage of the respiratory epithelium. Almost 75% of
the eosinophils present in nasal polyps are activated,
causing high levels of eosinophil cationic protein (ECP)
in the polyp tissue.>® Besides eosinophils, other inflam-
matory cells, such as lymphocytes, neutrophils, and mast
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cells are highly present in nasal polyp tissue.”® Since nasal
polyps have a predominant eosinophilic inflammation, and
bacteria play a role in the pathogenesis,*® the complement
system might be involved in the chemotaxis and activation
of eosinophils, and thus in sustaining the inflammatory
processes in nasal polyps. The current study investigates
the local and systemic activation of the complement system
in CRSwNP in relation to the local and systemic eosino-
philic and neutrophilic inflammation and local plasma
exudation. Therefore, the anaphylatoxins C3a and Cbha
were measured in serum and nasal secretions together
with albumin, o2-macroglobulin, ECP, and myeloperoxi-
dase (MPO). As C3a and Cha in serum are rapidly cleaved
into the C3a desArg/C5a desArg forms by endogenous car-
boxypeptidase N-enzyme, the quantification of C3a desArg
and Cha desArg is a reliable measurement for the level of
complement activation.

MATERIALS AND METHODS

Patients

Twelve subjects with nasal polyposis were included in this
study (12 men, range 21-63 years, mean 44.27 years) and 10
control patients (5 men and 5 women, range 18-63 years, mean
39.7 years). The control group consisted of patients without mu-
cosal disease who underwent a septoplasty with inferior
conchotomy for anatomical obstruction. The diagnosis of
CRSwNP was made according to the European Posistion Paper
on Rhinosinusitis and Nasal Polyps (EP30S) criteria® and based
on history, clinical examination, nasal endoscopy, and sinus
computed tomography scanning. Nasal secretion and serum
samples were collected before routine endonasal sinus surgery
unrelated to this study. Skin prick tests (SPT) to 14 common in-
halant allergens were used to evaluate the atopic status. In
both groups one patient was SPT-positive. A history of asthma
was reported in five nasal polyp patients. None of the controls
had a history of asthma. Three nasal polyps were aspirin intol-
erant. For all patients a washout period of at least 1 month was
kept for antibiotics, oral, or nasal corticosteroids. The ethics
committee of the Ghent University Hospital approved this study
and all patients gave their written informed consent.

Processing and Measurement of Serum and
Nasal Secretions

Nasal secretions were obtained using sinus packs (IVALON
4000 plus 3.5 x 0.9 x 1.2 cm surgical products (M-Pact, Eudora,
KS) as previously described.!® Sinus packs were placed in both
nasal cavities for exactly 5 minutes. All freshly obtained nasal
secretion samples were immediately processed, separated, and
stored in aliquots at —20°C until analysis as previously described.
Serum and nasal secretions were assayed for C3adesArg, C5ade-
sArg, and MPO by commercially available enzyme linked
immunosorbent assay kits (C3adesArg, C5adesArg: BDoptEIA,
BD Biosciences-Pharmingen, Erembodegem, Belgium; MPO: Bio-
xytech MPO-EIA, OXIS Health Products, Portland, OR).

ECP concentrations were measured using the Uni-CAP
system (Pharmacia & Upjohn, Uppsala, Sweden). Albumin and
o2-macroglobulin were determined both in serum and nasal
secretions using a Behring nephelometer II (Dade-Behring,
Marburg, Germany).!!

Immunohistochemistry
Specimens were snap frozen in liquid nitrogen-cooled
methyl butane and stored at —80°C. Cryostat sections were pre-
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pared (6 um) and mounted on SuperFrost Plus glass slides,
packed in aluminum paper and stored at —30°C until staining.
Sections were stained for C5b-9 (membrane attack complex)
(Dako, Copenhagen, Demark). Specimens were fixed in acetone
and endogenous peroxidase activity was blocked with 0.3%
hydrogen peroxide in TBS containing 0.1% sodium azide for
20 minutes. Primary antibodies or negative controls, consisting
of the corresponding isotype controls, were incubated for 1 hour
and detected using the LSAB technique conjugated with peroxi-
dase according to the manufacturer’s instructions (labeled
streptavidin-biotin, Dako). The peroxidase activity was detected
using AEC substrate chromogen (Dako), which results in a red-
stained precipitate. Finally sections were counterstained with
hematoxylin and mounted.

Statistical Analysis

Statistical analysis was performed with the SPSS 12.0
software (SPSS Inc., Chicago, IL). Statistical analysis was per-
formed by the Kruskal-Wallis test and Mann-Whitney U two-
tailed test for unpaired comparisons. When comparisons were
made between groups, the Kruskal-Wallis test was used to es-
tablish the significant intergroup variability. The Mann-
Whitney U test was then used for between-group comparison.
Spearman rank correlation coefficient was used to assess the
relationships between parameters. The significance level was
set at o = .05.

RESULTS

In an approach to quantify the complement activa-
tion we measured the concentrations of C3a desArg and
Cbha desArg in serum and nasal secretions (Table I and
Fig. 1). Levels of C3a desArg and C5a desArg were sig-
nificantly higher in nasal secretions from CRSwNP
patients compared to controls (P = .048 and P = .035,
respectively). On serum level, no difference was observed
in C3a desArg and Cb5a desArg between CRSwNP
patients and controls.

ECP and MPO were measured in this study to
reflect to local and systemic eosinophilic and neutro-
philic inflammation. Both ECP and MPO concentrations
were higher in the nasal secretions of nasal polyp
patients compared to controls; however for MPO the dif-
ference did not reach statistical significance (P = .668)
and for ECP it was nearly significant (P = .0507). Fur-
thermore, no difference was observed between the two
patient groups in serum.

To evaluate the plasma exudation in polyps, albu-
min and o2-acroglobulin concentrations were measured
in serum and nasal secretions in both groups. In nasal
polyps a significantly higher concentration of albumin
was found compared to the control group (P = .035),
whereas no significant difference between the two
groups was found for «2-macroglobulin. Again, no differ-
ences were observed for both plasma proteins in serum.

Comparison of C3a desArg, C5a desArg, MPO, ECP,
albumin and «2-acroglobulin levels between nasal secre-
tion and serum in controls demonstrated that the
concentrations of C3a desArg, albumin, and «2-macro-
globulin were significantly higher in serum (P = .028, P
= .005, P = .005, respectively). In contrast ECP and
MPO concentrations were significantly higher in nasal
secretions compared to serum of controls (P = .005). No
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TABLE 1.

Median Concentrations and Interquartile Range of C3a desArg, C5a desArg, Eosinophil Cationic Protein,
Myeloperoxidase, Albumin, and «2-Macroglobulin in Controls and Nasal Polyps.

Controls Median (IQR)

P value

Serum vs. Nasal

CO vs. CRSwWNP Secretions

CRSWNP Median (IQR)

Nasal Nasal Nasal Nasal

Serum Secretions Serum Secretions Serum  Secretions Controls  Polyps

C3a desArg (ng/ml) 12985 (8175) 2434.75 (6765.86) 14820 (11065) 6456.62 (7829.35) NS .048 .028 .015
Cbha desArg (ng/ml) 6,51 (3.7) 7,27 (32.43) 7,25 (3.01) 35,78 (48.47) NS .035 NS .002
ECP (ug/l) 10,14 (24.42) 214,26 (202.94) 12.4) 867,1 (1031.01 NS NS .005 .002
MPO (ng/ml) 9,85 (5.84) 2891,33 (6002.94) 9,76 (6.98) 4823,82 (8158.22) NS NS .005 .002
Albumin (mg/l) 33400 (12875) 4825,01 (10730.77) 38450 (12200) 11803,8 (15161.17) NS .035 .005 .002
o2-macro-globulin (mg/I) 1005 (412.5) 111,91 (366.56) 1015 (400.0) 277,20 (351.27) NS NS .005 .002

Significant differences between serum and nasal secretions for controls and nasal polyps and significant differences between controls and nasal polyps
are indicated with the appropriate P value; nonsignificant differences are indicated with NS. CO = control; CRSwWNP = chronic rhinosinusitis with nasal polyps;
ECP = eosinophil cationic protein; IQR = interquartile range; MPO = myeloperoxidase.

significant differences were found for Cba desArg in
controls.

Similarly the concentrations of C3a desArg albumin
and «2-macroglobulin in the CRSwNP group were signif-
icantly higher in serum compared to nasal secretions (P
= .015, P = .002, P = .002, respectively), whereas ECP
and MPO concentrations were significantly higher in
nasal secretions of CRSwNP patients (P = .002). Con-
trary to the findings in controls, nasal secretions of
nasal polyp patients contained significantly higher levels
of C5a desArg compared to serum levels (P =.002).

Cba desArg in nasal polyp patients both in serum
and in nasal secretions were positively correlated with
ECP concentrations (r = 0.615, P =.033; r = 0.608, P =
.036, respectively). Both in serum and nasal secretions,
a positive correlation (r = 0.671, P = .017; r = 0.846, P
= .001, respectively) was observed between C3a desArg
and albumin in the nasal polyp group, whereas there
was no correlation between C5a desArg and albumin.
Inversely a significant correlation was found between
Cba desArg and o2-macroglobulin and C3a desArg and
o2-macroglobulin in nasal secretions from nasal polyp
patients (r = 0.692, P = .013; r = 0.902, P = .001,
respectively).

Immunohistochemistry showed a positive staining
for the membrane attack complex I in all polyp samples,
whereas such staining completely lacked in controls. In
polyps, the basal membrane and endothelial cells were
specifically stained for membrane attack complex (MAC)
(Fig. 2).

DISCUSSION

We found a significantly higher concentration of
C3a desArg and Cba desArg in nasal secretions from
nasal polyp patients compared to controls, whereas the
serum levels between controls and nasal polyp patients
did not differ significantly. The MAC was exclusively
found in nasal polyp tissue, situated at the basal mem-
brane and around blood vessels. These data support the
hypothesis that, in addition to the adaptive immune
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responses,” the complement system is locally activated
and involved in the pathogenesis of nasal polyposis.

The significantly higher concentration of albumin in
nasal secretion from nasal polyp patients underlines our
previous findings of albumin deposition with pseudocyst
formation and plasma-exudation in nasal polyps.>'? Al-
bumin deposition is a typical feature of nasal polyps™'?
and may be regulated by increased C3a and Cbha lev-
els.2® In this study, the strong correlations between C3a
desArg and both albumin or «2-macroglobulin and
between Cba desArg and «2 macroglobulin in nasal
secretions nicely show the relationship between plasma
exudation and complement activation in nasal polyps.

To assess the local activation or generation of the
C3a and Cbha, nasal levels of C3adesArg and ChadesArg
were compared to serum concentrations. C3a desArg
concentrations were significantly higher in serum than
in nasal secretions, both in controls and CRSwNP
patients. For C5a desArg the concentrations in nasal
secretions of CRSwNP significantly exceeded the serum
levels, suggesting a local generation of Cb5adesArg in
nasal polyp tissue. Since concentrations of C3a desARg
and CbHa desArg correlate well with serum markers of
increased vascular permeability, we cannot exclude that
high levels of C5a desArg in nasal secretions of CRSwNP
are caused by increased vascular permeability. However,
one study has shown an extrahepatic expression of com-
plement mRNA in sinonasal tissue.*

C3a and Cb5a play a major role in the chemotaxis
and activation of eosinophils and neutrophils, and in
this study Cba desArg levels in CRSwWNP were strongly
correlated to ECP in nasal secretions. There was no sig-
nificant correlation to eosinophilic inflammation with
C3a desArg. This may be explained by the rapid inacti-
vation of C3a into C3a desArg losing its ability to attract
and stimulate eosinophils, whereas C5a desArg remains
an active eosinophil stimulus. Furthermore, C5a can
stimulate eosinophils more powerfully than C3a.'%'6

Several pathomechanisms in CRSwNP could lead to
the activation of complement. First, it has been shown in
asthmatics and patients with allergic rhinitis that allergen
exposure in sensitized individuals may induce the local
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Fig. 1. Comparison of the levels of C3a desArg, C5a desArg, eosinophil cationic protein (ECP), myeloperioxidase (MPO), albumin, and «2-
acroglobulin in serum and nasal secretions from 10 controls (CO) and 12 CRSwNP patients. Data are expressed in box-and-whisker plots.

Arrows represent a statistical difference between groups.

activation of C3a and C5a.'”'® However, in the current
study no significant difference was found between SPT-pos-
itive and SPT-negative nasal polyp patients in terms of C3a
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and Cha levels in nasal secretions, supporting the idea that
factors other than allergy play a role in the complement
activation in CRSwNP.
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Controls

Fig. 2. Immunohistochemical staining
for membrane attack complex in
nasal polyposis (CRSwNP) and con-
trols: membrane attack complex was
found adherent to basal membrane
and vascular structures in all polyps,
but not in any controls. [Color figure
can be viewed in the online issue,
which is available at www.
interscience.wiley.com.]

The complement system can be activated through
three activation pathways, all leading to the generation
of C3a.2 There is the classical pathway, which is acti-
vated by immune complexes with IgE or IgG.'®%° In
nasal polyps, massive concentrations of polyclonal IgE
and increased IgG levels are present in the polyp
tissue'? indicating that complement activation in
nasal polyps could partially be due to activation of the
classical pathway by immunoglobulin complexes. Fur-
thermore, colonization with Staphylococcus aureus,
frequently found in nasal polyp patients,*® can cause a
supplementary activation of the complement system
through the alternative pathway. The third pathway
causing complement activation is the mannose binding
lectin pathway, by recognition of foreign carbohydrates.
Although there is no direct evidence to assume an acti-
vation of this pathway, previous results from our group
showed a significant upregulation of the macrophage
mannose receptor in nasal polyps®' that could lead to
the activation of the mannose binding lectin pathway.

After cleavage of the C5 into the anaphylatoxin C5a
and C5b-9, the membrane attack complex is formed
through the self-association of C5b with proteins C6, C7,
C8, and C9 and functions mainly as a pore former in cell
membranes of pathogens.?> However, C5b-9 can also
influence, independently of the engagement of C5a, the
downstream inflammatory cascade by triggering releases
of multiple mediators, such as proMMP9.2® In the cur-
rent study, MAC was exclusively found in nasal polyp
tissue, mainly situated subepithelially at the basal mem-
brane. Earlier histomorphological studies revealed
frequent epithelial damage and a thickened basal mem-
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brane.?* The deposition of the MAC at the basal
membrane of nasal polyps might be implicated in epithe-
lial damage and high turnover in nasal polyps. Secondly
C5b-9 can lead to the overproduction of extracellular
matrix components, such as collagen IV and fibronectin,
even in the absence of TGF-f over-expression, and cause
basal membrane thickening.?® Furthermore, we describe
for the first time that MAC was also situated around
blood vessels in nasal polyps but not in controls.
Although nasal polyps have a reduced number of vessels,
they are characterized by a massive edema with pseudo-
cyst formation, filled with large amounts of albumin and
other plasma proteins.’ An increased leakage by anaphy-
latoxins or other inflammatory products might be
instrumental in causing this edema. The deposition of
MAC around these vessels may induce damage of the
vascular epithelium, leading to increased vascular per-
meability, as has been described in glomerular kidney
disease and demyelination and axonal damage in ische-
mic brain injury.?527

CONCLUSION

These data support the hypothesis that, in addition
to the adaptive immune responses, the complement sys-
tem contributes in the pathogenesis of nasal polyposis.
The involvement of complement in nasal polyps is new
to the current understanding of the pathophysiology of
nasal polyposis, and typical features like edema, vascu-
lar leakage, high epithelial turnover, and the attraction
of eosinophils may be influenced by the complement acti-
vation in CRSwNP.

Van Zele et al.: Complement Activation in NP
1757



BIBLIOGRAPHY

1

2

3.

10.

11.

12.

13.

14.

. Gasque P. Complement: a unique innate immune sensor for
danger signals. Mol Immunol 2004;41:1089-1098.

. Carroll MC. The complement system in regulation of adapt-

ive immunity. Nat Immunol 2004;5:981-986.

Daffern PJ, Pfeifer PH, Ember JA, Hugli TE. C3a is a che-
motaxin for human eosinophils but not for neutrophils. I.
C3a stimulation of neutrophils is secondary to eosinophil
activation. J Exp Med 1995;181:2119-2127.

. Van Zele T, Gevaert P, Watelet JB, et al. Staphylococcus
aureus colonization and IgE antibody formation to enter-
otoxins is increased in nasal polyposis. J Allergy Clin
Immunol 2004;114:981-983.

. Bachert C, Gevaert P, Holtappels G, Cuvelier C, van Cau-
wenberge P. Nasal polyposis: from cytokines to growth.
Am J Rhinol 2000;14:279-290.

. Mygind N, Dahl R, Bachert C. Nasal polyposis, eosinophil
dominated inflammation, and allergy. Thorax 2000;
55(suppl 2):S79-S83.

. Van Zele T, Claeys S, Gevaert P, et al. Differentiation of
chronic sinus diseases by measurement of inflammatory
mediators. Allergy 2006;61:1280-1289.

. Voegels RL, Santoro P, Butugan O, Formigoni LG. Nasal
polyposis and allergy: is there a correlation? Am J Rhinol
2001;15:9-14.

. Gevaert P, Holtappels G, Johansson SG, Cuvelier C, Cau-
wenberge P, Bachert C. Organization of secondary lymph-
oid tissue and local IgE formation to Staphylococcus
aureus enterotoxins in nasal polyp tissue. Allergy 2005;
60:71-79.

Gevaert P, Bachert C, Holtappels G, et al. Enhanced soluble
interleukin-5 receptor alpha expression in nasal polypo-
sis. Allergy 2003;58:371-379.

Fink PC, Romer M, Haeckel R, et al. Measurement of pro-
teins with the Behring Nephelometer. A multicentre eval-
uation. J Clin Chem Clin Biochem 1989;27:261-276.

Bachert C, Gevaert P, Holtappels G, Johansson SG, van
Cauwenberge P. Total and specific IgE in nasal polyps is
related to local eosinophilic inflammation. J Allergy Clin
Immunol 2001;107:607-614.

Bachert C, Gevaert P, Holtappels G, van Cauwenberge P.
Mediators in nasal polyposis. Curr Allergy Asthma Rep
2002;2:481-487.

Vandermeer J, Sha Q, Lane AP, Schleimer RP. Innate im-
munity of the sinonasal cavity: expression of messenger
RNA for complement cascade components and toll-like
receptors. Arch Otolaryngol Head Neck Surg 2004;130:
1374-1380.

Laryngoscope 119: September 2009
1758

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Jagels MA, Daffern PJ, Hugli TE. C3a and Cba enhance
granulocyte adhesion to endothelial and epithelial cell
monolayers: epithelial and endothelial priming is
required for C3a-induced eosinophil adhesion. Immuno-
pharmacology 2000;46:209-222.

DiScipio RG, Daffern PJ, Jagels MA, Broide DH, Srira-
marao P. A comparison of C3a and Cha-mediated stable
adhesion of rolling eosinophils in postcapillary venules
and transendothelial migration in vitro and in vivo.
J Immunol 1999;162:1127-1136.

Krug N, Tschernig T, Erpenbeck VJ, Hohlfeld JM, Kohl J.
Complement factors C3a and Cba are increased in bron-
choalveolar lavage fluid after segmental allergen provoca-
tion in subjects with asthma. Am J Respir Crit Care Med
2001;164(10 pt 1):1841-1843.

Andersson M, Michel L, Llull JB, Pipkorn U. Complement
activation on the nasal mucosal surface—a feature of the
immediate allergic reaction in the nose. Allergy 1994;49:
242-245.

Humbles AA, Lu B, Nilsson CA, et al. A role for the C3a
anaphylatoxin receptor in the effector phase of asthma.
Nature 2000;406:998-1001.

Gerard NP. Complement in allergy and asthma. Curr Opin
Immunol 2002;14:705-708.

Lukacs NW, Glovsky MM, Ward PA. Complement-depend-
ent immune complex-induced bronchial inflammation and
hyperreactivity. Am J Physiol Lung Cell Mol Physiol
2001;280:L512-1L.518.

Sarma VJ, Huber-Lang M, Ward PA. Complement in lung
disease. Autoimmunity 2006;39:387-394.

Peng T, Hao L, Madri JA, et al. Role of C5 in the develop-
ment of airway inflammation, airway hyperresponsive-
ness, and ongoing airway response. J Clin Invest 2005;
115:1590-1600.

Tos M, Sasaki Y, Ohnishi M, Larsen P, Drake-Lee AB. Fire-
side conference 2. Pathogenesis of nasal polyps. Rhinol
Suppl 1992;14:181-185.

Wagner C, Braunger M, Beer M, Rother K, Hansch GM.
Induction of matrix protein synthesis in human glomeru-
lar mesangial cells by the terminal complement complex.
Exp Nephrol 1994;2:51-56.

Rus H, Cudrici C, David S, Niculescu F. The complement
system in central nervous system diseases. Autoimmunity
2006;39:395-402.

Brandt J, Pippin J, Schulze M, et al. Role of the comple-
ment membrane attack complex (C5b-9) in mediating
experimental mesangioproliferative glomerulonephritis.
Kidney Int 1996;49:335-343.

Van Zele et al.: Complement Activation in NP



