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Overexpression of the anaphylatoxin receptors,
complement anaphylatoxin 3a receptor and complement
anaphylatoxin 5a receptor, in the nasal mucosa of patients
with mild and severe persistent allergic rhinitis

Sung Whan Jun, MD,? Tae Hoon Kim, MD,? Heung Man Lee, MD,® Seung Hoon Lee, MD,® Woo Joo Kim, MD,?
Se Jin Park, MD,P Yang Soo Kim, MD,? and Sang Hag Lee, MD®  Seoul, Korea

Background: Although the complement anaphylatoxin peptides,
complement anaphylatoxin 3a (C3a) and complement
anaphylatoxin 5a (C5a), are implicated in the inflammatory
process in allergic rhinitis, a direct interaction between allergic
mucosa and complement receptors has not been demonstrated.
Objective: We investigated the expressional levels and
distributional patterns of the C3a receptor (C3aR) and C5a
receptor (C5aR) in normal, mild, and severe persistent allergic
nasal mucosa.

Methods: Immunohistochemistry and Western blotting using
C3aR and C5aR antibodies were applied to normal nasal, mild,
and severe persistent allergic nasal mucosa.

Results: Complement anaphylatoxin 5a receptor was detected in
the inflammatory cells of normal and allergic nasal mucosa, and
its expression level was significantly higher in allergic nasal
mucosa than normal nasal mucosa. C3aR in normal and allergic
nasal mucosa was commonly expressed in nonmyeloid cells such
as epithelial cells, submucosal glands, and nerve fibers. In
addition, C3aR was expressed in the endothelium of cavernous
sinuses and the surrounding perivascular muscle layer in severe
persistent allergic nasal mucosa, but not in normal and mild
allergic nasal mucosa. Western blotting demonstrated that the
expression level of C3aR was significantly increased in severe
persistent allergic nasal mucosa compared with normal and
mild nasal mucosa.

Conclusion: On the basis of the location of C3aR and C5aR, C5aR
may play arole in activation of inflammatory cells, whereas C3aR
may mediate mucus secretion and mucosal swelling in allergic
nasal mucosa, especially severe persistent allergic nasal mucosa.
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Allergic rhinitis is one of the most prevalent health problems in
industrialized countries and is considered to be a complex
inflammatory disorder of the nasal airways characterized by
various pathophysiologic features." The clinical symptoms are
nasal itching, sneezing, rhinorrhea, and nasal congestion. Conser-
vative medical management usually alleviates these symptoms.
However, in patients with persistent allergic rhinitis for many
years, a severe drug-resistant hypertrophy may develop, which
leads to constant nasal obstruction and watery nasal drip.” There
have been reported a good number of surgical procedures to treat
patients with drug-resistant nasal obstruction.”* Examination of
tissue from patient with persistent allergic rhinitis refractory to
medical treatment suggests that the relative proportion of venous
sinusoids is increased significantly in all aspects of the hypertro-
phied mucosa.>”’ Epithelial denudation, fibrosis, inflammation,
and engorged venous sinusoids are noted in hypertrophied turbi-
nate mucosa.” However, more information is needed to appreci-
ate the pathogenetic characteristics of persistent allergic rhinitis.

Although various mediators and cytokines may be involved in
allergic rhinitis, recent studies suggest that complement activa-
tion products, especially the anaphylatoxins, complement ana-
phylatoxin 3a (C3a) and complement anaphylatoxin 5a (C5a),
contribute to the inflammation of allergic rhinitis.®’” Further,
many pathophysiologic features such as the recruitment of in-
flammatory cells and increased vascular permeability are consis-
tent with the actions of C3a and C5a.® C3a and C5a regulate
inflammatory functions by interacting with their receptors, C3a
receptor (C3aR) and C5a receptor (C5aR), both of which belong
to the rhodopsin family of 7 transmembrane G protein—coupled
receptors.g'l(’ Various studies have further demonstrated that
C3aR and C5aR expression is upregulated in various organs under
inflammatory conditions, including fatal asthma. '’ Although
all of these properties are relevant to the pathogenesis of allergic
rhinitis, precise participation of these anaphylatoxins in allergic
rhinitis has not been sufficiently evaluated. To elucidate the role
of C3a and C5a in these diseases, it is necessary to define the ex-
pression and distributional pattern of C3aR and C5aR in allergic
rhinitis. Establishing the location of these receptors is important
to understand the role of complement in allergic rhinitis and to
provide direction for future study of possible alterations in com-
plement regulation or signaling that may play a pathophysiologic
role in this condition.
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Abbreviations used
C3a: Complement anaphylatoxin 3a

C3aR: Complement anaphylatoxin 3a receptor
C5a: Complement anaphylatoxin 5a

C5aR: Complement anaphylatoxin 5a receptor

In the current study, we investigated the level of expression and
pattern of distribution of C3aR and C5aR in the normal nasal
mucosa of patients undergoing augmentation rhinoplasty and in
the nasal mucosa of patients with mild and severe persistent
allergic rhinitis by using immunohistochemistry and Western
blotting.

METHODS
Subjects

Twelve patients with mild persistent allergic rhinitis, 12 patients with
severe persistent allergic rhinitis, and 12 healthy control subjects were
enrolled in this study. Patients undergoing augmentation rhinoplasty were
considered healthy control subjects and were excluded if they had a history
of nasal infection or allergy, smoking, or ongoing drug treatment. All
patients with allergic rhinitis had typical symptoms of perennial nasal
allergy, nasal eosinophilia, and a positive skin test or positive RAST result
to house dust mites, as well as positive reactions on provocation tests.
Patients with allergy and exacerbation of upper respiratory infection during
the 6 weeks preceding the study were not included in the study. Other
exclusion criteria included current smoking; a medical history of recurrent
infections of the respiratory tract; and use of topical or oral corticosteroids,
leukotriene modifiers, and antihistamines during the 8 weeks that preceded
the study.

Twelve pieces of normal nasal mucosa were obtained from the inferior
turbinates of 12 healthy control subjects (7 men and 5 women; age range, 20-
35 years) who had normal nasal mucosa and were admitted for augmentation
rhinoplasty.

Allergic nasal mucosa was obtained from 12 patients (8§ men and 4 women;
age range, 22-38 years) with severe persistent allergic rhinitis during septo-
turbinate surgery, and their turbinate mucosa showed an edematous and
congested appearance (Fig 1). These patients had been previously treated with
medical management (antihistamine and intranasal steroid spray) without sat-
isfactory improvement for at least 3 months. They had 1 or more of the follow-
ing symptoms: sleep disturbance, impairment of daily activities, leisure and/or
sports, and impairment of school or work.

Nasal biopsy specimens were also obtained from the inferior turbinate of 12
patients (9 men and 3 women; age range, 19-39 years) with mild persistent
rhinitis with Blakesley forceps (Fig 1) under local anesthesia. Patients with
mild persistent rhinitis had none of the symptoms mentioned. Before obtaining
the tissue specimens, the protocols and informed consent form were approved
by the institutional review boards for human beings at our institution, and all
participants gave written informed consent.

All tissue samples were divided into 2 portions. One portion was frozen
in liquid nitrogen and stored at —70°C for protein isolation. For immuno-
histochemistry, another sample was also frozen in liquid nitrogen and stored
at —70°C for a subsequent procedure.

Immunohistochemical and Western blot analysis
Complement anaphylatoxin 3a receptor antibody is a rabbit polyclonal
antibody raised against amino acids 183 to 482 mapping at the C-terminus
of C3aR of human origin, and C5aR is directed against amino acids 251 to
350 of C5aR of human origin. These antibodies were purchased from Santa
Cruz Biotechnology, Inc (Santa Cruz, Calif). Immunohistochemical staining
was performed by using a peroxidase-labeled streptavidin-biotin technique.
Briefly, the specimens were embedded in optimal cutting temperature
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compounds (Tissue Tek; Miles Laboratories, Elkhart, Ind) and snap-frozen
in liquid nitrogen. Frozen sections (12 wm) were cut on a cryostat and
placed on poly-L-lysine—coated glass slides. Sections were fixed in cold ac-
etone solution, followed by PBS, and were treated with 0.3% H,0O, in
methanol for 15 minutes to quench endogenous peroxidase activity. After
washing in PBS, the sections were incubated with 10% normal goat serum
to block nonspecific binding. Sections were then incubated overnight at 4°C
with a 1:100 dilution of anti-C5aR (Santa Cruz Biotechnology, Inc) or a
1:50 dilution of anti-C3aR (Santa Cruz Biotechnology, Inc) primary poly-
clonal rabbit antibodies. After washing in PBS, the sections were treated
with biotinylated goat antirabbit IgG and subsequently with a streptavi-
din-peroxidase conjugate (Vector Laboratories, Burlingame, Calif). The
0.02% diaminobenzidine hydrochloride containing 0.03% H,O, is used as
chromogen to visualize the peroxidase activity. Negative immunohisto-
chemical control procedure included omission of the primary antibodies
and replacement of the primary antibodies by normal rabbit IgG in
appropriate concentrations. For peptide blocking studies, a series of 2
whole sections of inferior turbinate mucosa from patients with mild and
severe persistent allergic rhinitis were incubated with each antibody, which
had been preincubated for 1 hour with peptides 183 to 482 mapping at the
C-terminus of C3aR and peptides 251 to 350 of C5aR.

Submucosal inflammatory cell staining for C5aR antibody was reported as
the number of positively stained inflammatory cells per field. Sections were
counted in a blind fashion by a single observer, with a random sample
recounted by a second individual, with good reproducibility. Two sections and
4 random fields per section were analyzed for each subject. Further, to assess
the staining intensity of C3aR, independent examination by 2 different
investigators was used in all tissue sections. Intensity of C3aR expression was
classified into 4 degrees as follows: (-), negative; (+), weakly positive; (++),
moderately positive; and (+ ++), strongly positive. Quantitative analyses of
this intensity for each patient were calculated as the mean of the total score in
tissue specimen.

For Western blot analysis, samples frozen in liquid nitrogen were crushed
into pieces and vigorously vortexed in a buffer solution containing 50 mmol/L
TRIS-HCI (pH 8.0), 150 mmol/L NaCl, 1% Triton X-100 (Sigma, St Louis,
Mo), and 1 mmol/L phenylmethylsulfonyl fluoride. A total of 50 pg extracted
protein was resuspended in SDS sample buffer and boiled for 5 minutes. Equal
amounts of total protein was separated on 12 % SDS-polyacrylamide gels and
transferred to Immobilon (Millipore, Bedford, Mass).

The blots were reacted with the anti-C5aR or anti-C3aR antibodies in
TRIS-buffered saline (20 mmol/L TRIS-HCI pH 8.0, 150 mmol/L NaCl, 0.1%
Triton X-100, and 0.5 % skim milk) for 2 hours at 4°C, with or without 10 and
100 pwg/mL synthetic peptides, and then reacted with a biotin-conjugated anti-
rabbit IgG antibody (Vector Laboratories) in PBS for 1 hour. After several
washings with TRIS-buffered saline, the membranes were incubated with
the avidin-biotin-peroxidase complex. Antibody reactions were detected by
using the ECL detection kit (Amersham Bioscience, Piscataway, NJ), fol-
lowed by detection of chemiluminescence on x-ray film. As an internal con-
trol, B-actin expression was analyzed in parallel blots by using the B-actin
antibody (Sigma, St Louis, Mo).

The intensity of detected bands was quantified by using scion image Beta
4.0.2 (Scion Corp, Frederick, Md). Relative intensities of C5aR and C3aR
signals were obtained by dividing intensities of C5aR and C3aR signals by
those of B-actin signals.

Statistical analysis

Age differences in the 3 groups were calculated by 1-way ANOVA, and
the Bonferroni post hoc correction was applied. The duration of rhinitis
and the number of C5aR positive inflammatory cells between the mild
and persistent severe rhinitis groups were statistically evaluated by the
Mann-Whitney U test. The Mann-Whitney U test was also used to compare
the relative intensities of C5aR and C3aR signals between normal control
and mild persistent allergic nasal mucosa, between normal control and
severe persistent allergic nasal mucosa, and between the mild and severe
persistent allergic nasal mucosa. The level of significance was set at
P < .05.
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FIG 1. Endoscopic findings of the nasal cavity. A, Inferior turbinate of a patient with mild persistent allergic
rhinitis. B, Inferior turbinate of a patient with severe persistent allergic rhinitis, showing an edematous and

congested appearance.

TABLE I. Clinical characteristics of patients

Characteristic

Severe persistent rhinitis (n = 12)

Mild persistent rhinitis (n = 12) Normal (n = 12)

Female/male 4/8

Age (y) 30.5 = 5.63
Rhinitis duration (y) 13.74 £ 1.13
Inflammatory cell counts (cells per field) 20.1 £ 3.0
Size of wheal (mm) 6.82 = 3.32
Size of flare (mm) 20.18 £ 12.26

3/9 517
31.2 = 5.81 28.5 £ 4.6
5*1.73 NA
193 £ 2 03 *£02
6.76 = 2.63 NA
19.78 = 11.55 NA

Nasal provocation test was performed by using solutions containing extracts of Dermatophagoides pteronyssinus and Dermatophagoides farinae (both 5000 biological units/mL;
Allergopharma, Reinbek, Germany). The solutions were sprayed into the less congested nostril (100 pL solution). Data are expressed as mean values * SDs.

NA, Not applicable.

RESULTS

The characteristics of patients with mild and severe persistent
rhinitis and normal controls are shown in Table I. Age was simi-
larly distributed among the normal controls and the patients with
mild and severe persistent allergic rhinitis (Table I). All patients
with persistent severe rhinitis had an early onset of allergic rhini-
tis and showed disease duration significantly longer than patients
with mild persistent rhinitis (P = .0004; Table I).

To examine the expression and pattern of distribution of C3aR
and C5aR in normal and allergic nasal mucosa, sections from
these tissues were analyzed by immunohistochemistry. Staining
by immunohistochemistry showed expression of C3aR and C5aR
protein in normal controls and patients with mild and severe
persistent allergic nasal mucosa. As summarized in Table II,
almost all C5aR-positive cells were myeloid cells, whereas
C3aR was expressed exclusively in nonmyeloid cells. That is,
C5aR was detected exclusively in infiltrating inflammatory cells
in normal (Fig 2, A) and both types of allergic nasal mucosa
(Fig 2, B and C). However, C5aR expression was not observed
in nonmyeloid cells such as the epithelial cells, vascular smooth
muscle or endothelial cells, and submucosal glands in each
specimen. In comparison with normal nasal mucosa, the number
of C5aR-positive myeloid cells was increased in both types of al-
lergic nasal mucosa, which was verified by counting the number
of positive cells (P =.0005; Table I) and analyzing Western blots
(P =.003; P =.0004; Fig 3). However, there was no significant
difference in the number of C5aR-positive cells between the
mild and severe persistent allergic rhinitis mucosa (P = .12;
Table I).

Immunohistochemical analysis for C3aR showed abundant
signaling in sections of normal controls and both types of
allergic nasal mucosa (Fig 2, D-I). C3aR was expressed in the
epithelial cell layers, where strong immunopositivity was found
in the whole layers (Fig 2, D-F). Next to staining of epithelial
cells, submucosal glands exhibited C3aR immunopositivity (Fig
2, D-F). Within the glandular structures, C3aR immunopositiv-
ity was intensely expressed in some portions but not in other
portions (Fig 2, D-F). Further, C3aR was found in some nerve
fibers, which were distributed in the superficial and deep sub-
mucosa (Fig 2, E, F, and H). Interestingly, the endothelium of
cavernous sinusoids with a perivascular muscle layer showed
strong immunopositivity in severe persistent allergic nasal mu-
cosa (Fig 2, I) but not in mild persistent allergic nasal mucosa
and normal nasal mucosa (Fig 2, G and H), which was consis-
tently noted in all nasal mucosa specimens examined in this
study. These findings for C3aR and C5aR were completely in-
hibited when the antibodies were preincubated in the presence
of synthetic peptides (Fig 4).

Western blot analysis also showed the presence of C5aR and
C3aR in normal and allergic nasal mucosa (Fig 3). The levels of
C5aR expression were increased in both types of allergic nasal
mucosa compared with normal controls but were not significantly
different between the mild and persistent allergic nasal mucosa.
Further, the difference in the levels of C3aR expression was sta-
tistically significant between mild and severe persistent allergic
nasal mucosa but did not reach statistical significance between
normal controls and the mild persistent allergic rhinitis mucosa
examined. Incubation with 10 and 100 pwg/mL of each synthetic
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TABLE Il. Distribution pattern of C3aR and C5aR in normal and allergic nasal mucosa

Normal nasal mucosa

Allergic nasal mucosa

Mild persistent Severe persistent

C5aR C3aR
C5aR C3aR C5aR C3aR
Epithelium - FrapdE - ApdpdF = +++
Submucosal gland - ++ _ ++ _ 4+
Nerve - + - + _ +
Sinusoidal vessel and perivascular muscle - - - - - 4+
Inflammatory cells aF - PR - +++ =

FIG 2. Localization of C5aR and C3aR in normal (A, D, G), mild persistent (B, E, H), and severe persistent al-
lergic nasal mucosa (C, F, I). The C5aR (A-C) is exclusively located in the inflammatory cells (arrowhead) in
normal, mild, and severe persistent allergic nasal mucosa, whereas c3aR (D-/) is mainly found in the whole
epithelial layers (thick arrow), a portion of submucosal glands (arrowhead), nerve fibers (thin arrow), and
the endothelium of cavernous sinusoid vessel (CS). A-F, Original magnification X100; G-/, original magni-

fication X200).

peptide, together with the primary antibody, resulted in almost
complete inhibition of the reaction (Fig 3).

DISCUSSION

The possible role of complement activation in the development
of allergic symptoms has been reported by several authors.®”-**
Andersson et al® reported the generation of C3a and C5a after
nasal allergen challenge concomitantly with the development of
nasal symptoms in patients with allergic rhinitis. Hidvégi et al’
suggested that in patients with allergy, nasal challenge with

ragweed allergen induces a rise in complement activation in the
nasal lavage fluid, highlighting the role of the complement system
in the allergic inflammation on the nasal mucosal surface. There-
fore, these data imply that anaphylatoxin receptors, C3aR and
C5aR, may readily contribute to the biology of the nasal mucosa
that is activated by inflammatory mediators. Nevertheless, no
studies have yet defined the expression and significance of
C3aR and C5aR in allergic nasal mucosa. This study documented,
for the first time, the expression and distribution of C3aR and
C5aR in normal nasal mucosa, and mild and persistent severe al-
lergic nasal mucosa. The principal findings of these studies were
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FIG 3. The levels of C5aR and C3aR expression analyzed by Western blot
(A) and densitometry (B, C5aR, C, C3aR). Incubation with 10 and 100 pg/mL
synthetic peptide, together with the each primary antibody, resulted in al-
most complete inhibition of the reaction (lanes 13 and 14). MA, Mild persis-
tent allergic nasal mucosa; NT, normal nasal mucosa; PA, severe persistent
allergic nasal mucosa. *P < .05.

that the expression of C5aR appears to be restricted to the inflam-
matory cells infiltrated in normal nasal mucosa and both types of
allergic nasal mucosa, and that C3aR was expressed in nonmye-
loid cells in normal and allergic nasal mucosa. Interestingly, the
high expression of C3aR in cavernous sinusoidal vessels was
found only in severe persistent allergic nasal mucosa but was
not noted in normal and mild persistent allergic nasal mucosa,
suggesting an important role on mucosal swellings in severe per-
sistent allergic rhinitis.

It is generally known that the complement system is an
important component of both innate and adaptive immunity.
The complement system helps to defend the host by initiating
inflammatory and immunologic responses and by promoting the
cell lysis and death of invading microorganisms.*> Complement
can be activated through the classic, alternative, and lectin path-
ways. The third component of the complement system, C3, is
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FIG 4. Immunohistochemical staining of serial sections of normal nasal
mucosa with C5aR antibody with (A) and without (B) preincubation with
C5aR peptide. Original magnification x100. Mild (C, D) and severe (E, F)
persistent allergic rhinitis stained with C3aR antibody with (C, E) and with-
out (D, F) preincubation with C3aR peptide. Arrowheads, Inflammatory
cells. Thick arrow, Submucosal gland. Thin arrow, Epithelial layer. Original
magnification X200.

cleaved on complement activation with generation of C3a and
C3b, followed by the generation of C5a and C5b.** The anaphyl-
atoxins, C3a and C5a, perform their functions by engaging spe-
cific receptors on target cells.”> Traditionally, expression of
C3aR and C5aR was thought to be restricted to cells of myeloid
origin.®® With the cloning of the C3aR and C5aR cDNA, specific
reagents for the detection of receptor expression could be gener-
ated, such as polyclonal and monoclonal antibodies. Using these
antibodies, recent studies have demonstrated the presence of
C3aR and C5aR on nonmyeloid cells, including human lung
and liver, articular chondrocytes, and kidney tubular epithelial
cells."""'* In the current study, the most unique finding was that
the expression pattern of each complement receptor is different
in normal and allergic nasal mucosa. That is, C5aR was expressed
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in myeloid cells, whereas C3aR was found in nonmyeloid cells in
normal and allergic nasal mucosa. Our current findings are in
agreement with the previous results of Fregonese et al,”> who
found the expression of C3aR in nonmyeloid cells and C5aR on
myeloid cells in normal lung and mild intermittent and fatal asth-
matic lung. The differential distribution of C3aR and C5aR was
also found in various organs under pathologic conditions, includ-
ing rheumatoid arthritis and g,glomerulonephritis.15’18

Considering the expression of C5aR in many inflammatory
cells infiltrated into the nasal mucosa, and on the basis of the fact
that C5a is a strong chemoattractant for various inflammatory
cells and exerts its effects through the high-affinity C5aR, the
results of the current study suggest that C5aR may play an
important role in the activation of inflammatory cells in allergic
rhinitis. In persistent severe allergic nasal mucosa, the expression
of C3aR was also found in the endothelial cells of cavernous
sinusoid and perivascular muscle layers. Interestingly, this finding
was not found in normal and mild persistent allergic nasal
mucosa. Therefore, these results provide evidence that C3aR is
constitutively expressed in normal nasal mucosa, and the expres-
sion pattern is not altered in mild persistent allergic nasal mucosa.
Our current results are consistent with the results showing the
constitutive expression of C3aR in nonmyeloid cells of human
lung and liver."" On the basis of the results that C3aR was ex-
pressed on the epithelial cell layers, submucosal glands, and nerve
fibers, our data suggest that the C3a in normal and allergic nasal
mucosa may mediate previously recognized functions, including
mucus secretion and vascular permeability, by binding to tissue
cells that express the C3aR. This hypothesis is supported by
the results of in vitro experiment showing that C3a is a potent mu-
cus secretagogue and possibly acts directly as a glandular stimu-
lant. 2® The expression of C3aR receptor was also found in the
endothelium of the cavernous sinus and perivascular muscle layer
in severe persistent allergic nasal mucosa. This different expres-
sion pattern suggests that upregulation of C3aR expression may
occur in severe persistent allergic rhinitis, which was confirmed
by Western blot. The significance of this apparent differential dis-
tribution remains unclear, but it may reflect the exaggerated level
of mucosal swellings in severe persistent allergic nasal mucosa,
on the basis of the physiologic function of cavernous sinus vessel
in the nasal mucosa. The nasal obstruction associated with aller-
gic rhinitis probably is caused by the dilatation of the cavernous
sinus and mucosal congestion by the increase in nasal microvas-
cular permeability.27 In perennial allergic rhinitis that failed to
respond to medical treatment, the histopathology of the hyper-
trophic inferior turbinate showed that the relative surface area
occupied by venous sinusoids was significantly greater than that
of normal subjects.”

The nasal mucosa, as gatekeeper of the respiratory tract, is in
immediate contact with ambient air, which contains known
complement activators such as pollens, organic dusts, viruses,
bacteria, and cigarette smoke.?®? The nose is also continuously
inhabited by various resident microorganisms that may increase
the load of local complement activators. In addition to comple-
ment activators, complement itself is present in nasal airways in
health and in disease.’*>" As expected from the presence of com-
plement and its activators in the human nasal airways, activated
complement is indeed found in the lining fluid of the nose in var-
ious respiratory tract diseases.®** When complement is activated,
it is directed to protect the body from invading microorganisms
and other insults, but at the same time, it may accidentally lyse
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the host’s normal cells, leading to tissue injury.*® In addition to
these findings and on the basis of our findings, we hypothesize
that complement activation may be involved in the non-IgE
chronic rhinitis and chronic sinusitis.

In conclusion, we have found distinctive staining patterns for
C3aR and C5aR in normal and allergic nasal mucosa. These
findings provide the basis for further studies on the role of
complement activation and regulation in allergic rhinitis by
providing a baseline of complement receptor distribution on the
normal and allergic nasal mucosa.

Clinical implications: The interaction between complement
anaphylatoxins and their receptors in normal and allergic nasal

mucosa might play a role in activation of inflammatory cells,
mucus secretion, and mucosal swelling.

REFERENCES

1. Frieri M. Inflammatory issues in allergic rhinitis and asthma. Allergy Asthma Proc
2005;26:163-9.

2. Berger G, Gass S, Ophir D. The histopathology of the hypertrophic inferior turbi-

nate. Arch Otolaryngol Head Neck Surg 2006;132:588-94.

. Huang TW, Cheng PW. Changes in nasal resistance and quality of life after endo-
scopic microdebrider-assisted inferior turbinoplasty in patients with perennial
allergic rhinitis. Arch Otolaryngol Head Neck Surg 2006;132:990-3.

4. Ikeda K, Oshima T, Suzuki M, Suzuki H, Shimomura A. Functional inferior turbi-
nosurgery for the treatment of resistant chronic rhinitis. Acta Otolaryngol 2006;
126:739-45.

5. Berger G, Bernheim J, Ophir D. Epithelial shedding of the inferior turbinate in pe-
rennial allergic rhinitis and nonallergic rhinitis: a riddle to solve. Arch Otolaryngol
Head Neck Surg 2007;133:78-82.

6. 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:;49:242-5.

7. Hidvégi T, Schmidt B, Varga L, Dervaderics M, Lantos A, G6nczi Z, et al. In vitro
complement activation by ragweed allergen extract in the sera of ragweed allergic
and non-allergic persons. Immunol Lett 1995;48:65-71.

. Muller-Eberhard HJ. Molecular organization and function of the complement sys-
tem. Annu Rev Biochem 1988;57:321-47.

9. Tosi MF. Innate immune responses to infection. J Allergy Clin Immunol 2005;116:
241-9.

10. Kretzschmar T, Jeromin A, Gietz C, Bautsch W, Klos A, Kohl J, et al. Chronic
myelogenous leukemia-derived basophilic granulocytes express a functional active
receptor for the anaphylatoxin C3a. Eur J Immunol 1993;23:558-61.

11. Gerard NP, Gerard C. The chemotactic receptor for human C5a anaphylatoxin.
Nature 1991;349:614-7.

12. Martin U, Bock D, Arseniev L, Tornetta MA, Ames RS, Bautsch W, et al. The
human C3a receptor is expressed on neutrophils and monocytes, but not on B or
T lymphocytes. J Exp Med 1997;186:199-207.

13. Zwirner J, Gotze O, Begemann G, Kapp A, Kirchhoff K, Werfel T. Evaluation of
C3a receptor expression on human leukocytes by the use of novel monoclonal an-
tibodies. Immunology 1997;97:166-72.

14. Gerard NP, Hodges MK, Drazen JM, Weller PF, Gerard C. Characterization of a
receptor for C5a anaphylatoxin on human eosinophils. J Biol Chem 1989;264:
1760-6.

15. Haviland DL, McCoy RL, Whitehead WT, Akama H, Molmenti EP, Brown A,
et al. Cellular expression of the C5a anaphylatoxin receptor (C5aR): demonstration
of C5aR on nonmyleoid cells of the liver and lung. J Immunol 1995;154:1861-9.

16. Gasque P, Chan P, Fontaine M, Ischenko A, Lamacz M, Gotze O, et al. Identifica-
tion and characterization of the complement C5a anaphylatoxin receptor on human

astrocytes. J Immunol 1995;155:4882-9.

17. Braun MC, Reins RY, Li TB, Hollmann TJ, Dutta R, Rick WA, et al. Renal expres-
sion of the primary human proximal tubular epithelial cells. J Immunol 2004;173:
4190-6.

18. Onuma H, Masuko-Hongo K, Yuan G, Sakata M, Nakamura H, Kato T, et al. Ex-
pression of the anaphylatoxin receptor C5aR (CD88) by human articular chondro-
cytes. Rheumatol Int 2002;22:52-5.

19. Drouin SM, Kildsgaard J, Haviland J, Zabner J, Jia HP, McCray PB, et al. Expres-
sion of the complement anaphylatoxin C3a and C5a receptors on bronchial epithe-
lial and smooth muscle cells in models of sepsis and asthma. J Immunol 2001;166:
2025-32.

%)

=)



J ALLERGY CLIN IMMUNOL
VOLUME mmm, NUMBER um

20.

21.

22.

23.

24.

25.

26.

Abe K, Miyazaki M, Koji T, Furusu A, Nakamura-Kurashige T, Nishino T, et al.
Enhanced expression of complement C5a receptor mRNA in human diseased kid-
ney assessed by in situ hybridization. Kidney Int 2001;60:137-46.

Neumann E, Barnum SR, Tarner IH, Echols J, Fleck M, Judex M, et al. Local pro-
duction of complement proteins in rheumatoid arthritis synovium. Arthritis Rheum
2002;46:934-45.

Fregonese L, Swan FJ, Van Schadewijk A, Dolhnikoff M, Santos MA, Daha MR,
et al. Expression of the anaphylatoxin receptor C3aR and C5aR is increased in fatal
asthma. J Allergy Clin Immunol 2005;115:1148-54.

Mezei G, Varga L, Veres A, Fiist G, Cserhati E. Complement activation in the nasal
mucosa following nasal ragweed-allergen challenge. Pediatr Allergy Immunol
2001;12:201-7.

Walport MJ. Advances in immunology: complement. N Eng L Med 2001;344:
1058-66.

Ames RS, Li Y, Sarau HM, Nuthulaganti P, Foley JJ, Ellis C, et al. Molecular clon-
ing and characterization of the human anaphylatoxins C3a receptor. J Biol Chem
1996;271:20231-4.

Marom z, Shelhamer J, Berger M, Frank M, Kaliner M. Analypatoxin C3a en-
hances mucus glycoprotein release from human airways in vitro. J Exp Med
1985;161:657-68.

217.

28.

29.

30.

31.

32.

33.

JUNETAL 7

Chiba Y, Matsuo K, Sakai H, Misawa M. Impaired norepinephrine-mediated con-
traction of isolated nasal mucosa in guinea pigs with allergic rhinitis. Am J Rhinol
2006;20:477-9.

Pangburn MK. Initiation and activation of the alternative pathway of complement.
In: Podack ER, editor. Cytolytic lymphocytes and complement: Effectors of the
immune system. Boca Raton (FL): CRC Press; 1988. p. 42-56.

Kew RR, Ghebrehiwet B, Janoff A. Cigarette smoke can activate the alternative
pathway of complement of complement in vitro by modifying the third component
of complement. J Clin Invest 1985;75:1000-7.

Bell DY, Haseman JA, Spock A, McLennan G, Hook GE. Plasma proteins of the
bronchoalveolar surface of the lungs of smokers and nonsmokers. Am Rev Respir
Dis 1981;124:72-9.

Van de Graaf EA, Jansen HM, Bakker MM, Alberts S, Eeftinck Schattenkerk JK,
Out TA. ELISA of complement C3a in brochoalveolar lavage fluid. J Immunol
Methods 1992;147:241-50.

Bjornson AB, Mellencamp MA, Schiff GM. Complement is activated in the upper
respiratory tract during influenza virus infection. Am Rev Respir Dis 1991;143:
1062-6.

Morgan BP. Mechanism of tissue damage by the membrane attack complex of
complement. Complement Inflamm 1989;6:104-11.



	Overexpression of the anaphylatoxin receptors, complement anaphylatoxin 3a receptor and complement anaphylatoxin 5a receptor, in the nasal mucosa of patients with mild and severe persistent allergic rh
initis
	Methods
	Subjects
	Immunohistochemical and Western blot analysis
	Statistical analysis

	Results
	Discussion
	References


