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Preface

It was my great honor and prestige to host the 7th 
International Symposium on Recent Advances 
in Rhinosinusitis and Nasal Polyposis in Matsue 
City, Shimane, Japan on October 4th-6th, 2013, 
which had been held six times before in Europe 
as international consensus conference on nasal 
polyposis. I was fortunate to welcome about 450 
participants in Matsue City, including more than 
100 from overseas. The three-day program aimed 
at inspiring participants to share updated informa-
tion in this field, exchange their opinions, and 
prepare our future-oriented consensus report on it. 

The congress opened with the Premiere Night Symposium on ‘Defense System 
and Pathology of Respiratory Tract Inflammation’ as a satellite symposium on 
October 3rd, being sponsored by Pacific Rim & Asian Mucin Research Sym-
posium (PRAM), Department of Otorhinolaryngology, Shimane University, 
Faculty of Japan. 

The opening ceremony was followed by the three-day program for research-
ers and clinicians, including three symposia, six workshops, six special and 
keynote lectures, two panels, five morning and luncheon seminars, and free 
oral and poster presentations.

Thanks to all delegates and volunteers, this 7th symposium was successful 
and had high levels of basic science and clinical investigations. 

The next president elect of organizing committee for the meeting of 2015 
will be prof. Amarilis Melendez, Department of Otorhinolaryngology, Edificio 
Royal Center, Marbella, Panama. 

During the congress period, a number of overseas experts in basic science and 
clinical investigators with their spouses have been so generous and friendly to 
exchange their scientific mutual activities and private lives as well, enjoying 
Japanese traditional performances and meals. I would like to express my deepest 
appreciation to all faculty members, who enormously contributed to our scientific 
activities and housekeeping jobs to make this symposium a great success. I am 
sure that all participants enjoyed their stay in Matsue City.

To publish proceedings papers post each conference on nasal polyposis is not 
a tradition, but this time I decided to do so, asking many of you to submit 
manuscripts to make a report of what has been discussed at the 7th symposium. 
My cooperation with Kugler Publications, Amsterdam, The Netherlands, has 
resulted in publication of the proceedings as an e-book on the website of the 7th 
Symposium. The advantages of this e-book are that the quality is high and that 



x Preface

all articles can be downloaded by participants free of charge. It will be usable 
on multiple devices: computer/laptop, tablet PCs (iPad), iPhone, e-readers, etc. 
It is fully searchable and has easy navigation. 

If you prefer a paper copy of the actual book, Kugler Publications can also 
provide POD (Publishing on Demand) copies at a reasonable price. The e-book 
will be kept open on the web at least until the end of 2017. Hopefully, you will 
enjoy this e-book and utilize it as much as you can. I do believe this proceed-
ings book will stimulate scientific research and develop clinical science as well.

Finally, I will be looking forward to seeing all of you at the 8th Symposium 
in Panama, very soon.

Hideyuki Kawauchi, MD, DMSc
President elect, 7th international symposium on recent advances in rhinosinusitis 
and nasal polyposis
Professor and Chairman, Department of Otorhinolaryngology, Faculty of Medi-
cine, Shimane University



Management of an invasive type of fungal infection in paranasal sinuses 1

Recent Advances in Rhinosinusitis and Nasal Polyposis, pp. 1-6
Edited by Hideyuki Kawauchi, Desiderio Passali, Ranko Mladina, Andrey Lopatin 
and Dmytro Zabolotnyi
2015 © Kugler Publications, Amsterdam, The Netherlands

Management of an invasive type of 
fungal infection in paranasal sinuses

N. Aoi1, F. Takafumi1, Y. Shimizu1, I. Morikura1, K. Shimizu1, Y. Hotta1,  
Q. Infei1, E. Prokopakis2, S. Vlaminck3, H. Kawauchi1

1Department of Otorhinolaryngology, Faculty of Medicine, Shimane University, 
Izumo City, Japan; 2Department of Otorhinolaryngology, School of Medicine, 
University of Crete, Crete, Greece; 3Department of Otorhinolaryngology, School 
of Medicine, University of Bruges, Bruges, Belgium

Abstract

Invasive aspergillosis1 in paranasal sinuses is not a common disease, in com-
parison with non-invasive type aspergillosis in paranasal sinuses. This disease 
usually coincides with immunocompromised hosts such as immunodeficiency 
patients, the aged patient, and patients with diabetes mellitus, in which cases 
it is called an opportunistic infection. The clinical outcome of these patients is 
often life-threatening or worse in quality of life. The prognosis varies in each 
case, depending on the effects of multidisciplinary treatments such as medica-
tion of anti-fungal agents and/or surgical intervention, otherwise to be fatal. 

Results

We have experienced eight cases of invasive aspergillosis in paranasal sinuses, 
extending to the orbit and skull base2 in the last ten years. Each case is intro-
duced as for age, complication, disease site, beta-D-glucan in serum, symptom, 
bone destruction, surgical treatment, utilized anti-fungal agents, complication 
and prognosis (Table 1) . One patient with leukemia is a 41-year-old female, the 
others are above 70 years of age. All of them underwent treatments involving 
surgical intervention combined with antifungal agents. Four patients are still 
alive and one of them died of another disease, three patients died of this disease 
in spite of the treatments. 

Address for correspondence: Junichi Ishitoya, MD, PhD, Ishitoya ENT Clinic, 6-4-29-3F, Minami
karasuyama, Setagaya, Tokyo 157-0062, Japan. E-mail: ent1408@ishitoya.jp
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Case presentations

We have experienced an interesting case of a 41-year-old female leukemia 
patient, who had complained of ptosis, visual disturbance, and headache. She 
was very fortunate to overcome an aspergillus infection in the ethmoid sinus 
with intracranial invasion, after pharmaceutical treatment with antifungal agents 
and endoscopic sinus surgery in the left ethmoid and sphenoid sinuses. She is 
still alive after a bone marrow transplantation from her daughter, combined 
with total body irradiation at the hematology department. The preoperative and 
postoperative CT scan and MRI showed findings of left ethmoid sinus and brain 
abscess (Fig. 1). The fungal infection subsided postoperatively. A granulomatous 
lesion with purulent discharge was found in the ethmoid sinus and sphenoid 
sinus at the operation. This lesion was carefully removed as much as possible 
but very conservatively to have a complete drainage from these paranasal si-
nuses. Case 8 is a 85-year-old male patient with left acute visual disturbance 
on his admission. This patient has been complaining of eye pain and visual 
disturbance for seven days before admission and has complications of cerebral 
infarction, orthostatic hypotension, and depression, but no diabetes mellitus. 
At admission, no abnormal finding was detected in the nasal cavity, but rela-
tive afferent pupillary defect (RAPD) is already pointed out by our out-patient 

Fig. 1. The preoperative and postoperative CT scan and MRI showing findings of left ethmoid 
sinus and brain abscess. The fungal infection subsided after the patient received pharmaceutical 
treatment with antifungal agents and endoscopic sinus surgery in left ethmoid and sphenoid sinuses. 
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Ophthalmology clinic. Hematological examination (WBC 7,490/μl, CRP 0.11 
mg/dl, β-D-glucan 2.9 pg/ml) did not indicate any remarkable fungal infection. 
However, MRI findings showed a nest-like structure at the orbital apex with a 
high signal with T1-weighted image, and a low signal with T2-weighted image, 
and also a high signal around the optic nerve (Fig. 2). As an invasive type of 
fungal infection was suspected after the MRI findings, we quickly undertook 
an endoscopic sinus surgery (ESS) in order to establish the fungal infection 
and remove the lesion. Figure 3 shows a fungus ball overlying the optic nerve 

Fig. 2. Preoperative MRI findings showing the nest-like structure at the orbital apex with a high 
signal with T1-weighted image, and a low signal with T2-weighted image, and also a high signal 
around optic nerve. 

Fig. 3. Intraoperative findings of the left ethmoid sinus showing a fungus ball overlying the optic 
nerve prominence and exposure of inflamed optic nerve with bone destruction.



Management of an invasive type of fungal infection in paranasal sinuses 5

prominence and exposure of an inflamed optic nerve with bone destruction. In 
pathological findings (Fig. 4), hyphae were lining up, showing branching to the 
outer direction sharply in HE staining and septum formation was clearly shown 
with Grocott staining as well which proved the actual infection of Aspergillosis 
in left ethmoid sinus. Postoperatively, we performed an intensive treatment with 
anti-fungal agents such as L-AMB, VRCZ , and steroids. The CT finding showed 
neither a fungus ball nor inflammation in the ethmoid sinus, but the visual loss 
had not recovered yet at five months interval after ESS.

Discussion and conclusion 

To summarize the case presentations, we have seen eight cases of invasive 
aspergillosis in paranasal sinuses, extending to the orbit and skull base. It was 
shown that CT scan and MRI were useful to assess the bony destruction and 
intracranial or intraorbital extension, respectively. The serum level of beta-D-
glucan3 and CRP was helpful for the diagnosis and monitoring of the disease 
activity before and after treatments. However, in three patients out of eight cases, 
various treatments including surgical intervention were not enough to rescue the 
patients and they passed away because of intracranial complication. Particularly 
invasive aspergillosis in paranasal sinuses can often be a fatal disease,4 so that 
an earliest possible diagnosis is warranted for a better prognosis. Therefore, a 
clinical course in each patient should be seen to, by employing CT scan and MRI 
with monitoring beta-D-glucan or CRP in sera. In immunocompromised hosts, 
such as an aged person, diabetes mellitus, or leukemia/lymphoma patients,5,6 a 
desirable radical surgical intervention is not always permitted, because of poor 
general condition. Taking this into consideration, very much attention should 
be paid to the patient’s prognosis, even though the minimally invasive surgical 

Fig. 4. Pathological findings. Hyphae were lining up, showing branching to the outer direction 
sharply in HE staining and septum formation was clearly shown with Grocott staining as well.
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removal of fungal lesion under ESS can be considered to be advantageous as 
well as a pharmaceutical treatment with antifungal agents such as liposomal 
AMB (empiric therapy) or voriconazole (target therapy). As for an appropriate 
usage of anti-fungal agents in an individual patient, the 2008 IDSA guidelines 
for aspergillosis, introduced by Walsh et al. in a clinical infectious disease 
journal are very useful when we have a patient with aspergillosis in different 
organs (Table 2).

Table 2. Recommended drugs for invasive aspergillosis (Sanford Guideline 2010).

Fever disease
(IDSA-GL refer)

IDSA-guideline
(Walsh TJ, CID. 2008)

VRCZ (IV. PO) Primary A-I: Primary
L-AMB (IV) Alternative A-I: Alternative primary 
ABLC* Alternative A-II Salvage 
Posaconazole Alternative B-II:Salvage
ITCZ – B-II:Salvage
Caspofungin Alternative B-II: Salvage
MCFG Alternative B-II: Salvage

*ABLC: amphotericin B lipid complex
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Introduction

It has been postulated and demonstrated that bacterial infection and its degrada-
tion products such as lipopolysaccharide (LPS) or teichoic acid (TA), induce 
nasopharyngeal or middle ear inflammation. Most recently, the immune reaction 
can be categorized as an innate immunity and acquired immunity, according to 
antigen specificity and various receptors on immunocompetent cells. Toll-like 
receptors expressed in dendritic cells, macrophages, endothelial cells, and γδT 
cells, play an important role in the defense mechanism against bacterial infection. 
On the other hand, once ostium block is achieved by mucosal swelling, paranasal 
sinus inflammation might become persistent. The vicious circle in middle ear 
cleft or paranasal sinus had been proposed and classically explained by Comple-
ment Pathway, but now it should be renewed by an updated consideration that 
it might be explained by interactions between bacterial degradation products 
and Toll-like receptors on resident epithelial cells and/or recruited inflammatory 
cells in there, because TLR-expressing various cells can produce and release 
various inflammatory cytokines or chemokines by a continuous stimulation 
of pathogen-associated molecular patterns (PAMPs) via Toll-like receptors.1-4 
Therefore, in this study, we have examined the role of TLRs of upper respira-
tory tract mucosal epithelial cells in chemokine (IL-8) and cytokine (IL-15) 

Address for correspondence: Hideyuki Kawauchi, MD, DMSc, Professor and chairman, Depart
ment of Otorhinolaryngology, Shimane University, Faculty of Medicine, Izumo City, Japan. 
E-mail: Kawauchi@med.shimane-u.ac.jp



8 H. Kawauchi et al.

induction and intracellular signaling pathway, modification of inflammatory 
response via TLR by anti-inflammatory agents.

Materials and methods

We attempted to investigate the distribution of Toll-like receptor (TLR4 and 
TLR2) in upper respiratory epithelial cells such as human cell lines, by employ-
ing flowcytometry and Northern blot analysis. In an in-vitro study, the exact 
role of TLR2 and TLR4 in IL-8 and IL-15 production from upper respiratory 
epithelial cells was examined when these cells were stimulated with bacterial 
degradation products such as lipoprotein or lipopolysaccharide. 

1.		 Cells. Human respiratory epithelial cells; CCL30,CCL185 (ATCC). Human 
monocyte; U937(ATCC). Medium: DMEM with 10%FCS. RPMI 1640 with 
10% FCS.

2.		 Reagents. A-human TLR2, TLR4 and mouse IgG2a (eBioscience). Synthetic 
Lipid A was provided by Ono Pharmaceutics. Lipoprotein was provided by 
Bachem.

3.		 RNA analysis. Expression of TLR2, 3, 4, 6 and 9, expression of IL-15 and 
MyD88 was analyzed by Northern blot analysis. Total cellular RNA was 
prepared using TRIzol reagent. Expression of IL-15 was also analyzed by 
ABI 7700. IL-15 mRNA load=(value of IL-15/value of GAPDH)X104.

4.		 TLR2 construct: TLR2-WT is the full length epitope-tagged form of TLR2. 
TLR2-⊿1 and - ⊿2 represent truncation of 13 or 141 amino acids at the C 
terminus.

5.		 Luciferase assay. CCL185 cells were transiently transfected with 2 mg of 
pGL3-NF-kB/Luc and 0.2 mg of pRL/SV40 by Lipofectamine according 
to the manufacturer’s instruction. Twenty-four hours after the transfection, 
some cells were pretreated with indicated chemicals for 30 min followed by 
the addition of lipoprotein. After eight hours incubation with lipoprotein, 
cells were lysed, and the luciferase activity was measured by using the 
Dual-Luciferase Reporter Assay System (Toyo Ink).

6.		 DNA-binding assay. After 0.5 hour incubation with lipoprotein 1 mg/ml, 
cells were lysed. NF-kB activity was measured by using NF-kB p50 Tran-
scription Factor Assay Kits (ACTIVE MOTIF). 

7.		 Western blot assay: Proteins were resolved by SDS-PAGE, transferred to 
nitrocellulose membranes, and phosphorylation was detected by autoradi-
ography.

8.		 ELISA assay. Concentration of IL-15 in the culture supernatants of respira-
tory epithelial cells were measured by commercial ELISA kit (GT) according 
to the manufacturer’s instruction.
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9.		 Flow cytometric analysis. The cells were stained with FITC-and PE conju-
gated mAb.FITC-aTLR4, PE-aTLR2mAb and mice IgG2a were used. The 
stained cells were analyzed by a FACSCalibur (Becton Dickinson).

10.	Statistical analysis. The statistical significance of data was determined by 
Student’s t-test. A value of p < 0.05 was taken as significant.

Results

Distribution of TLRs in human epithelial cells in nasopharyngeal mucosae and  
involvement of IL-15 in allergic reaction

The Northern blot assay and RT-PCR data are shown in regard to TLR distri-
bution for cultured human nasal epithelial cells, and somehow, we could not 
detect any TLR4 and TLR 9 expression at messenger RNA level. As a result, 
respiratory epithelial cells constitutively expressed messenger RNA for TLR2, 
3, 6, but not for TLR4 and TLR9 (Fig. 1). In Northern blot analysis, IL-15 
mRNA was strongly expressed after lipoprotein stimulation. In contrast, it was 
not found after lipid stimulation as a ligand of TLR4. IL-15 concentration in 
the supernatants of CCL185 was also upregulated after lipoprotein stimulation 
in a dose-dependent manner. 

Lipoprotein induced IL-15 and IL-8 production of respiratory epithelial cells, 
which strictly depend on TLR2 (Fig. 2). Lipoprotein induced IL-15 produc-
tion of respiratory epithelial cells was abolished by NF-kB inhibition (Fig. 3). 
Lipoprotein-mediated IL-8 production in respiratory epithelial cells was abolished 
with NF-kB inhibition by Oxatomide (Fig. 4). 

Fig. 1. Expression of TLRs on macrophages and nasal epithelial cells.
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Fig. 2. Lipoprotein induces IL-15 from respiratory epithelial cells. A. Gene expression of IL-15 
in A549 after lipoprotein or lipid A stimulation after Northern blot analysis. Ethidium bromide-
stained gel is shown as a control. B, C. U937 and A549 cells were cultured at 1 x 106 cells/1 ml 
for 24 h and then in fresh medium in the absence or presence of lipid A or lipoprotein. IL-15 
concentrations in the culture supernatant were determined by ELISA.

Fig. 3. Lipoprotein-mediated IL-15 mRNA induction is impaired by NF-kB inhibitor. A. Inhibi-
tion of lipoprotein-mediated NF-κB activation by curcumin in A549 cells by luciferase assay. 
The luciferase activity for lipoprotein treatment alone was defined as 100% in each experiment. 
B. Lipoprotein-mediated TLR2 mRNA increase is inhibited by a high concentration of curcumin. 
A549 cells were pretreated with various concentrations of cucumin for 30 min followed by a 
two-hour stimulation with 1 µg/ml. The gene expression of IL-15 was determined by RT-PCR.
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Inhibitory effect of antihistamine on cytokine production from mast cells in  
vitro with cross-linking with IgE and antigens

In-vitro culture of bone marrow-derived mast cells (BMMCs) indicated that 
allergen-induced IL-5 production from mast cells was down-regulated by Ce-
tirizine pretreatment (Fig. 5). It was not influenced by Tranilast pretreatment. 
Cetilizine did not suppress IL-5 production from mast cells, if anti-DNP IgE 
on BMMCs was cross-linked with a high dose of DNP antigens.

Fig. 4. Effect of oxatomide on IL-8 production in respiratory epithelial cells.

Fig. 5. Effect of Cetirizine on cytokine production from mast cells.
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Effect of Lipopolysaccharide (LPS) on murine allergic rhinitis model at the  
eliciting phase

Mast cells, the key player at the eliciting phase of allergic rhinitis, have been 
reported to produce Th2 cytokines in vitro with LPS stimulation via TLR4 , but 
in-vivo study remains to be performed. Therefore, we investigated the LPS effect 
on the eliciting phase of murine allergic rhinitis model. An experimental proto-
col of murine allergic rhinitis model is briefly described. At the eliciting phase, 
OVA antigens are intranasally introduced for seven consecutive days with LPS 
or without LPS, and on the final challenge, sneezing rates are counted as well 
as nasal tissue analysis and Th2 cytokines detected with immune-precipitation 
and western-blotting.

As a result, as shown in Figure 6, LPS aggravated the eliciting phase of type-I 
allergic reaction, in a murine allergic rhinitis model. Furthermore, the significant 
difference in sneezing rates between C3H/HeN mice challenged with OVA alone 
and OVA with LPS was found, but this difference was not detected in C3H/HeJ 
mice. Eosinophil infiltration was more prominent in C3H/HeN mice challenged 
with OVA and LPS, in comparison with those in mice challenged with OVA 
alone. In western blot analysis, IL-5,IL-10,IL-13 expression was seen in both 
groups, but IL-5 expession was upregulated in mice challenged with OVA and 
LPS. However, there was no significant difference in eosinophil infiltration and 
Th2 cytokine expression between C3H/HeJ mice challenged with OVA alone 
and OVA with LPS. These data taken together suggests that LPS aggravates the 
nasal symptom, upregulating Th2 cytokine production of mast cells via TLR4.

Discussion and future goal

In the present study, Toll-Like receptors expressed on epithelial cells, mast cells, 
and macrophages residing in upper respiratory tract mucosae, are demonstrated 
to have an important role in the pathogenesis of persistent inflammation in na-
sopharyngeal cavity and middle ear cleft. Therefore, paranasal sinus or middle 
ear persistent inflammation might be explained by such an interaction between 
bacterial degradation product and Toll-like receptors on resident epithelial cells 
and/or recruited inflammatory cells in there. Furthermore, innate immunity is 
highly evaluated to non-specifically evacuate nasopharyngeal or middle ear 
pathogens via Toll-like receptors on epithelial cells and/or recruited inflammatory 
cells into the paranasal sinus or middle ear. To this end, our results may lead 
us to a new therapeutic strategy (H1 receptor antagonists, signal transduction 
inhibitors, anti-sense therapy) to down-regulate the stagnant inflammation in 
paranasal sinuses or tubotympanic.
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Abstract 

Sinonasal inverted papilloma is a benign tumor itself , but it is not so easy to 
manage, because of extending occupied lesion of inverted papilloma or being 
combined with squamous cell carcinoma. In the last decade, we have had 31 
patients actually diagnosed with sinonasal inverted papilloma. We present our 
management procedure and clinical outcome of patients with sinonasal inverted 
papilloma. 

Patients and treatment protocols

The subjects were 31 patients with sinonasal inverted papilloma. The age of the 
patients ranged from 20 to 87 years, and the mean age was 51 years. There were 
25 males and six females. The most frequent chief complaint was unilateral nasal 
obstruction in 24 patients, followed by nasal hemorrhage in three and postnasal 
drip and ocular proptosis in one. The mean duration of the symptoms reported 
by the patients was almost two years. Five patients visited our hospital earlier 
(within six months after the symptom onset), but 13 patients visited us at more 
than two years after the symptom onset. Our routine protocol of the diagnosis 
and treatment of sinonasal inverted papilloma is described here.
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When an easily bleeding tumor with segmented surface is noted on inspection, 
we perform a biopsy for pathological examination. For imaging diagnosis, CT 
scan, MRI, and Ga scintigraphy are carried out to establish the expanding area 
of the tumor and the possibility of cancer complication. For tumor markers, the 
serum level of SCC antigen and CYFRA21-1 are routinely examined. Surgical 
intervention is selected, based on the comprehensive judgement of these find-
ings. As a therapeutic policy, we aim at complete en bloc excision of the lesion 
including surrounding healthy mucosa. For the surgical procedure, endoscopic 
sinus surgery, tumor resection by transmaxillary sinus approach, and/or by lateral 
rhinotomy are respectively performed or combined in each case. 

Results

Out of the 31 patients with sinonasal inverted papilloma, biopsy for preoperative 
histopathological examination was performed in 20 patients, and inverted papil-
loma was histologically diagnosed in 19 patients. The preoperative positive rate 
of the pathological diagnosis was 94%. This finding suggests that preoperative 
histopathological examination with biopsied specimen is useful for making an 
appropriate treatment protocol for these patients. The preoperative serum SCC 
antigen and CYFRA21-1 levels in patients were also measured to consider any 
possible reliability for the exact diagnosis in relation with SCC complication. 
SCC-Ag may be a useful marker for diagnosis of this tumor as reported by 
other researchers. In addition, CYFRA21-1 may also serve as a useful marker 
for patients with cancer complication. But we should have much more cases to 
distinguish inverted papillloma coupled with SCC or not. 

Employing the well-known Krouse’s staging system of the sinonasal inverted 
papilloma, we examined the consistency rate of the tumor-occupied region 
detected by MRI before surgery, in comparison with the region confirmed dur-
ing surgery. Fortunately, MRI was done for 25 patients out of 31 cases1. The 
postoperative precise pathological analysis confirmed 13 cases at stage T2, ten 
cases at stage T3, and two cases at stage T4, respectively. As a result, the con-
sistency rate was 84% (21 cases out of 25) with two cases overestimation from 
T2 up to T3, and one case underestimation from T4 to T3. We summarized the 
selection of surgical procedure at our university hospital, depending upon the 
occupied regions in each patient. In 14 patients with stage T2, inverted papilloma 
advanced into the nasal cavity, extended maxillary sinus, and ethmoidal sinuses. 
Complication of squamous cell carcinoma was noted in three patients with stage 
T4. Surgical approach with lateral rhinotomy was the most frequently employed 
for the initial surgery in 14 patients, combined with endoscopic observation. 
However, non-invasive endoscopic Intranasal and sinus surgery was performed 
as an initial surgery in three patients. The Caldwell-Luc method and intranasal 
endoscopic surgery were combined in 11 patients2-4. The Denker method was 
applied to just two patients before an employment of endoscope. To see the 
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clinical outcome of those patients, recurrence of inverted papilloma was noted 
in four patients, and intracranial SCC recurrence in one patient. The details of 
five recurrent cases are given in Table 1.

Monitoring of the tumor markers before and after the surgery is shown in 
Figure 1. SCC antigen levels in sera increased postoperatively only in one patient 
when the SCC extended into the cranium. CYFRA21-1 levels in sera increased 
in six patients before surgery, but decreased in all patients after surgery (Fig. 1).

Discussion 

We investigated 31 patients with inverted papilloma in the nasal cavity and 
paranasal sinus. Twenty-four (96%) out of 25 patients were properly diagnosed 
preoperatively with inverted papilloma. This data suggests that preoperative 
histopathological examination with biopsied specimen is essential for an appro-
priate clinical management and better prognosis of each patient. The consistency 
rate of the lesion-occupied region determined by MRI was 84%, by confirming 
it during surgery. This finding indicates that MRI is useful for preoperative 
diagnosis in regard to the extension of inverted papilloma. SCC-Ag levels in 
sera increased in 27 of 31 patients. CYFRA21-1 levels in sera increased in 
six patients. The complication of squamous cell carcinoma was noted in two 
cases of these patients. SCC-Ag can be a useful tumor marker for diagnosis, 
as reported by other researchers. In addition, CYFRA21-1 may also serve as a 
useful marker for patients with cancer complication. Postoperative recurrence 

Table 1. Five recurrent cases of inverted papilloma. N: Nasal cavity; M: Maxillary sinus; E: Ethmoidal 
sinuses; F: Frontal sinus; R: Recurrence; AWD: Alive without disease; DOD: Died of disease.

Case Age 
Sex

Preoperative 
pathological 
examination

Carcinoma 
complication

Location Initial surgery Additional 
therapy

Follow-up

1 20 Male (-) (-) N ESS 
(Another hospital)

LR AWD
121 months

2 62 Male (-) (+) N M E F C-L
(Another hospital)

RT
> L R + 

SBS
> R T (R)

DOD
9 months

3 60 Male (+) (-) N E ESS D AWD
284 months

4 62 Male (-) (-) N ESS 
(Another hospital)

C-L AWD
293 months

5 52 Male (+) (-) N E LR LR AWD
86 months
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was noted in five of the 31patients. In three of them, limited surgery had been 
performed without histopathological examination. 

Conclusion

Our clinical data may lead us to the conclusion that in the management of 
patients with inverted papilloma in nasal cavity and paranasal sinuses, it is 
very important that we pay much attention to prepare an appropriate surgical 
procedure after the definite preoperative pathological diagnosis and image (CT 
& MRI)-guided localization of the extending tumor. Otherwise, these patients 
can not obtain the better prognosis.

References 

1.	 Oikawa K, et al. Preoperative staging of sinonasal inverted papilloma by magnetic resonance 
imaging. Laryngoscope 2003;113(11):1983-1987

2.	 Sadeghi N, et al. Endoscopic removal of sinonasal inverted papilloma including endoscopic 
medial maxillectomy. Laryngoscope 2003;113(4):749-753.

3.	 Wolfe SG, et al. Endoscopic and endoscope-assisted resections of inverted sinonasal papil-
lomas. Otolaryngol Head & Neck Surg 2004;131(3):174-179.

4.	 Roh HJ, et al: Tailored endoscopic surgery for the treatment of sinonasal inverted papilloma. 
Am J Rhinol 2004;18(2):65-74.

Fig. 1. Changes in the tumor markers before and after surgery.
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Introduction

The respiratory system is regularly exposed to altered environmental conditions 
as well as constantly bombarded by environmental pollutants, respiratory patho-
gens, and aerosolized toxins. Thus, the system has evolved multiple physiologic 
strategies to regulate inspired air flow resistance, temperature, and humidification, 
as well as tightly modulate its ability to protect and defend itself. Disruption of 
these physiologic processes secondary to host or environmental factors such as 
anatomic variations, genetic mutations, overwhelming environmental pollution, 
or frequent infections contribute to the development of chronic rhinosinusitis.

The barrier function of nasal epithelium is a new concept developed in the 
last decade.1

Intrinsic host deficits in nasal epithelium results in reduced production of innate 
immune anti-microbial molecules. Local immune deficits allow the colonization 
and overgrowth of microbial agents. Microbial agents are capable of activating 
epithelial cells through pre-programmed pathways. The integrity of the epithelial 
barrier is disrupted secondary to epithelial activation, pro-inflammatory factors 
release and deregulation of the local inflammatory microenvironment .

The airway epithelium acts as a frontline defense against respiratory viruses, 
not only as a physical barrier and through the mucociliary apparatus but also 
through its immunological functions.

The interaction between respiratory viruses and airway epithelial cells results 
in production of antiviral substances, including type I and III interferons, lac-
toferrin, β-defensins, and nitric oxide, and also in production of cytokines and 
chemokines, which recruit inflammatory cells and influence adaptive immunity.2 
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The airway epithelium is at the interface of the human body with the inhaled 
environment and forms a complex physicochemical barrier complemented by 
the mucociliary escalator to provide the first line of defense against inhaled 
pathogens (mechanical barrier).

Mucus overlying the airway epithelium provides further protection of the mu-
cosa by creating a semipermeable barrier that enables the exchange of nutrients, 
water, and gases while being impermeable to most pathogens (physicochemical 
barrier).

Innate immune responses of the epithelium allow for control of viral inva-
sion and replication, and adaptive responses allow for effective viral clearance 
through cells of the adaptive immune system. Airway epithelial cells rapidly 
recognize pathogens through pattern recognition receptors (PRRs) such as toll-
like receptors (TLRs) and intracellular viral sensors (innate immunity barrier). 

TLRs are type I integral membrane glycoproteins which recognize a variety 
of pathogen-associated molecular patterns (PAMPs). In mammals, 13 members 
of the TLR family have been identified so far.4

The innate immune system is activated also by endogenous danger signals, 
i.e., endogenous peptides constitutively present in granules of leukocytes or 
epithelial cells and released from damaged and necrotic cells.

Together with PAMPS, these peptides constitute the big family of damage-
associated molecular patterns (DAMPs) representing the first host response to 
exogenous (infections) and endogenous (injuries) danger signals.

Tight junctions (TJs) reside immediately below the stratum corneum and 
regulate the selective permeability of the paracellular pathway interacting with 
protein-receptor system.

Claudin-1 plays a critical role in human epidermal TJ function and keratinocyte 
proliferation. Expression of Claudin-1 is significantly reduced in non-lesional 
skin of patients with atopic dermatitis compared with non-atopic subjects and 
patients with psoriasis. Claudin-1 levels are inversely correlated with TH2 bio-
markers, suggesting that reductions in this key TJ barrier protein might affect 
the character of the immune response to environmental allergens.4

A decreased trans-tissue resistance was found in biopsy specimens from pa-
tients with CRS with nasal polyps along with an irregular, patchy, and decreased 
expression of the TJ molecules occludin and zonula occludens 1. Trans-epithelial 
resistance (TER) was reduced in air-liquid interface cultures from patients with 
CRS with nasal polyps. The cytokines IFN-γ and IL-4 decreased TER, whereas 
IL-17 did not have any influence on epithelial integrity.

The disruption of epithelial integrity by IFN-γ and IL-4 in vitro indicates 
a possible role for these pro-inflammatory cytokines in the pathogenesis of 
patients with CRS.5

Surfactant proteins, SP-A and SP-D, are collagen-containing C-type (calcium-
dependent) lectins called collectins and are involved in viral neutralization, 
clearance of bacteria, fungi, apoptotic and necrotic cells, down regulation of 
allergic reaction and resolution of inflammation. 

SP-A and SP-D can bind various self and non-self ligands, while the collagen 
region can recruit and activate the immune cells for the clearance of pathogens 
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and apoptotic/necrotic cells. In addition to anti-microbial activities, SP-A and 
SP-D also play an important role in the control of inflammation triggered by 
self, non-self and altered self cells and molecules. Thus, they have a pivotal role 
in the clearance of apoptotic and necrotic cells, dampening of allergic reactions, 
maintenance of pregnancy (by virtue of their presence in the amniotic fluid), 
and modulating dendritic cell (DC) and T cell properties.6

SP-A suppresses the allergen-induced inflammation enhancing the uptake 
of apoptotic eosinophils; it has a role in binding pollens grains in asthmatic 
patients; increasing membrane permeability it inhibits P. aeruginosa growth and 
gives rise to H. influenzae aggregation and opsonization. 

SP-D binds and inhibits viruses; decreases eosinophils migration; increases 
membrane permeability and so inhibits fungal pathogens.

HMGB1

HMGB1 in homeostatic conditions is a non-histonic DNA-binding protein,7 
but when released extra-cellularly, it plays the role of potent pro-inflammatory 
cytokine.8 

Extracellular HMGB1 binds to different membrane receptors (TLR2, TLR4, 
RAGE) and through activation of the transcriptional factor Nuclear Factor kB 
(NF-kB) causes the release of pro-inflammatory mediators, cytokines and che-
mokines, it induces endothelial activation and increases survival of inflammatory 
cells, mainly eosinophils.9

Low levels of HMGB1 usually mediate beneficial responses in reaction to 
environmental or endogenous dangers, enhancing both the innate and adaptive 
immune system and promoting inflammation and tissue repair. High levels 
cause acute damage: its binding to RAGE receptor expressed by endothelial 
cells, promotes the recruitment of inflammatory cells ‒ especially eosinophils 
‒- their survival and release of inflammatory mediators such as ECP and MBP 
from these cells with subsequent epithelial barrier damage.

There is an active release of HMGB1 for example from activates eosinophils 
with immunostimolatory effects, and a passive release by necrotic epithelial cells. 
HMGB1 interact with NF-kB10 a nuclear transcription factor more expressed in 
nasal polyposis (NP). NF-kB can induce the transcription of cytokines, chemo-
kines and adhesion molecules, which play an important role in the inflammatory 
process. Moreover, transcription factors influence the response to corticosteroids, 
which are the basis of NP treatment.

Pathological effects

HMGB1 protein has been shown to play a role in the pathogenesis of several 
inflammatory diseases, such as hepatitis, arthritis, stroke, liver and kidney isch-
emia, sepsis,11 rheumatoid arthritis12 and systemic lupus erithematosus.13
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Personal experiences

Our recent researches were addressed to investigate the HMGB1 role in the 
pathogenesis of chronic nasal mucosa inflammatory diseases such as allergic 
rhinitis, chronic rhinosinusitis and nasal polyposis.

The aims of our first study14 were (1) to determine whether HMGB1 is aug-
mented in chronic rhinosinusitis with nasal polyps (CRSwNP); (2) if its expression 
is associated with eosinophils, TNF-α, IL5 and IL8, cytokines typically present 
in chronic inflammation of the nose and paranasal sinuses; (3) to investigate 
a hypothetical role of this protein in the pathogenesis of nasal polyposis. For 
this purpose, nasal polyps tissue from 21 patients with CRSwNP including one 
patient with asthma and two patients with allergic rhinitis, and eight healthy 
control subjects were collected. CRSwNP was confirmed by medical history, 
nasal endoscopy and computed tomography (CT). Control subjects were patients 
with rhinorrhoea of cerebrospinal fluid, fracture of the optic canal or a benign 
skull base tumor and did not have a history of sinus disease or asthma.

Biopsy specimens of nasal mucosa and nasal polyps were collected before 
surgery. Samples were subjected to haematoxylin-eosin (HE) staining and im-
munohistochemistry to investigate HMGB1 protein expression and its correlation 
with eosinophils and IL-5, IL-8 and TNF-α cytokines. Part of the fresh tissue 
was snap-frozen at -180° for immunohistochemical staining.

According to HE staining, subjects were divided into three groups: eight 
control subjects, ten eosinophilic CRSwNP patients and 11 non-eosinophilic 
CRSwNP patients.

Expression of HMGB1 in inflammatory cells in patients with both eosino-
philic and non-eosinophilic CRSwNP was significantly increased compared to 
the controls. HMGB1 protein was increased in the nucleus of epithelial cells, or 
as focal subepithelial infiltration and in inflammatory cells independently from 
the aetiologic stimuli (Fig. 1). Our research suggested that HMGB1 may play 
a crucial role in the pathogenesis of chronic rhinosinusitis with nasal polyps 
and IL-5, IL-8 and TNF-α positive cells might be involved in the regulation 
of HMGB1. 

Differing from white patients, Chinese and Japanese CRSwNP patients display 
different patterns of sinus mucosal inflammation15 and more than one-half of 
CRSwNP patients in our sample presented neutrophilic CRSwNP.

‘Eosinophilic chronic rhinosinusitis’ (ECRS) was introduced to identify a 
subgroup of chronic rhinosinusitis which is different from non-ECRS in terms 
of many clinical features: symptom appearance, occurrence site of nasal polyps, 
CT scan findings, the histology of nasal polyps, blood examination findings, 
clinical course after surgery, and co-morbid asthma, etc.

In a subsequent study16 the expression levels of HMGB1 protein in Chinese 
patients with CRSwNP with or without eosinophilia were investigated. Immunos-
taining results demonstrated that nasal polyps specimens with different endotypes 
had different expression levels of HMGB1 in the nucleus predominantly, as well 
as in the cytoplasm. Analyzing the messenger RNA (mRNA) levels of HMGB1, 
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IL-5, IL-8, and TNF-α, they were significantly higher in eosinophilic CRSwNP 
than those from controls and non-eosinophilic CRSwNP, and no significant dif-
ferences in these markers were found between non-eosinophilic CRSwNP and 
controls. HMGB1 expression levels correlated significantly and positively with 
IL-5, IL-8, and TNF-α (rs = 0.665, 0.771, and 0.724, respectively; p < 0.001) 
and slightly with eosinophil infiltration (rs = 0.149; p = 0.012) and the blood 
eosinophils count (rs = 0.225; p = 0.001) in all samples. 

Thus HMGB1 protein has a role in the pathophysiology of ECRS: together 
with IL-5, IL-8, and TNF-α may form a pro-inflammatory loop promoting chronic 
inflammation of nasal and paranasal sinus mucosa and NP and the eosinophilia 
classification together with higher HMGB1 expression may be a better defining 
subgroup than ‘polyps/no polyps’.

Another study17 was aimed at confirming the role of HMGB1 in NP and CRS, 
and at investigating if its expression and localization (nuclear, cytoplasmic, 
extracellular) is, in the same way, related to the severity and complexity of the 
histological and clinical picture.

With this aim, ten biopsies of nasal mucosa from patients with CRS without 
NP and 31 CRS with NP were randomly selected; as controls three biopsies 
of normal nasal mucosa harvested from healthy patients with no symptoms 
of chronic rhinosinusitis or nasal allergies were included. No inflammatory 
infiltrate, fibrosis, neoformation of vessels or eosinophils were found by the 
pathologist in these specimens.

Patients’ assessment was based on clinical history, symptoms collection and 
severity evaluation, presence or absence of allergy, asthma, ASA intolerance, 
other allergic manifestations (drug allergy), previous surgery, recurrences.

Fig. 1. Immunohistochemical staining for HMGB1 and IL-5 (X40). Immuno-localization of HMGB1 
in nasal polyposis. Immuno-histochemical staining revealed that HMGB1 protein is detectable 
in controls, but the staining is more evident in patients with CRSwNP, and it is expressed in the 
nucleus and cytoplasm. IL-5 is detectable in the sub-epithelial layer of patients with CRSwNP. 
Black arrows show HMGB1 expression in epithelial cells, while red arrows show focal infiltra-
tion in sub-epithelial layers. (From: Bellussi L. et al. 201214) 
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The tissue samples were tested by immunohistochemistry (IHC) using HMGB1 
polyclonal antibody and thereafter counterstained with Meyer’s hematoxylin. 
The biopsy samples were analyzed with two different aims: the first aim was to 
evaluate the HMGB1 expression and its cellular distribution. For this purpose, 
nuclear, cytoplasmic and extracellular staining was estimated as a percentage 
of the total staining in the examined area and the intensity of HMGB1 positiv-
ity was classified according to the percentage. The second aim was to compare 
this distribution with the inflammatory infiltrate and the severity of the clinical 
picture.

As expected, all the patients with a higher inflammatory infiltrate and eo-
sinophils presence had an allergic-hyperreactive condition or co-morbidity, that 
may induce and sustain the nasal mucosa inflammation. We investigated the 
correlation of eosinophils presence and nuclear HMGB1 values, and we noticed 
decreased nuclear levels in patients with eosinophils absence and increased 
levels in patients with higher eosinophils scores.

Since according to our hypothesis, HMGB1 might be a marker of certain 
disease activity, we evaluated allergic patients and non-allergic patients for 
the presence of HMGB1: we found a statistical significance for extracellular 
HMGB1 and nuclear HMGB1, both increased in allergic patients. The presence 
of other allergic-hyperactive conditions such as asthma, NSAIDs (non-steroidal 
anti-inflammatory drugs) intolerance, antibiotic allergy was additionally as-
sessed on HMGB1 levels. The results obtained were interpreted as a statistical 
significance between extracellular HMGB1 and NSADs intolerance; around 
statistical significance for antibiotic allergies and nuclear HMGB1. The higher 
extracellular HMGB1 expression in patients with more severe clinical and in-
flammatory pictures and the presence of associated co-morbidities confirms the 
role of HMGB1 in the induction of the inflammatory reaction and evidences its 
importance for the process becoming chronic.

As a whole, these results are particularly interesting if red in the light of 
the inflammatory/anti-inflammatory mechanisms. Indeed, the pharmacological 
research could be addressed to seek for new compounds which, decreasing 
the extra-cellular levels of this protein by a scavenger mechanism, could keep 
under control the inflammatory process without interfering with the nuclear 
transcriptional messengers and blocking, at the same time, the feedback loop 
which characterizes the HMGB1 mechanism of action.

To better understand the pathophysiological role of HMGB1 in inflammation, 
we performed an ‘in-vitro’ experimental study18 using primary cultures of hu-
man nasal epithelial (HNE) cells, and following the lipopolysaccharides (LPS) 
induced active translocation and release of HMGB1 by immunofluorescence 
assay and Western blot.

We obtained epithelial cells of nasal polyps and paranasal sinus mucosa 
from ten patients requiring surgery for their sinusitis, excluding cases with 
non-invasive fun-gal sinusitis, chronic obstructive pulmonary disease, cystic 
fibrosis, primary ciliary dyskinesia (PCD) or severe asthma.
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Escherichia coli LPS was added during mucociliary differentiation at the 
working concentrations of 10 µg/ml, 50 µg/ml and 100 µg/ml. The levels of 
HMGB1 protein in epithelial cells and supernatants were assessed after 0, 12, 
24, 48 and 72 hr by Western blot.

The study documented for the first time the presence of HMGB1 immuno-
staining in the nuclei of HNE cells from nasal polyps thus confirming our hy-
pothesis that HNE cells should be considered active participants of the innate 
immunity mechanisms: after LPS stimulation, translocation of HMGB1 from 
nuclei to cytoplasm occurred, suggesting that HNE cells represent a potential 
source of the secreted form of HMGB1 in the airways.

This finding was in agreement with the results of Western blot analysis: in 
fact, the level of intracellular HMGB1 protein did not change in the early stages 
(0-24 hr) of stimulation, but increased significantly at 48 hr and maintained a 
higher level for up to 72 hr (Fig. 2).

At the same time, secreted HMGB1 in the cultured supernatant of the LPS-
treated HNE cells was detectable after 12 hr, and the concentration of HMGB1 
significantly increased at 24 hr after onset of treatment and continued to increase 
steadily.

As a whole, our findings suggest that HMGB1 plays an important role in the 
induction and prolongation of the mechanisms of infection or injury-elicited 
inflammatory response of HNE cells.

All our studies suggest that HMGB1 inhibition might be an efficacious and 
innovative therapeutic target for patients with chronic upper airways and nasal 
mucosa inflammatory diseases.13

Fig. 2. HMGB1 expression in epithelial cells. Levels of released HMGB1 from HNE cells exposed 
to 100 μg/ml LPS from 0 hr to 72 hr by Western blot analysis. *p < 0.05; ***p < 0.001; ###p < 
0.001; p < 0.001. (From: Chen D. et al. 201318)



26 L.M. Bellussi et al.

HMGB1 inhibition could be obtained by three main strategies: 
1.	Blocking HMGB1 release by necrotic cells and activated immune cells. This 

is a disadvantageous mechanism because it suppresses the protein physiologi-
cal homeostatic function in all cells with serious side effects.

2.	Blocking RAGE, TLR2, TLR9 receptors with antagonist drugs. This mecha-
nism is risky because HMGB1 receptors also mediate other immune effects, 
such as the antibacterial activity. 

3.	Inactivating HMGB1 after its release: this strategy is currently the most ef-
fective and safest.

Among the molecules that bind HMGB1 there is glycyrrhizin, a glycoside al-
kaloid present in large quantities in Glicyrrhiza glabra roots, the plant from 
which licorice is extracted.19 

Glycyrrhizin is composed of a molecule of glycyrrhetic acid (the active com-
ponent of the molecule) and two molecules of glucuronic acid. 

The glycyrrhetic acid inhibits the HMGB1 chemotactic and mitogenic func-
tion binding to the hydrophobic residues that delimit the pockets in Box A and 
B, without significant distorting their secondary structure and hence without 
impeding the ability of DNA binding.20 

Several studies show the absence of cytotoxicity even at high concentration and 
good pharmacological tolerability of glycyrrhizin both in rats and in humans.21

With this background, recent studies have evaluated the potential therapeutic 
effects of glycyrrhetic acid in ENT diseases, particularly allergic rhinitis in 
children.22,23
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The prevalence of chronic inflammatory and allergic diseases of the upper airways 
showed an upward trend over the past 30 years, particularly in industrialized 
countries. One of the reasons for this increase is the pollution of the environment 
by substances that contain estrogens, as well as xenoestrogens. These chemical 
substances are present in herbicides, pesticides, detergents and plastics. By get-
ting into the drinking water or having a close contact with the skin and mucous 
membranes, they react with estrogen receptors and stimulate them.

Besides xenoestrogens, there are also phytoestrogens that have high affinity 
with the receptors and exhibit estrogen-like action. As a result, this reaction 
leads to the malfunction not only in the sexual sphere, but also in other organs 
and systems where the estrogen receptors are located.

But first, a few words about the history of research of estrogen receptors. In 
1986, E. Parfenova found receptors of estradiol in rat’s nasal mucosa. In 1987, 
V. Bikov showed that estrogen disbalance leads to disorders of the maturing 
of epithelium and promotes fungi adhesion. In 1994, X. Zhao stated that levels 
of estrogen might have different effects on the nasal mucosa. In 2003, Jan-
Ake Gustafsson discovered two types of estrogen receptors: estrogen receptor 
(ER)-α and ER-β.

Through these receptors, estrogens carry out management in organism; ER-α 
often exerts an activating function and accelerates various processes, including 
cell division. ER-α activity is mainly aimed at regulating fertility and concep-
tion. ER-β has the opposite effect, retarding processes such as cell division and 
simulating cell death (apoptosis).

Recent Advances in Rhinosinusitis and Nasal Polyposis, pp. 29-31
Edited by Hideyuki Kawauchi, Desiderio Passali, Ranko Mladina, Andrey Lopatin 
and Dmytro Zabolotnyi
2015 © Kugler Publications, Amsterdam, The Netherlands

Address for correspondence: D. Zabolotnyi, SI “Institute of otolaryngology of Prof. O.S. Kolo
miychenko, National Academy of Medical Sciences of Ukraine”, Zoologichna st.3, Kiev 03057, 
Ukraine. E-mail: yaremchuk@mail.ru



30 D. Zabolotnyi and S. Yaremchuk

It was noticed that hyperestrogenia is a widespread syndrome in female al-
lergic rhinitis (AR) sufferers. The main evidence of this syndrome in a female 
organism are mastopathy and pre-menstrual syndrome (PMS). Long-term ad-
ministration of OC leads to an increased level of hyperestrogenia as well. We 
have interrogated 500 women suffering from AR and perennial rhinitis (PR). 
It was revealed that only 20% of patients do not have those symptoms. Eighty 
percent suffer from either one or both.

We investigated the occurrence of ER-β in the tissue of patients suffering 
from nasal polyp (NP), because a biopsy from an AR patient is not allowed. 
The aim of this investigation is the localization of ER-ß in nasal mucosa.

The tissue (mucosa of inferior turbinate and polyp tissue) of 30 patients who 
underwent surgical treatment was the object of the study. Polyp tissue and turbi-
nate tissue of 20 patients suffering from NP (ten female and ten male patients) 
were obtained with a FEES procedure. The control group was nasal mucosa 
from the inferior turbinate of ten patients (five female and five male patients) 
suffering from a deviation of the septum nasi without allergy in anamnesis. The 
average age of the examined patients was 35 years. Nasal turbinates, mucosa 
and polyp tissue were used for immunohistochemical studies.

Immunohistochemical analysis of the tissue clearly showed the presence 
of ER-β-positive cells, which were situated particularly in the epithelial cells 
and interstitial space. ER-β-positive cells were found in the tissue of the lower 
turbinate as well as in the tissue of the polyp. Differences between the quantity 
of ER-β, dependent on the sex of the patients, were not detected. Analyzing 
the received data, it is important to point out that ER-β-positive cells that are 
situated in the glands were detected only in the tissue of the polyps.

These results affirm the presence of ER-β in the lower turbinate tissue and 
polyp tissue, and the quantity does not depend on the sex of the patient.

Taking into account the fact that in patients with AR and NP high levels of 
estrogen were found, we conducted an experiment, where we investigated the 
influence of tamoxifen (drugs with anti-estrogen properties and stimulation 
β-receptors) on the development of AR (unfortunately, we do not have an ex-
perimental animal model of NP).

Table 1. The influence of Tamoxifen on the nasal mucosa in the experiment

Measure Control (n=20) Allergic rhinitis 
(n=20)

Allergic rhinitis 
and tamoxifen 
treatment (n=20)

Quantity of masteocytes    16±0.9   43±2.3   33±1.3
Coefficient of degranulation 107.5±2.4 291.1±2.4  222±3.0
Measure of profile field  0.3±0.004  0.89±0.005 0.59±0.002
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Tamoxifen inhibits the development of allergic reactions in the nasal cavity, 
which is manifested in the reduction of the number of mastocytes, coefficients 
of degranulation and magnitudes of profile fields (table 1).

The results may enable the development of a new treatment approach of NP 
and AR by medical agents that stimulate the action of ER-β.

This has been successfully done in other areas of medicine.
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According to the International Rhinosinusitis Advisory Board,1 goals of rhino-
sinusitis therapy are: to treat the infection, to shorten the disease and to prevent 
the recurrences. In order to achieve these goals, many different pharmacological 
approaches have been tested by several study groups. Acute rhinosinusitis (ARS) 
resolves without antibiotic treatment in most cases, symptomatic treatment and 
reassurance is the preferred initial management strategy for patients with mild 
symptoms. Antibiotic therapy should be reserved for patients with severe ARS, 
especially in presence of high fever or severe (unilateral) facial pain. Clinicians 
should weigh the moderate benefits of antibiotic treatment against the potential 
for adverse effects.

The aim of a pharmacological approach in ARS is represented by the opening 
of the ostia while in chronic inflammatory processes of the nose and paranasal 
sinuses, the goal is rather to restore a healthy respiratory mucosa.2 Cortico-
steroids, local decongestants, non-steroidal anti-inflammatory drugs (NSAD) 
antihistamines, mucolytic agents, SPA therapy are considered adjunctive thera-
pies in acute and chronic rhinosinusitis both in adults and children. Local 
decongestants are useful in treating nasal obstruction and ostia blockage thus 
preventing complications, although they are characterized by notable side effects 
(such as rebound and tachyphylaxis), reasons why the use of this therapy is not 
recommended for a period longer than seven to ten days. Topical steroids, such 
as Fluticasone Furoate, Mometasone Furoate, or Budesonide are widely-used 
medicaments, in association to antibiotics, both in acute and chronic pathology 
of the nose and sinuses. In acute rhinosinusitis they have shown a significant 

Recent Advances in Rhinosinusitis and Nasal Polyposis, pp. 33-38
Edited by Hideyuki Kawauchi, Desiderio Passali, Ranko Mladina, Andrey Lopatin 
and Dmytro Zabolotnyi
2015 © Kugler Publications, Amsterdam, The Netherlands

Address for correspondence: Dr. Giulio Cesare Passali, Department of Head and Neck Surgery, 
Institute of Otorhinolaryngology, Catholic University of the Sacred Heart, Largo A. Gemelli 8, 
00168, Rome, Italy. Tel: +390630154439. Fax:+39063051194. E-mail: giulio.passali@rm.unicatt.it



34 G.C. Passali et al.

improvement in nasal subjective symptoms (such as nasal secretions, cough, 
congestion, facial pain), although no radiological evidence of mucosal thicken-
ing and inflammation decrease was proven.3-4 On the contrary, both subjective 
and objective (hystopathological, radiological and functional) advantages have 
been demonstrated by the association of topical steroids and antibiotics in the 
management of chronic rhinosinusitis (CRS) by many studies.5 In particular, 
a significant decrease in major basic protein (MBP)-positive eosinophils and 
tryptase-positive mast cells in the epithelium and lamina propria was shown in 
patients affected by perennial rhinitis who underwent a 12-months treatment 
period with mometasone furoate aqueous nasal spray, in absence of adverse 
tissue changes.6

The European Position Paper on Rhinosinusitis and Nasal Polyps (EP3OS) 
2012 pointed out the clinical irrelevance of mucolytic agents in acute disease, 
while the use of antihistamines seems appropriate in allergic population only.2 
Administration of antimicrobial therapy, especially in CRS, may not be regardless 
of the existence of bacterial biofilm. A wide variety of otolaryngologic diseases, 
such as chronic otitis media, chronic adeno-tonsillitis, cholesteatoma as well as 
chronic rhinosinusitis, have been associated to development of self-assembling 
bacterial surface-attached communities representing an ancient prokaryotic sur-
vival strategy: in mucosal biofilm, in fact, different set of genes expressed by 
bacteria, particular communication and signaling pathways, alternative mecha-
nisms to diffuse nutrients, compared with planktonic bacteria, are responsible 
for antimicrobial resistance and protection from host defense.7 An interesting 
paper in a pediatric subset of patients explains as bacterial biofilm in the na-
sopharynx of children with CRS may act as a chronic reservoir for bacterial 
pathogens, resistant to standard antibiotics.8 Current therapeutic strategies are 
aimed at inhibition of biofilm aggregation, biofilm disruption and pathogens 
eradication. It is proven that subclinical doses of macrolides inhibit signaling 
within and between bacterial communities9 while N-acetyl-cysteine (NAC) seems 
to break up biofilm network in a dose-dependent way.10

Historical use of saline nasal irrigation, douches, sprays and rinsing is main-
tained, as an adjunct to the medical management of both chronic and acute 
inflammatory disease of the nose and paranasal sinuses. Nasal saline lavages 
decrease the contact time between irritants, infective agents or pollutants and 
nasal mucosa. Two different Cochrane reviews analyze the available evidences 
on nasal washing in chronic and acute rhinosinusitis and their efficacy towards 
comparative treatments. It has been demonstrated that, in ARS, saline nasal 
irrigation is helpful in reducing nasal symptom score and objective nasal pa-
tency, both alone and in combination to antibiotics and topic decongestants.11 In 
the management of CRS, a review by Harvey and co-workers12 has confirmed 
that saline is beneficial in the treatment of chronic symptoms, both as the only 
treatment modality and as adjunct therapy; hypertonic solution is suggested to 
be more effective by selective researches although unsurprisingly saline irriga-
tion in not as effective as topical steroids. A Japanese study by Kim and col-
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leagues13 compared the effects of hypo-, iso-, and hypertonic saline irrigation 
on mucus secretion and cellular morphology in cells cultures, and demonstrated 
that isotonic saline treatment (0,9%) is the most physiologic treatment in terms 
of both items, while hypotonic (0,3%) and hypertonic (3%) saline irrigations 
may produce various degrees of cellular damage, (such as ciliary rupture and 
number decrease, exfoliation of secretory cells or mucin active secretion). In-
vivo studies14 recommend the use of nasal rinsing with hypertonic solution in a 
pediatric population affected by seasonal allergic rhinoconjunctivitis, as it was 
proven to reduce the mean weekly rhinoconjunctivitis score and intake of oral 
antihistamines in absence of adverse effects.

Inhalation of thermal water is not included among the management options 
by the most recent guidelines, although it represents a traditional tool in chronic 
sinonasal diseases and chronic bronchitis. A guideline recently published by the 
Italian Society of Otorhinolaryngology15 evidences the lack of correct indications 
of SPA therapy in relation to different chemical and physical characteristics of 
spring water, whereas its efficacy is nowadays documented by several subjec-
tive and objective parameters. Spring waters are classified according to physical 
and chemical features (temperature, pressure, ionic concentration, radioactivity, 
presence of specific ions or active chemical groups). Their mechanism of action 
is mechanical (cleansing, massage), immunological (through the activation of 
macrophages and immunoglobulins production) and neuro-vegetative (through 
the stimulation of hypothalamus-hypophysis axis and autonomic innervation). 
A recent study16 highlighted the active role of SPA therapy with radioactive 
hydrofluoric oligominerals waters in chronic inflammation of the upper airways. 
Specifically, a reduction of neutrophilic infiltration at the rhinocytogram and 
the improvement of the mucociliary function, recorded as muco-ciliary transport 
time (MCTt) values, was proven. Sulphurous water has beneficial effects on 
mucus secretions.17 Because of the slight toxicity of sulphide groups, this water 
has antimicrobial effects, immunomodulant activity (increase of blood and nasal 
secretory IgA), together with decrease of mucus viscosity.18 Glycosaminoglycans 
(GAGs) are heterogeneous polysaccharides which fill the extracellular matrix 
of the respiratory system. Their function is to regulate hydration and water 
homeostasis, to maintain structure and function and to modulate the inflamma-
tory response and tissue remodelling.19 A paper by Soldati et al.20 underlined 
the role of hyaluronic acid-containing cream in mucosal wound healing after 
nasal surgery, showing a decrease in the presence of crusts and improvement 
in respiration. It also produces a subjective relief as it is judged useful by the 
patient especially in limiting the presence of local lesions and blood clots. Hy-
aluronic acid represents a useful tool also in the management of the ‘empty nose 
syndrome’, i.e. the nasal atrophy secondary to extensive nasal surgery.21 Results 
from a recent in-vitro study suggest that retinoid acid, released from supportive 
biomaterial, persists locally for almost seven days and induces mucociliary and 
aquaporin expression and differentiation.22 This statement may lead to future 
therapeutic applications in postoperative mucosal restoration.
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An increasing body of evidence is, at present, available regarding the use of 
phytotherapy or probiotics but a more systematic review on their efficacy and 
safety profile is needed.

Increase in allergy prevalence in the last decades is attributed to changes in 
exposure to microbial stimulus in childhood; this theory provides a rational for 
the use of probiotics in primary prevention in order to modify the gut microbial 
environment and modulate the immune response.23 Moreover, probiotics might 
also be tested for secondary treatment in allergic patients basing on immune 
modulation theory, especially in children.

Complementary-Alternative Medicine (CAM) is frequently employed in treat-
ment of allergic diseases, including asthma and rhinitis, but evidence-based 
recommendations are lacking, moreover, methodology of related clinical trials 
results often inadequate.24

No clear evidence is offered for the efficacy of acupuncture and physical 
techniques (breathing control, yoga, chiropractic manipulation) in the treat-
ment of allergic-asthmatic patients, although some papers report the increase 
of subjective satisfaction and quality of life scores. Some positive results were 
described in rhinitis treated with homeopathy in good quality trials25 but a small 
number of negative reports counterbalance this data.

Regarding phytotherapy, the use of raw extracts from natural origin as medi-
cines, there are some studies that report positive results of drugs derived from 
plants and herbs (such as Boswellia Serrata, Tylophora indica, grapeseed and 
butterbur extracts) in the treatment of asthma, bronchoconstriction and rhini-
tis.26-27 More structured investigations are required for extracts standardization 
and analysis of side effects and interactions.

Modern technologies allow optimization of the extracts in order to enhance 
their effects: using sophisticated separation technologies, partial extracts are 
produced which contain the particularly effective ingredients in higher concen-
trations compared to the original extract.

Phytoneering stands for the decipherment of the major potential of plants 
(phytos) with the use of the most modern research and innovative technologies 
(engineering), to produce effective and safe herbal products.

The dry extract BNO1011 (Sinupret® Bionorica SE) is based on a combination 
of five herbs and is used to treat acute and chronic rhinosinusitis: in experi-
mental in-vitro and in-vivo researches, as well as in clinical studies, this extract 
has shown anti-inflammatory,28 antiviral29 activities and mucolytic/mocokinetic 
effects through stimulation of transepithelial chloride transport.30

In conclusion, considering that topical corticosteroids, local decongestants, 
non-steroidal anti-inflammatory drugs (NSAD), antihistamines and mucolytic 
agents are regularly included in standard therapeutic protocols for acute and 
chronic inflammation of the nose and paranasal sinuses, in our opinion probiot-
ics, SPA therapy, nasal lavages and phytoteraphy may be considered, basing on 
the evidences offered in this review and also on the evidence obtained in the 
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patient’s treatment, not as complementary therapy but as crucial as ‘regular’ 
therapy in the management of rhinosinusitis.
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Antrochoanal polyps versus nasal 
polyps
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When speaking of antrochoanal polyps and nasal polyposis in general, one has to 
bear in mind that the use of endoscopes made possible to finally get very deep 
and close to the real roots of the nasal polyps which gives rise to the hope that 
one day it will be possible to eradicate nasal polyps surgically for once and for 
all, i.e., without the need of repeated surgical interventions, long-term use of 
the steroid drugs, etc. On the other side, one has to bear in mind the fact that 
so-called accessory ostia of the maxillary sinus do not exist at all, i.e., that only 
one natural ostium of the maxillary sinus exists in reality. Therefore, all other 
‘holes’ that can be seen at the lateral nasal wall during endoscopy mean the 
same: the defect of the lateral nasal wall tissue as a consequence of spontaneous 
disruption of some neglected empyema of the maxillary sinus and because of 
that a chronic inflammation of the maxillary sinus itself. Furthermore, it seems 
that the cyst at the posterior wall of the maxillary sinus in cases of antrochoanal 
polyps (ACP) is not just a simple retention cyst as other cysts in this sinus are. 
It rather is a circumscribed inflammation of the regional mucosa of grade 2 to 
3 after Terrier’s classification.

In cases of antrochoanal polyps, one part of this formation (a cystic one) is 
located within the maxillary sinus, more precisely (and absolutely unexpectedly 
for the cystic formation within the maxillary sinus), it is attached at its posterior 
wall, and then, through the defect of the lateral nasal wall (not at all through 
the natural ostium!) it comes out into the nose and forms a ‘hanging polyp’ 
formation that apparently belongs to the ostiomeatal complex as nasal polyps 
usually do, but this one is always solitary, absolutely never truss-like, that is: 
it is the only one, single polyp! So, when operating an antrochoanal polyp it is 
not enough to remove the ‘polypous’ part from the nasal cavity and then get 
into the maxillary sinus and pull out the cyst. What one has to perform is to 
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precisely identify the natural ostium first, and then to ‘unify’ the natural ostium 
and the defect of the posterior fontanellae so as to connect them, i.e., to make 
a widely open approach to the posterior sinus wall.

As to the recurrences of nasal polyps, one should think of the possible role 
of the biofilm. Biofilm is a complex, organized aggregation of bacteria in an 
extracellular matrix which is adhered to an underlying surface. It is detectible by 
different methods: in vitro, through different microscopy techniques (scanning 
electron microscopy (SEM), transmission electron microscopy (TEM), confocal 
laser microscopy) and detection of genes with biofilm-forming capacity. Recent 
publications estimate that at least 65% of all human bacterial infections involve 
biofilms. Bacteria anchored in biofilm are protected from their external environ-
ment by the density of the matrix. On the other hand, low level of metabolic 
activity of bacterial cells makes them almost immune to the effects of antibiot-
ics. These facts support persistence and survival of bacteria in biofilms for long 
periods of time. So far, biofilms have been associated with a number of chronic 
diseases, such as chronic otitis media, chronic adenoiditis, endocarditis, dental 
plaque, etc. Chronic rhinosinusitis and nasal polyposis are new objectives in 
the studies on biofilms. It has recently been shown that biofilms are present on 
the removed tissue of 80% of patients undergoing surgery for chronic sinusitis. 
A study on mucosal changes in CRS revealed different degrees of denudation 
(loss of cilia and goblet cells), resulting in a surface prone to biofilm formation. 
Another study showed a correlation between the marked biofilm-forming capac-
ity by Pseudomonas aeruginosa and Staphylococcus aureus on one side and the 
persistence of chronic sinusitis and nasal polyposis following ESS on the other.

As to the recurrence of ACP, it must be pointed out that the wall of the sinus 
cyst histologically shows very loose, edematous stroma full of inflammatory 
cells and dilated vessels, suggesting chronic inflammation. According to Kern 
and Zinreich, chronic osteomyelitis can be found in almost all cases of chronic 
sinusitis. Inflammation of the bone produces the sequestration. A new, avascu-
lar bone replaces sequestered parts forming so-called involcrum (meaning an 
envelope), containing exudates and debris, therefore supporting the maintenance 
of the chronic inflammation. In addition, recent molecular studies of the ACP 
showed up-regulation of bFGF (basic fibroblast growth factor), up-regulation 
of TGF (transforming growth factor) and up-regulation of MUC genes (MUC 
5AC, MUC 5B, MUC 8), thus suggesting the importance of the local inflam-
matory reaction. Thus, the surgery for antrochoanal polyps performed in this 
way diminishes the chances for recurrences, which at the moment, even in cases 
operated endoscopically, seems to range between three up to 16%.
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Introduction

In 1929, Mosher wrote that endonasal ethmoid surgery was the most danger-
ous of all surgical operations.1 This is why the extra-nasal approach has been 
preferred by surgeons and viewed as associated with less risk of complications.

In the 1970s, advances in endoscopes and operating microscopes, as well 
as improved understanding of the conformation and pathophysiology of the 
paranasal sinuses played a major role in the renaissance of functional endonasal 
sinus surgery (FESS).2

Minor and major complications can be distinguished in endonasal ethmoid 
surgery:3 some may occur during the operation, others in the post-operative 
period, others in both. Minor complications have an incidence of about 3% and 
are associated with modest morbidity, whereas major complications only have 
an incidence of about 0.5% but are associated with significant morbidity, often 
require urgent treatment and may have very bad outcome for patients (Table 1).

Complications may even occur when the surgeon has extensive experience 
in nasal surgery; however, there are three distinct phases in the sinus surgery 
learning curve:

1.	Phase I (1-30 operations): greatest risk of complications, mostly with dural 
injury.

2.	Phase II (30-100 operations): lower risk of complication, mostly with peri-
orbital injuries.

3.	Phase III (> 100 operations): lowest risk, mostly rare but serious complica-
tions.4
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Concerning the possible severity of complications, sinus surgery remains one 
of the most dangerous fields of surgery in otorhinolaryngology. A good nose 
surgeon should be able to prevent and master every complication that can arise 
from surgical procedures. This chapter will focus on selected complications of 
endonasal sinus surgery.

Minor complications

Epiphora

The nasolacrimal duct may be damaged during antrostomy, since if the latter 
extends too far anteriorly it damages the lacrimal sac or nasolacrimal duct. The 
best way to avoid damage is not to extend the ostium anteriorly. If the duct is 
damaged, epiphora is generally transitory and the duct recanalizes into the nose, 
making treatment unnecessary. Epiphora can be prolonged if scarring, stenosis 
or infection of the duct occurs. In the case of osteitis or infection, there may 
be dacrocystitis and purulent discharge from the medial corner of the affected 
eye. Persistent cases may require ophthalmological assessment by nasolacrimal 
duct probing or stenting, with severe cases requiring dacrocystorhinostomy. 
Antibiotic-steroid eye cream and/or oral antibiotics are needed in patients with 
evidence of infection. Warm compresses, nasal saline spray and decongestants 
can help.5,6

Periorbital emphysema

If the lamina papyracea is interrupted, and the patient has blown his/her nose 
in the first four days or choked a sneeze, this can force air into the soft tissues 

Table 1. Major and minor complications.

Major Minor

Intra-operative

Periorbital emphysema Bleeding
Bleeding Fat herniation
Optic nerve lesion Nasolacrimal duct
Medial rectus damage
Retro-orbital haemorrhage
CSF leakage

Post-operative

Bleeding Synechiae 
CSF leakage Epiphora

Periorbital emphysema
Diplopia
Olfactory impairment
Atrophic rhinitis
Neuropathic pain
Bleeding
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in the region of the eye. This may be further aggravated if the patient sneezes, 
coughs, cries or lifts weights. Periorbital swelling and crackling can be detected 
during assessment. Ecchymosis may accompany the emphysema.

If the lamina papyracea defect is recognized during the operation, the anaes-
thetist must be instructed not to press too much if the patient requires ventilation 
with a facemask. If emphysema occurs, it will resorb provided the patient does 
not blow any more air into the area. Prophylactic antibiotics are prescribed to 
avoid periorbital cellulites.7

Diplopia

Diplopia can be determined by injury to the ocular medial rectus and superior 
oblique muscles. Because it passes lateral to the periorbita towards the middle 
of the lamina papyracea, the injury mainly involves the medial rectus muscle. 
The medial rectus muscle is less protected by the layer of fat posteriorly and 
damage results in strabismus and disturbing diplopia. The injury can be caused 
by direct cutting of the muscle or its nearby vascular and nerve supply. Spontane-
ous healing seldom occurs. Permanent diplopia is a very rare complication that 
requires neuro-ophthalmological assessment and possibly strabismus surgery.8,9

Synechiae

The most common postoperative complication of FESS is synechiae, which occur 
in 6-22% of cases, even with adequate local homecare. They most frequently 
occur between the middle turbinate and the lateral nasal wall. If the surgeon 
removes too much and manipulates the region of the frontal recess, synechiae 
leading to frontal rhinosinusitis may arise. Occlusion of the surgical antrostomy 
or osteomeatal complex may predispose to recurrent maxillary infections.

Prevention is by fine dissection and cutting tissue towards diseased regions, 
avoiding mucosal scratching and tearing. Mitomycin-C has also been applied 
to diminish the incidence of scarring, ostium closure and synechiae.10 Placing 
Merocel® or a silicone stent between the middle turbinate and lateral nasal 
wall may facilitate healing while avoiding scarring of the middle turbinate and 
lateralization. Very close postoperative follow-up until re-epithelisation is the 
most successful way of preventing synechiae. Around 15% of patients with 
synechiae need second surgery.11

Olfactory impairment

Olfactory mucosa extends from the cribriform plate to the entire medial face 
of the middle turbinate. To avoid injury to the olfactory mucosa, it helps to ad-
minister preoperative oral steroids, especially if polyps are medial to the middle 
turbinate according to preoperative endoscopy. If polyps are mainly medial to the 
middle turbinate, during surgery it is best to perform a complete ethmoidectomy 
and then softly lateralize the middle turbinate to open up the olfactory area. If 
the anterior end of the middle turbinate adheres to the lateral wall, complete 
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ethmoidectomy aerates the maxillary sinus. The technique decreases the risk 
of adhesions in this area and permits better access to nasal steroids. If a patient 
has hyposmia after FESS and the middle turbinate adheres to the septum, it can 
help to resect these and lateralize the middle turbinate as an elective procedure 
after any mucosal oedema has subsided.12

Atrophic rhinitis

When the mucosa is damaged, cilial mucus secretion may take months to return 
to physiological levels. In this case, the following may help: regular douching, 
hydration, vapour inhalation (not too hot) and humidifying ambient air. In a 
minority of patients, areas of mucosa can become dry and atrophic. Various 
ointments have been used to prevent drying out. Radiotherapy patients and those 
with ciliary dyskinesia will need to wash and hydrate the nose indefinitely.

Neuropathic pain

Trauma or surgery causes pain mediated by myelinated A delta and unmyelin-
ated C fibres. Prolonged stimulation can turn on N-methyl-D-aspartate (NMDA) 
receptors and cause central sensitization. In a small percentage of patients, central 
processing can lead to hyperalgesia, or spontaneous firing of neurons due to 
modification in pain thresholds. These patients are rarely helped by nonsteroidal 
anti-inflammatory drugs. They often respond to amitriptyline, carbamazepine 
or gabapentin.13 The treatment of postsurgical pain should be primarily with 
neuroactive pharmacological agents, which are helpful in many patients.

Frontal recess stenosis

Often the frontal recess and frontal sinus accumulate mucus that is released 
once the nasal cavity is freed of polyps. It is therefore important not to attack 
this region without significant reason.

The take-home message is not to deprive the frontal recess of its mucosa, 
as this may cause stenosis. The best thing to do if there is a purulent disease 
in the frontal sinus is to open the frontal recess using a 45° endoscope, dissect 
the mucosa off the agger nasi air cells with a ball probe and then pull the probe 
down onto the shell of the cell and remove the bone fragments. If you cannot 
find the recess, it is best not to push the probe in a random way because CSF 
leaks, orbital damage or frontal stenosis are often determined by non-standard 
manoeuvres. In the case of revision of frontal recess stenosis, computer-aided 
surgery can be used.14
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Major complications

Bleeding

Bleeding is inevitable during surgery and can be minimized by maximizing 
preoperative medical management with corticosteroids and antibiotics and re-
moving tissue with through-cutting forceps or a shaver to avoid tearing the 
mucosa. Anaesthetic management is important to reduce intraoperative bleeding. 
Anaesthesia with high remifentanil and low blood pressure is preferred. Before 
starting surgery, 20° body-up, arterial mean pressure between 65 and 75 mmHg, 
decongestion with topical vasoconstrictors on nasal pledgets, followed by good 
infiltration with 1% lidocaine with epinephrine are essential. Waiting less than 
seven to ten minutes after the injection is a frequent error. The other main causes 
of bleeding, besides clotting disorders, are related to the sphenopalatine artery 
and the anterior ethmoid artery.

Major vessel injury and brain haemorrhage

Injury to major blood vessels, like the internal carotid artery, and brain are 
extremely rare during FESS. Injury to the internal carotid artery is much more 
common during sphenoid sinus surgery. In 20% of sphenoid sinuses the bony 
carotid canal may be dehiscent. Before opening the sphenoid sinus, the surgeon 
must review the axial CT to consider a protruding internal carotid artery. If it is 
possible to visualise the natural opening of the sphenoid sinus, this can be ex-
panded. The anterior wall of the sphenoid sinus is removed by working medially 
with downbiting and upbiting forceps. It is important to be very watchful with 
surgical manipulations at the intersphenoidal septum. The septum sphenoidalium 
may be anchored posteriorly to a thin carotid artery canal and should not be 
fractured but removed solely with cutting instruments or a diamond drill. This 
manoeuvre can lead to partial laceration of the carotid artery and development 
of a false aneurysm, sometimes weeks or even months later.15

In the case of injury to the carotid artery, surgery must be suspended im-
mediately and the sphenoid sinus filled with haemostatic material. Even if the 
bleeding seems under control, it is necessary to watch for development of a false 
aneurysm. If this does not occur, the sinus is best repacked with fascia and fat 
followed by oxidized cellulose, and a pack is left in place for a week. If bleed-
ing continues when the pack is gently removed, the radiologist should be asked 
to do an occlusion study under EEG control. If there are no EEG changes after 
occlusion or the patient is instable, it is best to close the artery by endovascular 
coiling or by a transcranial approach with the help of a neurosurgeon.
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Sphenopalatine artery

The artery may bleed during FESS in the following cases:

•	 If the middle meatal antrostomy is opened posteriorly to less than 0.5 cm 
from the posterior wall of the maxillary antrum;

•	 If a branch comes through the inferior turbinate;
•	 If another branch comes through the middle turbinate and bleeds when more 

than half of the anterior part of the middle turbinate is removed;
•	 If the sphenoid ostium is opened below halfway up its height, the posterior 

tributary of the sphenopalatine artery will be open.

Cauterization with bipolar diathermy is usually sufficient to stop the bleeding.

Anterior ethmoid artery

Cutting the anterior ethmoid artery can have severe consequences. When the 
artery retracts into the orbit, it can cause a sharp increase in posterior compart-
ment pressure. This condition will prejudice the vessels of the optic nerve and 
retina, leading to blindness. The surgeon should not operate if he cannot see 
anything. If bleeding is not controlled somehow it is better to abort the opera-
tion than to cause damage. Most complications during FESS take place in the 
final part of the operation, when the surgeon removes small residual polyps, 
which in itself is of little benefit.

The anterior ethmoid artery is seldom responsible for postoperative bleeding 
but if so, it can be diathermied.

CSF leakage

The surgeon causes a CSF leakage when he accidentally perforates the skull 
base. This happens most frequently at:

•	 The anterior ethmoid roof in the region of the lateral lamella of the cribri-
form plate;

•	 The junction between the posterior ethmoid roof and the sphenoidal plane.

If the olfactory furrow is deep in relation to the ethmoid roof (type III according 
to Keros)16 there might only be a very thin bony border dividing the olfactory 
groove from the ethmoidal cavity. To avoid damage, the cribriform plate is a 
useful reference for the anterior half of the middle turbinate when performing 
dissection in the ethmoid region. The surgeon should always stay lateral to the 
middle turbinate, because medial dissection may lead to a CSF fistula. CSF 
leaks documented intraoperatively must be stopped immediately to avoid risk 
of meningitis. The long-term results of intraoperative duraplasty are excellent.17 
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Postoperative CT is highly recommended to assess any possible intracranial 
injury, and this may require collaboration with the neurosurgeon. A skull-base 
defect resulting from endonasal sinus surgery can almost always be closed us-
ing an endonasal approach.

To avoid CSF leakage we suggest:

•	 Avoiding tinkering where the middle turbinate attaches to the roof of the 
anterior skull base;

•	 Finding the height of the roof of the sphenoid sinus and then opening the 
posterior ethmoid air cells;

•	 Not angling surgical instruments medially toward the lateral lamella of the 
cribriform plate;

•	 Flexing the head on the neck, so that the skull base lies in a more vertical plane;
•	 Studying the CT: a ‘black halo’ of air in the peripheral cells around the 

skull base is an encouraging sign, whereas a CT ‘white-out’ calls for a more 
prudent approach.

Orbital complications

Lamina papyracea

Damage to the lamina papyracea can determine ecchymosis and periorbital 
emphysema. Periorbital emphysema typically arises when some air enters the 
soft tissues surrounding the orbit, typically when the patient awakes coughing 
or if blowing the nose. Crackling of soft tissue, a soft bulb and no decrease in 
vision are typical signs of emphysema. Management is simple observation and 
educating patients not to blow their nose. Emphysema usually reabsorbs within 
seven to ten days.18

In revision FESS and massive polyposis, the risk of injury to the lamina 
papyracea increases because it may be reduced or partially dehiscent. Limited 
damage to the lamina papyracea is not a serious complication. In cases of lacera-
tion of the periorbita, periorbital fat typically bulges out and can be recognized 
by its yellow colour.

The bulb-pressing test, as described by Draf and Stankiewicz, can be helpful 
when there is no doubt about injury of the lamina papyracea and/or periorbita. 
Herniated fat should not be removed. If a small fat herniation is noted, no 
treatment is necessary. If a large fat herniation occurs, gentle replacement is 
indicated and sealing with connective tissue transplants. Postoperative antibiotic 
treatment is recommended in these circumstances. The axis of the pupils should 
be evaluated to check for any medial rectus damage or grade of proptosis. In 
such situations, urgent ophthalmological assessment is required.
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Orbital haematoma

Orbital haematoma mainly occurs after penetration of the lamina papyracea. The 
veins that run along the lamina papyracea are more likely to determine orbital 
haematoma than damage to the ethmoid arteries.19 Although rare, laceration of 
one of the ethmoid arteries is a severe complication. The vessel may retract 
into the orbit, leading quickly to retrobulbar haematoma. It is advisable to avoid 
working at the edge of the orbit if the course of the artery is not clear. If the 
artery is damaged at this point, it immediately retracts just inside the orbit and 
cannot be cauterized.

Untreated orbital haematoma determines an increase in orbital pressure and 
proptosis, which may lead to temporary visual impairment or blindness20 caused 
by reduced vascular supply to the optic nerve, which is very susceptible to 
ischaemia. In this case, immediately reduce intraorbital pressure by removing 
nasal packing, raising the head, medical treatment (antihypertensives, diuretics 
and corticosteroids) and surgical treatment. Surgical treatment in these cir-
cumstances is lateral canthotomy followed by inferior cantholysis and possibly 
superior cantholysis, which provide immediate orbital decompression.21 In ad-
dition, transnasal orbital decompression by removing the lamina papyracea and 
incision of the orbital periosteum may also be considered.

Medial rectus damage

Medial rectus damage is due to inattention: if the orbital periosteum is crossed, 
the assisting surgeon should observe movement of the eye. Damage to the medial 
rectus normally occurs through deeper penetration into the orbit. Unfortunately, 
even if it is recognized at the time, it is very difficult to avoid the scarring and 
diplopia that are likely to occur. Even expert strabismus surgeons have difficulty 
improving problems caused by damage to the medial rectus.

Optic nerve trauma

The optic nerve can be damaged by penetration of the orbit through the lamina 
papyracea but the surgeon may not realize he has entered the orbit. Direct 
damage to the optic nerve is less common than indirect injury via retrobulbar 
haematoma. Typical high-risk areas are the sphenoid sinus and posterior ethmoid, 
especially when there is extensive pneumatisation.22 In these situations, it is first 
advisable to find the sphenoid sinus medially and then work forward. The optic 
nerve can be prominent in 20% of patients in the upper half of the lateral wall 
of the sphenoid sinus, but it is rarely dehiscent. Fortunately, direct optic nerve 
injury is extremely rare and only a few individual cases have been described.23
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In the period January 1980 to June 2014, 3504 adult patients underwent FESS 
in our Department. Intra-operative bleeding complicated 3.2% of operations. 
Post-operative bleeding occurred in 4.8%. The major risk factors for bleeding 
were revision surgery and hypertension. There were no significant differences 
in the incidence of complications between males/females and different age 
groups. In our experience, major complications are very rare. Orbital haematoma 
complicated 0.05% of FESS. We did not record any cases of diplopia or CSF 
leakage after FESS, probably because of optimal pre-operative anaesthesiological 
and radiological assessment. Our surgeons also have long training targeted at 
avoiding surgical aggression by preserving anatomical landmarks. After primary 
surgery, it is therefore always possible to make minor retouches under local 
anaesthesia, for example for synechiae or small localized recurrence of polyps.

Table 3 shows the incidence rates recorded in our Department.

Incidence and our experience

Major complications are estimated to arise in one to three percent of patients, 
based on early studies with relatively small patient cohorts in academic insti-
tutions. Synechiae and intra-operative bleeding are the first and second most 
frequent complication, respectively, in all reports. Orbital complication and CSF 
leakage are the most serious complications. Table 2 shows the incidence rates 
recorded by several sinus surgeons.

Table 2. Incidence rates in major sinus surgery international departments.

Surgeon
[ref] N patients

Castillo 
[24] 553 

Jakobsen 
[25] 237 

May
[26] 2108 

Danielsen 
[27] 230 

Rudert
[28] 1172 

Stankiewicz 
[29] 3402 

Ramakrishnan 
[30] 62823 

Complication

Orbital haematoma 0.18% 0% 0.05% 0% 0.25% / /
CSF leakage 0.18% 0,54% 0.5% 0% 0.8% 0.55% 0.17%
IO bleeding 0.36% 21% 0.9% 4.34% 0.8%

1.20% 0.76%
PO bleeding 1.08% 0% 0% 0% 0%
Lacrimal duct lesion 0.36% / 0% 0% 0% / /
Synechiae 3.07% 20% 6.9% 6.52% / / /
Lamina papyracea 2% 0% 0% 2.6% 0% / /
Diplopia 0% / 0% 0% / / /
Orbital lesion / 0% 0% 0% 0% 0.85% 0.07%
Olfactory impairment / / / / / / /
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Sinus cristae galli – constantly 
neglected source of chronic 
inflammation of paranasal sinuses

R. Mladina

Clinical Hospital Center Zagreb, Zagreb, Croatia

Because the crista is part of the ethmoid bone and the ethmoid complexes are 
pneumatized at birth, it seems reasonable that some crista galli pneumatization 
would be present if the pneumatizing cells were from the ethmoid complex. But, 
crista galli is never ossified at that time, it is still cartilaginous. Most ossification 
of the cartilaginous crista galli starts at approximately two months of postnatal 
life, steadily increases in ossification to 14 months of age, and then slowly 
progresses until it finishes by 24 months of age. According to Dodd, Jing1 and 
Netter2, the development of the frontal bone is much slower. Frontal sinuses do 
not reach the level of the superior orbital rims before six to seven years of age. 
The question arises here why we cannot find any pneumatization of the crista 
galli in children younger than seven years of age? The explanation came a few 
years ago from Som and his group3, who proved that the pneumatization of the 
crista galli comes from the frontal sinus itself, not from the ethmoid. They also 
found that the frequency of pneumatizations increases with age, i.e., it was not 
observed in the kindergarten group (0-7 yrs of age), but its frequency raised 
to 4% in the elementary school age (7-14) whereas it was seen in 14% of the 
patients older than 14 yrs of age. No data of sex differences were mentioned 
in their report.

Pneumatization of the crista galli can easily be recognized on CT scans, but 
unfortunately it is usually neglected not only by radiologists, but also by rhinolo-
gists all over the world. Our experience, however, has proven this anatomical 
entity to be even more frequent than Som et al.3 found in their material: we 
found it at CT scans of 37.5% of our CRS patients. The minimal anterio-posterior 
dimension was 5.1 millimeter, and latero-lateral 7.1 millimeter. After observing 
a huge number of patients having a pneumatized crista galli, we found out that 
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this entity has remarkable influence on the clinical picture, particularly in cases of 
chronic rhinosinusitis followed by frontal headache, hyposmia or even anosmia!

Several cases of chronic inflammation and other pathological entities of the 
pneumatized crista galli are presented. It is high time to start calling this ana-
tomical entity by the name it deserves: ‘sinus cristae galli’.
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Abstract

Background: Nasal polyps (NP) have an enormous impact on quality-of-life 
(QOL) and its management involves a combination of medical and surgery 
therapy. Macrolides constitutes the mainstay of conservative therapy in NP, 
both in primary treatment and to prevent recurrence. To the authors’ knowledge, 
no publication has extensively examined NP after optimal medical treatment 
based on subjective evaluations. The aims of this prospective study were de-
signed to evaluate the QOL in NP patients after: (1) initial three-months course 
of macrolide; (2) a short course of oral steroids; (3) long-term treatment with 
intranasal steroids.
Methods: Fifty-five patients with grade I and II NP were consecutively treated 
with macrolide 250 mg daily for the first three months, single-dose oral pred-
nisolone 25 mg for two weeks (medical polypectomy), and long-term intranasal 
steroids. Patients were followed-up and evaluated at base line, three, six, and 
12 months for QOL measure.
Results: At baseline, patients with grade I and grade II NP showed significantly 
worse QOL scores on all Rhinosinusitis Disability Index (RSDI) domains, mainly 
for physical function (4.59 ± 1.41) and predominantly higher in social function 
(3.16 ± 1.17). At three, six, and 12 months of treatment, patients demonstrated 
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a significant improvement in all impaired QOL domains compared to baseline 
after optimal medical therapy (p < 0.05).
Conclusion: These results suggest that the optimal medical treatment to improve 
QOL incorporates medical polypectomy with macrolide and maintained by long-
term intranasal steroid therapy. Our findings demonstrate that clarithromycin 
has a strong anti-inflammatory effect on NP patients.

Introduction

Nasal polyps (NP) are characterized by a recurrent sinonasal mucosal inflam-
matory process with the presence of two or more symptoms that include ob-
struction, congestion or discharge, facial pain or pressure and reduced sense of 
smell for more than 12 weeks. Of late, there has been increasing interest in the 
immunomodulatory actions of macrolides, mainly in chronic rhinosinusitis and 
NP. Numerous studies have been conducted by Japanese and other investiga-
tors on the efficiency of long-term, low-dose therapy with 14-membered ring 
macrolides for the treatment of chronic rhinosinusitis and NP. NP formation 
and growth are activated and perpetuated by an integrated process involving 
the mucosal epithelium, lamina propria and inflammatory cells, which may be 
initiated by both infectious and non-infectious inflammation.1 Inflammatory me-
diators such as IL-1B,IL-5,IL-6,IL-8 and RENTES are present in nasal polyps.2-4 

Various toxic agents, infectious agents and allergens, encountered at the level 
of the nasal and paranasal mucosa may activate innate immune mechanisms and 
lead to induction of pro-inflammatory cytokines. Reduction in the size of the 
NP could be a result of two associated processes: suppression of NP fibroblast 
proliferation and chemokine production in NP fibroblasts. The decrease in size 
of NP correlates significantly with the reduction in the concentration of IL-8 
in nasal lavage from these patients.3

There is lack of documentation in prospective, randomized, controlled trials 
regarding improvement of QOL after medical treatment of NP which suggest 
that surgical treatment of NP has a better effect on QOL than medical treatment.5 

QOL improvement after NP treatment is correlated to nasal symptom scores. 
The most commonly used validated questionnaires to assess QOL are the RSDI 
which utilizes three subscales (emotional, physical and functional) to aggregate 
measurements of general health status and disease-specific QOL.6 Nasal endoscopy 
has a prominent role in detecting NP, primarily a disease managed by optimal 
medical therapy pre- and post-surgery.7 Macrolide antibiotics have high anti-
inflammatory activity and decrease the virulence of colonizing bacteria which 
leads to shrinkage of NP by suppressing cytokine production by inflammatory 
cells in the paranasal sinus epithelium.8The main aims of this study were: (1) 
to evaluate the QOL outcomes in patients with grade-I and grade-II NP after 
optimal medical therapy; (2) to evaluate the frequency of various diseases in NP 
patient; (3) to correlate nasal symptoms score and QOL after medical therapy.
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Materials and methods

Study population

Fifty-five patients with NP grades I and II (Lildholdt classification) were included 
in this prospective evaluation from April 2011 to February 2013 with age range 
of 18 to 65 years with mean age of 51.47 (standard deviation (SD) ± 14.35). 
Females outnumbered males (54.5% and 45.5%). Study approval was obtained 
from the Ethics Committee and a signed informed consent was obtained. All 
patients were examined, treated and followed-up by the same rhinologist for 
the entire duration of the study at the outpatient Otorhinolaryngology clinic. 
The diagnosis of NP was based on the documented medical history and on the 
results of clinical examination and nasal endoscopy (using rigid optic 0 and 30 
degree endoscope; Storz, Tuttlingen, Germany).

Inclusion and exclusion criteria

The inclusion criteria were patients with age 18-65 years, nasal symptoms more 
than 12 weeks and NP grades I and II. The exclusion criteria were NP grade 
III, surgically treated patient with NP, pregnancy, macrolide hypersensitivity, 
patients with absolute contraindications for systemic steroids, liver or gastroin-
testinal dysfunction and with severe structural abnormalities caused by deviated 
nasal septum.

Study design

Fifty-five patients received macrolide antibiotic 250 mg daily for the first three 
months, a 25-mg dose of systemic steroid (oral prednisone) once daily for two 
weeks, followed by a long-term intranasal steroid (e.g., mometasone furoate 
aqueous nasal spray 200 mcg/day). Initial baseline evaluation before treatment 
was performed followed by three follow-up evaluations at three, six and 12 
months of treatment. Nasal symptoms and QOL were scored by RSDI question-
naire and all the recruited patients underwent skin-prick test.

Nasal symptoms score

Rhinorrhea, sneezing, nasal obstruction and loss of smell were recorded. The 
severity of these symptoms was assessed and scored on subsequent follow-up: 
0, excellent; 1 and 2, very good; 3 and 4, good; 5 and 6 fair; 7 and 8, poor; 9 
and 10, very poor.

QOL and Rhinosinusitis Disability Index assessment

All patients with grade-I and -II NP fulfilling the inclusion criteria were as-
sessed subjectively pre- and post-medical treatment by the RSDI questionnaire 
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(28 questions) divided into three domains (physical, mental and social). Scale 
scores range from 0 to 100% and lower scores indicate better QOL. Each domain 
has ten levels of answers based on tables which permit only one answer and 
scores were noted and compared at different follow-up study interval (baseline, 
three, six and 12 months).

Statistical analysis

Data analysis was performed with the statistical package IBM SPSS version 
19.0 using mean ± SD. A P-value of < 0.05 was considered statistically sig-
nificant. All data was assessed for normal distribution. A paired t-test was used 
to compare the score of mean over time. QOL (physical, mental and social) 
and treatment were compared to baseline scores by two-tailed paired Student’s 
t-test and differences between groups were assessed using the t-test. The chi-
square test was used to look for associations (numbers and percentages) among 
the group. ANOVA was used to compare 55 patients’ percentages of QOL and 
nasal symptoms scores for different time visit.

Results

Fifty-five NP patients were prospectively recruited and enrolled into the study 
with baseline comparison of disease-severity scores (i.e., QOL scores) and a 
one-year follow-up. All patients received medical co-interventions (oral clar-
ithromycin, prednisolone, and continuous intranasal steroid) and allergy therapy. 
Follow-up data was available for 55 (91%) of the 60 patients at the completion 
of the study.

Frequency of various diseases in nasal polyps

Prior to treatment, twenty patients of NP were diagnosed as hypertensive (36.4%). 
Allergic rhinitis, asthma, eczema, and aspirin intolerance were seen in 17 (30.9%), 
19 (34.5%), 5 (9.1%) and 3 (5.5%) NP patients respectively. Amongst 55 pa-
tients with nasal polyposis only 39 (70.9%) were under medication (Table 1).

Nasal symptoms scores

Patients scored loss of smell and nasal obstruction as major complaints. At 
three, six and 12 months all nasal symptoms significantly improved compared 
to baseline. However, loss of sense of smell worsened at 12 compared to six 
months. At baseline, asthmatic patients with NP had higher scores of nasal 
obstruction (6.68 ± 1.38) and loss of sense of smell (6.68 ± 1.80) than non-
asthmatics (5.78 ± 1.84 and 6.17 ± 1.95 respectively)(P < 0.05). At three and 
six months, asthmatic and non-asthmatic patients scored similar improvement 
in nasal obstruction and loss of sense of smell.
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Quality of life (RSDI) assessment

ANOVA was used to compare 55 patients’ percentages of QOL for various du-
ration visits. Pair-wise comparisons showed the QOL baseline (40.52 ± 12.07) 
was significant at three months (23.66 ± 9.85), six months (18.32 ± 8.42) and 
one year (17.28 ± 8.79) follow-up (Table 2). In comparison of percentages of 
QOL by time of visit, patients with NP had significantly worse QOL scores 
before treatment. At three months, patients with NP showed a similar signifi-
cant improvement in QOL. In all domains of RSDI, patients with NP showed 
significantly worse physical function (4.59 ± 1.41) QOL scores than social 
function (3.16 ± 1.17). All the RSDI domains are statistically correlated to NP 
patients with asthma (Table 3). At baseline, asthmatic patients with NP had 
worse scores of QOL (P < 0.05) than non-asthmatic patients with NP in physi-
cal, mental and social functioning.

Discussion

The population characteristics were similar to the literature with reference to age 
(mean = 51 years), sex ratio (1.19), prevalence of associated asthma (34.5%), 
and sensitivity to aspirin (5.5%).9-11 Our study highlighted that (1) both clar-
ithromycin and steroid treatments maintain improvement in nasal symptoms; (2) 
patients with NP have a significantly worse QOL in all RSDI domains (physical 
functioning lower than mental). Our study reveals that QOL in patients with 
NP is impaired where physical health is more impaired than the mental, and a 
short course of oral steroids caused a significant improvement in all domains of 
RSDI; long-term treatment with clarithromycin and intranasal steroids maintained 
this improvement. The two most disabling symptoms in baseline NP patients 
were reduced sense of smell and nasal obstruction. Short-term systemic steroid 
administration thus appears to have the same efficacy as polypectomy, but the 

Table 1. Disease condition by duration visit (N = 55).

Baseline 3 Months 6 Months 1 Year

Disease N % N % N % N %
DM 12 21.8  9 16.4  7 12.7  8 14.5

HT 20 36.4 18 32.7 17 30.9 17 30.9

Asthma 19 34.5 16 29.1 15 27.3 16 29.1

AR 17 30.9 16 29.1 14 25.5 15 27.3

Osteoporosis  1  1.8  1  1.8  1  1.8  1  1.8

Aspirin intolerance  3  5.5  3  5.5  3  5.5  3  5.5

Eczema  5  9.1  5  9.1  5  9.1  5  9.1

Hypothyroidism  2  3.6  2  3.6  2  3.6  2  3.6
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improvement proves to be short-lived.12 Topical therapy has a definite beneficial 
effect on the clinical disorders and on the polyp size, but shows little activity 
on the sense of smell dysfunction.

A study of 20 patients with CRS and NP treated for a minimum of three 
months with clarithromycin 400 mg/d revealed that in the group whose polyps 
were reduced in size, the IL-8 levels decreased fivefold. The IL-8 levels were 
also significantly higher before macrolide treatment than in the group whose 

Table 2. Comparison of mean percentages QOL by duration visit.

  Mean Std. deviation Paired t-test P

Pair 1 QOL baseline 40.52 12.07

  QOL 3 months 23.66 9.85 18.22 0.001*

  QOL 6 months 18.32 8.42 18.66 0.001*

  QOL 12 months 17.28 8.79 19.30 0.001*

* Significant P < 0.05

Table 3. Comparison of mean physical, mental and social components in asthmatic and non-
asthmatic patients with NP.

  Physical

  All (N = 55) No asthma (N = 33) Asthma (N = 19)
T0 4.59 ± 1.41 4.48 ± 1.43 4.79 ± 1.37
T3 2.80 ± 1.27* 2.65 ± 1.23* 3.09 ± 1.32*
T6 2.21 ± 0.99* 2.18 ± 1.08* 2.27 ± 0.82*
T12 2.03 ± 1.05* 2.04 ± 1.17* 2.02 ± 0.81*

Mental

All (N = 55) No asthma (N = 33) Asthma (N = 19)

T0 3.70 ± 1.19 3.58 ± 1.10 3.92 ± 1.34
T3 2.07 ± 0.83* 2.00 ± 0.89* 2.20 ± 0.69*
T6 1.59 ± 0.81* 1.56 ±0 .86* 1.65 ± 0.73*
T12 1.49 ± 0.95* 1.50 ± 1.01* 1.48 ± 0.86*

Social

All (N = 55) No asthma (N = 33) Asthma (N = 19)
T0 3.16 ± 1.17 3.05 ± 1.15 3.36 ± 1.22

T3 1.65 ± 0.81* 1.60 ± 0.85* 1.77 ± 0.75*
T6 1.53 ± 1.42* 1.33 ± 0.73* 1.91 ± 2.19*
T12 1.24 ± 0.77* 1.21 ± 0.69* 1.30 ± 0.91*

T0, Baseline; T1, 3 Months; T2, 6 Months; T3, 1 Year, *Paired t-test with baseline, P < 0.001.
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polyps showed no change.13 IL-8 may be related to nasal polyp shrinkage due 
to macrolide suppression of cytokine production in inflammatory cells in sinus 
epithelium.14,15

In another uncontrolled trial, 40 patients were treated with roxithromycin 150 
mg for eight weeks; the lower-grade NP shrunk in about half of the patients and 
no correlation was found between treatment effect and extent of eosinophilia 
in the tissue.16 Macrolides effectively decreased the size of the NP despite 
the presence of allergies or the extent of eosinophilic infiltration. Macrolides 
have both direct inhibitory effects on epithelial secretory cells and indirect 
anti-inflammatory effects resulting in polyp shrinkage. Moreover, they reduce 
the concentrations of pro-inflammatory cytokines, reduce neutrophil migration 
and inflammatory mediators and inhibit the proliferation of fibroblasts that are 
important in pathogenesis of chronic sinusitis.17-19 An in-vitro study showed that 
macrolides reduce proliferation of fibroblasts in NP.20 The clinical benefit of 
macrolides includes decreased nasal secretion and postnasal drip with improve-
ment in nasal obstruction.

Literature revealed a greater impairment of QOL when NP was associated 
with asthma and physical and mental functioning were significantly lower in 
asthmatics than in non-asthmatics. Asthma had an adverse impact on vitality 
and general health compared with rhinosinusitis, but no significant differences 
in postoperative SF-36 scores from patients with rhinosinusitis.21 This study 
revealed that asthmatic patients had a higher nasal symptom score and worse 
QOL for physical, mental and social functioning than non-asthmatics. However, 
asthmatic and non-asthmatics had similar nasal symptoms, polyp size, and scored 
similar QOL domains after oral steroids, and these effects were maintained by 
long-term intranasal steroid therapy.

In conclusion, the strength of this study includes sample size, length of 
follow-up, the prospective nature of data collection and rigorous methodology 
used to qualify QOL. The main limitation is that it was a subjective evalua-
tion of QOL by RSDI questionnaire leading to biasness. A very small sample 
of patients with aspirin intolerance resulted in biasness when compared to 52 
patients with aspirin tolerance.
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Introduction

Papillomas of the nasal cavity may be classified in 3 distinct categories: inverted, 
fungiform, and cylindrical. Fungiform papillomas arise from the nasal septum, 
whereas inverted and cylindrical papillomas typically arise from the lateral nasal 
wall. Although benign in nature, they can extend beyond their site of origin and 
destroy bone and recur when incompletely excised. Malignant degeneration can 
occur in 5-20% of inverted papillomas. They are most commonly diagnosed in 
white males during the fifth to the seventh decade (mean 50 years).Complete 
resection has been the criterion standard for the treatment of these lesions. Tra-
ditionally, a lateral rhinotomy with a medial maxillectomy were recommended; 
however, endoscopic approaches have slowly become the standard treatment. 
One challenge for the planning of its surgical excision is that the lesion tends 
to be more extensive than clinical examination suggest. In addition, 12-30% of 
inverted papillomas are multicentric.1 Excision with negative margins may be 
difficult and incomplete removal invariably leads to recurrence. In most series 
using traditional approaches, the recurrence rate is 10-30%.

Inverted papilloma are benign sinonasal tumors that have a propensity to recur 
after surgical resection and may undergo malignant transformation. Therefore, a 
complete resection is essential for the successful management of these tumors. 
Advances in Endoscopic techniques and experience as well as improved radio-
logic accuracy and navigation are increasing the role of minimally invasive, 
endoscopic approaches for surgical resection of inverted papilloma.
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Materials and methods

There are no published data on the prevalence of HPV in inverted papilloma in 
Malaysia. HPV prevalence rates in inverted papillomas vary widely. A meta-
analysis by Lawson showed prevalence of HPV in IP ranged between 0-76.9per-
cent.2 A cross sectional study done showed one of 29 patients (3%) with Inverted 
Papilloma was positive for HPV. A total number of 44 paraffin-embedded tissue 
(PET) samples between Jan 2001 till October 2013 were collected. All past and 
newly diagnosed samples were retrieved from the Department of Pathology ar-
chive of Universiti Kebangsaan Malaysia Medical Centre (UKMMC). Specific 
PET blocks containing tissues with IP were identified and chosen for sectioning 
and PCR analysis. The statistical software SPSS (SPSS, Inc., Chicago, USA, 
PASW Statistics for Windows, version 20) was used to analyse the differences 
in the frequency of HPV genotypes from the cases with sinonasal inverted 
papillomas. HPV status and genotypes were analysed with clinico-pathological 
variables using the Chi square test (2-tailed) or Fisher’s exact test (2- tailed) 
where applicable.

Majority of the patients underwent endoscopic modified medial maxillectomy, 
frontal sinustomy, ethmoidectomy, wide maxillary antrostomy and sphenoidotomy.

Result

Forty four patients with sinonasal papillomas attending the Otorhinolaryngol-
ogy Clinic of UKMMC from January 2001 to October 2013 were included in 
the study. There were 36 males and 8 female patients(5;1).The mean age of the 
males was 60 years(18-72) and females was 56 years(41-68).

The most prevalent type of HPV detected in the samples was Type 11 which 
was detected in eight (18%) patients. There were five (11%) patients that were 
positive for HPV Type 6. Four patients had HPV Type 16 (9%) while only two 
(5%) patients had HPV type 18 detected. Eleven out of 34 (32%) patients with 
IP had at least one positive HPV detected. Two out of seven (29%) patients 
with tumour recurrence had at least one type of HPV positivity. Two out of 
three (67%) patients with IP with SCC had at least one type of HPV detected. 
Four patients were found to have two subtypes present from the histological 
specimens. One of the patients had Type 6 and Type 11 HPV, another patient 
had Type 6 and Type 16 present while two more patients had type 16 and Type 
18 HPV detected (Table 1). None of the patients had more than two subtypes 
present. The most prevalent type of HPV detected in the samples was Type 11 
which was detected in eight (18%) patients. There were five (11%) patients that 
were positive for HPV Type 6. Four patients had HPV Type 16 (9%) while only 
two (5%) patients had HPV type 18 detected. Eleven out of 34 (32%) patients 
with IP had at least one positive HPV detected. Two out of seven (29%) patients 
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with tumour recurrence had at least one type of HPV positivity. Two out of 
three (67%) patients with IP with SCC had at least one type of HPV detected.

Table 1. Number of patients with low risk and high risk HPV detection according to histologi-
cal features

Total Number of 
Patients

HPV 6&11
(Low Risk)

HPV 16 & 18 
(High Risk)

HPV 6 & 16

IP 34 – – 1
IP with recurrence  7 1 – –
IP with SCC  3 – 2 –
Total 44 1 2 1

Discussion

Refinements in endoscopic techniques have led to a paradigm shift for the 
resection of inverted papilloma. Endoscopic resection offers the advantage 
of avoiding incisions and in most patients can be performed as ambulatory 
surgery. The extent of the procedure is customized accordingly to the extent 
of the disease, including total ethmoidectomies, wide maxillary antrostomies, 
sphenoidotomies, frontal recess exploration, and turbinate resection, if required. 
Once all visible papillomas are removed, any residual tumors are eliminated 
by drilling over its site of origin. In experienced hands, endoscopic resection 
has a recurrence rate that is equal to that of traditional techniques.3, 4 Outcomes 
using endoscopic techniques compare favorably with that of open approaches. 
Long-term endoscopic surveillance and frequent follow-up are crucial, regard-
less of the surgical technique. Recurrence is usually discovered 12-20 months 
after surgery but has been reported as late as 30-56 months. (3)In selected cases, 
endoscopic management is a useful approach with favorable outcomes and less 
morbidity when compared with more aggressive surgical approaches.5 Recent 
advances in preoperative imaging, intraoperative navigation system, endoscopic 
instrumentation, and hemostatic materials have made endoscopic resection of 
nasal and paranasal sinus tumors a viable alternative to the traditional tech-
niques. Its role in resecting small lesions confined to the nasal cavity is well 
established. With increasing experience, endoscopic endonasal approaches have 
expanded beyond the nasal cavity and paranasal sinuses to areas such as the 
infratemporal fossa and cranial cavity. Endoscopic techniques can be used alone 
or in combination with open approaches, according to the different degree of 
involvement of the anterior skull base Advantages of the endoscopic approach 
include the avoidance of facial incisions, low morbidity and shorter length of 
hospital stay. Early oncologic outcomes are at least equivalent to those of open 
approaches, however, long long-term follow-up and larger cohorts of patients 
are needed before it gains universal acceptance.6, 7
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Contraindications to a completely endoscopic endonasal approach include 
invasion of the orbit, involvement of superficial tissues such as the anterior 
and lateral portion of the frontal sinus, anterior wall of the maxillary sinus and 
nasal bones, and invasion of the skin.

Conclusion

The prevalence of HPV detected in inverted papillomas in our patients is 34% 
which supports the theory that HPV infection plays an aetiological factor in 
sinonasal inverted papilloma. Moreover, a high dectection rate of high risk HPV 
type(67%) was observed in patients with inverted papilloma with malignant trans-
formation. Furthermore, this supports the theory that high risk HPV plays a role 
in the oncogenesis of sinonasal inverted papilloma. Thus, this study implicates 
that HPV sub-type testing may identify patients at high risk for recurrence, or 
progression to dysplasia and malignancy.

Advances in Endoscopic techniques and experience as well as improved ra-
diologic accuracy and navigation are increasing the role of minimally invasive, 
endoscopic approaches for surgical resection of sinonasal papilloma. Endoscopic 
approaches continue to gain acceptance and become the standard of care for 
resection of sinonasal papillomas.

References

1.	 Mansell NJ, Bates GJ. The inverted Schneiderian papilloma: a review and literature report 
of 43 new cases. Rhinology. Sep 2000;38(3):97-101.

2.	 Lawson W, Nicolas F, Schlecht, Brandwein GM. The Role of the Human Papillomavirus in 
the Pathogenesis of Schneiderian Inverted Papillomas: An Analytic Overview of the Evidence. 
Head and Neck Pathol 2200; 8: 49–59.

3.	 Schlosser RJ, Mason JC, Gross CW. Aggressive endoscopic resection of inverted papilloma: 
an update. Otolaryngol Head Neck Surg. Jul 2001;125(1):49-53.

4.	 Kraft M, Simmen D, Kaufmann T, Holzmann D. Long-term results of endonasal sinus surgery 
in sinonasalpapillomas. Laryngoscope. Sep 2003;113(9):1541-7.

5.	 Nicolai P, Villaret AB, Bottazzoli M, Rossi E, Valsecchi MG. Ethmoid Adenocarcinoma--
From Craniofacial to Endoscopic Resections: A Single-Institution Experience over 25 Years. 
Otolaryngol Head Neck Surg. Aug 2011;145(2):330-7.

6.	 Nicolai P, Battaglia P, Bignami M, et al. Endoscopic surgery for malignant tumors of 
the sinonasal tract and adjacent skull base: a 10-year experience. Am J Rhinol. May-Jun 
2008;22(3):308-16. [Medline].

7.	 Lund V, Howard DJ, Wei WI. Endoscopic resection of malignant tumors of the nose and 
sinuses. Am J Rhinol. Jan-Feb 2007;21(1):89-94



Expression mechanism of glucocorticoid receptor 67

Expression mechanism of glucocorticoid 
receptor

Nobuo Ohta1, Akihoro Ishida1, Yusuke Suzuki1, Kazuya Kurakami1, Masaru 
Aoyagi1, Seiji Kakehata1

1Department of Otolaryngology, Head and Neck Surgery, Yamagata University 
Faculty of Medicine 2-2-2,  
Iida-nishi, Yamagata 990-9585, Japan

Keywords: glucocorticoid, glucocorticoid receptor-α, glucocorticoid receptor-β, 
steroid resistance

Introduction

Glucocorticoids (GCs) act by binding to a cytosolic GC receptor (GR), which 
is subsequently activated and is able to translocate to the nucleus. Once in the 
nucleus, the GR either binds to DNA and switches on the expression of anti-
inflammatory genes or acts indirectly to repress the activity of a number of 
distinct signaling pathways such as nuclear factor (NF)-κB and activator pro-
tein (AP)-1. This latter step requires the recruitment of corepressor molecules. 
Importantly, this latter interaction is mutually repressive in that high levels of 
NF-κB and AP-1 attenuate GR function. A failure to respond may therefore result 
from reduced GC binding to GR, reduced GR expression, enhanced activation 
of inflammatory pathways, or lack of corepressor activity. These events can 
be modulated by oxidative stress, T-helper type 2 cytokines, or high levels of 
inflammatory mediators, all of which may lead to a reduced clinical outcome. 
Most patients with allergic rhinitis are successfully treated with conventional 
therapy. However, there is a small proportion of patients with allergic rhinitis, 
who show very poor response to high-dose and repeated GCs. GC resistance, 
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therefore, presents a profound management problem in these patients. Under-
standing the molecular mechanisms of GR action may lead to the development 
of new anti-inflammatory drugs or may reverse the relative steroid insensitivity 
that is characteristic of patients with these diseases.

How GC suppress allergic inflammation

Glucocorticoids (GCs) act by binding to and activating specific cytosolic GC 
receptors (GRs), which are held in a resting state by a number of chaperone 
proteins. These activated GRs then have to translocate into the nucleus before 
they can regulate inflammatory gene expression.1, 2 Once in the nucleus, the 
activated GR can induce the expression of a number of key anti-inflammatory 
genes following a direct association with DNA at GC response elements (GREs) 
in the promoter regions of these genes. Alternatively, the activated GR can 
selectively repress the transcription of specific inflammatory genes without 
binding to DNA itself but by a number of pleiotropic actions at the promoters of 
inflammatory genes (Figure 1). Inflammatory genes are regulated by the actions 
of pro-inflammatory transcription factors such as nuclear factor (NF)-κB, activa-
tor protein (AP)-1, and signal transducer and activator of transcription proteins. 
Activated GR binds to these transcription factors, either directly or indirectly, and 
recruits corepressor proteins that blunt the ability of these transcription factors 
to switch on inflammatory genes.1 GCs are commonly used as anti-inflammatory 

Fig. 1. Mechanism of GC action. After entering to the cytoplasm, GC bind to GR-α, associ-
ated heat-shock proteins (hsp90) are released, and the ligand-bound receptor translocates into 
the nucleus. A GR-α dimer bind to glucocorticoid responsive elements (GRE) on the promoter 
region of target genes and activate gene transcription. Protein-protein interactions between GR-α 
and transcription factors (NF-kB, AP-1) repress the transcription of pro-inflammatory genes.
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agents in the treatment of chronic allergic diseases, including allergic rhinitis 
and bronchial asthma. GCs have a variety of functions, including suppressing 
cytokines and chemokines, down-regulating NO and prostaglandins production 
as well as adhesion molecules. (Figure 2) These cytokines and mediators might 
play important roles in regulation of allergic responses and down-regulation of 
these mediators lead to suppression of allergic inflammation.

Regulation of GR and isoforms

GR has two isoforms. GR-α is responsible for the induction and repression 
of target genes, it is expressed in virtually all human cells and tissues, and its 
expression is known to be down-regulated by GC2. GR-β is unable to bind GR. 
GR-β mRNA has been found to be expressed in a variety of human cells and 
tissues, although in much lower amount than GR-α mRNA. (Figure 3) Recent 
studies demonstrated that different inflammatory and immunological modula-
tors and molecules might be involved in the regulation of GR.3,4,5,6 (Figure 4) 
The results imply that down-regulation of PPARγ by cigarette smoke promotes 
inflammatory pathways and diminishes glucocorticoid responsiveness, thereby 
contributing to COPD pathogenesis, and further suggest that PPARγ agonists 
may be useful for COPD treatment.6

GC resistance in allergic rhinitis

There have been emerging advances in the understanding of molecular and 
cellular mechanism in GC resistance. At a molecular level, resistance to the 
anti-inflammatory effects of GC can be induced by several mechanisms, which 
may differ between patients. The reduction in the GC responsiveness observed in 
cells from patients with CSR asthma, asthma patients who smoke, and patients 

Fig. 2. Cellular mechanism of GC on epithelial cells. GC has variety of functions on respiratory 
epithelial cells including, cytokines, chemokines, NO production, adhesion molecules, and lead 
to down-regulation of the allergic inflammation.
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with COPD has been variably ascribed to reduced GR expression, the altered 
affinity of the ligand for GR, the reduced ability of the GR to bind to DNA, 
the reduced expression and/or activity of corepressor proteins, or the increased 
expression of inflammatory transcription factors, such as NF-κB and AP-1.1,2 
Furthermore, unlike familial GC resistance, in which there are mutations in 
GR and a subsequent resetting of the basal cortisol level, these CSR patients 
have normal cortisol levels and do not have Addison disease. Many of these 
CSR asthma patients are not completely unresponsive to GCs but will respond 
to much higher doses than normal with the corollary that the side effects are 

Fig. 3. Modulators of GC. Many factors might be involved in modulation of GC.

Fig. 4. Glucocorticoid receptor isoforms. The human GR gene is encoded on chromosome 5q31.3 
and consists of nine exons. Alternative splicing of exon nine generates two receptor isoforms, 
GR-α and GR-β. GR-α can bind to GC, however, GR-β is lack of ligand binding domain.
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increased. Alternatively, the multiple mechanisms underlying CSR asthma may 
indicate the need for patient-specific treatment with novel therapies directed at 
abnormal signaling pathways to restore asthma control.1,2 For example, treatment 
with anti-IgE therapy in a small cohort of these CSR patients has shown clinical 
effectiveness, although the cost-effectiveness of this treatment is under debate.7, 8

One of the factors associated with GC sensitivity is the presence of non-
binding GR variants, such as GR-β. It is generally considered that interference 
by non-binding GR variants may result in GC resistance.9,10,11,12,13,14 For example, 
GR-β expression in peripheral blood mononuclear cells increased in patients 
with bronchial asthma or ulcerative colitis who did not respond to GC admin-
istration.15,16,17,18,19,20 A co-transfection assay demonstrated that GR-β inhibited 
GRα-mediated transcriptional signals.20,21 These results strongly suggest that 
GR-β expression in inflammatory cells could influence a patient’s sensitivity 
to GC, and explain why some patients exhibit persistent GC resistance despite 
high-dose treatment. The precise physiological role of GR-β remains controver-
sial.22,23,24 We observed significantly increased expression of GR-β in the nasal 
epithelium and submucosal inflammatory cells of patients with severe nasal 
allergy, and a significantly higher ratio of GR-β/GR-α. (Figure 5, 6, 7 and 8 ) 
Although the precise physiological role of GR-β remains elusive, GC resistance 
seems to be caused by insufficient GR-α, excessive GR-β, or both. GR-β might 
act as a negative regulator of transcription and an inhibitor of signal transduc-

Fig. 5. Representative pathological findings of GR-α and GR-α immunoreactivities in the nasal 
mucosa of patients with severe nasal allergy and controls. The expression of GR-α in the nasal 
mucosa of patients with severe nasal allergy and controls. (original magnification ×100). (Data 
partially obtained from reference 24.)
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Fig. 6. Representative pathological findings of GR-β and GR-β immunoreactivities in the nasal 
mucosa of patients with severe nasal allergy and control. The expression of GR-β in the nasal 
mucosa of patients with severe nasal allergy and controls. (original magnification ×100). (Data 
partially obtained from reference 24.)

Fig. 7. Representative pathological findings of NF-kB and NF-kB immunoreactivities in the nasal 
mucosa of patients with severe nasal allergy and controls. The expression of NF-kB in the nasal 
mucosa of patients with severe nasal allergy and controls. (original magnification ×100). (Data 
partially obtained from reference 24.)
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tion. Other mechanisms have also been proposed to account for cellular steroid 
resistance, including overexpression of transcription factors such as NF-kB and 
AP-1, which antagonize GR function at the level of gene transcription and via 
protein–protein interactions.22,23 NF-kB and AP-1 are induced by multiple cy-
tokines, including TNF-a and IL-6. GR-α can also interact with other proteins 
regulating inflammation, such as NF-kB.22,23 Overexpression of NF-kB caused 
by prolonged inflammation has been associated with GC resistance.

Conclusions

On the basis of these findings, we speculate that the amount of appearance of 
GR-β in the cases who need operation was significantly high compared with 
healthy control, and the expression of GR-β might be used as an additional 
parameter indicating GC resistance.
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Lamb’s head as a model for endoscopic 
sinus and skull-base surgery (ESSBS) 
training

Ranko Mladina R. Mladina

ORL Department, Clinical Hospital Center Zagreb, Zagreb, Croatia

A lamb’s head is an effective and user-friendly animal model for the first-grade 
education and training of the endoscopic sinus and skull base surgery (ESSBS) 
techniques and handling the endoscope and other instruments, before the use 
of expensive and disposable simulators or human cadaver models. The learning 
curve appeared to be quite abrupt.

We have investigated the real possibilities of training ESSBS techniques 
on a lamb’s head, i.e., on the real-tissue model, practicing the proper use and 
handling of the endoscope and other instruments used in everyday practice. 
The objective was to define the learning curve in developing ESSBS skills on 
the animal model.

For this purpose, five inexperienced residents performed bilateral 5-step 
dissections on five heads each, beginning from the inferior turbinate removal 
over cerebrospinal fluid leak repair to Draf III procedure. The time needed to 
complete particular steps as well as the whole dissection have been measured 
and compared to the time-standards. According to the time-standards, the dura-
tion of the whole 5-step procedure should not last longer than 24 minutes. The 
whole dissection performed by our inexperienced residents, however, lasted for 
minimally 40.5 minutes and maximally 54.5 minutes, with an average duration 
of 47.8 minutes.

Time rates in the residents group became shorter as they gained more experi-
ence: the fifth, final dissection took minimally 27.0 and maximally 31.0 minutes, 
with an average duration of 28.7 minutes!
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Introduction J. Ishitoya and Y. Sakuma

Although chronic rhinosinusitis is a common disease, its pathophysiology remains 
controversial. While many etiological factors are thought to induce chronic rhi-
nosinusitis,1-3 a clear understanding of what triggers the pathogenesis that leads 
to chronic inflammation of the sinuses is still lacking. One explanation is that 
the pathogenesis may differ between different subtypes of chronic rhinosinusitis.

In Europe and the United States, chronic rhinosinusitis is divided into two 
subtypes: chronic rhinosinusitis with polyps (CRSwNP) and chronic rhinosinusitis 
without polyp (CRSsNP).4,5 Most patients with CRSwNP were reported to show 
a strong tendency for recurrence after surgery and pronounced eosinophil infil-
tration in the nasal polyps.5 In contrast, fewer than 50% of cases of CRSwNP 
in Japan and other countries in East Asia, including Korea and China, exhibit 
eosinophilic inflammation.6-8 Therefore, it is necessary to distinguish these 
subtypes of CRSwNP in East Asia for choosing a treatment strategy.

Until 30 years ago, most CRSwNP in Japan exhibited purulent rhinorrhea, 
including abundant neutrophils. Thus, the inflammation of the CRSwNP was 
assumed to be neutrophilic. However, at the end of the 1980s, the introduction 
of macrolide therapy (low-dose, long-term administration of macrolide antibi-
otic) and the adoption of new endoscopic sinus surgery (ESS) have enabled us 
to successfully control the CRSwNP.9,10 In the 1990s, macrolide therapy was 
established as first-line therapy, and its use in combination with ESS became the 
gold standard treatment for the CRSwNP in Japan.11 After it became possible 
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to successfully control the CRSwNP, Japanese researchers began to focus on 
CRSwNP refractory to the combined therapy. Because one of the histological 
characteristics of this disease is abundant eosinophil infiltration of the nasal 
polyp, the term refractory eosinophilic chronic rhinosinusitis (rECRS) has been 
used to classify this subtype in Japan since 2001.12

The clinical features that differ between rECRS and Japanese conventional 
CRSwNP (neutrophil-dominant) are listed in Table 1.13

The aim of the study was to characterize the heterogeneity of CRSwNP 
by evaluating its clinical features and to propose a new subclassification for 
CRSwNP. Since allergic fungal rhinosinusitis and cystic fibrosis are uncommon 
in Japan, these diseases are not included in this subclassification.

Materials and methods

Patients

All subjects enrolled in this study had bilateral chronic rhinosinusitis with nasal 
polyp(s) (CRSwNP). A total of 111 adult patients undergoing ESS were cat-
egorized into three groups. Patients with rECRS were initially classified based 
on our clinical criteria for rECRS (Table 2).13 rECRS was suspected if a patient 
fulfilled criteria 1, 2 and 3 in Table 2. If the patient had recurrent nasal polyps 
after the surgery and the polyps disappeared upon systemic steroid administration 
(30 mg prednisolone with a two-week dose tapering period), the diagnosis of 
rECRS was confirmed14. Thus, criterion 4 plays an important role for the final 
diagnosis. The remaining patients of CRSwNP were categorized with either non-
refractory eosinophilic chronic rhinosinusitis with allergic rhinitis (CRSwAR) 
or non-refractory eosinophilic chronic rhinosinusitis without allergic rhinitis 
(CRSw/oAR) based on the presence or absence of perennial allergic rhinitis.

Allergic rhinitis was diagnosed according to Japanese guideline for allergic 
rhinitis.15 In addition, perennial allergic rhinitis was defined as the presence of 

Table 1. Comparison of clinical features between rECRS and non-rECRS

Refractory eosinophilic
chronic rhinosinusitis

(rECRS)

Japanese conventional 
chronic rhinosinusitis 

(non-rECRS)

Endonasal findings Bilateral nasal polyps,
high viscous secretion

Nasal polyp in the middle meatus,
mucopurulent secretion

Blood examination Eosinophilia –
Macrolide therapy Not effective Effective
Recurrent rate of nasal
polyps after surgery

Very high Low

Systemic steroid for 
recurrence

Higher efficacy Unclear
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specific serum IgE(s) against perennial antigen(s) (e.g., house dust mites, mold, 
and animal dander).

None of the patients in this study had previously undergone sinus surgery or 
had received any oral steroid treatments before ESS.

This study was approved by the ethics committee of the Yokohama City 
University Medical Center.

Clinical examinations and findings

Clinical examinations were performed as part of our routine diagnostic evalua-
tion. Blood examinations included a complete blood count and assays for total 
serum IgE and specific serum IgEs against 13 common inhaled antigens. Nasal 
examinations were performed by endoscopy. Computed tomography (CT) scans 
of the sinuses were graded according to the Lund-Mackay system.16 CT scores 
were expressed as the sum of the scores from both sides.

Histological eosinophilia

Nasal polyps were surgically removed, processed for histological studies, and 
stained with hematoxylin and eosin. Eosinophils in the lamina propria were in-
dependently counted by two of the authors in three different eosinophil-abundant 
fields at 400x magnification (per 0.238 mm2). The mean count was reviewed 
and used as the number of infiltrated eosinophils in the nasal polyp.

Statistical analysis

The clinical findings that characterized each subtype of CRSwNP were analyzed 
by logistic regression analysis using SPSS software (SPSS Inc., Chicago, IL).

Table 2. Clinical diagnostic indicators for rECRS

1. Characteristic clinical features
•  Bilateral nasal polyposis

2. CT scan findings (Lund-Mackay scoring system)
•  Mean ethmoid sinus scores ≥1
•  Predominant opacification of the ethmoid sinus
(Mean ethmoid sinus scores ≥ mean maxillary sinus scores)

3. Peripheral blood eosinophil count above the normal range
4. Post-operative course

•  Strong tendency for nasal polyps recurrence after surgery
•  Effectiveness of a systemic steroid against recurrent nasal polyps
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Results

Clinical characteristics of each subgroup

Based on our criteria, 39 patients (35.1%) were classified as rECRS, 26 (23.4%) 
as CRSwAR and 46 (41.4%) as CRSw/oAR. The clinical findings regarding al-
lergic conditions for each group of patients are shown in Table 3. More than half 
of the patients with rECRS had asthma complications, with 12 patients (57.1%) 
having comorbid non-atopic asthma. rECRS patients exhibited apparent blood 
eosinophilia, with 13 patients (33.3%) showing high-grade blood eosinophilia that 
was more than twice the normal range. Blood eosinophilia was also noted in the 
CRSwAR group, but values were within twice the normal range in all patients.

The CT scores for each sinus in each group of patients are shown in Figure 
1 and were statistically compared using logistic regression analysis. All of the 
clinical features examined in this study, except for the CT score of the maxil-
lary sinus, were significantly different between rECRS and CRSw/oAR (Table 
4). Although total serum IgE, comorbid asthma and CT scores of the maxillary 
sinus and the anterior ethmoid sinus were not significantly different between 
rECRS and CRSwAR, the other clinical features were significantly different 

Table 3. Allergic status

n
Asthma
comorbidity

Serum total IgE 
(μg/ml)

Blood eosinophils 
(% of white blood cells)

Infiltrated eosinophils in 
nasal polyp (/0.238 mm2)

mean median mean median mean median

rECRS 39 21 (53.8%) 305 196 11.1 9 444  400
CRSwAR 26 11 (42.3%) 526 282  6.2 6.5 151   66
CRSw/oAR 46 3 (6.5%) 109  50  3.8 2.7  87 12.4
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Table 4. Odds ratios for clinical findings: rECRS vs. CRSw/oAR

Odds ratio
95% confidence 

limit p
Lower Upper

Peripheral blood eosinophils (%) 1.70 1.35 2.14 <0.001
Total serum IgE (/100) 1.65 1.22 2.22 0.002
Asthma (1) 16.72 4.42 63.16 <0.001
Eosinophil infiltration in the nasal polyp
 (number/50)

1.42 1.22 1.64 <0.001

CT findings (scores)
 Maxillary 0.92 0.64 1.32 0.654
 Anterior ethmoid 2.00 1.20 3.32 0.008
 Posterior ethmoid 1.88 1.40 2.86 0.003
 Sphenoid 1.65 1.20 2.26 0.002
 Frontal 1.41 1.03 1.94 0.032

Table 5. Odds ratios for clinical findings: rECRS vs. CRSwAR

Odds ratio
95% confidence 

limit p
Lower Upper

Peripheral blood eosinophils (%) 1.36 1.13 1.63 0.001
Total serum IgE (/100) 0.90 0.82 1.00 0.125
Asthma (1) 1.59 0.59 4.33 0.363
Eosinophil infiltration in the nasal polyp 
 (number/50)

1.35 1.16 1.57 <0.001

CT findings (scores)
 Maxillary 1.51 0.96 2.39 0.077
 Anterior ethmoid 1.74 1.00 3.30 0.05
 Posterior ethmoid 2.21 1.27 3.86 0.005
 Sphenoid 1.80 1.21 2.67 0.004
 Frontal 1.59 1.10 2.29 0.013

(Table 5). Meanwhile, there were no significant differences in CT scores be-
tween CRSwAR and CRSw/oAR, except for the maxillary sinus (Table 6). When 
differences were observed between these two subgroups, they were generally 
related to allergic conditions associated with blood eosinophils, total serum IgE 
and asthma comorbidity (Tables 3, 6).

Pathophysiological features

The extent of tissue eosinophilia in the nasal polyp differed between each 
subtype of CRSwNP (Table 3); rECRS showed marked tissue eosinophilia, 
while CRSwAR and CRSw/oAR exhibited mild and minor tissue eosinophilia, 
respectively. The number of infiltrating eosinophils in the nasal polyp was 
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significantly greater in patients with rECRS than in patients with CRSwAR or 
CRSw/oAR (Tables 4, 5).

Discussion

CRSwNP in Japan is more heterogeneous compared with CRSwNP in Western 
countries. Until 1980s, most Japanese CRSwNP patients exhibited neutrophil-
dominant inflammation and the combination of both macrolide therapy and 
ESS was very effective for these patients. However, CRSwNP with eosinophil-
dominant inflammation which was very refractory to the combination treatment 
has gradually increased and this subtype has been called as refractory eosino-
philic chronic rhinosinusitis (rECRS) in Japan since 2001.12 Because therapeutic 
strategies for these subtypes of CRSwNP are different each other (Table 1), it 
has become increasingly important to be able to differentiate rECRS from non-
rECRS before initiating therapy.

The nasal polyps in patients with perennial allergic rhinitis also exhibit eo-
sinophilic infiltration and the differences between rECRS and CRSwAR have 
been sometimes confused. However, because CRSwAR does not usually exhibit 
a strong tendency to recur after surgery, this subutype should be distinguished 
from rECRS. Therefore, we diagnosed rECRS first by its characteristic clinical 
feature14 and the rest of CRSwNP was categorized into CRSwAR and CRSw/
oAR according to with or without perennial allergic rhinitis. Then, we compared 
the clinical and pathophysiological features between these three subtypes of 
CRSwNP.

We found that CT scores were significantly different between rECRS and 
CRSw/oAR and between rECRS and CRSwAR (Tables 4, 5). In contrast, ex-
cept for the maxillary sinus, there were no differences in CT scores between 

Table 6. Odds ratios for clinical findings: CRSwAR vs. CRSw/oAR

Odds ratio
95% confidence 

limit p
Lower Upper

Peripheral blood eosinophils (%) 1.21 1.05 1.40 0.010
Total serum IgE (/100) 1.82 1.22 2.70 0.002
Asthma (1) 10.51 2.58 42.86 0.001
Eosinophil infiltration in the nasal polyp 
 (number/50)

1.12 0.95 1.22 0.171

CT findings (scores)
 Maxillary 0.61 0.39 0.96 0.031
 Anterior ethmoid 1.11 0.68 1.83 0.674
 Posterior ethmoid 0.99 0.66 1.48 0.949
 Sphenoid 0.91 0.63 1.33 0.633
 Frontal 0.87 0.62 1.22 0.426
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CRSwAR and CRSw/oAR (Table 6). Thus, the opacity of the sinus CT image 
in rECRS appears to be different from that in CRSwAR and CRSw/oAR. The 
most characteristic CT finding for rECRS appears to be the involvement of the 
posterior ethmoid sinus.

The ostiomeatal complex (OMC) was reported to play a fundamental role 
in the pathogenesis of chronic rhinosinusitis, and impaired ostial patency was 
thought to be a key element in chronic sinus inflammation.13 The sinuses that are 
most likely to be affected by this pathogenesis are the maxillary sinus, anterior 
ethmoid sinus and the sinus cells that connect to the middle meatus (anterior 
group of paranasal sinus). In fact, the CT score for the anterior ethmoid sinus was 
much higher than that of the posterior ethmoid sinus in CRSwAR and CRSw/
oAR, while the CT scores for the posterior ethmoid sinus and sphenoid sinus 
were significantly higher in rECRS than in other CRSwNP. These data sug-
gest that the pathogenesis of rECRS differs from that of CRSwAR and CRSw/
oAR and that the pathological changes in the OMC might be less important in 
the pathogenesis of rECRS. Although the reason why rECRS affects posterior 
groups of paranasal sinus more likely is unclear, edematous change of middle 
turbinate might be important for it.

Prominent tissue and blood eosinophilia is a distinct feature of rECRS. While 
CRSwAR also showed tissue and blood eosinophilia, the extent of eosinophilia 
is less severe than that in rECRS. Among patients with rECRS and comorbid 
asthma, comorbid asthma was of the non-atopic type in more than half of these 
cases (12 of 21 patients; data not shown) and the total serum IgE of rECRS 
was lower than that in CRSwAR. These data suggest that the prominent tissue 
and blood eosinophilia of rECRS might be independent of serum IgE and other 
IgE-independent molecules may play an important role in inducing eosinophilic 
inflammation.

However, what are the differences between CRSwAR and CRSw/oAR? The 
opacity of sinus CT images for CRSwAR was similar to that for CRSw/oAR, 
except in the maxillary sinus. In CRSwAR, nasal allergy induces a diffuse swell-
ing of the nasal mucosa, making it easier for the ethmoid sinus to be affected 
because of the smaller ostia. Our gene expression study did not show any ap-
parent differences between CRSwAR and CRSw/oAR, which suggests that there 
are no essential differences in pathophysiology between these subtypes, except 
for the presence or absence of nasal allergy (data not shown). The presence of 
nasal allergy in these patients might influence the clinical features, including 
comorbid asthma.

Macrolide therapy, which is treatment with low-dose, long-term 14-membered 
ring macrolides, was found to be effective for diffuse panbronchiolitis (DPB) 
in Japan in 1984. This treatment was also reported to be effective for chronic 
sinusitis which was associated with DPB and reported efficacy of macrolide 
therapy was 60-70% for CRSwNP patients showing neutrophil-dominant inflam-
mation. However, the macrolide therapy is not effective for rECRS. Therefore, 
differential diagnosis of CRSwNP is very important before choosing the treat-
ment for CRSwNP.



86 J. Ishitoya and Y. Sakuma

In conclusion, we have proposed a novel subclassification for CRSwNP, 
namely rECRS and other subtypes. The latter may have small variations in 
disease characteristics, and can be further classified as CRSwAR and CRSw/
oAR. The use of this new subclassification should help us to better use the cur-
rently available therapeutic options and assist with planning of clinical studies 
in Japan and East Asia. These results might also be applicable to Caucasian 
patients with CRSwNP.
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Allergic host defence

Immunoglobulin E (IgE) and TH2 cells are the cardinal system to eliminate 
macroparasites, mediating the degranulation of mast cells to release histamines 
and other mediators and the recruitment and activation of inflammatory cells 
such as eosinophils. Allergy has therefore been considered as an immune reac-
tion against wrong targets ‘allergens’ such as dust mites, pollen, animal dander, 
fungi and others. However, allergic diseases also occur not only in the organs 
susceptible to parasite infection such as the intestines and colons, but also in 
the eyes, upper and lower airways, and skins where parasite infection is rare. 
The common feature of these organs is the presence of epithelial interface that 
separates the environment and the body. Medzhitov and colleagues1 proposed a 
new concept on allergy, ‘allergic host defences’, stating that “allergic immunity 
has an important role in host defence against noxious environmental substances, 
… appropriately targeted allergic reactions are beneficial, although they can 
become detrimental when excessive.”1 This concept fits well to the observation 
that allergic diseases occur at the organs that directly contact with the environ-
ment. If allergic reaction is truly a host defense mechanism, there should be an 
immune system for innate type-2 response or ‘innate allergy’ in addition to the 
system for acquired immunity such as IgE and TH2 cells.
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Cytokines and cells mediating innate allergy

The first clue for the presence of innate allergic response was provided in 
2001, showing that IL-25 administered in mice induces the expression of type-
2 cytokines (IL-4, IL-5, IL-13) and increases the number of peripheral blood 
eosinophils.2 IL-33, intranasally administered, also causes eosinophil accumula-
tion, goblet cell hyperplasia of the epithelium, and hyperresponsiveness in the 
airway. Type-2 immune responses induced by IL-25/IL-33 are preserved in T 
and B cell-deficient mice, and independent of basophils, mast cells, NK cells, 
but are diminished in Rag2-/-Il2rg-/- mice, suggesting an unidentified innate im-
mune cell population.

In 2010, Moro et al.3 reported new lymphoid cells present in lymphoid clus-
ters of the mesenteric fat tissue (FALC). The newly-identified lymphoid cells, 
named as natural helper (NH) cells, produce large quantities of IL-5 and IL-13 
in response to IL-25/IL-33, but lack any known lineage markers for hemato-
poietic cells and lymphocytes. NH cells constitutively express IL-25 and IL-33 
receptors as well as IL-2 and IL-7 receptors, and present in Rag2-/- mice, but 
absent in Rag2-/-Il2rg-/- mice. Following this report, similar lymphoid cells such 
as nuocytes and innate helper type 2 cells have been reported, and these cells 
including NH cells are now classified as group 2 innate lymphoid cells (ILC2s).

Corticosteroid sensitivity in natural helper cells

Inhaled corticosteroids are the key drug in the treatment of asthma, as they 
suppress airway inflammation most robustly, however, ~5% of patients with 
severe/refractory asthma respond poorly to high-dose inhaled corticosteroid. We 
examined corticosteroid sensitivity of NH cells in vivo and in vitro to elucidate 
the role of innate type-2 immunity in the pathophysiology of severe asthma.4 
Effects of dexamethasone on IL-33-dependent airway inflammation were evalu-
ated to examine in-vivo sensitivity of NH cells. Dexamethasone at a dose of 
five mg/kg body weight completely suppressed the IL-33-induced accumulation 
of eosinophils and lung NH cells, IL-5 and IL-13 production in the lungs, and 
goblet-cell hyperplasia. In-vitro sensitivity was examined with NH cells isolated 
from FALC; dexamethasone (10-9 M-10-6 M) efficiently suppressed proliferation 
and induced apoptosis of NH cells in a dose-dependent manner. These results 
confirm that NH cells are sensitive to corticosteroids in vitro and in vivo.

Mechanisms for natural helper cells to acquire corticosteroid resistance

Interestingly, IL-33-dependent airway inflammation became resistant to cor-
ticosteroids in asthmatic animals sensitized and exposed to allergen such as 
ovalbumin (Fig. 1). Flowcytometric analysis demonstrated that the treatment 
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with dexamethasone decreased the number of IL-5- or IL-13-positive T cells, 
but failed to suppress the number of NH cells or the production of TH2 cytokines 
(Fig. 1f). We therefore hypothesized that there is a factor(s) in the inflammatory 
milieu of the allergen-exposed airways that can induce corticosteroid resistance 
in NH cells. We examined a panel of 15 cytokines including interleukins, TSLP, 
and TNF-α on isolated NH cells (Fig. 2), and found that IL-2, IL-7, IL-9, or 
TSLP significantly inhibited the decrease in the number of NH cells in the 
presence of dexamethasone (10-8 M). We confirmed that TSLP is responsible 

Fig. 1. Administration of IL-33 in asthma model mice (a) induces corticosteroid-resistant airway 
inflammation. The mice sensitized with ovalbumin (OVA) and alum were treated by intranasal 
administration of OVA (10 μg) and IL-33 (0.1 µg) for three consecutive days. Dexamethasone 
(DEX, 5 mg/kg) was intraperitoneally injected prior to OVA/IL-33 administration for some 
mice. Number of eosinophils in the bronchoalveolar lavage fluid (BALF, b) and NH cells in the 
lungs (c), amounts of IL-5 (d) and IL-13 (e) in BALF were examined four days after the final 
administration of OVA/IL-33. Mean ± SEM, n = 3-4 for each group. NS: not significant. *P < 
0.05, **P < 0.01. (f) Representative histology of the airways from these mice stained with he-
matoxylin and eosin (left panels) or periodic acid–Schiff (PAS)-alcian blue (right panels). Scale 
bar indicates 100 µm. (g) Intracellular staining of IL-5 and IL-13 in CD4+ T cells and NH cells. 
(Reproduced from ref. 4 with permission.)



90 K. Asano et al.

for the induction of corticosteroid resistance in the asthmatic airways, based on 
the facts that: 1) TSLP is synthesized and released in the asthmatic airways; 2) 
IL-33-dependent airway inflammation acquires corticosteroid resistance in the 
presence of TSLP; 3) The blockade of TSLP either with a neutralizing antibody 
against TSLP or genetic deletion of TSLP receptor can restore the corticosteroid 
sensitivity in allergen/IL-33-dependent airway inflammation.

We then confirmed that STAT5 is activated in TSLP-stimulated NH cells and 
inhibition of STAT5 with a specific inhibitor concentration-dependently restores 
the effects of corticosteroid to induce apoptosis of NH cells even in the pres-
ence of TSLP. Nelson and colleagues5 performed a high throughput screening 
of 1,120 clinically used drugs, and identified pimozide, a drug for the treat-
ment of schizophrenia and other chronic neuropsychiatric diseases, as a potent 
STAT5 inhibitor. We proved that pimozide effectively reverses TSLP-induced 
corticosteroid resistance in NH cells either in vitro and in vivo.

A new perspective in the treatment of severe asthma

We have demonstrated that, although by itself sensitive to corticosteroids, the 
IL-33/NH cell pathway becomes resistant to corticosteroids in vitro and in vivo 
in the presence of TSLP, which is likely to be produced in bronchial epithelial 
cells of the inflamed asthmatic airways. It has recently been demonstrated that 
an anti-TSLP antibody effectively suppresses early- and late-asthmatic response 
to inhaled allergen in the patients with established asthma6, and the antibody 

Fig. 2. Screening of cytokines that modify the corticosteroid sensitivity of NH cells. NH cells 
(5,000 cells/well) derived from fat-associated lymphoid cluster were cultured with IL-33 (10 ng/
ml) ± various cytokines (10 ng/ml) for four days in the presence of dexamethasone (10-8 M). 
Numbers of viable (propidium iodide-negative) cells were determined using flow cytometry. Mean 
± SEM, n = 3 for each group. *P < 0.05, **P < 0.01 compared to IL-33 alone. (Reproduced from 
ref. 4 with permission.)
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is currently under phase 2 clinical trial. Our data suggest the possibility that 
anti-TSLP drugs such as anti-TSLP antibodies and inhibitors of is signals such 
as pimozide can provide a new therapeutic approach in corticosteroid-resistant, 
severe asthma.
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Introduction N. Otori

Endoscopic sinus surgery (ESS) has become widespread as a standard surgi-
cal method for chronic rhinosinisitis (CRS). With the development of various 
surgical devices such as microdebrider and navigation system, ESS became 
safer and more adequate compared with conventional sinus operations such 
as the Caldwell-Luc procedure. Application of ESS is now widely extended 
to mucoceles, sinonasal tumors, intra-orbital diseases and skull base diseases.

The outcome of ESS for CRS has been further improved by employing post-
operative low-dose long-term macrolide therapy. On the other hand, certain 
cases of CRS characterized by significant eosinophile infiltration to sinus mu-
cosa and/or mucosal polyp and diagnosed as eosinophilic chronic rhinosinusitis 
(ECRS) are now increasing.1 In this type of CRS, recurrence of mucosal lesion 
accompanied by recurrent nasal polyposis is often observed, so it is considered 
as persistent CRS. It is difficult to cure ECRS by ESS alone. A combination 
of medical and local treatment, e.g., local and systemic steroids, anti-allergic 
agents as well as frequent sinus rinsing, is required.
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Complications

Radical and thorough as well as appropriate removal of the sinus pathology leads 
to the patient’s recovery from the diseases. On the other hand, inappropriate and 
rough manipulation during the surgery may cause major complications such as 
orbital injury and cerebrospinal fluid (CSF) leakage. Especially, prevalence of 
orbital injury resulting in permanent orbital dysfunction has been increasing.2

Key points for safer and proper surgery are:

1.	Understand the anatomy, especially the anatomical relations of basal lamellas 
and ethmoidal air cells;

2.	Examine the pre-op CT, then image a ‘3D’-structure;
3.	Keep a clear and proper field of endoscopic view;
4.	Make a suitable choice of instruments.

Forceps for safer and proper manipulation

The selection of forceps is important, not only for a safe and accurate operation, 
but also for obtaining good results postoperatively. There are many types of 
forceps, but through-cutting forceps are primarily used. They are preferred for 
effective preservation of mucosa and for prevention of injury. Morphologically, 
the orbit and brain are separated from the paranasal sinuses by a paper-thin 
bone wall, and sometimes part of these bony separations will show dehiscence. 
Therefore, pulling the mucosa, lamella, and the bone plate with cup-type forceps 
can be very dangerous.

Mucosal preservation

Excision of mucosa is to be avoided as much as possible. For reversible patho-
logic changes, diseased mucosa is preserved and its normalization through im-
provement in aeration and drainage is awaited.3 For irreversible lesions showing 
severe edema and hypertrophy, subepithelial lesions are excised with a cutting 
instrument, and the mucoperiosteum is left intact (exposure of the bone surface 
is to be avoided). With this method, the inflammation of preserved subepithelial 
tissue disappears, and healthy mucosal epithelium is regenerated. The original 
paranasal cavity is to be maintained.

When the bone surface is exposed as a result of elimination of the mucosa 
and periosteum, edematous tissue first covers the exposed bone surface and 
soon undergoes scarring. In such tissue, regeneration of mucosal epithelium 
is delayed, and a long period of time is required for tissue to be covered with 
mucosal epithelium that extends from that surrounding. Mucosal epithelium that 
regenerates after elimination of all mucosa has only a small number of ciliated 
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cells, and therefore its excretory function is poor. A thin connective tissue should 
be left on the bone surface; the peripheral bony boundary surface should not 
be exposed by any means. Such treatment facilitates ciliated epithelialization 
of mucosa, and recovery of the ciliary function should occur.

Surgical techniques

Ethmoidal surgery

Understanding of the location of uncinate process, bulla ethmoidalis, ground 
lamellae and superior turbinate is important since they serve as an anatomic 
landmark during the operation. The bone septa in the ethmoid air cells are suf-
ficiently excised to make them as smooth as possible, and a unique cavity is 
created. Remaining ethmoid air cells are considered to be the focus of persistent 
and/or recurrent sinusitis.4

Maxillary surgery

The maxillary sinus is inspected with a 70-degree endoscopy, then a curved 
forceps is inserted through the fontanelle and a control hole made through the 
inferior nasal meatus when necessary.

Sphenoidal surgery

If possible, the sphenoid sinus should be entered from the posterior ethmoid 
sinus. However, when pneumatization of the sphenoid sinus is poor or an 
orientation of the surgical field is indistinct, it is preferable to enter from the 
natural ostium. Pathological lesions in the sphenoid sinus should be removed, 
but it is not preferable to forcibly remove a mucosal lesion from the lateral or 
posterior wall.

Frontal surgery

The approach to the frontal sinus lesion is the most difficult step in ESS because 
of the risk of complications.

1.	Examine the pre-op CT-scan to image the anatomy around the drainage 
pathway of the frontal sinus. Especially, anatomical relations of air cells in 
the frontal-ethmoidal area, such as agger nasi cells, frontal ethmoidal cells, 
frontal bulla cells and suprabullar cells, should be examined;

2.	Use a 70-degree endoscope to look up at frontal recess from below;
3.	Identify the location of the lamina papyracea and the skull base which are 

‘danger zones’, and simultaneously identify the location of the frontal recess 
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which should be operated. Then, inside the frontal recess, recognize the drain-
age pathway;

4.	Manipulate the anterior part of the frontal recess by the use of angled forceps 
so as to prevent skull-base injury;

5.	After having identified the drainage pathway, insert the angled forceps care-
fully into the frontal sinus, enlarging the pathway as much as possible;

6.	Draf type III and Draf type II are chosen for revision surgery or in cases of 
short anterior-posterior diameter.

Revision ESS

Causes of recurrence of CRS may be:

1.	Residual air cells and adhesions in the ethmoid area;
2.	Insufficient enlargement of the ventilation and drainage pathway between the 

nasal cavity and sinuses;
3.	Failure of mucosal preservation surgery;
4.	Insufficient post-op care;
5.	Post-op stenosis and/or closure of the ostia;
6.	Post-op infection of the sinus mucosa;
7.	Eosinophile infiltration in the sinus mucosa.

The key point of revision surgery is to create a wide communication between 
the sinuses. Remove the mucosal lesion by the use of through-cutting forceps 
or microdebrider, but avoid removing the whole mucosa from a bony surface. 
Periodical and long-term post-op follow-up is required.

In the case of revision surgery for CRS, disappearance and/or deformation of 
anatomical landmarks is often seen. Therefore, revision surgery is technically 
more difficult than initial surgery. Especially, how much of the turbinate and 
agger nasi remains determines the degree of difficulty. Friendly landmarks for 
proper orientation during revision surgery are:

1.	The arch formed by the posterior edge of the lacrimal bone;
2.	The anterior-superior attachment of the middle turbinate;
3.	The middle meatal antrostomy and the ridge along its superior border formed 

by the floor of the orbit;
4.	The lamina papyracea;
5.	The nasal septum;
6.	The arch of the posterior choana.

Additionally, the surgeon should carefully check the preoperative CT-scan to 
understand morphological changes as well as lesion in the sinuses.
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Post-operative care

Although ESS removes morbid mucosal epithelium, the lamina propria and 
muco-periostium are saved. It is, therefore, marked as mucosal preservation 
surgery. On the other hand, ESS may not remove a pathological change thor-
oughly. Recurrence of pathological changes, such as a polyposis and mucosal 
edema, sometimes takes place. In the early stage after ESS, granulation is easily 
formed by bacterial colonization and/or infection on account of exposure of sub-
epithelial tissue. Granulation may cause postoperative adhesion in a later stage. 
Moreover, the mucosal drainage function is weak until cilia are reproduced at 
an epithelium. Then, secretion and mucus may store in the sinuses, resulting in 
local recurrence of the mucosal infection. Therefore, appropriate postoperative 
care is necessary to attain a smooth mucosal healing process.

The key points of early-stage postoperative medical care are:

1.	Prevent dryness of the surgical wound.
2.	Rinse out secretion, blood and crusts from the sinuses.
3.	Prevent bacterial infection of the wound.

When an evident mucosal swelling or edema is persistent, topical steroids 
together with low doses of an oral steroid and low-dose macrolide treatment 
are employed. Especially in a patient who has an allergic background such as 
bronchial asthma, the use of steroids is effective. When the purulent secretion 
accumulates in the sinus, antibiotics will be prescribed.

Recently, we began to use calcium alginate as an absorbent packing material 
that shows a potent hemostatic effect and is able to maintain wound surfaces 
in a moist environment by absorbing and gelling the wound exudate.5 Good 
wound healing can be expected due to the maintenance of a moist environment.

References

1.	 Nakayama T, Yoshikawa M, Asaka D, et al. Mucosal eosinophilia and recurrence of nasal 
polyps – new classification of chronic rhinosinusitis. Rhinology 2011;49:392-396.

2.	 Asaka D, Nakayama T, Hama T, et al. Risk factors for complications of endoscopic sinus 
surgery for chronic rhinosinusitis. Am J Rhinol Allergy 2012;26:61-64.

3.	 Moriyama H, Yanagi K, Ohtori N, Asai K, Fukami M. Healing process of sinus mucosa after 
endoscopic sinus surgery. Am J Rhinol 1996;10:61-66.

4.	 Okushi T, Mori E, Nakayama T, et al. Impact of residual ethmoidal cells on postopera-
tive course after endoscopic sinus surgery for chronic rhinosinusitis. Auris Nasus Larynx 
2012;39:484-489.

5.	 Okushi T, Yoshikawa M, Otori N, et al. Evaluation of symptoms and QOL with calcium 
alginate versus chitin-coated gauze for middle meatus packing after endoscopic sinus surgery. 
Auris Nasus Larynx 2011;39:31-37.





Functional characterization of a smoke-induced long non-coding RNA 99

Functional characterization of a 
smoke-induced long non-coding RNA, 
SCAL1, in protecting airway epithelial 
cell injury

Sarah N. Statt, Philip Thai, Reen Wu

Center for Comparative Respiratory Biology and Medicine, University of 
California at Davis, Davis, CA 95616, USA

Thanks to the boom of new sequencing technologies in the last ten years, 
many new non-coding RNA species are being discovered.1 Through work com-
pleted in the last ten years, these ncRNAs are being shown to be key players 
in many biological processes, such as development, cell cycle regulation and 
post-transcriptional processing of mRNA.2 Currently, non-coding RNAs have 
mainly been classified arbitrarily based on size; ncRNAs smaller than 200 bps 
are referred to as small ncRNAs and anything larger than 200 bps are referred 
to as long ncRNAs.3 Long ncRNAs or lncRNAs have been loosely further clas-
sified based on their relative distance to coding genes: native antisense tran-
scripts (NATs) overlap with coding genes, intronic lncRNAs are found inside 
introns of genes and long intergenic non-coding RNAs (lincRNAs) are found 
in the genomic deserts between genes.4 Like mRNAs, lncRNAs are transcribed 
by RNA polymerase II and contain a polyadenylated tail. They are commonly 
spliced into a mature transcript form and are associated with histone signatures 
similar to known actively transcribed protein-coding genes: trimethylation of 
histone 3 lysine 4 (H3K4me3) at the transcriptional start site (TSS) and trimeth-
ylation of histone 3 lysine 36 (H3K36me3) throughout the gene body.5 Many 
further classifications of lncRNAs have been proposed but have not been as 
widely adopted: transcribed ultraconserved regions (T-UCRs), enhancer RNAs 
(eRNAs), repeat-associated ncRNAs, long intronic ncRNAs, antisense RNAs, 
promoter-associated long RNAs and long stress-induced non-coding transcripts.6 
LncRNAs, unlike the well-characterized field of microRNAs, are a more recent 
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player to this non-coding field and offer potentially new insights into the field 
of gene regulation.

The first few lncRNAs, of which XIST (X-inactive specific transcript) is a 
major example, were discovered in the 1990s by searching cDNA libraries for 
clones of interest, largely with the intention towards discovering new protein-
coding genes.7 Yet, in the last decade, there has been a shift in focus. The use 
of high-throughput technologies allows for a more unbiased approach to RNA 
discovery. Due to this shift in technology alone, the function of lncRNAs has 
slowly been able to be elucidated.  XIST is a key player in X inactivation and 
exerts its function through such a recruitment of polycomb repressor complex 
2 (PRC2), ultimately resulting in epigenetic silencing of one of the two human 
female X chromosomes.7 Another well-characterized and early isolated lncRNAs 
is HOTAIR or HOX antisense intergenic RNA. Similar to XIST, HOTAIR works 
in an epigenetic fashion through the interaction of PRC2; it leads to the silencing 
of the HOXD locus, a key locus involved in limb patterning.2 LncRNAs have 
also been found to be up regulated in response to various types of cellular stress. 
DNA damage can induce the expression of both lncRNA-p21 and PANDA, both 
of which are involved in regulating apoptosis.8,9 The mechanism by which these 
lncRNAs regulate gene expression has been hypothesized and broadly classified 
to work as one of the following: signal, decoy, guide or scaffold.10 A common 
theme in many of the lncRNAs ability to regulate gene expression involves their 
ability to recruit various chromatin-modifying complexes, such as EZH2 in PRC2 
and CBX7 in PRC1.11,12 However, more recently, a cytosolic acting lncRNA 
has been discovered, regulating its target genes through post-transcriptional 
mechanisms.13  Since relatively little is still understood about lncRNAs, it will 
be interesting to see further developments beyond the predominantly nuclear, 
transcriptional mechanisms elucidated so far.

In addition to the role of lncRNAs in gene regulation, emerging evidence sug-
gests that these non-coding RNAs may play a role in cancer biology.  Abnormal 
expression of lncRNAs have been associated with a wide variety of cancers, most 
notably prostate and breast cancers. HOTAIR has been found to play an important 
role in breast cancer metastasis, with high expression of HOTAIR correlated to 
a more invasive phenotype leading to a higher likelihood of a poor outcome.11 
PCAT-1, Prostate Cancer Associated Transcript 1, is involved in prostate cancer 
cell proliferation and is thought to inhibit BRCA2, a known tumor suppressor 
gene.14 Two lncRNAs, lncRNA-p21 and PANDA, are involved in p53 signaling 
and regulating the cellular response to DNA damage, can alter a cells response 
to chemotherapeutic drugs, such as doxorubicin.8,9 Another lncRNA, GAS5, is 
down regulated in breast cancers and is thought to act like a tumor suppres-
sor, arresting growth and promoting apoptosis in the cell.15 Despite the known 
association of lncRNAs with cancer, the specific mechanisms by which these 
non-coding RNAs may affect various types of cancer behavior (carcinogenesis, 
drug resistance, metastasis, etc.) is still relatively unclear.

Lung cancer is the most prevalent cancer worldwide and is the leading cancer 
killer among all cancer types, accounting for 29% of all male deaths and 26% 
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of all female deaths here in the United States.16 A strong link between cigarette 
smoking and lung cancer (specifically small cell and non-small cell lung cancers) 
has been well documented, with smoking contribution estimated to have been the 
key cause of 80 to 90% of all lung cancer deaths.16 Although a well-established 
link has been shown, the molecular mechanism from smoke-induced epithelial 
cell injury that leads to lung cancer remains relatively unclear.

To date, only three long non-coding RNAs have been characterized to have 
a functional role in lung cancer: MALAT-1, emx2os and SCAL1. MALAT-1 or 
metastasis associated lung adenocarcinoma transcript 1, actively regulates gene 
expression of a variety of genes, including a set of genes involved in metastasis.17 
Further work has shown that MALAT1-deficient cells are impaired in migration 
and form fewer tumor nodules in a mouse xenograft model.18 Emx2os, a type 
of antisense ncRNA, contributes to post-transcriptional down-regulation of its 
sense partner, EMX2, possibly in an epigenetic manner.19 EMX2, empty spiracles 
gene 2, has been implicated as a tumor suppressor gene and its down-regulation 
is correlated with tumor progression in many types of cancer, including lung 
adenocarcinomas.19 Our group has previously characterized SCAL1, Smoke 
and Cancer Associated LncRNA1, the first smoking-associated lncRNA.20 We 
discovered this lncRNA by data mining publically available mRNA-seq datasets, 
comparing smokers to non-smokers. As a follow-up, we validated this target 
in our lab. SCAL1 was induced by cigarette smoke, both in vitro and in vivo, 
and elevated in various lung cancer cell lines.20 We further demonstrated its 
expression was dependent upon NRF2 (nuclear factor erythroid 2-related factor 
2) activation, via siRNA knockdown of NRF2 and KEAP1 resulting in a change 
in expression as well as a chromatin immunoprecipitation assay showing NRF2 
binding to the SCAL1 promoter following cigarette smoke exposure.20 Our 
previous publication identified a novel and interesting new non-coding RNA 
that may mediate some of the chemo resistance properties of NRF2 in lung 
cancer and may also provide a mechanistic link between cigarette smoking and 
lung cancer prognosis. We present our hypothesized model for how we believe 
SCAL1 promotes lung cancer formation in Figure 1.

Fig. 1.  n author: please supply caption for this figure.
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Abstract

Mucins are high molecular weight O-linked glycoproteins that are expressed in 
various mucosal epithelial cells as gel-forming, secreted or membrane-tethered 
forms. Twenty-two mucin genes have currently been identified in humans and 
16 of them expressed in the lung. However, their roles are not fully understood. 
Based on their anatomical location, there is no doubt that they have an important 
defensive function. In fact, secreted mucins have been shown to be tightly as-
sociated with various biologically active molecules like ‘aircraft carriers’. This 
section will provide a brief overview of our current understanding of the func-
tions of the respiratory mucins in the context of lung physiology and pathology.

Introduction

Mucins are high molecular weight glycoproteins that are responsible for the vis-
coelastic property of the respiratory tract mucus. At least 22 mucin genes have 
been cloned in humans,1-4 16 of which have been identified in the respiratory 
tract ((MUC1, MUC2, MUC4, MUC5AC, MUC5B, MUC7, MUC8, MUC11, 
MUC13, MUC15, MUC16, MUC18, MUC19, MUC20, MUC21, and MUC22).1,3-6 
Deduced amino acid sequences of the cloned mucin genes revealed that there are 
two types of mucins – secreted mucins and membrane-tethered mucins. Seven 
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mucin gene products (i.e., MUC2, 5AC, 5B, 6, 7, 8 and 19) are characterized as 
secreted and the remaining ten mucin gene products are membrane-tethered.4,7 
Most of the transmembrane mucins are found on the apical surface of lining 
mucosal epithelial cells that are in contact with the outside environment, sug-
gesting a defensive role of these epithelial mucins for the host.

Mucins as a scaffold protein

Based on its anatomical location in the body as well as the complex structure 
of mucins, it was suggested quite some time ago that mucus has multifaceted 
properties necessary for host defense: anti-microbial, anti-protease, and anti-
oxidant activities. Jacquot et al.8 first reported the presence of these proper-
ties in airway secretions. Kim et al.9,10 demonstrated that airway mucins are 
extremely hydrophobic and even guanidine hydrochloride (4-6 M), one of the 
most chaotrophic agents, could not completely dissociate mucins from other 
macromolecules present in airway secretion. It was postulated that the hydropho-
bic property may allow for efficient packaging of these highly thermodynamic 
mucins (> 106 Dalton) into the distinct secretory granules.11 Recent proteomics 
analysis of mucins revealed that mucins are tightly associated with various 
proteins,12,13 including those with anti-microbial, anti-protease, anti-oxidant, or 
anti-inflammatory properties.13 Thus, mucins are like a large aircraft carrier car-
rying a variety of ‘weapons’ to be used against the invading pathogens. It may 
be possible that association of mucins with the bioactive molecules are formed 
inside the secretory granules before but not after exocytosis as previously sug-
gested,10 such that they can interact with invading pathogens more effectively 
and efficiently upon exocytosis. How and when such association takes place in 
the goblet cell and is packaged into a mucous granule remains to be uncovered.

Roles of muciins in the respiratory tract

Although 16 out of 22 mucin genes (MUC in human and Muc in nonhuman 
species) have been identified in the lung, their functions are largely unknown. 
A recent review by Sheehan et al.14 describes the roles of five major mucns 
(MUC5AC, MUC5B, MUC1, MUC4, and MUC16) in protecting and stabilizing 
the ciliated surface and building the gel in the airway epithelium. The roles of 
these mucins were also reviewed by Kim15 with a focus on the anti-inflammatory 
role of MUC1 during airway infection. In this presentation, we will update our 
knowledge of the roles of these mucins in the lung.

Membrane-tethered mucins (MUC1, MUC4 and MUC16)

MUC1 is the first mucin gene cloned16,17 as a cancer antigen. In the lung, MUC1 
has been shown to be expressed in airway18-20 and alveolar type II21 epithelial 
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cells, dendritic cells22 and monocytes/macrophages.23 It plays an anti-inflammatory 
role during bacterial infection of the lung based on animal experiments.24-27 
Detailed mechanistic studies with airway epithelial cells revealed that TNF-a 
produced during inflammation upregulates MUC125,28 which is then tyrosine-
phosphorylated by EGFR that is also activated by TGF-a during inflammation.29 
Phosphorylated MUC1 then binds to Toll-like receptors (TLRs) preventing the 
recruitment of either MyD8829 or TRIF30 to their corresponding TLRs, which 
results in suppression of TLR signaling. Interestingly, the suppression of TLR 
signaling by MUC1 seems to be applicable to all TLRs31 thus making MUC1 
a universal inhibitor of TLR signaling. Given the importance of host defense 
during infection, one may wonder if the anti-inflammatory activity of MUC1 
could be detrimental to the host. However, MUC1 is upregulated by a major 
pro-inflammatory agent (i.e., TNF-a) during infection to control inflammation 
thus forming a feedback loop of inflammation. In fact, mice deficient in Muc1 
showed excessive lung inflammation and injuries following bacterial infection 
in both acute25 and chronic26 Pseudomonas aeruginosa infection models. The 
anti-inflammatory effects of MUC1 was also demonstrated in dendritic cells 
in vitro32 as well as in an animal model of autoimmune disease.33 It is of note 
that all these mechanistic studies have been carried out exclusively in airway 
epithelial cells. Whether MUC1 has the same role in other lung cell types such 
as alveolar type II cells and macrophages remains unknown and certainly an 
important area to explore in order to fully understand the roles of MUC1 during 
the respiratory infection and inflammation.

In addition to MUC1, both MUC4 and MUC16 have been shown to be pro-
duced and released by airway surface epithelial cells.12 Sheehan et al.14 demon-
strated that shed mucins form a gel in the immediate vicinity of the apical cell 
surface, likely serving as a protective barrier against invading pathogens and 
chemicals. How and when these membrane glycoproteins are cleaved remains 
largely unknown and will be important questions to address in the context with 
respiratory tract infection and inflammation.

Gel-forming mucins (MUC5AC and MUC5B)

Four major gel-forming mucins have been reported to be present in the lung – 
MUC2, MUC5AC, MUC5B and MUC19. Although MUC2 was shown to be 
associated with cystic fibrosis34 as well as bacterial infection,35 its total absence 
in either normal or pathologic human sputum samples36,37 seems to suggest that 
MUC2 is not a major mucin produced in the lung. MUC19, the major salivary 
glandular mucin,38 has also been identified in tracheolarynx.39 However, its role 
in the lung is totally unknown.

On the other hand, MUC5AC and MUC5B are the major gel-forming mu-
cins in the airway and thus believed to contribute to both the defensive barrier 
function and the rheology of airway mucus. MUC5AC has been shown to be 
the goblet cell mucin,40 whereas MUC5B has been shown to be the submu-
cosal gland mucin.41 MUC5AC has been widely used as a marker for goblet 
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cell metaplasia42 and has been shown to be associated with asthma.43-45 Recent 
studies, however, have demonstrated that MUC5B is the major type of mucin 
produced by goblet cells37 and associated with COPD.46,47 It has been suggested 
that MUC5AC expression is inducible during airway inflammation,43 whereas 
MUC5B expression is constitutive.43,48 Interestingly, transgenic mice overex-
pressing MUC5AC demonstrated the normal mucus transport and absence of 
a pulmonary phenotype suggesting that MUC5AC hypersecretion alone is not 
sufficient to trigger luminal mucus plugging or airways inflammation/goblet cell 
hyperplasia.49 However, these mice exhibited a protective role against influenza 
infection. On the other hand, mice deficient in MUC5B showed impaired mu-
cociliary clearance leading to bacterial infection in airways, whereas MUC5AC 
was dispensable.47 Interestingly, a MUC5B promoter polymorphism has been 
associated with pulmonary fibrosis.50,51 Airway disease associated with mucus 
dysfunction has recently been reviewed.52

Conclusion

Airway surface fluid contains two layers of mucins consisting mainly of five 
different mucin gene products. While the outer layer contains mainly two gel-
forming mucins (MUC5AC and MUC5B) that are tightly associated with various 
biologically active, defensive molecules, the inner layer contains three membrane-
tethered mucins (MUC1, MUC4 and MUC16) shed from the apical cell surface. 
During airway infection, all of these mucins serve as a major protective barrier 
against pathogens. MUC1 mucin produced by virtually all the surface columnar 
epithelial cells in the respiratory tract as well as Type II pneumocytes in the 
alveoli plays an additional, perhaps more critical role during respiratory infec-
tion by controlling the resolution of inflammation to prevent the development of 
inflammatory lung disease. The current availability of genetically modified mice 
in these mucin genes will undoubtedly expedite the research toward our better 
understanding of the roles of respiratory mucins in physiology and pathology 
and eventually contribute to the diagnosis, prevention and treatment of various 
respiratory inflammatory diseases.
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Introduction

Eosinophil-associated chronic rhinosinusitis (CRS) is characterized by predomi-
nant eosinophil infiltration, hypersecretion of sticky and glue-like mucus, and 
tissue remodeling such as goblet cell metaplasia, hyperplasia of nasal mucosal 
cells and formation of nasal polyps. Several cytokines, chemokines and growth 
factors are involved in the pathogenesis of mucus hypersecretion and airway 
tissue remodeling. MUC5AC mucin is predominant in airway inflammation 
and is up regulated in nasal polyposis.1 Platelet-derived growth factor (PDGF) 
and vascular endothelial growth factor (VEGF) are important cytokines with 
a crucial role in tissue remodeling. PDGF stimulates growth of fibroblast and 
production of extracellular matrix. VEGF increases vascular permeability and 
stimulates the proliferation of vascular endothelial cells. PDGF and VEGF have 
been reported to play a role in the formation of nasal polyps in CRS patients.2,3

We found numerous fibrin depositions in sticky mucus and subepithelial 
tissues of nasal polyps from patients with eosinophil-associated CRS, indicat-
ing that the coagulation system is locally activated in nasal mucus and tissues. 
Eosinophils are the principal effector cells in nasal polyposis and bronchial 
asthma. There is increasing evidences indicating that eosinophil-epithelial cell 
interactions are crucial in the initiation and development of airway inflamma-
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tion. We hypothesized that coagulation factors and eosinophil-epithelial cell 
interactions are involved in the pathogenesis of mucus hypersecretion and tissue 
remodeling in eosinophil-associated CRS.

Thrombin is the effector enzyme of the coagulation system with important 
biological functions not only in thrombosis and hemostasis, but also in inflam-
mation through protease activated receptor (PAR)-1, -3 and -4. Firstly, in the 
present study, to elucidate the role of coagulation factors in mucus hypersecre-
tion and tissue remodeling, we measured the concentrations of thrombin and 
thrombin-antithrombin (TAT) complex in nasal secretion from CRS patients, 
and examined the effects of thrombin or PAR-1 agonist peptide on the secretions 
of MUC5AC mucin, PDGF and VEGF from cultured human airway epithelial 
cells.3-5 The effect of intranasal instillation with thrombin was examined in rat 
nasal epithelium.4 Secondly, to elucidate the role of eosinophil-epithelial cell 
interactions, the productions of MUC5AC mucin, PDGF and VEGF were ex-
amined in human airway epithelial (NCI-H292) cells co-cultured with human 
eosinophilic (EoL-1) cells or with human blood eosinophils.6

Methods

Nasal secretion was collected from patients with chronic rhinosinusitis with 
nasal polyp (CRSwNP) with asthma (n = 9), CRSwNP without asthma (n = 10), 
allergic rhinitis (AR) (n = 7), and control patients (n = 3). The concentrations 
of thrombin, thrombin-antithrombin (TAT) complex, MUC5AC mucin, platelet-
derived growth factor (PDGF) and vascular endothelial growth factor (VEGF) 
were evaluated by enzyme immunoassays. The mRNA expressions of MUC5AC 
mucin, PDGF, VEGF and PAR-1 were examined by reverse transcription-
polymerase chain reaction (RT-PCR). Tissue localization of thrombin receptor 
(PAR-1) and tissue factor (an important initial upstream protein in extrinsic 
coagulation pathway) were immunohistochemically studied in nasal epithelium. 
The concentrations of thrombin and TAT complex were measured in nasal se-
cretion from each group of patients.4 The concentrations of MUC5AC mucin, 
PDGF and VEGF were measured in culture medium from airway epithelial cells 
treated with thrombin or thrombin receptor (PAR-1) agonist peptide.3-5 The ef-
fect of intranasal instillation with thrombin was histologically examined in the 
nasal epithelium of F344 rats (eight to ten weeks of age).4

The human airway epithelial (NCI-H292) cells were plated on six-well or 24-
well culture plates. After confluent cells were cultured in RPMI-1640 for 18 h, 
and then were co-cultured with human eosinophilic (EoL-1) cells or with human 
blood eosinophils for 24 h. Conditioned medium was harvested, and total RNA 
was collected from NCI-H292 cells and EoL-1 cells separately. Productions of 
MUC5AC mucin, PDGF and VEGF were examined.6
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Results

Coagulation activation markers in nasal secretion

Significant concentrations of thrombin and TAT complex were found in nasal 
secretion, and they were significantly elevated in nasal secretion from patients 
with AR and CRSwNP with asthma compared to the control group.2 Tissue 
factor is an initial upstream protein in extrinsic coagulation cascade, and was 
immunohistochemically localized in the epithelial cells and infiltrating cells 
of nasal polyps. Tissue factor activity was determined as factor X activation 
by factor VIIa/tissue factor complex, and thrombin or tumor necrosis factor 
(TNF)-α enhanced tissue factor activity of the surface of cultured epithelial 
(A549) cells.3,4 These results indicate that airway inflammation enhances the 
activation of coagulation system, and it may be involved in the pathogenesis 
of eosinophil-associated CRS.

In-vitro effects of thrombin on secretions of MUC5AC mucin, PDGF and VEGF

We confirmed that thrombin receptor, PAR-1 was immunohistochemically local-
ized in the epithelial cells of nasal polyps. Thrombin (62.5-500 nM) or PAR-1 
agonist peptide (25-100 µM) significantly stimulated the secretions of MUC5AC 
mucin, VEGF and PDGF from cultured normal human bronchial epithelial 
(NHBE) cells or from nasal epithelial cells cultured at air-liquid interface in a 
dose-dependent manner. These results indicate that the effects of thrombin on 
secretions of MUC5AC, PDGF and VEGF are mediated through PAR-1 recep-
tor of epithelial cells. Thrombin-induced MUC5AC secretion was significantly 
inhibited by epidermal growth factor receptor (EGFR) tyrosine kinase inhibitor 
AG1478, and we confirmed that EGFR was immunohistochemically expressed 
in the epithelial cells of nasal polyps.3-5 These results indicate that thrombin-
induced EGFR transactivation may be involved in thrombin-induced MUC5AC 
secretion.

In-vivo effect of intranasal instillation with thrombin in rat nasal epithelium

Thrombin (20 µM) was instilled into both nasal cavities of F344 rats each day 
for three days. Hypertrophic changes of goblet cells and significant mucus 
production were induced in rat nasal epithelium at 24 h after the last intranasal 
instillation.4

Co-culture-induced productions of MUC5AC mucin and cytokines

The co-culture with EoL-1 cells for 24 hours significantly stimulated secretions 
of MUC5AC mucin, PDGF, VEGF, TGF-α and IL-8 from cultured epithelial 
(NCI-H292) cells depending on the numbers of EoL-1 cells. MUC5AC mRNA 
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expression in NCI-H292 cells was increased by co-culture with EoL-1 cells for 
six hours. Co-culture with peripheral blood eosinophils also stimulated MU-
C5AC secretion. Unstimulated EoL-1 cells did not secrete MUC5AC mucin and 
these cytokines. Co-culture-induced MUC5AC secretion was not inhibited by 
blocking the cell-to-cell contact between epithelial cells and EoL-1 cells using 
nylon mesh insert. However, the conditioned medium from EoL-1 cells did not 
stimulate MUC5AC secretion from epithelial cells.6 These results indicate that 
the intercellular interactions between eosinophils and epithelial cells, but not 
the cell-to-cell contact are important for co-culture-induced MUC5AC secretion.

EGFR transactivation is important in co-culture-induced MUC5AC secretion

Co-culture-induced secretions of MUC5AC mucin, PDGF, VEGF and IL-8 were 
significantly inhibited by EGFR tyrosine kinase inhibitor AG1478. Neutralizing 
antibody against amphiregulin or TGF-α significantly inhibited co-culture-induced 
MUC5AC secretion. A broad-spectrum metalloproteinase inhibitor GM6001 
significantly inhibited co-culture-induced secretions of MUC5AC, PDGF, VEGF 
and amphiregulin.6 These results indicate that metalloproteinase-mediated, am-
phiregulin and TGF-α-induced EGFR transactivation may be important for co-
culture-induced MUC5AC secretion (Fig. 1).

Fig. 1. A mechanism of ligand-shedding dependent EGFR transactivation. A membrane-anchored 
disintegrin and metalloproteinases (ADAMS), and cleaved pro-ligands such as TGF-a and am-
phiregulin are important in this process. Thrombin-induced MUC5AC secretion and eosinophil-
epithelial cell interactions-induced secretions of MUC5AC, PDGF and VEGF are mediated 
through EGFR transactivation.
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Discussion

The present study showed that significant local activation of the coagulation 
system with increased thrombin generation is involved in the pathogenesis of 
eosinophil-associated CRS and that thrombin promotes mucus hypersecretion 
and tissue remodeling by stimulating the secretions of MUC5AC mucin, PDGF 
and VEGF from airway epithelial cells via its receptor PAR-1. Thrombin is 
also important for tissue remodeling by enhancing fibrin deposition and by 
stimulating cell proliferation and extracellular matrix production of fibroblast 
and vascular endothelial cells. Because the activation of coagulation is impor-
tant in the pathogenesis of CRS, the inhibition of coagulation factors may be 
a potential therapeutic target for the treatment of CRS patients. We found that 
intranasal instillation with anticoagulant drugs, heparin or activated protein C, 
attenuated airway inflammation such as goblet cell metaplasia and neutrophil 
infiltration in rat nasal epithelium by the inhibition of coagulation system and 
by the direct inhibitory effects on the secretions of MUC5AC mucin and IL-8 
from airway epithelial cells.4,7-9

The present study also showed that eosinophil-epithelial cell interactions induce 
the secretions of MUC5AC mucin, PDGF and VEGF, which are important in 
the pathogenesis of mucus hypersecretion and tissue remodeling of eosinophil-
predominant airway inflammation such as nasal polyposis and bronchial asthma. 
Metalloprotease-mediated EGFR transactivation plays a crucial role in eosino-
phil-epithelial cell interactions, and it is also involved in the thrombin-induced 
MUC5AC secretion (Fig. 1). EGFR signaling may be a potential therapeutic 
target for the treatment of CRS patients, and we found that the EGFR inhibitor 
attenuated LPS-induced mucus hypersecretion and neutrophil infiltration in rat 
nasal epithelium (data not shown).

In conclusion, activation of the coagulation system with increased throm-
bin generation and fibrin deposition is involved in the pathogenesis of mucus 
hypersecretion and tissue remodeling in eosinophil-associated CRS. Thrombin 
and eosinophil-epithelial cell interactions stimulate mucus hypersecretion from 
airway epithelial cells mediated by the EGFR transactivation. Anticoagulant 
drugs or EGFR inhibitor are potential therapeutic targets for the treatment of 
eosinophil-associated CRS.

References

1.	 Shimizu T. Mucus, goblet cell, submucosal gland. In: Önerci YM (Ed.), Nasal Physiology 
and pathophysiology of nasal disorders, pp. 1-14. Heidelberg: Springer 2013.

2.	 Kouzaki H, Seno S, Fukui J, Owaki S, Shimizu T. Role of platelet-derived growth factor in 
airway remodeling in rhinosinusitis. Am J Rhinol Allergy 2009;23:273-280.

3.	 Shimizu S, Gabazza EC, Ogawa T, et al. Role of thrombin in chronic rhinosinusitis-associated 
tissue remodeling. Am J Rhinol Allergy 2011;25;7-11.

4.	 Shimizu S, Shimizu T, Morser J, et al. Role of the coagulation system in allergic inflamma-
tion in the upper airways. Clin Immunol 2008;129;365-371.



116 T. Shimizu et al.

5.	 Shimizu S, Gabazza EC, Hayashi T, et al. Thrombin stimulates the expression of PDGF in 
lung epithelial cells. Am J Physiol Lung Cell Mol Physiol 2001;279:L503-10.

6.	 Shimizu S, Kouzaki H, Shimizu T. Eosinophil-epithelial cell interactions stimulate the pro-
ductions of MUC5AC mucin and profibrotic cytokines involved in airway tissue remodeling. 
Am J Rhinol Allergy 2014;28:103-109.

7.	 Ogawa T, Shimizu S, Tojima I, Kouzaki H, Shimizu T. Heparin inhibits mucus hypersecre-
tion in airway epithelial cells. Am J Rhinol Allergy 2011;25;69-74.

8.	 Ogawa T, Shimizu S, Shimizu T. The effect of heparin on antigen-induced mucus hyperse-
cretion in the nasal epithelium of sensitized rats. Allergol Int 2013;62:77-83.

9.	 Shimizu S, Gabazza EC, Taguchi O, et al. Activated protein C inhibits the expression of 
platelet-derived growth factor in the lung. Am J Respir Crit Care Med 2003;167:1416-1426.



Pharmacodynamics of anti-inflammatory drugs 117

Pharmacodynamics of anti-
inflammatory drugs ‒ intranasal 
corticosteroid and DNA damage

Yusuke Suzuki1, Nobuo Ohta1, Yuichi Takahashi1, Shinpei Shibata2, Seiji 
Kakehata1, Yoshitaka Okamoto3

1Department of Otolaryngology, Head and Neck Surgery, Faculty of 
Medicine, Yamagata University, Yamagata, Japan; 2Department of Physics, 
Faculty of Science, Yamagata University, Yamagata, Japan; 3Department of 
Otolaryngology, Head and Neck Surgery, Graduate School of Medicine, Chiba 
University, Chiba, Japan

Abstract

Background: We examined the effect of intranasal corticosteroid on DNA 
damage in nasal smear cells from patients with allergic rhinitis, chronic rhino-
sinusitis and hyposmia. The effect of dexamethasone (DEX) on the DNA dam-
age of healthy human peripheral blood lymphocytes (PBL) was also examined.
Methods: Forty-eight patients with allergic rhinitis, 19 patients with chronic 
rhinitis and nine patients with hyposmia were enrolled in this study. A nasal smear 
was collected from each patient and the degree of DNA damage was evaluated 
by comet assay. PBL were incubated with DEX prior to UV-C irradiation. The 
DNA damage was introduced by 254 nm of 15 mJ/cm2 UV-C and evaluated by 
single-cell microgel electrophoresis (Comet assay) under alkaline condition.
Results: The infiltrating cells of the patients who used intranasal corticsteroids 
showed a lower proportion of damaged cells than those of the patients who used 
antihistamine drugs or leukotriene antagonists. The DNA damages of PBL were 
decreased by treatment with DEX in dose and time-dependent manner.
Conclusion: Intranasal corticosteroid suppressed the DNA damage in nasal 
smear compared with other treatment modalities. Comet assay is a simple, easy 
and useful method to elucidate the mechanisms of intranasal corticosteroid.
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Introduction

Inflammation is an important phenomenon in allergic disorders and intranasal 
corticosteroid drugs due to their anti-inflammatory properties have a pivotal 
role in improvement, control and relieving the symptoms and signs of allergic 
rhinitis, chronic rhinosinusitis, and nasal polyposis. Their effects are mediated 
by glucocorticoid receptor-alpha. Upon binding GC, activated GR-α enhances 
transcription of anti-inflammatory genes and interacts with other proteins regu-
lating inflammation, such as nuclear factor-kappaB (NF-ΚB).1 In recent years, 
increased understanding of intranasal corticosteroid and glucocorticoid receptor 
pharmacology has enabled the development of molecules designed specifically 
to achieve potent, localized activity with minimal risk of systemic exposure. 
However, an easy, simple and convenient method to evaluate the efficacy of 
intranasal corticosteroid has not been  established yet.

Comet assay is originally developed as genotoxicity examination of industrial 
chemicals, agrochemicals and pharmaceuticals.2-4 The name originates from a 
comet seen in the night sky. Once DNA is injured, the damaged DNA is sub-
divided and visible just like a tail of a comet in the electric gel.5,6 There are 
some examples of applied the comet assay to evaluate the gene damage at the 
time of UV irradiation or γ-radiation.2 However, the comet assay has not been 
applied for investigations of nasal disorders.

To clarify this point, the infiltrating cells of the patients with nasal disorders 
including allergic rhinitis, chronic rhinosinusitis and hyposmia were examined 
by comet assay. The effects of dexamethasone on DNA damage of lymphocytes 
obtained from normal control were also examined.

Subjects

Forty-eight patients with allergic rhinitis, 19 patients with chronic rhinitis and 
nine patients with hyposmia were enrolled in this study. A nasal smear was 
collected from each patient and the degree of DNA damage was evaluated by 
comet assay.2-6

Lymphocytes

PBL were separated from heparinized blood of collaborators which had been 
drawn on the previous day, and kept in 4°C until use. Lymphocytes were sepa-
rated from erythrocytes and granulocytes by Lymphocytes Separation Solution  
(Nacalai Tesque Ltd.) (d = 1.077). Separated lymphocytes were exchanged to 
a RPMI-1640 culture medium (Wako) with L- glutamine and phenol red after 
washing twice with D-PBS (-) (for Cell Incubation, WAKO 045-29795). The 
cell concentration was adjusted to 2 x 106 cells/ml and used for cell culture im-
mediately. The viability of the lymphocytes was 85%-90%.
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Cell culture

One hundred μl of 2.0 x 106 cells/µl lymphocytes were dispensed into wells of 
flat-bottom 24-well plates (No. 662160, CELLSTAR Greiner bio-one). Differ-
ent concentrations of DEX (Sigma company D4902 Lot # BCBD 9732V) were 
prepared. An equivalent quantity (100 μl ) of DEX solution was put in each 
well of 24-well plates. Lymphocytes were maintained at 37°C in a humidi-
fied atmosphere of 5% CO2 and 95% air. UV at 254 nm was irradiated for 20 
seconds after the incubation. A UVS-14 EL series UV lamp with an Hg-law 
lamp was used for the UV-irradiation treatment. The amount of UV at 254 nm 
irradiated from 7.6 cm distance is 0.785 µW/cm2 and the expected amount of 
UV-irradiated for 20 seconds was calculated to be 15 µJ/cm2.

Comet assay

The OxiSelectTM Comet Assay Kit (Cat NO. STA-350, Cell BioLabs, Inc.) was 
used for the comet assay. One percent agarose solution was warmed and melted 
previously, and 1 ml of the solution was put on the slide glass and solidified, 
then 14-mm diameter holes were made for the lymphocytes solutions. Five to 
10 μl of the treated lymphocytes were mixes with 90 μl of 1% agarose (Nacalai 
Tesque, Inc. (Cat V2111, Lot 23007901, Analytical Grade). The mixed agarose 
solutions were put in the wells of the slide glass. Then it was treated with cell 
lysis buffer (Lysis buffer (kit providing) with NaCl 14.6 g and 20 ml of 500 
mM EDTA and 90 ml of distilled water) for 50 min at 4°C in the dark. It was 
electrophoresed after having been substituted to an alkaline buffer for 30 min. 
Mupid-2 plus of Advance Co., Ltd. was used for the electrophoresis under the 
condition of 50V, 4 min. Treated agarose was then washed three times with 
distilled water, substituted with 99% ethanol and dried. Vista Green DNA stain-
ing solution by diluting 1:10,000 in TE buffer (10 mM Tris, pH 7.5 and 1 mM 
EDTA) was used for staining DNA. The treated samples were stained for 15 
min by the solution. A fluorescent microscope (Laika Microsystems Co. Ltd, 
DMI3000B) with fluorescent cube L5 (exitation filter BP480/40, dichroic mirror 
RKP505 and absorption filter BP527/30) was used for observation.

Results

Intact DNA did not make a comet-like tail (Fig. 1a), damaged DNA made a 
comet-like tail by comet assay (Fig. 1b). To investigate what kind of cells in the 
smear were stained by the comet assay, we used the double-staining technique 
to treat agarose. DNA was stained in green, eosinophil cationic protein in red, 
and CD3 in blue (Fig. 2a,b). This figure shows  lymphocyte and eosinophil 
presence in nasal smear.
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The infiltrating cells of the patients with chronic sinusitis showed a higher 
proportion of damaged cells by comet assay than those with allergic rhinitis 
and hyposmia, but there was no significant difference (Fig. 3).

The infiltrating cells of the patients with nasal polyp showed a comparable 
proportion of damaged cells by comet assay to those with no nasal polyp (Fig. 4).

The infiltrating cells of the patients who used nasal topical steroids showed 
a lower proportion of damaged cells than those of the patients who used anti-
histamine drugs or leukotriene antagonists, but there was no significant differ-
ence (Fig. 5).

Fig. 1. Representative microscopic appearances of comet assay. Control cell (a) and DNA-
damaged cell (b) in the nasal smear from patient with hyposimia and allergic rhinitis. (Comet 
assay, original magnification x200.)

Fig. 2. MBP and Comet assay positive cell (a) and CD3 and comet assay positive cell (b) in the 
nasal smear obtained from patients with allergic rhinitis. (Comet assay, original magnification x200.)



Pharmacodynamics of anti-inflammatory drugs 121

A comet-like tail was not seen after the comet assay in samples of freshly-
prepared peripheral blood lymphocytes. The comet-like tail was seen in all 
lymphocytes irradiated with UV-C for 20 seconds (15 µJ/cm2) or more. We set 
the irradiation time at 20 seconds and investigated whether DEX was related to 

Fig. 3. Positive ratio of DNA-damaged cell 
and nasal disorders. The infiltrating cells of the 
patients with chronic sinusitis showed a higher 
proportion of damaged cells by comet assay 
than those with allergic rhinitis and hyposmia 
(no significant difference). Positive (red square) 
and negative (blue square) status in nasal smear 
by comet assay.

Fig. 4. Positive ratio of DNA-damaged cell 
in nasal smear from patients with chronic 
rhinosinusitis with or without nasal polyps. 
The infiltrating cells of the patients with 
chronic sinusitis showed a higher propor-
tion of damaged cells by comet assay than 
those with allergic rhinitis and hyposmia 
(no significant difference). Positive (red 
square) and negative (blue square) status 
in nasal smear by comet assay.

Fig. 5. Positive ratio of DNA-damaged cell and treatments. The infiltrating cells of the patients 
who used nasal topical steroids showed a lower proportion of damaged cells than those of the 
patients who used antihistamine drugs or leukotriene antagonists (no significant difference). Posi-
tive (red square) and negative (blue square) status in nasal smear by comet assay.
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inhibit DNA damage on this condition. Figure 1 shows comet images obtained 
from incubation for 20 hours. Almost all DNAs of the lymphocytes which had 
not received UV irradiation were undamaged. On the other hand, the comet-like 
tails were seen in almost all lymphocytes incubated without DEX which had 
received UV irradiation. In cases of incubation with DEX, some lymphocytes 
showed no comet tails in any concentration and other lymphocytes showed 

Fig. 6. The effect of dexamethasone on comet assay. PBM cultured in the presence or absence 
of dexamethasone. PBM were incubated in various concentrations (0.01 and 0.1 mg/ml) of 
dexamethasone for 12 h, whereafter DNA-damaged cells were counted by comet assay. Data are 
expressed as the mean ± SE (n = 13).

Fig. 7. Various exposure times to dexamethasone and comet assay. After BML were incubated 
with dexamethasone (0.1 mg/ml) for various exposure periods (two, five and 20 h), cells were 
washed and incubated in RPMI medium containing 10% FCS. After incubation, olive-tail mo-
ments were counted. Data are expressed as the mean ± SE (n = 12).
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tails in various lengths. Figure 6 shows the results of examining an effective 
concentration of DEX. The vertical axis is the Olive-tail moment (%). It became 
minimal when the concentration of DEX was 0.1 mg/ml examined between 0.01 
mg/ml and 1.0 mg/ml. A significant difference was seen between 0.01 mg/ml 
and 0.1 mg/ml, and between 0.1 mg/ml and 1 mg/ml (p < 0.001). However, no 
significant difference was seen between 0.01 mg/ml and 1 mg/ml (p > 0.05). 
Figure 7 shows the effective time for the treatment of DEX. The lymphocytes 
were incubated for two hours, five hours, and 20 hours. The effect of DEX 
became remarkable when the incubation time was lengthened and the rate of 
cells showing comet-like tails decreased. The most remarkable difference was 
seen after incubation for 20 hours (Fig. 7).

Discussion

Comet assay provides a simple and effective method for evaluating DNA damage 
in cells. The samples are electrophoresed in a horizontal chamber to separate 
intact DNA from damaged fragments. The damaged DNA (containing cleavage 
and strand breaks) will migrate further than intact DNA and produce a comet-
tail shape (Fig. 1).

Eosinophil cationic protein (ECP) is a marker of eosinophil, and CD3 is a 
marker of lymphocyte. Figure 2 shows lymphocyte and eosinophil presence in 
nasal smear. Chronic sinusitis and allergic rhinitis have the background of intrac-
table, protracted chronic inflammation. So, there are macrophage, dendritic cell, 
plasma cell and neutrophil in nasal smear besides lymphocyte and eosinophil.

The inflammatory cells discharge various cytokines and histamine. TNF-α 
(tumor necrosis factor-α), as an inflammatory cytokine, induces iNOS (induc-
ible nitric oxide synthase). INOS produces a stack of NO (nitric oxide). It is 
known that NO produces ONOO- and induces DNA damage by oxidative stress. 
DNA damaged cells were confirmed in nasal smears of patients with chronic 
inflammation including chronic rhinitis, allergic rhinitis and hyposmia (Fig. 3). 
DNA damage is induced by oxidative stress. Oxidative stress occurs in many 
allergic and immunologic disorders. Oxidative stress occurs not only as a result 
of inflammation, but also from environmental exposure to air pollution and 
cigarette smoke.16 Chronic sinusitis may be an more severe inflammation than 
allergic rhinitis and hyposmia. However, nasal polyps hardly have any relation 
with DNA damage (Fig. 4).

Allergic rhinitis is treated with intranasal corticosteroid, anti-histamines and/
or leukotriene antagonists frequently. Corticosteroid inhibits mast cell, eosino-
phil and lymphocyte infiltration into nasal mucosa. Corticosteroid inhibits pro-
duction of cytokine, vascular permeability, and production of leukotriene and 
prostaglandin, as well. In comparison with oral corticosteroids, topical cortico-
steroids have fewer and milder adverse effects overall. Anti-histamine blocks 
the binding of histamine to its receptors. It suppresses the histamine-induced 
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nasal discharge, sneeze and nasal congestion. Leukotriene antagonist blocks the 
binding of leukotriene to its receptors on endocapillary cells and eosinophils. It 
suppresses leukotriene-induced vasodilatory effects, vascular permeability and 
eosinophil chemotactic activity. Figure 5 shows that corticosteroid may reduce 
DNA damage of intranasal inflammatory cells (although there is no significant 
difference), and the pharmacological functions of anti-histamine and leukot-
riene antagonist have hardly any relation with the DNA damage. It has been 
reported that steroid protected cells from DNA damage.4 However, the effect 
of steroid, anti-histamine and leukotriene antagonist protection against DNA 
damage remains unclear.

The present study shows DEX protects from 15 µJ/cm2 of UV-C (254 nm) ir-
radiation induced DNA damage of PBL. The damage decreased as the treatment 
time was lengthened. The most effective time for the treatment was found to be 
20 hours and the most effective concentration was 0.1 mg/ml. The DNA dam-
ages of the lymphocytes incubated with 0.1 mg/ml DEX for 20 hours decreased 
with about 70% compared to those without DEX treatment.

Baumeister et al.4 observed while using comet assay that DEX protects 
cells from hydrogen peroxide-induced DNA damage using biopsied human 
mini-organ culture from fresh nasal mucosa. They indicated that the oxidative 
DNA damages decreased with about 45% when pre-incubated with DEX for 
five days at 20 μM. Scoltock et al.8 showed that DEX pretreated rat hepatoma 
cells inhibit UV-C-induced apoptosis. The cells were treated with 90 µJ/cm2 
of UV-C and the percentage of cells with apoptotic features by flow cytometry 
was determined. About 15% of rat hepatoma cells without DEX treatment had 
degraded DNA and about 5% of rat hepatoma cells pretreated with DEX in 24 
hours before apoptosis induction. The rate of cells with damaged DNA can be 
decreased by treatment with DEX before apoptosis induction.

DEX may protect the DNA damage caused by any kind of stress (UV-C, 
hydrogen peroxide) or over the species of animal (rat hepatoma cell, human 
nasal mucosa cell, PBL). Oxidative stress is a causative agent in the UV acti-
vation of the p53 pathway.9 Not only human but also marine life (the Atlantic 
cod (Gadus morhua)10 and sea urchin (Echinus melo)) embryos11 express high 
concentrations of the transcriptional activator p53 in response to DNA damage 
when exposed to UV-B radiation. It seems likely the mechanism which lies on 
the bottom is the same in the animal species.

Zhai et al.13 suggested that in human RSa cells GRP78/BiP plays a protective 
role against UV-C-induced cell death, possibly via nucleotide excision repair. 
GRP78/BiP is a heat shock protein belonging to the HspA family. It participates 
in protein folding and makes the tolerance over heat form. DEX inhibited the 
expression of inflammatory cytokine. Yamazaki et al.14 suggested that DEX 
reduces the expression of inflammatory cytokine by inhibiting NF-kB. DEX 
treatment inhibited sepsis-induced hepatic NF-kB activation by 23%.15 Because 
of these results, NF-kB was also involved in the course of DEX treatment.

We used comet assay for the investigation of DNA damage of PBL. The 
comet assay is a good technique for examining the damage of DNA in a brief 
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examination. Apoptosis can generate the typical comet images as soon as the 
cells enter the apoptosis process.12 Recent progress of new apo/necro-Comet-
assay1 can distinguish viable, apoptotic and necrotic cells. The new technique 
reduces the sometimes mentioned problem of false-positive results in genotoxicity 
researchers. Since comet assay is an easy method of achieving results in a short 
time, it is useful for the elucidation of the involved mechanisms.

Conclusions

DNA damaged cells were confirmed in nasal smears of patients with chronic 
inflammation including chronic rhinitis, allergic rhinitis and hyposmia. DNA 
damage is induced by oxidative stress. Oxidative stress occurs in many allergic 
and immunologic disorders. Oxidative stress occurs not only as a result of in-
flammation but also from environmental exposure to air pollution and cigarette 
smoke. Steroid has a protective effect against DNA damage dose-dependently 
and time-dependently. Steroid inhibits an activity of prostaglandin, leukotriene 
and nuclear factor-kappa B. These inhibition makes anti-inflammatory effects. 
The anti-DNA-damage effect of steroids seemed to play a role in this anti-
inflammatory effect as well.
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Introduction

Parkinson’s disease (PD) is a movement disorder characterized by bradykinesia, 
rigidity, rest tremor, and postural instability. However, it is recognized that PD 
is associated with a variety of non-motor features,1 like gastrointestinal (GI) 
and smell dysfunction (which often occur years prior to the onset of motor 
symptoms2 in at least 90% of cases3,4). Braak et al. described the PD neurode-
generation staging through the progressive ascending distribution of misfolded 
α-synuclein from the brainstem to the cortex5 (in six steps). Braak’s ascending 
staging model prompts the question whether the disorder might originate out-
side the central nervous system (CNS), caused by a yet unidentified pathogen,6 
able to pass the nasal and GI mucosal barrier, entering the anterior olfactory 
nucleus or the enteric neurons through a retrograde axonal transport.7,8 This 
model could explain the high prevalence of non-motor symptoms, and their 
onset prior to motor symptoms. Our challenge in this study is to demonstrate 
that hypo-anosmia and GI dysfunction should have similar origins, onset and 
evolution across the disease stages of PD.
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Patients and methods

Seventy-eight outpatients were enrolled, fulfilling three inclusion criteria: di-
agnosis of PD according to the UK Brain Bank criteria,9 informed consent, 
olfactory test. Exclusion criteria were: signs of dementia (DSM-IV criteria), 
score ≤ 26 at the Mini-Mental-State-Examination, head trauma, neurological, 
nasal or systemic disorders potentially affecting olfactory function.

Motor condition was assessed by Hoehn and Yahr staging10 and by section III 
of the Unified PD Rating Scale, UPDRS-III, (in off and on conditions). Patients 
were studied through the Sniffin’ Sticks® olfactory test (Burghart instruments, 
Germany), performing olfactory threshold, detection and identification test.11 
The test was preceded by rhinomanometry,12 sensitized with nasal deconges-
tion. The overall score of the three tests, TDI score (threshold, Discrimination, 
Identification) was calculated (range from 0 to 48). TDI values < 15 identify 
anosmic subjects,13 while values < 5 are not reliable.

Enrolled patients were questioned about the occurrence of non-motor symp-
toms. The interview was performed in a structured fashion using an in-house 
standardized worksheet developed by another group.14 It consisted of 24 specific 
questions to assess the presence of non-motor symptoms, concerning olfac-
tion, vision, psychiatric and cognitive status, sleep, autonomic dysfunction, GI 
symptoms.

For any affirmative answer, participants were asked to report the time of 
symptom’s onset. Positive familiar history for PD, age at onset, disease duration, 
motor phenotype at PD onset, therapy, smoking habit and number of weekly 
evacuation were also assessed.

Results

Seventy-eight PD patients were enrolled (50 males and 28 females; age: 69.7 
± 9.2 years; disease duration: 11.1 ± 5.4 years, Hoehn and Yahr stage: 2.1 ± 
0.6). Thirty-one patients (39.4%) were smokers, without inter-groups differ-
ences (p = 0.4).

Threshold, discrimination, identification scores were: 3.2 ± 2.7, 8.3 ± 3.0 
and 8.2 ± 2.5, respectively; TDI mean score was 19.7 ± 7.5. Olfactory dysfunc-
tion was objectively detected in 91.0% of patients, a percentage higher than 
subjective hyposmia declared (55.1%; p < 0.0001). Seven patients (9.0%) were 
normosmic, 49 (62.8%) hyposmic, 22 (28.2%) anosmic. These three subgroups 
differed in gender distribution (p = 0.005), age at disease onset (p = 0.04) and, 
as statistical trend, disease duration (p = 0.057)(Table 1).

Post-hoc analysis showed that the percentage of males was lower in anosmic 
than hyposmic (p = 0.003) and normosmic group (p = 0.03); age at disease onset 
was lower in normosmic than hyposmic (p = 0.04) and anosmic (p = 0.02) group.

The occurrence of non-motor symptoms in normosmic, hyposmic and anosmic 
patients did not differ across groups, with the exception of subjective hyposmia 
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(p = 0.007), constipation (0.01), number of bowel movements/week (p = 0.03), 
bloating (p = 0.04) and dyspepsia (p = 0.05). On post-hoc analysis, constipation 
prevalence in patients with anosmia and hyposmia was higher than in normos-
mic ones (72.7% and 69.4% vs. 14.3%; p = 0.006 and p = 0.005, respectively). 
The number of bowel moments/week was higher in normosmic patients (6.7 ± 
0.8) than anosmic (5.0 ± 1.8, p = 0.04) and hyposmic patients (4.9 ± 3.0, p = 
0.01). Bloating was higher in anosmic and hyposmic than in normosmic patients 
(54.5% and 40.8% vs. 0%; p = 0.03 and p = 0.01, respectively) and dyspepsia 
was higher in anosmic than hyposmic patients (54.5% vs. 28.5%, p = 0.05).

As for age at onset of the different non-motor symptoms, no significant dif-
ferences arose (Table 2).

TDI did not correlate with any continuous demographical and clinical data. 
Threshold and discrimination did not show correlations, identification correlates 
with age (R = -0.23, p = 0.04) and age at disease onset (R = -0.27, p = 0.02).

Discussion

Our study confirms the high frequency of olfactory and GI dysfunctions in PD 
patients.

Table 1. Demographic and clinical data of patients. Bolt-typed values are significantly different 
across groups.

Total Anosmic Hyposmic Normosmic

Number 78 22 49 7
Male/female (ratio) 50/28 8/14a 36/13 6/1
Age 65.5 ± 9.1 68.1 ± 7.8 64.2 ± 9.8 66.1 ± 7.4
Age at onset 58.6 ± 10.1 62.8 ± 7.7 57.4 ± 10.4 53.4 ± 10.7b

Smokers 31 (39.7%) 6 (27.3%) 22 (44.9%) 3 (42.9%)
Familiar history of PD 9 (11.5%) 1 (4.5%) 8 (16.3%) 0 (0%)
Hoehn & Yahr stage  2.1 ± 0.6  2.0 ± 0.6  2.1 ± 0.6  2.3 ± 0.3
UPDRS-III total score med ON 16.5 ± 6.3 15.4 ± 6.6 17.1 ± 6.5 16.0 ± 3.2
UPDRS-III total score med OFF 24.7 ± 8.0 22.4 ± 7.4 25.3 ± 8.2 27.6 ± 7.2
Threshold  3.2 ± 2.7  1.0 ± 1.1c  3.7 ± 2.5d  7.0 ± 2.1
Identification  8.3 ± 3.0  5.4 ± 2.1e  9.0 ± 2.3f 12.4 ± 1.3
Discrimination  8.2 ± 3.5  4.9 ± 1.7g  9.0 ± 2.9h 13.3 ± 2.2
TDI score 19.7 ± 7.5 11.1 ± 3.0i 21.7 ± 4.9j 32.7 ± 1.9
a: different than hyposmic (p=0.003) and normosmic group (p = 0.03); b: different than hy-
posmic (p = 0.04), and anosmic (p = 0.02) group; c: different than hyposmic (p < 0.001) and 
normosmic group (p < 0.001); d: different than normosmic group (p = 0.003); e: different than 
hyposmic (p < 0.001) and normosmic group (p < 0.001); f: different than normosmic group (p 
< 0.001); g: different than hyposmic (p < 0.001) and normosmic group (p < 0.001); h: different 
than normosmic group (p = 0.001); i: different than hyposmic (p < 0.001) and normosmic group 
(p < 0.001); j: different than normosmic group (p < 0.001).
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What we found is the direct link between them, as GI dysfunctions are more 
represented in hyposmic/anosmic patients.

This finding supports the Braak’s PD staging model15 and the hypothesis of 
the existence of environmental agents able to directly damage the olfactory and 
GI systems together.

We found an olfaction impairment in the 91.0% of patients.16 Interestingly, 
the 35.9% of patients were unaware of the smell disorder, thus suggesting the 
importance of a routine clinical assessment to detect it.11 Constipation, after 
hyposmia, was the most frequent non-motor symptom (65.4% of patients).17

There might be a direct involvement of the enteric nervous system, demon-
strated by the identification of Lewy bodies and loss of dopaminergic neurons18,19 
in the peripheral nervous system and in the dorsal motor nucleus of the vagus 
nerve.20-21 Non-myelinated or sparsely myelinated neurons with disproportionately 
long and thin axons (as olfactory receptor neurons, mitral and tufted cells22) are 
susceptible to the aggregations and misfoldings of a-synuclein.23 These cells 
are prone to oxidative stress and neurodegeneration. These observations led 
Braak and colleagues to hypothesize that PD starts outside the CNS, caused by 

Table 2. Age at onset of non-motor symptoms.

N 
=

Total Anosmic Hyposmic Normosmic

Disturbance of colour vision 4 63.7 ± 15.3 75.0 60.0 ± 16.4 
Crying during sleep 13 65.1 ± 10.0 70.0 ± 6.0 63.6 ± 10.8
Nightmares 24 63.5 ± 9.3 65.0 ± 10.8 63.4 ± 9.2 55.0
Vivid dreams 36 62.7 ± 10.7 64.2 ± 12.1 62.5 ± 10.6 55.0
Limb movements during sleep 33 63.4 ± 11.7 68.7 ± 7.9 62.1 ± 12.4 57.0
Problems with staying asleep 47 63.5 ± 10.5 68.5 ± 7.8 61.3 ± 11.3 61.7 ± 4.9
Falling asleep 40 63.2 ± 11.6 69.0 ± 8.4 62.4 ± 11.4 53.7 ± 14.2
Subjective hyposmia 41 62.0 ± 11.0 65.3 ± 10.4 59.5 ± 11.3 62.0
Constipation 51 63.3 ± 11.1 63.6 ± 12.7 63.3 ± 10.7 60.0
Diarrhea 1 69.0 69.0
Alternate bowel 3 58.3 ± 21.2 73.0 51.0 ± 24.0
Bloating 32 61.6 ± 13.6 64.6 ± 11.0 59.8 ± 15.0
Abdominal pain 22 61.8 ± 10.6 63.2 ± 14.6 61.4 ± 9.7
Dyspepsia 27 60.9 ± 9.5 63.3 ± 12.7 59.0 ± 5.9 58.0
Increased sweating 18 60.9 ± 9.4 61.3 ± 3.4 60.7 ± 11.5
Seborrhea 6 62.3 ± 8.1 62.5 ± 6.4 62.2 ± 9.9
Orthostatic dizziness 25 65.0 ± 7.0 67.6 ± 3.1 63.2 ± 8.0 71.0
Anxiety 41 61.7 ± 13.3 63.9 ± 12.1 60.2 ± 14.9 63.0 ± 5.8
Moodiness 19 62.6 ± 9.0 68.7 ± 9.0 60.3 ± 9.4 63.3 ± 2.3
Depression 38 63.7 ± 9.4 68.2 ± 9.2 61.4 ± 9.2 63.7 ± 6.7
Apathy 27 61.9 ± 13.3 69.2 ± 8.0 57.9 ± 15.1 63.7 ± 6.7
Problem to recall name 42 62.3 ± 14.0 67.7 ± 7.8 61.1 ± 12.6 50.5 ± 29.8
Forgetfulness and finding of words 45 62.9 ± 12.2 67.9 ± 6.2 62.6 ± 9.6 50.5 ± 29.8
Bradyphrenia 33 61.2 ± 13.0 69.0 ± 7.2 59.0 ± 14.3 59.7 ± 5.5
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environmental agents (prions, viruses, metals, solvents, pesticides24-26). Genetic 
substrates may interact with environmental factors to induce most forms of 
sporadic PD.27 PD could be caused by pathogens penetrating the brain via the 
olfactory and/or vagal fibers from the nervous enteric plexa, resulting in GI 
and smell dysfunctions secondary to damage to the olfactory and motor brain 
regions.28-30 In all patients, olfaction impairment and GI involvement are corre-
lated: for instance, more than 70% of hypo/anosmic patients presented constipa-
tion, in contrast with the 14.3% observed in the normosmic ones, a prevalence 
similar to the general adult healthy population.31 Another novel aspect is the 
characterization of a subgroup of normosmic patients, with early diagnosis of 
PD, in these patients the contribution of genetic abnormalities might be greater, 
and the role of external toxic agents marginal, so the disease probably starts 
directly inside the CNS;32,33 accordingly a normal olfactory threshold and no 
GI symptom were detected.

We also found an inverse correlation between TDI and age at disease onset 
in the whole sample of patients.

Our study has some limitations. The group of normosmic patients is small 
(seven) (even if statistically significant correlations were found). None of these 
patients underwent genetic analysis, but the onset in younger age of PD may 
be an argument in favor of the genetic contribution. The possibility of false-
negative normosmic patients is very unlikely since we used a ‘sensitized’ olfac-
tory test (rhinomanometry and a nasal decongestion previously performed).34,35 
Moreover, gastrointestinal discomfort and constipation are very common chronic 
symptoms in general population and above all in women. Anyway to establish 
the exact prevalence of constipation (as well as gastrointestinal discomfort or 
Inflammatory Bowel Diseases, IBD) is very difficult, firstly for the overlap-
ping symptoms of these disorders, secondly, the series conducted are based on 
self-reported symptoms and subjective questionnaires, and some risk factors 
for constipation36 are not considered. In any case, the rate seems to be similar 
all over the different countries 2-28%,37 and in Europe it should correspond to 
the 17%;36,38 a series conducted in Greece (2014)39 showed the higher preva-
lence of the problem in women, compared to men (21% vs. 11%), and should 
be correlated to alimentary habits, stress, age, etc. In the data obtained from 
the series of Suares,40 the prevalence of constipation is 14% and women and 
people suffering of IBD, seem to be more prone to develop it, but the countries 
analyzed do not include Europe. It is easy to understand how difficult it is to 
define the prevalence of constipation, and it would be useful to analyze it with 
the most coherent cohort of patients possible to avoid the overlap with other 
disorders such as IBD.

Conclusions

In our series we found a direct link between olfactory and gastrointestinal dys-
function, thus supporting the environmental mechanism in the pathophysiology 
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of PD15. This might help in establishing a screening for the early diagnosis in 
patients prone to develop PD, so that they could be enrolled in trials for studying 
new medicines to prevent it. In addition, we have characterized a very specific 
subgroup of patients with earlier age at onset of PD and lack of olfactory and 
GI problems, probably genetically predisposed.

Further series would be helpful for identifying genes responsible for PD and, 
above all, objective assessment of olfactory and gastrointestinal dysfunction, 
are needed to upgrade our knowledge of PD etiopathogenesis, to try to prevent 
and cure it. In order to achieve this, a very large sample of patients is needed, 
that would also allow the detection of a sizable number of normosmic patients.
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Management of sinonasal inverted 
papilloma

Yuji Nakamaru, Dai Takagi and Satoshi Fukuda

Department of Otolaryngology, Head and Neck Surgery, Hokkaido University 
Graduate School of Medicine

Introduction

Sinonasal inverted papillomas (IPs) are rare tumors in the nasal and paranasal 
sinus area.1 IPs are basically benign, but they can have aggressive features 
and a high rate of recurrence. As they also have a malignant transformation, 
thorough removal of these tumors and their attachment sites is required.2 Be-
cause the recurrence rate of endonasal surgery was very high, two decade ago 
lateral rhinotomy was the Gold Standard for this tumor surgery.1 Because of 
the recent development of instruments and surgical methods, endoscopic nasal 
surgery (ESS) has become the first choice for IP surgery. Still, there remain 
some cases in which we should use an external approach to resect IP, depend-
ing on the attachment site. 

In this paper, we review the recent optimal management for IP, focusing on 
the tumor attachment sites.

Attachment-oriented surgery

There are several reasons for the high potential of recurrence of IPs. The main 
reason is the anatomical complexity of the nose and paranasal structures. IPs 
tend to invade the bone at the site of the tumor attachment which makes it hard 
to resect completely. 

To manage the remodeling of the bone around the tumor attachment site, 
attachment-oriented surgery was accepted among many top nasal surgeons. The 
concept of this surgery is as follows. The tumor, originating from the mucosa, 
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de-bulked until the tumor attachment site can be identified. Then the tumor is 
resected with a safety margin, making sure by pathological diagnosis during 
surgery it is resected completely. The remaining tumor is drilled away with a 
diamond burr2 (Fig. 1).

In attachment-oriented surgery, an appropriate approach to obtain good sur-
gical fields is needed. Although the approach may vary depending on surgical 
skill and available equipment, ESS may be chosen for a tumor attached at the 
nasal cavity, medial, upper and wall of the maxillary sinus, ethmoid, and sphe-
noid sinus. A tumor attached to the inferior and lateral wall of the maxillary 
sinus can be managed with endoscopic medial maxillectomy (EMM). A tumor 
attached to the frontal sinus and supraorbital cell requires an external approach. 
Surgical approach should be adapted to the tumor attachment site.3 To identify 
the tumor attachment site is mandatory for a complete resection. 

Preoperative imagings

There have been some attempts to identify the tumor attachment site. Most of 
these attempts were examined by C.T. Bhalla who reported that otitis signs 
such as thickening and resorption of the bone existed in 63-88% of IP patients.4 
These signs were exited 83-100% especially at the tumor attachment site. On 
the other hand, these signs also appeared at the site without tumor attachment.

Using MRI, Iimura et al. reported that the center of the radial structure and 
the opposite side of the empty space represent the tumor origin. They reported 
85.7% correlation with the surgical results.5 But there is no study reporting 

Fig. 1. Schematics of the attachment-oriented surgery. The stages are: 1) Tumor de-bulking; 2) 
Precise identification of the tumor’s mucosal attachment; 3) Tumor dissection; 4) Excision of 
the tumor and its surrounding normal mucosa; 5) Resection or drilling of the bone around the 
attachment site with a diamond burr. 
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about sensitivity and specificity of these methods. 
We have reported about the usefulness of MRI and CT as preoperative imag-

ing for inverted papilloma surgery.6 Ten consecutive pathologically proven IP 
patients underwent three Tesla (3T) MRI, 1.5 Tesla (1.5T) MRI, and CT scans 
preoperatively. All images were retrospectively reviewed by two radiologists. 
The actual tumor attachment sites were confirmed during surgery by pathologi-
cal examination of the specimens.

Compared to the 3T MRI and 1.5T MRI, 3T MRI was better in all parameters 
than 1.5T MRI, although not significantly. MRI showed good specificity but 
poor sensitivity. CT showed excellent sensitivity; however, the specificity was 
significantly lower. CT plus MRI showed both excellent sensitivity and specificity. 
We concluded, therefore, that the best method to find the attachment site before 
surgery is to (1) search for otitis signs such as newly-generated, thickened and 
destructed bone using CT; (2) confirm the area around otitis sign using MRI. 
If the MRI shows that there is a tumor around the otitis sign, the area around 
otitis sign is the real tumor attachment site. If there is no tumor around the sign, 
it may be just a case of chronic inflammation.

Conclusion

IP is the tumor that easily recurs after surgery, which can be approached endona-
sally. However, this is a difficult area to manage endonasally. It is important to 
survey the tumor attachment site before IP surgery using CT and MRI. Precise 
assessment of the attachment site may be the key point to manage these tumors 
without recurrence. 
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Kawasaki City, Japan

Introduction

Macrolides belong to the family of 14- or 15-membered lactone ring antibiotics, 
originally found in a Philippine soil sample. These antibiotics achieve a high 
intracellular concentration and have a spectrum of activity against gram-positive 
cocci, but also intracellular pathogens such as Chlamydia and Mycoplasma.1

In 1984, Kudoh et al. reported a remarkable improvement of symptoms 
in 14-membered lactone ring macrolide, erythromycin (EM)-treated patients 
suffering from diffuse panbronchiolitis (DPB). DPB, which mainly occurs in 
East-Asian people, is characterized by chronic airway infection with diffuse 
bilateral micronodular pulmonary lesions. The advent of macrolides have a strik-
ingly changed DPB prognosis. The bactericidal activity of macrolides is not a 
significant factor for their clinical efficacy in DPB; (1) irrespective of bacterial 
clearance, clinical improvement is observed in patients treated with EM; (2) even 
in cases with bacterial superinfection with Pseudomonas aeruginosa resistant 
to macrolides, treatment has proved effective; (3) the recommended dosage of 
macrolides produces peak levels in tissue that are below the minimum inhibitory 
concentrations (MIC) for major pathogenic bacteria that colonize the airway.2,3 

Since long-term, even low-dose, macrolide therapy (macrolide therapy) turned 
out to be quite effective in improving survival rates in DPB cases, the mechanism 
of this efficacy independent of bactericidal activity of macrolides has been the 
research target in Japan in the field of upper and lower respiratory inflammation. 
Macrolide therapy was quite successfully studied in chronic rhinosinusitis as a 
complication of COPD.4 In the 1990s, the effect of macrolide therapy on CRS 
was studied in many hospitals all over Japan, and its efficacy was confirmed 
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in many clinical trials. New 14-membered lactone ring macrolides such as clar-
ithromycin (CAM) and roxithromycin (RXM) were produced as derivatives of 
EM in this decade. Major advantages of these new macrolides are as follows; 
(1) more acid stable and rapid absorption from gastrointestinal tract than EM; 
(2) less gastrointestinal side effects than EM.

Treatment dosage, period and indication 

According to the guideline for macrolide treatment of chronic paranasal sinusitis 
(draft) in 1998, low dose means half of the usual dose as follows; 600 mg/day of 
EM, 200 mg/day of CAM and 150 mg /day of RXM. Long-term usually means 
medication for three months, and extended period for less than six months is 
available in effective cases. Endoscopic sinus surgery may be chosen in adult 
CRS cases resistant to macrolide therapy.

This medication policy is applicable in adult CRS cases. Although macrolide 
therapy is thought to be effective in children, many sinusitis cases in children 
are more affected by acute bacterial infection complicated with allergic rhinitis 
than in adult CRS cases. Administration of penicillin and/or antihistamine of-
ten takes priority over macrolide therapy. Macrolide therapy is thought to be a 
contraindication in IgE-dependent inflammation pathophysiologically.5

Otitis media with effusion (OME) is an additional indication, especially in 
cases complicated with CRS and/or epipharyngitis.6

Therapeutic effects of macrolides on symptoms and local findings in CRS 

Many publications, in Japanese literature especially in the 1990s, attest to the 
benefit of macrolide therapy for the treatment of nasal manifestation. Figures 1 
and 2 show the average improvement rate of symptomatic complaints (Fig. 1) 
and endonasal findings (Fig. 2) based on the data reported in Japanese litera-
ture published in 1995-97. While inflamed secretory components are obviously 
improved commonly in symptoms and endonasal status, olfaction is likely less 
recovered by macrolide therapy.7

In the meta-analysis of English-language studies, convincing evidence of 
clinically significant improvements have not been reported enough yet in com-
parison with placebos.8 In the latest review article about macrolide therapy for 
CRS based on meta-analysis in the United States, it is pointed out that there is 
no clinically significant improvement in patient-oriented quality of life measures 
with long-term macrolide therapy for CRS; simultaneously, however, there may 
be an effect among the subgroup of patients with low serum IgE. Further studies 
about this scientific theme should be designed and adequately powered for a 
priori subgroup analysis based on IgE and other inflammatory marker profiles.
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Macrolide therapy in the European Position Paper on Rhinosinusitis and  
Nasal Polyps 2012 (EPOS 2012)9

A number of open studies using macrolides have shown a response rate of 
60-80%. Since in a study lacking a placebo group the risk of over-estimating 
efficacy of the intervention is high, placebo-controlled studies are necessary 
to show the efficacy of macrolide therapy. However, to date, prospective ran-

Fig. 1. Average improvement rate of symptomatic complaints published in Japanese literature 
in 1995~97.

Fig. 2. Average improvement rate of nasal findings published in Japanese literature in 1995~97.
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domized placebo-controlled trials (RCT) are quite rare in macrolide therapy. 
Wallwork et al.10 showed in RCT clinical effects of macrolide therapy with 
significant improvement in SNOT-20 score, nasal endoscopy, saccharine transit 
time and IL-8 levels in lavage fluid in CRS without nasal polyps after RXM 
12-week medication.

Macrolide therapy should be reserved for patients where nasal corticosteroids 
and nasal saline irrigation have failed to reduce symptoms to an acceptable 
level. The population with high serum IgE are less likely to respond to mac-
rolide therapy.

In CRS with nasal polyps, in an uncontrolled study with CAM 400mg/day for 
at least three months, polyps were reduced in size and IL-8 levels decreased. IL-8 
levels in the group with reduced polyps were initially significantly higher before 
macrolide therapy than those in the group whose polyps showed no change.11

Anti-inflammatory mechanism of macrolide

Mechanisms of the efficacy of macrolide therapy have been regarded not as 
anti-microbiological, but as anti-inflammatory one. Major anti-inflammatory 
actions are (1) inhibition of migration and accumulation of neutrophils at inflam-
matory sites through down regulating pro-inflammatory cytokines and adhesion 
molecules including IL-8 and ICAM-1; (2) inhibition of the epithelial damage 
by superoxide and elastase from neutrophils and migrating inflammatory cells; 
(3) inhibition of the hyperseccretion through blocking chloride channel and 
production of mucin core protein; (4) inhibition of bacterial adherence and 
biofilm formation.1,12

Inhibition of vascular endothelial growth factor production by macrolides 

Major pathophysiological activities of the vascular endothelial growth factor 
(VEGF), identified in 1980s, are angiogenesis and increasing vascular leakage.13,14 
Hypoxia is one of the most effective inducers of VEGF production, and tumor 
necrosis factor (TNF)-alpha produces the most marked up-regulation of VEGF 
among all the inflammatory cytokines.15,16

By enhancing neovascularization and vasopermeability, VEGF plays an im-
portant role in tumor growth, as well as inflammation of the upper and lower 
respiratory tract. Accordingly, VEGF has been one of the important inflammatory 
cytokines in chronic airway inflammation. We have reported the importance 
of VEGF in perpetuating CRS for a number of reasons: (1) increased levels of 
VEGF are observed in the sinus effusions of patients with CRS compared with 
VEGF levels within the serum and nasal secretions of these patients, suggesting 
that VEGF is produced in the paranasal sinus mucosa; (2) hypoxia and increased 
levels of TNF- alpha are often found in effusions from the paranasal antrum in 
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patients with CRS, likely the result of impaired ventilation and drainage between 
the nasal cavity and paranasal sinuses. In order to study a new mechanism of 
efficacy of 14-membered ring macrolides in treating CRS, inhibitory effects of 
macrolides on VEGF production were examined in vitro; VEGF production in 
cultured fibroblasts from human nasal polyps obtained from surgery for CRS 

Fig. 3. Vascular endothelial growth factor (VEGF) production was significantly inhibited by ex-
posure to 106 M and 107 M of clarithromycin (CAM), roxithromycin (RXM), or dexamethasone 
(DEX) during culture under hypoxic conditions for 10 and 20 hours. Only DEX was observed 
to have an inhibitory effect on VEGF production at a dose of 108 M. CAM had a more marked 
effect than RXM at 106 M. *P .05; **P .01.

Fig. 4. Vascular endothelial growth factor (VEGF) production was significantly inhibited by ex-
posure to 106 M and 107 M of clarithromycin (CAM), roxithromycin (RXM), or dexamethasone 
(DEX) during culture with 10 ng/mL tumor necrosis factor for 10 and 20 hours. Only DEX was 
observed to have an inhibitory effect on VEGF production at a dose of 108 M. CAM had a more 
marked effect than RXM at 106 M. *P .05; **P .01.
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stimulated by hypoxia or TNF-alpha was assessed under the administration of 
CAM or RXM by enzyme linked immunosorbent assay (ELISA) and reverse 
transcriptase polymerase chain-reaction (RT-PCR). Dose-dependent inhibitory 
effects on VEGF production stimulated by hypoxia or TNF-alpha were noted in 
the groups treated with CAM and RXM (Figs. 3 and 4), including inhibition of 
VEGF mRNA levels. Inhibition of VEGF production was shown to be another 
important anti-inflammatory mechanism of macrolide in CRS cases.17-19

Expectation of successful new ‘new macrolide therapy’ by EM 900 series  
in the future

Since macrolide therapy by EM or new macrolides of CAM and RXM has been 
advocated in the field of upper and lower respiratory inflammation, developing 
macrolide-resistant bacteria has been mistaken as a possible serious risk. If the 
anti-inflammatory activity of macrolides is independent of their bactericidal ef-
fect, novel anti-inflammatory macrolides without antimicrobial activity should 
be developed to minimize this kind of risk. In order to achieve this aim EM 
700 and EM 900 series have been synthesized as EM derivatives recently, and 
EM 900 series have been proved to be more effective in vivo than EM 700 se-
ries. EM 900 series are now regarded as the most promising anti-inflammatory 
12-membered lactone ring macrolides without antibiotic activities and a project 
of innovative drug development is to be kicked off in the near future. EM 900 
series are expected to induce new ‘new macrolide therapy’ for CRS.20,21
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Rhinosinusitis with prolonged cough 
in children
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Introduction

Cough is one of the most frequent symptoms in children. A survey1 about 
prevalence of respiratory symptoms in Japanese preschool children based on a 
nationwide mail questionnaire showed that 94.8% of children had experienced 
nasal symptoms in a recent year, followed by nonproductive cough or wet cough. 
However, sometimes the diagnosis and proper treatment to the disease causing 
the cough was delayed.

Rhinosinusitis is found frequently in children with chronic cough. According 
to Tatli,2 sinus abnormality on the CT scan was found in 66.7% of 42 children 
with cough lasting for more than four weeks.

I herein report the case of a child who had been suffering from prolonged 
cough caused by rhinosinusitis.

Case report

A four-year-old boy was complaining of prolonged cough. He had been coughing 
since 13 months ago. The cough was productive, occurring without any triggers. 
His mother noticed neither his nasal symptoms, nor wheezing.

He was diagnosed with bronchial asthma and treated with leukotriene an-
tagonists and inhaled corticosteroids. He visited our pediatric department for a 
detailed examination of asthma. The pediatrician introduced him to us.

In his nasal cavity, there was mucopurulent nasal discharge. The inferior 
turbinate was swollen and the middle nasal meatus was blocked. The dominant 
inflammatory cells in nasal secretion were neutrophils. Serum IgE specific to 
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house dust mite, Japanese cedar, cat, and dog were all negative. Waters’ view 
X-ray revealed soft tissue density in the right maxillary sinus. Finally, he was 
diagnosed with rhinosinusitis.

He was treated with clarithromycin at a dose of five mg per kilogram per day. 
All medicines for asthma were stopped. We advised him to practice blowing 
the nose. The cough decreased in one week, and disappeared in three weeks.

Rhinosinusitis and prolonged cough

Rhinosinusitis is one of the important causes of coughing, however, it is often 
overlooked, under-diagnosed or misdiagnosed as in this case. Therefore, we 
investigated 32 children (17 boys and 15 girls, one-15 years of age, the median 
age was four) presenting with cough lasting for more than four weeks.3 Pedia-
tricians and otorhinolaryngologists examined each patient on the same day. A 
questionnaire was filled out by their parents.

Figure 1 shows the combination of diagnoses by pediatricians and otorhinolar-
yngologists. The disease most frequently diagnosed by pediatricians was asthma. 
Some patients had bronchitis, psychogenic cough, pneumonia, or whooping 
cough. In 34% of the subjects, no problems were found in the pediatric depart-
ment. On the other hand, in the ENT department, 50% and 44% of the children 
were diagnosed with sinusitis and allergic rhinitis, respectively. All the children 
with sinusitis had productive or mixed-type cough. Most of the children with 
allergic rhinitis also had asthma. A few of the patients with rhinosinusitis had 
bronchitis or asthma.

Fig. 1. Combination of diagnoses by otorhinolaryngologist and pediatrician in 32 children with 
prolonged cough.
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Eighty-eight percent of the children with rhinosinusitis were treated with 
clarithromycin, 14-membered macrolide, in a dose of 5-7 mg/kg/day. After a 
month of treatment, 57% of them cured, 25% improved, 6% partially improved. 
That is, appropriate treatment for a month resulted in significant improvement 
in more than 80% of the children with cough caused by chronic rhinosinusitis.

Primary ciliary dyskinesia

However, sometimes rhinosinusitis is intractable in spite of treatments. Primary 
ciliary dyskinesia (PCD) is not frequently diagnosed but it is one of the impor-
tant diseases in children with intractable chronic rhinosinusitis and prolonged 
productive cough. Abnormality of ciliary structure and function resulting from 
autosomal recessive disorder causes various clinical symptoms. The symptoms 
include chronic airway infections, such as sinusitis and otitis media with effu-
sion. Situs inversus is seen in half the patients, and it is well known as Karta-
gener’s syndrome.

Diagnosis of PCD is sometimes difficult, especially in the patients without 
situs inversus. PCD should be suspected when the patient has symmetric re-
spiratory diseases, both upper and lower airway involvement, including middle 
ears. Chin et al.4 described that the presence of multiple clinical manifestations 
(sinonasal, otitis media, and/or pulmonary) is a good predictor of PCD. In the 
newborn period, continuous rhinorrhea from the first day of life is observed. 
In childhood, chronic productive cough, rhinosinusitis, and otitis media are 
important findings5 for otorhinolaryngologists. However, nasal polyps are not 
so frequently found in the patients with PCD.6

One of the hints for diagnosis is small frontal and sphenoid sinuses.6 Pifferi 
et al.7 reported that more than half of patients have aplastic or hypoplastic 
frontal and/or sphenoid sinuses. Another important finding in PCD patients is 
decreased production of nasal nitric oxide (NO).8 The measurement of nasal NO 
is a valuable tool for the screening of PCD. Other manifestations are persistent 
otitis media with effusion and prolonged wet cough. The combination of these 
diseases is important. The diagnostic process of PCD is shown in Figure 2. 
Characteristic clinical phenotype is important, nasal NO measurement is help-
ful as screening, and electron microscopy and/or genetic examination confirm 
the diagnosis.

Conclusion

A rhinological approach is important to evaluate and manage prolonged cough 
in pediatric patients. We should pay attention to a rare disease such as PCD.
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Introduction

Chronic rhinosinusitis is a common inflammatory disease of the sinonasal cavity 
and recent molecular studies have confirmed that Streptococcus pneumoniae and 
non-typeable Haemophilus influenzae (NTHi) is important in chronic rhinosi-
nusitis. We investigated the role of toll-like receptor-4 (TLR-4) and triggering 
receptor expressed on myeloid cells-1 (TREM-1) expression on neutrophil to 
enhance bacterial clearance from the nose.

The TREM-1 is an activating receptor expressed on neutrophils and monocytes. 
Engagement of TREM-1 on the surface of the cell membrane leads to activation 
of a cascade of intracellular events, and results in inflammatory effects, such 
as cytokine production, degranulation of neutrophils and phagocytosis.1-3 The 
ligands of TREM-1 are unclear, although several putative ligands have been 
proposed, for example platelets, HMGB1, HSP70, peptideglycan, endotoxin.4 
To date, 12 TLRs have been identified in mammals, and TLR-4 are important 
receptors to induce innate immune responses in the NTHi infection.5 Also it is 
reported that biological effects of TREM-1 are suggested to interact with the 
TLR-4/LPS-receptor complex.6 In this study, we used C3H/HeJ (TLR-4 mutant 
mice) and C3H/HeN (wild tipe mice), and we investigate the interaction of TLR-
4 and TREM-1 expression by using a nasopharyngeal clearance model in mice.
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Materials and methods

Animals

C3H/HeJ (TLR-4-mutant) and C3H/HeN (WT) mice were purchased from Charles 
River Laboratories (Atsugi, Japan). All mice were maintained in a pathogen-free 
facility until they were six weeks old, at which time they were used.

Bacterial challenge and collecting samples

NTHi (strain 76) isolated in our clinic from the nasopharynx of patients with 
OME were used. An aliquot of the stored bacteria was cultured on chocolate or 
blood agar plates overnight at 37°C with 5% CO

2
, and suspended in Phosphate 

buffered saline (PBS) to a concentration of 109 CFU/ml. Three mice were intra-
nasally injected with 10 µl of NTHi suspension. The animals were decapitated 
at 12 hours after the challenge with 0.1 mL of 2% ketamine and 0.2% xylazine 
given intraperitoneally. Nasal washes were collected by irrigation of the naso-
pharynx with 200 µl PBS, and bacterial colonies were counted. Nasal mucosae 
were collected and treated with collagenase type IV for collecting neutrophil in 
the nasal mucosa to separate single cells. To investigate the expression of TLR-4 
on neutrophil in the nasal mucosa, a suspension of single cells was stained with 
FITC-conjugated anti-Ly-6G monoclonal antibodies (mAb; Beckman Coulter, 
Fullerton, CA, USA) and PE-conjugated anti-TREM-1 mAb (R&D Systems, 
Inc., Minneapolis, MN, USA).

Statistics

The Mann-Whitney U test was used to determine the significance of the dif
ferences in the numbers of bacteria cultured from nasal washes. A difference 
at p < 0.05 was considered significant.

Results

Nasal washes at 12 hours after bacterial challenge in C3H/HeN mice showed 
a significant reduction in the numbers of bacteria when compared to C3H/HeJ 
mice. The mean CFU/mL in the C3H/HeN vs. C3H/HeJ challenged at 12 hours 
after the challenge, 2950 vs. 10700, respectively (P < 0.05). At 12 hours after 
the bacterial challenge, a TREM-1 expression was augmented more in both 
of two strains. In C3H/HeN mice, cells positive for both TREM-1 and Ly-6G 
(double-positive) were 52.1% of the nuetrophils. On the other hand, in C3H/
HeJ mice, double-positive cells increased up to 40.6% at 12 hours after the 
bacterial challenge. The percentage of double positive cells was higher in C3H/
HeN mice than in C3H/HeJ mice.
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Discussion

Activation and expression of TREM-1 by neutrophils occurs in concert with 
TLR-4 for bacterial lipopolysaccharide. It is reported that using pharmacologi-
cal inhibitors and western blot analysis, phosphatidyl inositide 3-kinase, phos-
pholipase C and the mitogen-activated kinase p38MAPK are essential for the 
TREM-1- and TLR-4-induced oxidative burst of human PMN.6 In this study, we 
sought to investigate the putative effects of TREM-1 activation in neutrophils 
in relation with NTHi challenge and TLR-4. NTHi clearance from the nose 
augmented significantly in C3H/HeN mice when compared to C3H/HeJ mice 
at 12 hours after bacterial challenge, and TREM-1 expression on neutrophil in 
the nasal mucosa also increased in C3H/HeN mice when compared to C3H/HeJ 
mice. Our results also showed the TREM-1 interaction with the LPS/TLR-4 
receptor complex in the upper airway inflammation with NTHi, including the 
nasopharynx. It is reported that engagement of TREM-1 can exert beneficial 
effects through the activation of antibacterial host defense, as shown in an ex-
perimental model of pneumonia.7 In future, TREM-1 stimulation may be a new 
strategy for bacterial infection in the upper airway.

Fig. 1. In C3H/HeN mice, the cells positive for both TREM-1 and Ly-6G (double-positive) were 
52.1% of the neutrophils. On the other hand, in C3H/HeJ mice, double-positive cells increased 
up to 40.6% at 12 hours after the bacterial challenge.
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Abstract

Background: Chronic rhinosinusitis (CRS) is often complicated with asthma. 
An anti-immunoglobulin (Ig) E antibody has shown efficacy in the treatment 
of CRS and asthma, but the underlying mechanisms are not fully understood.
Objective: To investigate the relationship between IgE-positive cell-containing 
mucosal lymphoid follicles, eosinophils, and asthma-related complications in 
Japanese CRS patients.
Methods: Participants were 19 Japanese CRS patients who attended the Japanese 
Red Cross Medical Centre Otorhinolaryngology Department between July 2011 
and August 2012. Paranasal sinus mucosa samples were obtained and stained 
with hematoxylin and eosin (HE) and immunostained with anti-IgE antibody. 
The number of IgE-positive cells and eosinophils was counted both in the cir-
culation and in tissues. The presence of lymphoid follicles was determined on 
paranasal sinus mucosa tissue sections.
Results: Asthma was diagnosed in ten of the 19 patients. The number of IgE-
positive cells and eosinophils in the paranasal sinus mucosa was significantly 
higher in the patients with asthma than in those without asthma (p = 0.00024 and 
p = 0.00044, respectively). The circulating eosinophil count and total IgE level 
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were also significantly higher in patients with asthma than in those without asthma 
(p = 0.00024 and p = 0.00136, respectively). Relapse of CRS was observed one 
year postoperatively in patients with asthma but not in patients without asthma. 
Five of the ten CRS with asthma exhibited intramucosal lymphoid follicles, 
which stained strongly for the IgE and the B-cell marker CD20. None of CRS 
patients without asthma showed presence of intramucosal lymphoid follicles.
Conclusions: The localized production of large quantities of IgE by the para-
nasal sinus mucosa might induce infiltration of the mucosa by eosinophils. This 
mechanism is thought to result in the intractability and relapse of rhinosinusitis 
observed in eosinophilic CRS patients.

Keywords: asthma, eosinophilic rhinosinusitis, endoscopic sinus surgery, eo-
sinophil, lymphoid follicles, paranasal mucosa

Introduction

The use of transnasal endoscopic surgery, also known as endoscopic sinus sur-
gery, for the treatment of chronic rhinosinusitis (CRS) has gained popularity 
in Japan in the latter half of the 1980s. In the early 1990s, low-dose long-term 
treatment with erythromycin (EM) was established.1,2 Endoscopic sinus surgery 
enables restoration of ventilation while preserving the sinus mucosa, and low-
dose long-term EM treatment helps normalization of the residual mucosa.

Since the latter half of the 1990s, however, the incidence of intractable relaps-
ing CRS due to resistance to low-dose long-term EM therapy increased. Cases 
of intractable relapsing CRS are characterized by increased number of eosino-
phils both in circulation and in tissues as well as by an extremely high rate of 
asthma-related complications. In 2001, Haruna et al. proposed the concept of 
‘eosinophilic CRS’ for this type of sinusitis.3 Thereafter, while the cause and 
curative treatment for eosinophilic CRS remained to be elucidated, the number 
of patients suffering from the condition tended to increase.

Eosinophilic CRS is frequently complicated with asthma, is highly intractable, 
and relapses relatively early following paranasal sinus surgery. It is character-
ized by an increase in the number of circulating peripheral eosinophils, with 
marked eosinophilic infiltration of the paranasal sinus mucosa. Systemic ad-
ministration of steroids is an effective treatment, but long-term therapy cannot 
be continued because of its side effects. Thus, currently, there is no definitive 
treatment for this condition. Treatment involves a combination of surgery, anti-
histamines, anti-leukotrienes, and steroid sprays, but these treatment approaches 
have limitations, and a large number of patients experience recurrent episodes 
of remission and relapse.

Immunoglobulin (Ig) E is produced by plasma cells and binds to mast cells, 
resulting in the production of various cytokines. Some of these cytokines, such 
as RANTES, eotaxin, interleukin- (IL-)5, and intercellular adhesion molecule- 
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(ICAM-)1, are involved in eosinophilic migration and adhesion, causing eo-
sinophilic infiltration. The presence of excess IgE in allergic fungal sinusitis, 
considered as one type of eosinophilic CRS, has already been reported.4 Inter-
estingly, the anti-IgE antibody, omalizumab, has been reported to effectively 
treat eosinophilic CRS and eosinophilic tympanitis, implicating IgE as a cause 
of the eosinophilic infiltrate in eosinophilic CRS.5,6 However, the underlying 
mechanisms are not yet fully understood.

Tsurumaru7 reported the existence of lymphoid follicles that function first-line 
defense structures in the sinus mucosa of CRS patients. In this study, we inves-
tigated the relationship between IgE-positive cell-containing mucosal lymphoid 
follicles, eosinophils, and asthma-related complications in Japanese CRS patients.

Patients and methods

Participants were 19 patients (eight males, 11 females) who attended the Japanese 
Red Cross Medical Center Otorhinolaryngology Department between July 2011 
and August 2012. The median patient age was 45.5 years (range: 14-76 years).

Subjects were selected from among patients with CRS who had undergone 
endoscopic sinus surgery. For each patient, we evaluated the clinical charac-
teristics, lower respiratory tract disease, postoperative paranasal sinus mucosal 
hypertrophy, intramucosal lymphoid follicles, and circulating IgE, tissue levels 
of IgE-positive cells, circulating eosinophils % and tissue levels of eosinophils.

Paranasal sinus mucosa specimens obtained from the subjects were fixed in 
neutral buffered formalin solution and then were embedded in paraffin, after 
which they were sectioned. Next, immunohistochemical staining was performed 
using the ABC method with PA1-29206 rabbit anti-human IgE antibody (Thermo 
Scientific, Rockford, USA) as the primary antibody. Then, hematoxylin and 
eosin (HE) staining was performed.

The degree of infiltration by IgE-positive cells and eosinophils was assessed 
using the method established by Sakuma’s laboratory.8 Briefly, the number of 
IgE-positive cells and eosinophils was counted in five optical fields (magnifi-
cation: 400 x). For each specimen, the three fields with the highest cell counts 
were used to calculate the mean number of infiltrating IgE-positive cells and 
eosinophils.

The presence of intramucosal lymphoid follicles was investigated using the 
same paranasal sinus mucosa histopathological preparations.

Circulating IgE, intramucosal IgE-positive cells, circulating eosinophils % 
and eosinophil cell counts were compared between CRS patients with and 
without concurrent asthma and between CRS patients concurrent asthma with 
and without intramucosal lymphoid folliclesby using Mann-Whitney’s U-test.
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Results

The clinical characteristics of the 19 CRS patients are shown in Table 1. Asthma 
was diagnosed in ten of the 19 patients.

Table 1. Clinical profiles of the 19 patients in this study

Lymphoid 
follicles

Tissue IgE 
count

Circulating total 
IgE (μg/ml)

Tissue 
eosinophil 
count

Circulating 
eosinophil 
count (%)

Lower respi-
ratory tract 
disease

Postoperative 
paranasal sinus 
mucosal 
hypertrophy

36F + 85 64  86 6.8 Asthma for 
5 years

Mild

46F + 68.7 123  70 12.8 Asthma for 
5 years

None

23F + 57.3 245  57 21.6 Asthma 
since child-
hood

Severe

33F + 86 327  78 9.9 Asthma for 
3 years

Mild

57F + 62.7 2204  51 9.4 Asthma for 
12 years

Moderate

55F – 59.7 64  37 11.3 Asthma for 
12 years

Mild

40M – 114 90 110 12.4 Asthma for 
5 years

Severe

31M – 76.3 232 257 11.2 Asthma 
since child-
hood

Severe

63M – 166.3 139   7 10.4 Asthma for 
4 years

Severe

33M – 76.7 186 130 11.2 Asthma 
since child-
hood

Severe

39 F – 13.3 8  34.7 4.6 None None

14M – 22.7 52   4.7 4.2 None None

57M – 18.3   6 3.8 None None

41M – 29 80   2.3 3 None None

74M – 27.7 72   4.7 1.8 None None

23M – 13.3 11   3 0.4 None None
60M – 16 8  27.3 2.9 None None
63M – 8.3 33   6.3 4.5 None None
76F – 4 41   4.7 1.6 None None



Neutrophils with triggering receptor expressed on myeloid cells 159

A large number of IgE-positive cells and eosinophils was observed in the 
paranasal sinus mucosa of the 10 CRS patients with concurrent asthma (Fig. 
1). On the other hand, few or no IgE-positive cells and eosinophils infiltrated 
the paranasal sinus mucosa of the 9 CRS patients without concurrent asthma 
(Fig. 2). Cell counts revealed that the number of IgE-positive cells and eosino-
phils in the paranasal sinus mucosa was indeed significantly higher in patients 
with asthma than in those without asthma (IgE-positive cell count: 82.1 versus 
15.8 [p = 0.00024] and eosinophil cell count: 88 versus 10.4 [p = 0.00044], 
respectively; Fig. 3).

The circulating eosinophil % (total white blood cell count: 11.7% versus 2.3%, 
respectively [p = 0.00024]) as well as the mean circulating total IgE level (401.5 
μl/ml versus 33.8 μl/ml, respectively [p = 0.00136]) was significantly higher in 
patients with asthma than in those without asthma. The circulating eosinophil 
% and circulating total IgE in patients without asthma were within the normal 
range. However, in the 10 CRS patients with concurrent asthma, circulating 
total IgE level was 64-2204 μg/ml, ranging from normal to markedly elevated.

Approximately one year postoperatively, relapse was observed in the ten 
CRS patients with asthma but not in the nine CRS patients without asthma 
(data not shown).

Histopathological analysis revealed the presence of intramucosal lymphoid 
follicles in five of the ten CRS patients with concurrent asthma. Photographs 
of a typical intramucosal lymphoid follicle are shown in Figure 4. All observed 

Fig. 1. Infiltration of IgE-positive cells and eosinophils in the paranasal sinus mucosa of a patient 
with CRS and asthma. Several IgE-positive cells and eosinophils are observed in the mucosa. 
Arrows, eosinophils; arrowheads, IgE-positive cells. Magnification: 20 × 10.
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Fig. 2. Paranasal sinus mucosa of a patient with CRS but no concurrent asthma. A few IgE-
positive cells and almost no eosinophils are observed in the mucosa. Arrowheads, IgE-positive 
cells. Magnification: 20 × 10.

Fig. 3. Intramucosal IgE-positive cells and eosinophils in CRS patients with and without asthma. 
A significant difference in (A) IgE-positive cell count and (B) eosinophil count was observed 
between patients with and without asthma. Results are expressed as mean ± standard deviation.

intramucosal lymphoid follicles were stained strongly with anti-IgE antibody. 
The presence of germinal centers was also observed. The cells infiltrated into 
the intramucosal lymphoid follicles were not stained with an anti-CD3 antibody 
but stained positive for CD20 (L26), indicating the presence of B lymphocytes 
(Fig. 5).

The average number of paranasal sinus mucosal IgE-positive cells in the five 
CRS patients with concurrentt asthma and intramucosal lymphoid follicles was 
71.9, and the average eosinophil count was 68.4, while in the remaining five 
cases (where no intramucosal lymphoid follicles were observed), the average 
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Fig. 4. Nasal mucosa-associated lymphoid follicles in CRS patients with concurrent asthma. 
Shown are two representative images (A and B). Arrows, lymphoid tissue, where IgE-positive 
cells have accumulated, with visible germinal center; arrowheads, IgE-positive cells.

Fig. 5. B cells and T cells in the lymphoid follicles. (A) B-cell marker anti-CD20 (anti-L26) 
antibody stained B lymphocytes as well as large areas of the lymphoid follicles. (B) Anti-CD3 
antibody stained T lymphocytes but not the lymphoid follicle cells.

Fig. 6. Infiltration of IgE-positive cells and eosinophils in the paranasal sinus mucosa according 
to the presence or absence of lymphoid follicles. No statistically significant difference in (A) 
IgE-positive cell count and (B) eosinophil count was observed between patients with and with-
out lymphoid follicles. NS, not significant. Results are expressed as mean ± standard deviation.
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number of mucosal IgE-positive cells was 98.6, with an average eosinophil count 
of 108.2. These differences were not significantly different (Fig. 6).

In the 9 CRS patients without concurrent asthma, no lymphoid follicles were 
found in the paranasal sinus mucosa.

Discussion

Chronic rhinosinusitis with nasal polyps and allergic rhinitis is characterized by 
Th2 inflammatory responses, eosinophilia, and IgE synthesis.5 We investigated 
the relationship between IgE, eosinophils, and asthma-related complications in 
Japanese CRS patients.

In our series, none of the patients without asthma had relapse of CRS after 
surgery. In contrast, postoperative relapse of CRS occurred in all ten patients 
with concurrent asthma. This suggests an obvious difference in paranasal mucosal 
histology between patients with and without concurrent asthma.

In this study, the CRS patients with concurrent asthma had high IgE values 
and IgE-positive cell and eosinophil counts both in the paranasal mucosa and 
in circulation. These patients presented with clinically intractable and relapsing 
CRS, in line with the definition of eosinophilic CRS. The CRS patients without 
concurrent asthma had low IgE values and IgE-positive cell and eosinophil counts 
in the paranasal mucosa and in circulation. These patients achieved control 
status easily in terms of their clinical symptoms of CRS, and their condition 
was classified as infective CRS.

Matsuwaki et al.9 reported that patients with a high total peripheral eosinophil 
count and those with asthma were likely to experience recurrence of CRS within 
five years after surgery. This is consistent with our results.

Tsurumaru7 reported the presence of intramucosal lymphoid follicles in the 
maxillary sinus mucosa in 14 of 27 CRS cases. These intramucosal lymphoid 
follicles are thought to participate in mucosal inflammation.

The stroma of the normal paranasal sinus mucosa contains lymphocytes and 
plasma cells, but no lymphoid aggregates.10,11

In this report, intramucosal lymphoid follicles were found in five of ten 
CRS cases with concurrent asthma, and all follicles were strongly stained by 
an anti-IgE antibody. The intramucosal lymphoid follicles in cases of CRS 
with concurrent asthma are thought to participate heavily in intramucosal IgE 
production. These intramucosal lymphoid follicles are also conjectured to arise 
due to the aggregation of B lymphocytes. Irrespective of the presence or absence 
of intramucosal lymphoid follicles, the ten CRS cases with concurrent asthma 
showed high levels of infiltration by IgE-positive cells and eosinophils in the 
paranasal sinus mucosa. The average number of paranasal sinus mucosal IgE-
positive cells and eosinophils was not significantly different between patients 
with and without lymphoid follicles. This observation suggests the presence of 
similar pathological changes in the paranasal sinus mucosa in CRS with concur-
rent asthma both with and without lymphoid follicles.
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Because paranasal sinus surgery was conducted via intranasal endoscopy in all 
cases, normal paranasal mucosa was preserved. In addition, only small excised 
mucosal specimens were examined histopathologically. Therefore, it is possible 
that IgE-positive intramucosal lymphoid follicles might exist in almost all cases 
of CRS with concurrent asthma that have abnormal sinus mucosa.

No intramucosal lymphoid follicles were observed in the mucosa of CRS cases 
without concurrent asthma. According to previous reports,7 these cases are also 
thought to form intramucosal lymphoid follicles, but the frequency compared to 
cases with concurrent asthma is low. Thus, it is believed that lymphoid follicles 
were simply not included in the excised pathology specimens.

As mentioned above, the anti-IgE antibody, omalizumab, has been reported 
to effectively treat eosinophilic CRS.5,6 Djukanovic et al. reported that treatment 
with omalizumab resulted in marked reduction serum IgE levels and numbers 
of IgE-positive cells in the airway mucosa; tissue eosinophils; cells positive for 
the high-affinity Fc receptor for IgE; CD3-positive, CD4-positive, and CD8-
negative T lymphocytes; B lymphocytes; and cells stained for IL4.12 Massanari 
et al. reported that peripheral blood eosinophil counts were significantly reduced 
from baseline in omalizumab-treated patients but not in the placebo group.13 
From these facts, IgE is thought to be related to eosinophilic inflammation.

The life span of antibody-producing cells is generally short (around two 
weeks), and the circulating half-life of IgE is even shorter (around one day).14 In 
addition, although there were secondary follicles with germinal centers in some 
of the intramucosal lymphoid follicles that were observed in the cases of CRS 
with concurrent asthma, continuous antigen stimulation is said to be required 
for the formation and maintenance of secondary follicles in lymphoid tissue.15

Gevaert et al.16 reported that the organization of secondary lymphoid tis-
sue with IgE in polyp tissue and a polyclonal hyper-immunoglobulinemia E 
was associated with the presence of IgE antibodies to Staphylococcus aureus 
enterotoxins, colonization with S. aureus, and tissue eosinophilia in a relevant 
subgroup of polyp patients. Bachert et al.17 reported that because the use of 
anti-IgE antibodies is a valid treatment approach for nasal polyps and comorbid 
asthma in atopic and nonatopic patients, S. aureus enterotoxin-IgE-associated 
polyclonal IgE is functional.

Based on these facts, continuous exposure to an antigen and continuous IgE 
production is thought to be required for the formation of intractable, relaps-
ing pathological changes found in CRS. The continuous localized production 
of IgE in the paranasal sinus mucosa induces infiltration of eosinophils to the 
mucosa and is thought to lead the formation of the intractable pathology found 
in eosinophilic CRS, that is different from traditional infective CRS.

Conclusion

The large number of eosinophils that infiltrate into the paranasal mucosa in 
CRS with concurrent asthma is thought to be the response to the production of 
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large quantities of IgE by intramucosal lymphoid follicles. This is thought to 
result in intractability and relapse of CRS observed in eosinophilic CRS patients.
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Abstract

The hyper-immunoglobulin E (hyper-IgE) syndrome is a primary immunode-
ficiency characterized by recurrent staphylococcal abscesses, recurrent cyst-
forming pneumonia, and an elevated serum IgE level of > 2000 IU/ml. We 
present a ‒ to our knowledge rare ‒ case of an association between hyper-IgE 
syndrome and chronic rhinosinusitis in a 34-year-old woman. Endoscopic sinus 
surgery was performed on both sides to control the recurrent sinus infections. 
Ten months after surgery, no sinusitis flare-ups have been confirmed. Patients 
with hyper-IgE show abnormal STAT-3 activity. However, STAT-3 phosphory-
lation (STAT-3 activation) is not defective, and mutations that cause inhibition 
of STAT-3 nuclear import (DNA binding) have been observed. We examined 
her immunological background using her blood. Also, in our patient, it was 
considered unlikely that the level of STAT-3 phosphorylation clearly differs 
from that of a healthy individual under any stimulation conditions. On the 
other hand, the phagocytic ability of neutrophils was lower. These results sug-
gested that patients with hyper-IgE exhibit an imbalance between humoral and 
cell-mediated immunity, in that immune response is predominantly humoral. 
Moreover, a decline in cell-mediated immune function may manifest as the 
decreased phagocytic activity of neutrophils.
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Abstract

Background: There is growing evidence that chronic rhinosinusitis (CRS) may 
be associated with bronchial asthma and recent reports suggest the effective-
ness of endoscopic sinus surgery (ESS) in CRS patients with bronchial asthma. 
Whether ESS has a positive effect on the clinical course of asthma is still not 
clear. To clarify this point, the outcomes of ESS on asthma in patients with 
CRS were examined.
Subjects and methods: We performed a study to evaluate the effectiveness of 
ESS in twenty four CRS patients with bronchial asthma. The changes in symp-
toms, medication use and pulmonary functions in CRS patients with bronchial 
asthma before and after ESS were evaluated.
Results: There was an improvement in the asthma control score (wheeze, cough 
and shortness of breath), asthma medication use and pulmonary functions after 
ESS. Conclusions: This study provides corroborative subjective and objective 
evidence that ESS is feasible and effective in the management of CRS with 
bronchial asthma.
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Introduction

Chronic rhinosinusitis (CRS) is a common disease and a significant health 
problem. Although the medical and endoscopic sinus surgery (ESS) treatments 
for CRS have improved the symptoms of patients markedly, a subgroup of pa-
tients with CRS shows very poor response to all kinds of treatment modalities.1 
Bronchial asthma is a disease characterized by variable and reversible airway 
obstruction and considered to be one of the important factors for refractory 
CRS. The impact of ESS on bronchial asthma is still not controversial and 
bronchial asthma has been reported as improved, unchanged, and deteriorated 
after ESS in various studies.1-4 To clarify this point, this prospective study was 
performed to evaluate the effect of ESS-based on multidisciplinary treatment 
for CRS with bronchial asthma.

Subjects and methods

Twenty-four CRS patients with bronchial asthma were enrolled in this study.
Clinical characteristics of these patients were shown in Table 1. All CRS patients 
with bronchial asthma had nasal polyps and four patients had aspirin intoler-
ance. All CRS patients with bronchial asthma underwent ESS under general 
anesthesia. The conditions of bronchial asthma in all the enrolled patients 
were evaluated before and after ESS. The study compares changes in symptom 
scores with objective measures of pulmonary functions in CRS patients with 
bronchial asthma before and after ESS. Inclusion criteria of the study were: 1) 
Age above 20 years; 2) Patients with medically refractory CRS at the time of 
ESS; 3) No underlying immunodeficiencies, cystic fibrosis or neoplasia. ENT 
surgeons evaluated patients every month before and after surgery for a period 
of 12 months for bronchial asthma. The physician’s evaluation consisted of 
assessment of symptoms, physical examination, use of medication, and pulmo-
nary function tests. Postoperatively, the ENT surgeons and physician routinely 
performed surveillance for recurrent disease, recurrent polyposis, CRS and 
asthma control. The subjective assessment was carried out by evaluating com-
mon symptoms of asthma (cough, shortness of breath and wheeze), medication 
use and QOL with asthma control test questionnaire. Bronchial asthma status 
was graded as well-controlled, partial controlled and lack of control, and the 
change in symptom score before and after ESS was analyzed. The CRS patients 
with bronchial asthma were on medical treatment for asthma with β2-agonist, 
theophyline derivatives, mast cell stabilizers and inhaled steroids. Objective 
lower airway evaluation was performed by pulmonary function tests which in-
cluded forced expiratory volume in one second (FEV1) and % predicted forced 
expiratory volume in one second (FEV1 %), forced vital capacity (FVC), peak 
expiratory flow rate (PEF), V25 and V50. Statistical analysis was performed us-
ing SPSS (Ver10). Paired t-test was performed to compare pre and post-ESS 
variables. A p value of < 0.05 was considered significant.
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Table 1. Clinical characteristics.

Age, yr 41 (27-71)
Male/female 10/14
Course, yr 3.6 (0.5-6.5)
Polyps, no (%) 24 (100)
AR, no (%) 21 (90)
Aspirin intolerance, no (%) 4 (20)
Surgery history, no (%) 4 (20)

AR: allergic rhinitis

Results

Our study consisted of ten males and 14 females of the age group 27-71 years. 
The patients were diagnosed cases of asthma with medically resistant CRS on 
asthma medication of bronchodilators and steroids. We evaluated three basic 
symptoms of asthma; shortness of breath, wheeze and dry cough in these patients 
six months before and after ESS. On analysis of symptoms before ESS, three 
(12.5%) patients had well-controlled condition, 20 (83.3%) patients had partial 
control and one (74%) patient had uncontrolled situation. After ESS, there was 
a definite and statistically significant improvement in the number of symptom-
atic patients (Table 2). Objective assessment by pulmonary function test also 
demonstrated an improvement of scores after ESS. There was no significant 
difference in FEV1, FEV1 %, PEF, V25 and V50 values between before and after 
ESS. The FVC improved from an average of 3.54 preoperatively to 3.79 after 
ESS at the time of follow-up (Table 3).

Table 2. Asthma control grade.

No Well-controlled Partial control Lack of control

Preoperative 24  3 (12.5) 20 (83.3) 1 (4.2)
Postoperative 24 14 (58.4) 10 (41.6) 0

Data are presented as n (%). Likelihood x2 = 1.233; p = 0.034

Table 3. Pulmonary functions.

Preoperative Postoperative

FEV1  2.56 ± 0.46  2.63 ± 0.37
FEV1 % 71.09 ± 4.05 69.68 ± 3.01
FVC  3.54 ± 0.46  3.79 ± 0.43*
PEF  6.96 ± 0.91  6.85 ± 0.9
V25  0.73 ± 0.32  0.82 ± 0.19
V50  2.47 ± 0.81  2.41 ± 0.65
V25/V50  4.45 ± 0.69  4.67 ± 0.42

FEV1: forced expiratory volume in 1 second (FEV1); FEV1 %: % predicted forced expiratory 
volume in 1 second; FVC: forced vital capacity, PEF: peak expiratory flow rate. Paired t-test was 
performed to compare pre and post-ESS variables. p value of < 0.05 was considered significant.
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Discussion

A spectrum of upper airway diseases, such as acute upper respiratory tract 
infection, nasal polyposis, allergic rhinitis and paranasal sinusitis can lead to 
or deteriorate chronic inflammation of the lower airways.2,3 The rationale for 
treatment of the nose in asthmatic patients follows the concept of ‘united air-
ways’, because nasal inflammation can influence the lower airways and intra-
nasal corticosteroids can relieve symptoms of sinusitis and asthma.4-6 ESS has 
been successfully used as a more feasible surgical approach to the treatment of 
medically refractory CRS.5,6 Recent reports proposed the ideas explaining the 
underlying mechanism of ‘united airway’ as follows: 1) Sinonasal bronchial 
reflex, i.e., a reflex bronchoconstriction by activation of a trigeminal afferent-
vagal efferent neuralarc;5 2) Tissue eosinophils contribute to inflammation and 
injury of epithelium of the nose, sinuses and lungs;6 3) Silent dripping of in-
fected material from the nose into the bronchial tree as a possible link between 
sinusitis and asthma; 4) Reduction in nitric oxide, which is a potent modulator 
of bronchial tone, a characteristic of CRS, may precipitate acute bronchial 
hyper-responsiveness.5-7 As demonstrated in several studies in coexistent sinusitis 
and asthma, a proper treatment of involved paranasal sinuses can significantly 
improve asthma symptoms.7-9. Dejima et al. and Loehrl et al. evaluated 88 and 
85 CRS patients with bronchial asthma and reported an improvement in subjec-
tive and objective symptoms of asthma, decreased use of bronchodilators and 
improvement of pulmonary functions.8-12 In our study the symptoms of asthma 
(cough, wheeze and shortness of breath) had a definite improvement after ESS, 
however, the effect was comparatively lower in the patients who had severe 
symptoms as compared to those with mild and moderate symptoms. Recent meta 
analysis clearly demonstrated that the medication use including steroid inhal-
ers for asthma showed a significant reduction after ESS and the patients with 
severe symptoms had extensive nasal polyposis preoperatively and developed 
recurrence for which they underwent revision surgery.13,14 In our patients, the 
use of theophylines, leukotriene inhibitors and inhaled glucocorticoids showed a 
significant reduction after ESS respectively. The visits to the emergency room/
casualty are a common occurrence in patients of asthma during disease exac-
erbations. These patients require intensive care during these attacks and these 
episodes are a marker of poor asthma control. These meta analysis also have 
shown reduction of these episodes after ESS.13,14 Pulmonary function tests were 
commonly performed for objective analysis. Mean of the various spirometric 
parameters were calculated as % predicted for that patient for the height, age, 
weight and sex before and after ESS. Recent meta analysis also indicated that an 
improvement was seen in the values of FVC, FEV, and PEF in the CRS patients 
with bronchial asthma after ESS.13,14 This study demonstrated that ESS-based 
multimodality treatment improved both the subjective and objective outcome 
of CRS patients with asthma. These results may allow us to speculate that CRS 
patients with bronchial asthma showed improvement following ESS in terms 
of their asthma control levels including asthmatic symptoms as well as their 
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pulmonary function. Further studies are warranted to improve the long-term 
effect of CRS with asthma.

Conclusion

The rationale for treating the nose in asthmatic patients follows the concept of 
‘united airways’, because nasal inflammation can influence the lower airways. 
This study provides corroborative subjective and objective evidence that ESS-
based multidisciplinary treatment is feasible and effective in the management 
of CRS with bronchial asthma.
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Maxillary sinus disease caused by 
dental implants ‒ radiological 
findings and treatments

Nozomi Nomi, Satoru Kodama, Masashi Suzuki

Department of Otolaryngology, Oita University, Oita, Japan

Introduction

Odontogenic sinusitis is a well-recognized condition and accounts for approxi-
mately 10% of cases of maxillary sinusitis.1 Sinusitis originating from an odon-
togenic source differs in its pathophysiology, microbiology, and management 
from sinusitis of other causes. Recently, many dentists perform dental implant 
surgery in dental hospitals. And consequently, the complications with dental 
implants have also increased. We report the radiological findings of odonto-
genic sinusitis caused by dental implants, which was successfully treated with 
endoscopic sinus surgery. A combination of a medical and surgical approach 
is generally required for the treatment of odontogenic sinusitis.

Case report

A 66-year-old man was referred to our department with a history of dental 
implant placement two years ago. His chief complaint was purulent rhinorrhea 
and nasal discharge due to opening from oral cavity to nasal cavity. Purulent 
rhinorrhea was shown in his right middle meatus and there was a fistula on 
maxillary alveolar process. Computed tomography (CT) of the paranasal sinus 
was performed, which revealed bone augmentation with implant insertion into 
the left maxillary sinus and soft tissue imaging with aberrant implant body and 
screws on the right maxillary sinus (Fig. 1).
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Previously, he was treated with oral antibiotics for several months, however, 
his purulent rhinorrhea, nor his nasal discharge through oroantral fistula had 
improved. We thought that extraction of the foreign body and closing of the 
fistula were needed for improvement of the right maxillary sinusitis. We decided 
to perform endoscopic sinus surgery and removed aberrant implant bodies with 
an endoscopic procedure. We opened the bilateral maxillary and ethmoid sinuses. 
Intraoperative findings, mucoprulent discharge and polypoid mucosa were found 

Fig. 1. Radiological exminations

Fig. 2. Foreign bodies in the right maxillary sinus

Fig. 3. Postoperative CT findings
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in the right maxillary sinus and the left maxillary sinus was filled with granula-
tion and bone augmentation. We removed foreign bodies (Fig. 2) and cleaned up 
the right maxillary sinus with saline. We also closed the oroantral fistula with 
a local mucosal flap. Pathological examination for the right maxillary mucosa 
revealed acute sinusitis. Bacterial examination of purulent nasal discharge on 
the right maxillary sinus revealed MRSA growth in the culture. Postoperatively, 
no oral antibiotics were needed except during the peri-operative period. One 
year after surgery, there is no recurrence of right maxillary sinusitis (Fig. 3).

Discussion

We report a case of odontogenic maxillary sinusitis caused by dental implanta-
tions. Odontogenic sinusitis usually occurs when the Schneidarian membrane is 
disrupted by conditions such as infections originating from the maxillary teeth, 
maxillary dental trauma, odontogenic pathology of the maxillary bone, or iatro-
genic causes such as dental extractions, maxillary osteotomies in orthognathic 
surgery, and placement of dental implants.1,2 Odontogenic sinusitis caused by 
dental implant placement shows a variety of symptoms and radiological find-
ings. And the treatment of sinusitis of an odontogenic source often requires 
management of the sinus infection as well the odontogenic origin.

The association between an odontogenic condition and maxillary sinusitis 
requires a thorough dental examination of patients with sinusitis. Concomitant 
management of the dental origin and the associated sinusitis will ensure complete 
resolution of the infection and may prevent recurrences and complications. A 
combination of a medical and surgical approach is generally required for the 
treatment of odontogenic sinusitis. Recently, some otolaryngologists treated 
endoscopically,1,3 however, it is still controversial whether implant removal is 
necessary or not for the treatment of odontogenic sinusitis caused by dental 
implant placement. In this case, we successfully treated odontogenic maxillary 
sinusitis with an endoscopic procedure without implant removal. Otolaryngolo-
gists and dentists should work together for diagnosis and treatment. Endoscopic 
sinus surgery might be indicated for intractable odontogenic sinusitis caused 
by dental implants.
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Presence of human papillomavirus and 
immunohistochemical expression of 
cell cycle proteins p16INK4a, pRb, and p53 
in sinonasal diseases
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Objective

The aim of this study is to investigate the prevalence of human papillomavirus 
(HPV), and the relationship between HPV infection and expression of several 
cell cycle proteins, such as p16INK4a, pRb, and p53, in sinonasal diseases.

Materials and methods

A total of 70 patients with sinonasal disease were taken into this study, includ-
ing 32 cases with chronic rhinosinusitis (CRS), 17 with inverted papilloma (IP), 
five with IP associated with squamous cell carcinoma (IP-SCC), and 16 with 
primary sinonasal SCC. The presence of HPV DNA was detected by polymerase 
chain reaction (PCR) with two consensus primer sets, GP5+/GP6+ and MY11/
MY09, and HPV subtypes were determined by direct sequencing. Expressions 
of p16INK4a, pRb and p53 proteins were detected by immunohistochemistry 
(IHC). The IHC results were evaluated according to the extent of stained cells 
(p16INK4a positive: more than 40% of stained cells; pRb or p53 positive: more 
than 25% of stained cells).
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Results

The presence of HPV DNA was detected in two of 32 patients with CRS (6.3%), 
five of 17 patients with IP (29.4%), four of 16 patients with SCC (25.0%) and 
two of five patients with IP associated with SCC (40%), respectively. High-
risk HPV-16 was the most frequently encountered subtype (10/13, 76.9%), 
followed by HPV-33 (two cases in IP) and HPV-18 (one case in SCC without 
IP). pRb positive was found in 78.1% (25/32) of CRS, 35.3% (6/17) of IP, and 
68.8% (11/16) of SCC, respectively. While 62.5% (10/16) of SCC showed p53 
positive, no CRS cases and only 5.9% (1/17) of IP exhibited p53 positive. In 
addition, p53 positive was observed in two of four SCC with HPV and eight 
of 12 SCC without HPV, respectively. Despite of HPV status, p16INK4a posi-
tive was frequently detected in IP (82.4%, 14/17; four of five with HPV vs. 
ten of 12 without HPV), compared with only 12.5% (2/16) patients with SCC 
and none of CRS cases. Interestingly, when comparing the pRb staining with 
HPV status, SCC patients could be stratified as follows: HPV+/pRb+, one 
(6.3%); HPV+/pRb-, three (18.8%); HPV-/pRb+, ten (62.5%) and HPV-/pRb, 
two (12.5%). Statistical analysis revealed HPV DNA presence correlated with 
pRb negative (P = 0.029). A similar result was observed in IP samples. Thus, 
all five IP cases with HPV showed pRb negative, while six of 12 IP without 
HPV showed pRb positive (P = 0.049). In either IP cohort or SCC cohort, no 
correlations were found between HPV presence and p53 immunostaining, and 
between HPV presence and p16 expression.

Conclusions

Our findings indicate that sinonasal tumors, including benign IPs, IPs associated 
with SCC, and SCC, might be infected by HPV. An inverse correlation between 
HPV presence and positive pRb immunostaining was found in sinonasal IPs 
and SCCs. P16INK4a is not a reliable surrogate marker for HPV infection in 
sinonasal IPs.
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Abstract

Inverted papilloma is a benign locally aggressive tumor in the nasal cavity and 
paranasal sinuses. Traditionally, inverted papilloma has been managed with 
external surgical approaches. However, advances in imaging guidance system, 
surgical instrumentation and intraoperative visualization have led to a gradual 
shift from external approaches to endonasal attachment-oriented surgery. We 
present seven cases of inverted papilloma involving frontal sinuses successfully 
removed by endoscopic median drainage (Draf III procedure) under endoscopic 
guidance without any additional external approach. The whole cavity of the 
frontal sinuses was easily inspected at the end of the procedure. No early or 
late complications were observed. No recurrence was identified after a follow-
up period of an average of 39.5 months. Management of inverted papilloma 
extending to frontal sinus with the endoscopic median drainage approach is 
feasible and seems to be effective.

Introduction

Inverted papilloma is a common benign tumor of the nasal cavity and paranasal 
sinuses. The management of sinonasal inverted papilloma is often complicated 
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due to its local aggressiveness, high recurrence rate, and malignant trasforma-
tion.1 The incidence of its association with malignancy has been reported 1% to 
5%.2,3 The most common attachment site of the tumor origin is the lateral wall 
of the nasal cavity.1-3 The standard treatment strategy of inverted papilloma has 
been complete wide local resection with external approach; however, incom-
plete removal of the attachment site is known to be the reason for recurrence 
of the tumor.3,4 The recurrence rate ranges between 0 and 60% depending on 
the approach used.2-4

Several external surgical procedures, including Denker, medial maxillectomy, 
lateral rhinotomy, osteoplastic flap procedure, and midfacial degloving approach 
have been performed for advanced cases. Endoscopic removal of benign tumors 
of paranasal sinuses has become more popular recently.5-8 Advances in images, 
surgical instrumentation, intraoperative navigation system, and angled visualiza-
tion have led to a gradual shift from external approaches to endoscopic surgery. 
However, endoscopic surgery of inverted papilloma extending to the frontal 
sinus(es) is still challenging because of the narrow working space, angulated, 
anatomically variable frontal recess and its proximity to the olfactory fossa 
and anterior skull base. In the literature, there are limited reports presenting 
series of patients with inverted papilloma extending to the frontal sinus treated 
endoscopically.1-6 We present seven patients with inverted papilloma involving 
the frontal sinus successfully treated with the combination Draf III approach 
(median drainage) and endoscopic medial maxillectomy. The aim of this study 
is to present our experience in management of inverted papilloma extending to 
the frontal sinus(es).

Subjects and methods

Patients

Seven consecutive patients with sinonasal inverted papilloma who attended 
our department at Yamagata University Hospital, Yamagata, Japan, between 
2008 and 2013 were enrolled in this study. The median age of these patients 
was 58.4 years (range 38-79 years), with a median disease duration of 39.5 
months (range, 19-54 months). Clinical features of the patients are shown in 
Table 1. The diagnosis was made on the basis of clinical data, imaging, and 
histopathologic findings.

Surgical methods

Two representative cases out of the seven we enrolled will be discussed here 
more extensively and are shown in Figures 1 and 2. The first case (Case 1) is 
a 44-year-old patient who presented with symptoms of chronic rhinosinusitis 
without any history of previous sinus surgery. Rhinoscopy revealed a polypoid 
grey mass in both nasal passages. Initial plain computed tomography (CT) 
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showed total opacification of the anterior and posterior ethmoids, frontal sinus 
and nasal cavity on the right side (Fig. 1 a). The tumor was removed under 
general anesthesia using a 0° and 70° scopes, shaver and curved diamond drill. 
After the lesion was debulked and removed from the nasal cavity and anterior 
ethmoids, bilateral full-house ethmoidectomy was performed. In the superior-
anterior portion of the nasal septum the perforation filled with the mass of the 
tumor was visualized. No attachment to the edges of this perforation was seen. 
At this stage of the procedure it became clear that the site of origin of the le-
sion was located inside the right frontal sinus. The remaining part of the upper 
nasal septum was removed and the median drainage procedure was completed. 
The tumor origin was found on the lateral posterior wall of the sinus. The un-
derlying bone was drilled down. The whole cavity of both frontal sinuses was 
easily inspected with the 0° and 70° scopes at the end of the procedure. Histo-
pathology revealed inverted papilloma. One year postoperatively, endoscopic 
examination revealed thickening of the mucous membrane of the sinus with no 
signs of recurrence (Fig. 1 b and c).

The second representative case (Case 7) is a 60-year-old man with a history 
of recurrent inverted papilloma presented with signs of relapse of the tumor. 

Table 1. Clinical characteristics.

Case Age Side Symptoms Attachment site(s) Previous surgery Stage Outcomes

1 44 M R Obstruction FR, ethmoid 0 T3b recurrence (-)
2 67 M R Obstruction FR, frontal 0 T3b recurrence (-)
3 38 F R Obstruction FR 2 T3b recurrence (-)
4 54 F L Obstruction FR, frontal 1 T3b recurrence (-)
5 67 M R Obstruction FR, ethmoid 1 T3b recurrence (-)
6 79 F R Obstruction ethmoid, frontal 0 T3b recurrence (-)
7 60 M R Obstruction ethmoid, frontal 1 T3b recurrence (-)

M: male; F: female; R: right; L: left; FR: frontal recess; ethmoid: ethmoid sinus; frontal: frontal 
sinus; obstruction: nasal obstruction.

Fig. 1. a. Preoperative CT scan shows a soft tissue-density lesion in the right frontal sinus. b. 
One year postoperative, CT scan shows no soft tissue-density lesion in the right sinus. c. This 
endoscopic view shows the patient one year postoperatively with a nicely healed common open-
ing into both frontal sinuses.
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He had previously undergone multiple polypectomies. After inverted papilloma 
was finally diagnosed, the right medial maxillectomy via the sublabial approach 
was performed. Four years after the last reoperation, endoscopy showed a whit-
ish cauliflower-like mass bleeding on touch under the remnants of the bilateral 
middle turbinate. A biopsy was conducted and the recurrence of inverted pap-
illoma was confirmed histopathologically. The CT showed total opacification 
of both frontal sinuses, lack of intersinus septum, presence of a low-density 
oval-shaped bony-like structure attached to the skull base at the level of the 
right anterior ethmoidal artery and marked thickening of the bone in the right 
olfactory groove with adjacent opacified ethmoid cell (Fig. 2 a). The median 
drainage (Draf III) procedure was performed under general anesthesia using 0° 
and 70° rigid scopes. After perforation of the upper part of the nasal septum 
the frontal sinus was entered in the midline and the bony bridges covering the 
right and left frontal recess were drilled down with a 0.5 mm diamond burr. The 
tumor was mobile, elastic, adherent to the mucosa of the upper part of the left 
frontal sinus mucosa. After exposure it was removed in two pieces. Postopera-
tive endoscopic examination and CT performed one year after the procedure 
revealed no signs of relapse of the tumor (Fig. 2 b and c).

Discussion

Inverted papilloma involving the frontal sinus is rare and varies from 1.6% to 
15% of cases of sinonasal inverted papilloma.9-11 The importance of complete 
surgical resection is dictated by its locally aggressive nature, propensity for 
recurrence with incomplete resection, and potential to harbor malignancy. Due 
to the complex anatomy of the frontal sinus, high risk of complications and 
potential recurrence, a purely endoscopic approach has not been used routinely 
in cases of frontal sinus involvement. Traditionally, extended inverted papilloma 

Fig. 2. a. Preoperative CT scan shows a soft tissue-density lesion in the right and left frontal 
sinuses. b. One year postoperative CT scan shows no soft tissue-density lesion in the right and 
left frontal sinus. c. This endoscopic view shows the patient one year postoperatively with a 
nicely healed common opening into both frontal sinuses.
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involving the frontal sinus has been managed with Denker, medial maxillectomy, 
lateral rhinotomy, osteoplastic flap procedure, midfacial degloving approach, 
and a combination of open and endoscopic procedures. These methods, how-
ever, are associated with facial or gingival incision, external scar, loss of bony 
nasal or anterior maxillary support, infraorbital nerve paresthesia, postoperative 
facial swelling.

With the development of endoscopic surgical instrumentation it is possible 
to remove most sinonasal inverted papilloma with the attachment in the frontal 
recess, but rarely those originating from the sinus wall because of inadequate 
exposure.11 The introduction of irrigated angulated burrs facilitated extended 
frontal sinus approaches such as Draf IIb and Draf III (median drainage). The 
Draf III procedure, also known as the modified endoscopic Lothrop procedure, 
enables visualization of the whole cavity of both frontal sinuses, which makes 
removal of the lesion originating from the frontal sinus feasible in most cases.4,12 
Efficacy of the endoscopic approach in inverted papilloma surgery was supported 
by a systemic review of the literature showing a low recurrence rate and low 
morbidity of this type of treatment.8

It is well recognized that most recurrences of sinonasal inverted papilloma result 
from incomplete removal of the attachment site, especially its bony component.2 
Radiological studies showed that in more than 90% of cases it is possible to 
identify the site of attachment of sinonasal inverted papilloma by the presence 
of focal bony thickening in high-resolution CT.16 Magnetic resonance imaging 
(MRI) is useful to distinguish the border between mucus retention (hyperintense 
in T2 images) and the tumor. Preoperative planning based on high-resolution CT 
and MRI enables an endoscopic, tailored, attachment-oriented approach.10 If the 
lesion is limited to the frontal recess and opacification of the frontal sinus is due 
to mucus retention, Draf IIa or IIb is the most convenient approach. However, 
if the origin of the tumor is located within the sinus or there is involvement of 
the contralateral side, probably the median drainage (Draf III) will be the most 
appropriate technique.

This procedure seems to be the most appropriate for endoscopic treatment 
of bilateral and/or multifocal frontal sinus lesions. Although intranasal surgery 
can be effective in most cases, some anatomical variants such as small antero-
posterior dimension of the frontal recess can make it impossible.17,18 Feasibility 
of intranasal radical removal of the inverted papilloma extending to frontal sinus 
can be adequately assessed preoperatively. In case of multifocal tumor or com-
plications, the osteoplastic flap method may be needed. For this reason, all of 
the patients should be informed about the potential necessity of the osteoplastic 
flap method preoperatively.

In all cases of our study, while planning the procedure we expected multifo-
cal involvement due to multiple previous procedures. Frontal recess is the most 
common attachment site of inverted papilloma extending to the frontal sinus. 
The advantages of the combination of median drainage and endoscopic medial 
maxillectomy are lack of external scarring, no infraorbital nerve paresthesia, 
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shorter hospital stay, less postoperative pain, less postoperative facial swelling, 
less blood loss and low morbidity.

Conclusions

The results of present study that sinonasal inverted papilloma involving the 
frontal sinus can be effectively treated with the combination of median drainage 
procedure and endoscopic medial maxillectomy. The open approach is limited 
to cases with massive involvement of the frontal or supraorbital cell. The com-
bination of median drainage and endoscopic medial maxillectomy avoids facial 
scar, and also provides better intraoperative visualization of the tumor’s site of 
origin, and is associated with low surgical morbidity.
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Long-term macrolide therapy for 
chronic rhinosinusitis: evidence of 
efficacy?

Andrey Lopatin A. Lopatin

Ear, Nose, and Throat (ENT) Clinic, Sechenov First Moscow State Medical 
University, Moscow, Russia

Chronic rhinosinusitis (CRS) is a complex condition that affects patient’s quality 
of life and has profound effects on health care expenditure.1,2 Management of 
this disease continues to challenge both patients and physicians. The aetiology 
and pathogenesis of CRS are still poorly understood. There is good evidence 
supporting the concept that inflammation, more than infection, is the dominant 
etiologic factor in CRS. Unlike acute rhinosinusitis, pathogenic microorgan-
isms play a much smaller role in the pathogenesis of CRS.3,4 Allergy seems to 
be a comorbid condition and not a primary factor in the development of CRS.5

At present, neither medical nor surgical treatment can ensure permanent control 
or enduring cure. As CRS is a chronic disease, concerns of medical treatment 
are related to the use of systemic agents over prolonged periods. Currently, 
the only proven treatment for control of CRS with polyps (CRSwNP) is topi-
cal nasal steroid sprays with or without systemic glucocorticosteroids (GCS). 
However, recurrent CRSwNP is not always prevented even with systemic GCS 
and the side effects can be serious, including cataracts and vertebral collapse.6

Oral antibiotics are the most common medication for CRS without polyps 
(CRSsNP)7 and they are widely prescribed all over the world. Despite this, 
there is a surprising paucity of data regarding efficacy. Based on the available 
evidence, oral antibacterial antibiotics (only in case of acute exacerbation) and 
so-called ‘long-term” courses of macrolide antibiotics are considered therapeutic 
options for CRSsNP.8 The insufficient effectiveness of the standard courses 
of antibiotic therapy,9 coupled with the doubtful benefit of GCS, especially 
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in patients with CRSsNP without concomitant asthma and allergy,10 and the 
inability to achieve 100% success with surgery11 indicate the need to develop 
other treatment modalities.

Macrolide antibiotics have often been used in long-term therapy of CRS due 
to their anti-inflammatory effect similar to GCS. Knowledge of this dates back 
to a Japanese publication of long-term, low-dose macrolide treatment of diffuse 
panbronchiolitis, which also improved symptoms of concomitant CRS.12,13 It 
seems that some non-antimicrobial properties of 14-membered (erythromycin, 
roxithromycin, clarithromycin) macrolides contribute to the success of therapy, 
namely their anti-inflammatory effect (inhibition of neutrophilic inflammation 
promoters such as interleukin-8), ability to modulate the immune response, to 
inhibit polyps’ growth, to destroy biofilms, and to enhance protective properties 
of the respiratory tract mucosa.14-17

Several non-controlled and two placebo-controlled trials have studied the ef-
fect of long-term low-dose macrolide therapy on symptoms and quality of life 
in CRS patients. Results of the non-controlled investigations suggested good 
efficacy of this therapy in patients with recalcitrant CRS, particularly in cases 
where GCS and surgery failed to control the disease. However, results of the 
controlled studies were extremely controversial.

The first controlled study18 assessed clinical efficacy of a 12-week course of 
roxithromycin (150 mg daily) in patients with CRSsNP. Statistically significant 
improvements in sino-nasal outcome test (SNOT-20) score, nasal endoscopy, 
saccharine transit time, and IL-8 levels in lavage fluid were identified in the 
macrolide group. Furthermore, the subgroup of nonatopic patients with IgE levels 
< 200 μg/L improved significantly more than patients with high IgE levels (> 
200 μg/L). No improvement in any outcome was noted in the placebo-treated 
patients. However, statistically significant difference favoring the macrolide 
group at 12 weeks (p < 0.01) was only identified in terms of invalidated patients 
response scale. The authors did not report differences between study medication 
and placebo groups in SNOT-20 change scores and any objective measures. No 
improvements at all were not noted six weeks after cessation of a long-term 
course of roxithromycin treatment.

The second randomized controlled multicenter study19 included patients both 
with and without nasal polyps unresponsive to medical and surgical treatment, 
half of them had asthma. Patients were treated with azithromycin (three days 
at 500 mg during the first week, followed by 500 mg per week for the next 11 
weeks) or placebo. The study found no significant difference between azithro-
mycin and placebo groups in the SNOT-22, patient response rating scale, VAS 
scores and SF-36, as well as nasal endoscopic scores, PNIF, and smell tests. 
However, patient response rating scale at the final endpoint three months after 
medication stop was significantly better in the azithromycin group. Interest-
ingly, both controlled studies did not find an increase in macrolide resistant 
bacterial cultures from the middle meatus after a long-term low-dose course of 
macrolide therapy.
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A meta-analysis performed later20 summarized data of these two studies and 
compared SNOT scores at six, 12, and 24 weeks, calculating standardized mean 
differences. This analysis identified a statistically significant difference favor-
ing macrolide therapy at 24 weeks (p = 0.03). However, with a standardized 
mean difference of −0.43 on the SNOT-20 (0-5 scale) equating to a 0.34 point 
decrease in SNOT score, this difference looks like clinically insignificant.

The discrepancy in these results may be explained by divergent CRS patterns, 
and macrolides have been found to be more effective in certain patients’ popu-
lations. For instance, normal IgE levels are associated with a higher response 
rate to macrolide treatment versus elevated IgE levels.18,21 In contrast, another 
prospective study demonstrated that an eight-week course of clarithromycin 
therapy was equally effective in both atopic and non-atopic patients with nasal 
polyposis.22 Therefore, efficacy of long-term macrolides therapy looks evident in 
patients with CRSsNP, especially in those with low IgE levels, but the efficacy 
of macrolides in patients with CRSwNP has not been thoroughly studied yet.5

Our prospective randomized controlled study23 was designed to evaluate the 
efficacy and safety of long-term courses (three and six months) of low-dose 
clarithromycin therapy in patients with CRSwNP after functional endoscopic 
sinus surgery (FESS). A total of 66 patients (36 men and 30 women) aged from 
18 to 77 years with bilateral CRSwNP confirmed by endoscopy were recruited 
and randomly assigned to one of three study groups (22 patients per group) as 
follows: group 1 (clarithromycin 250 mg/day for 24 weeks); group 2 (clarithro-
mycin 250 mg/day for 12 weeks); and group 3 (control, no antibiotic). All three 
groups received topical nasal steroid spray (mometasone furoate), 400 μg/day 
for 24 weeks after FESS. The majority of patients (79%) had at least one previ-
ous sinus surgery without long-term success (the mean number of surgeries was 
3.2). After recruitment, all 66 patients underwent bilateral FESS performed by 
the same surgeon. Patients in group 1 and group 2 began long-term therapy with 
clarithromycin 250 mg/day on the first postoperative day and over 24 weeks 
(six months) or 12 weeks (three months), respectively.

Patients were carefully followed and seen at six weeks, 12 weeks, and 24 
weeks after FESS. Results of treatment were based on evaluation of the fol-
lowing tests: 20-item SinoNasal Outcome Test (SNOT-20), 10-cm Visual Ana-
logue Scale (VAS), olfactory ‘Sniffin Sticks test’, saccharin transit time test, 
endoscopic appearance score (EAS), active anterior rhinomanometry, acoustic 
rhinometry, and multislice computed tomography (CT). Additionally, eosino-
phil cationic protein (ECP) contents in the nasal discharge was measured and 
nasal swab for microbiological testing was collected from the middle nasal 
meatus prior to FESS at all postoperative visits. Skin prick tests for indoor and 
outdoor allergens were performed in all patients using standard methods. Final 
assessment of treatment results was carried out using the changes of EAS and 
Lund-Mackay CT scores at 24 weeks after FESS.

There were no significant differences between the three groups regarding 
age, sex, presence of atopy, severity of the disease, and number of previous 



190 A. Lopatin

surgeries, as well as all the other initial parameters that we examined. Thirty-
five patients had bronchial asthma, and 27 of these 35 patients presented with 
aspirin exacerbated respiratory disease. Atopy was confirmed by skin prick tests 
in 19 of the 66 initial patients

Treatment results were better for patients completing the course of long-term 
clarithromycin treatment in group 1 (antibiotic for 24 weeks) and group 2 (an-
tibiotic for 12 weeks) compared to patients in group 3 (control no antibiotic). 
Statistically significant differences (p < 0.05) were obtained for all parameters 
(but not at every visit) between the study medication groups 1 and 2 and group 
3 (control no antibiotics) with the only exception being for VAS and acoustic 
rhinometry where statistically significant evidence was not achieved.

The most remarkable results occurred in the evaluation of ECP concentration 
postoperatively. Before the surgery, median values of ECP concentrations in all 
three patients groups did not differ significantly, being 412.2 ± 123.1, 279.4 ± 
85.9, and 330.8 ± 104.5, respectively. Six weeks after surgery, the ECP level in 
the nasal discharge increased in all study patients, being 553.2 ± 115.5, 604.0 
± 173.2, and 660.0 ± 171.6 ng/mL in groups 1, 2, and 3, respectively. Twelve 
weeks after FESS, a significant decrease of the ECP level in the nasal discharge 
was clearly observed in group 1 (antibiotic for 24 weeks): 153.6 ± 98.8 ng/mL 
(p = 0.028), and in group 2 (antibiotic for 12 weeks): 290.4 ± 77.2 ng/mL (p = 
0.036). ECP level in the nasal discharge in group 3 (control no antibiotic) patients 
did not change significantly and was recorded as 654.0 ±184.9 ng/mL (p = 0.25). 
Only in group 1 (antibiotic for 24 weeks) did the ECP concentration remain at 
the same low level (154.8 ± 89.8 ng/mL) at 24 weeks. In group 2 (antibiotic 
for 12 weeks) there was a slight increase of the ECP levels up to 338.1 ± 83.1 
ng/mL when these patients were studied at 24 weeks (three months after stop-
ping the antibiotics); however, with a p value of 0.084, the difference was not 
statistically significant. The mean ECP level in the nasal discharge in group 3 
(control no antibiotics) rose significantly to 1000.0 ± 222.7 ng/mL (p = 0.041). 
It is important to note that the ECP level in patients treated with the macrolides 
over a full six months (group 1) was significantly lower than in those patients 
in group 2, who stopped the antibiotic therapy after three months of treatment.

Furthermore, the microbiological study of the swabs from the middle meatus 
revealed a wide spectrum of bacteria. In general, the number of clarithromycin-
resistant strains (13%) remained constant throughout the course of clarithromycin 
treatment, agreeing with previous investigation that also failed to find resistant 
microorganisms after long-term treatment with low dose of a macrolide.18,19,24

The results of our study demonstrated the efficacy and relative safety of 
long-term low-dose macrolide (clarithromycin) therapy for preventing early 
recurrence of nasal polyps in patients with CRSwNP after FESS. Despite lim-
ited clinical data, our evidence suggests that patients with recurrent CRSwNP 
(surgical failures) deserve a trial of low-dose clarithromycin treatment (250 mg 
daily for three to six months), which may be initiated immediately after FESS 
along with maintenance therapy using topical nasal steroids.
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