
SUPPLEMENTS 

 

Immunohistochemistry (IHC) 

Single immunohistochemical staining was performed with the Polink-2 plus polymerized 

horseradish peroxidase (HRP) broad DAB Detection System (Golden Bridge International 

Labs, WA). Briefly, after deparaffinization, the sections were incubated in 3% hydrogen 

peroxide to inhibit endogenous peroxidase. Heat-induced epitope retrieval was then 

performed by microwaving samples in 10 mmol/L citrate buffer (pH 6.0). The sections were 

incubated for 60 min at room temperature with each primary antibody: rabbit anti-human IL-

33 (1:250; Abcam, Cambridge, UK), mouse anti-human eosinophil major basic protein (1:50; 

Santa Cruz Biotech., California, USA), anti-human neutrophil elastase (1:100; Abcam), 

mouse anti-mast-cell tryptase (1:500; Abcam, Cambridge, UK) and mouse anti-CD68 (1:250; 

Abcam, Cambridge, UK). The sections were incubated in broad antibody enhancer and 

polymer-HRP and then stained with the DAB Detection System reagent. Finally, slides were 

counterstained with hematoxylin.  

To identify cellular sources of IL-33, sequential IHC (double IHC) was also employed using 

polymer-HRP and alkaline phosphatase (AP) kits to detect mouse and rabbit primary 

antibodies for human tissue with permanent-Red and Emerald (Polink DS-MR-Hu C2 Kit; 

Golden Bridge International Labs). Primary antibody, mouse anti-CD68 (1:250; Abcam) was 

mixed with the other primary antibody, rabbit anti-human IL-33 (1:250; Abcam), applied to 

the tissue, and then incubated for 30-60 min. Polymer mixtures were made by adding AP 

polymer anti-mouse IgG and polymer-HRP anti-rabbit IgG at a 1:1 ratio and applied to cover 

each section. Unless noted otherwise, all manufacturer’s instruction was followed.  

 

Semi-quantitative real-time RT-PCR 



We analyzed the mRNA expression levels of IL-33 in UP tissues from control, CRSsNP, 

CRSwNP and NP tissues by real-time PCR. Total RNA was extracted from tissue samples 

with TRI reagent (Invitrogen, Carlsbad, CA, USA). One microgram of total RNA was 

reverse-transcribed to cDNA with a cDNA Synthesis Kit (amfiRivert Platinum cDNA 

Synthesis Master Mix, GenDEPOT). Quantitative real-time PCR was performed with a 

LightCycler® 480 SYBR Green I Master (Roche, Mannheim, Germany). In this study, we 

purchased the TaqMan® Gene Expression Assay kits (Life Technologies Korea, Seoul, Korea) 

and used for measuring mRNA levels from human samples: IL-33 (Hs00369211_m1) and 

GAPDH (Hs02758991_g1). Pre-developed assay reagent kits containing primers and probes 

were purchased from Applied Biosystems (Foster City, CA). Expression of GAPDH was used 

as an internal control for normalization. Cycling conditions were as follows: 95°C for 5 min 

followed by 60 cycles at 95°C for 15 sec, 60°C for 20 sec, and 72°C for 20 sec. To analyze 

the data, we used Sequence Detection Software version 1.9.1 (Applied Biosystems). Relative 

gene expression was calculated using the comparative 2-ΔΔCT method.  

 

Murine allergic chronic rhinosinusitis model and tissue preparations  

Thirty-two female BALB/c mice (4 weeks of age, 20-25 g) were purchased from Koatech 

Laboratory Animals, Inc. (Pyeongtaek, Korea). The mice were maintained under specific 

pathogen-free conditions with a 12/12-hour light/dark cycle. This study was approved by the 

Animal Research Ethics Board of Seoul National University Hospital, Boramae Medical 

Center. Mice were categorized into one control and three experimental groups: phosphate-

buffered saline (PBS) control group (n=10), ovalbumin/staphylococcal enterotoxin B (SEB)-

induced chronic rhinosinusitis model group (CRS, n=12), and this disease model group 

treated with anti-IL-33 (R&D systems, Minneapolis, MN, USA; CRS+αIL-33, n=10). This 

mice model was induced according to a previously established protocol that has been 



confirmed previously. Briefly, mice in the experimental groups were systemically sensitized 

with 25 µg of ovalbumin (OVA; Sigma-Aldrich, St. Louis, MO, USA) dissolved in 300 µl of 

PBS in the presence of 2 mg of aluminum hydroxide gel as an adjuvant by intraperitoneal 

injection on days 0 and 5. One week after the second intraperitoneal injection, mice were 

challenged intranasally with 3% OVA diluted in 40 µl of PBS daily for 1 week. Thereafter, 

continual local stimulation was maintained by the same procedure three times per week for 

12 consecutive weeks. During the last eight consecutive weeks, 20 ng of SEB diluted in 20 

mL of PBS was used as a challenge immediately after the administration of 3% OVA weekly. 

The CRS group and CRS+αIL-33 group were administered isotype IgG (purified normal 

rabbit IgG; R&D Systems; 30 µg per mouse) and anti-IL-33 (R&D Systems; 30 µg per a 

mouse) intraperitoneally each week from 5 weeks through 12 weeks before OVA and SEB 

administration, respectively. Mice in the control group (PBS) were not sensitized but were 

given intraperitoneal isotype IgG (30 µg per a mouse) weekly. 

 

Histopathological analysis of animal tissues 

Twenty-four hours after the final OVA challenge, the heads of 5 mice from the PBS and 

CRS+αIL-33 groups and those of 7 mice from the CRS group were removed en bloc and then 

fixed in 4% paraformaldehyde for histopathology analysis. After exposing the nasal cavity 

from the heads of the other mice, the nasal mucosa was removed meticulously using a small 

curette and micro-forceps under the microscopic (n=5 for each group). For evaluation of 

nasal histopathology, nasal tissues were decalcified, embedded in paraffin, and sectioned 

coronally (4-µm thickness) approximately 5 mm from the nasal vestibule. Samples were 

stained with the following stains to compare the characteristics between groups: hematoxylin 

and eosin (H&E) for mucosa lesions, Sirius red for eosinophils, anti-neutrophilic antibody 

(1:50; Abcam) for neutrophils, Alcian blue for goblet cells, and Masson’s trichrome staining 



for collagen fibers in the subepithelial layer. In the present study, the atlas of normal murine 

sinonasal anatomy was used to standardize the anatomic locations being examined according 

to the previous reports. Briefly, for discrimination between the nasal respiratory mucosa and 

the nasal olfactory mucosa, we found superior and inferior maxillary turbinelles. And then, 

the true maxillary sinus was identified at the regions posterior to the two maxillary turbinelles. 

At this time, three coronal sections which were similar to the sinus cavity were chosen for 

evaluation to rule out processing errors and confirm mucosal lesion. Next line, ten areas of 

the nasal mucosal sections in the maxillary sinus or lateral wall of nasal cavity were chosen 

randomly for evaluation under high-power fields (HPFs; ×400) and measured by two 

examiners blinded to the groups. Polypoid lesions were defined as distinct mucosal elevations 

with inflammatory cell infiltration around microcavities. The thickness of edematous mucosa 

was measured as the distance between the apex of the epithelial cells and the upper border of 

the subepithelial glands zone using an image analysis system. For the assessment of mucosal 

thickness, at least three measurements at random points were made in the appropriate area of 

each HPF, and the mean from four different HPFs was recorded for comparison. The 

thickness of the subepithelial collagen was measure using an image analysis system (DP2-

BSW software; Olympus, Tokyo, Japan).  

 

  



Supplementary figure 1 Flow chart for the design of study population. 

 

 

 

 

 

 



Supplementary figure 2 Isotype control for IL‐33 immunohistochemistry staining. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary figure 3  Comparison of MMP‐1,  MMP‐2,  MMP‐9,  TIMP‐1 expression within  the 

UP tissues  from control  subjects and NP tissues  from patients with non‐ eosinophilic CRSwNP and 

eosinophilic CRSwNP (*P<0.05 and **P<0.01). 

 

 

 

 

 

 

 

 

 



Supplementary figure 4 Immunologic characteristics of this murine model of chronic rhinosinusitis 

with nasal polypoid lesions (*P<0.05 and **P<0.01). 

 

 

 



Supplementary  figure  5  Representative  photographs  for  (A)  collagen  deposition  and  (B) goblet 

cells  in  each  group  (PBS:  control  group;  Polyp:  CRS model;  Polyp+αIL‐33:  CRS model treated 

with anti‐IL‐33). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary figure 6 Representative photographs for (A) neutrophils and (B) eosinophils in each 

group  (PBS:  control group; Polyp: CRS model; Polyp+αIL‐33: CRS model  treated with anti‐IL‐33). 

 

 


