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Expression and Regulation of Na+-K+-ATPase in Nasal Epithelial Cells of Chronic Rhinosinusitis with Nasal Polyps

METHODS
Subjects and tissue samples
A total of 88 subjects, consisting of 30 patients with eosinophilic CRSwNP (ECRSwNP), 32 patients with non-eosinophilic chronic rhinosinusitis with nasal polyp (nECRSwNP) and 26 control subjects, were enrolled in the present study. The diagnosis of CRSwNP was comfirmed according to the diagnostic criteria from published guidelines 
 ADDIN EN.CITE 
[1,2]
. Diagnostic criteria of ECRSwNP was made after we confirmed histologically that the percentage of eosinophils among total infiltrating cells exceeded 10%, and; a value of less than 10% resulted in a diagnosis as nECRSwNP, as described previously 3


[ ADDIN EN.CITE ]
. Skin prick testing was used to assess atopic status. Diagnosis of asthma was confirmed according to the diagnostic criteria from published guidelines 4


[ ADDIN EN.CITE ]
. Tissue samples of nasal polyp (NP), and uncinate process (UP), and human nasal epithelial cells (HNECs) were collected from enrolled subjects during endoscopic surgery. Subjects without CRS undergoing rhinologic surgeries including skull base surgery, lacrimal duct surgery or septoplasty for deviated septum or obstructive sleep apnea were defined as control subjects. Patients with established antrochoanal polyps, immunodeficiency, coagulation disorder, cystic fibrosis, fungal sinusitis or a history of aspirin sensitivity were excluded. Moreover, subjects taking any corticosteroids, antihistamines, or antibiotics during one month prior to surgery were excluded. Detailed characteristics of enrolled subjects are listed in Table S1. This study was approved by local Ethical Committee, and informed consent was obtained from all subjects. 

Immunohistochemistry (IHC) and western blotting were employed to assess NKA immunolabeling and protein levels respectively. In addition, real-time PCR was used to detect NKA and AQP5 mRNA levels in nasal tissue samples. The co-localization of NKA with inflammatory cells was evaluated by immunofluorescence staining. In vitro studies, HNECs were cultured and incubated with different stimulators. Then, real-time PCR and NKA activity assay kit were performed to assess the effects and mechanism of stimulators on the cells. 
Histological, immunohistochemical and immunofluorescent staining Paraformaldehyde-fixed and paraffin-embedded tissue samples were cut serially at 4 μm. Following deparafﬁnization and rehydration, the sections were stained with hematoxylin-eosin (HE). Then, eosinophils in nasal tissues from patients with CRSwNP and control subjects were assessed. Eosinophils in ten different areas were counted and quantified as cells per high power field (HPF, ×400) of lamina propria. Immunohistochemical and immunofluorescent staining were performed as previously published 5[]
. Immunohistochemical staining was performed using a streptavidin biotin complex (SABC) kit (Boster Biological Technology, Wuhan, China). Briefly, the sections were then retrieved in citrate buffer for 15 min at 98°C and then 3% hydrogen peroxide was added to block endogenous peroxidase for 20 min. Nonspeciﬁc binding was blocked using 5% bovine serum albumin. Sections were incubated with primary antibodies (shown in Table S2) overnight at 4℃. The sections stained by species and subtype-matched antibodies instead of the primary antibodies were chosen as negative controls. Following 20 min incubation with a horseradish peroxidase (HRP) labeled secondary anti-rabbit antibody, 3,3-diaminobenzidine (DAB) was applied for visualizing immunoreactivity. 

Immunofluorescent double staining was performed to evaluate the co-localization of Na+-K+-ATPase (NKA) with CD3, CD20, CD138, CD68, CD163, major basic protein (MBP), myeloperoxidase (MPO) or tryptase in various inflammatory cells. The sections were incubated with secondary antibody (cy3-labeled goat anti-rabbit IgG or Alexa Fluor 488-labeled goat anti-mouse IgG, 1:300 dilution, Abcam) at room temperature and in the dark for 60 min. Then, nuclear staining was performed using 4,6-diamidino-2-phenylindole (DAPI, Abcam). Primary antibodies used are listed in Table S2. 

NKA immunoreactivity were analyzed by measuring the integrated optical density (IOD) by Image pro plus 6.0 (Media Cybernetics) as previously described 
 ADDIN EN.CITE 
[6]
. Following the calibration of optical density, hue saturation intensity (HIS) mode (hue, 0–30; saturation, 0–255; intensity, 0–230) was used to select the area of interest (AOI), and the IOD which indicated NKA immunoreactivity were counted. All slides images were reviewed by two independent investigators who were blinded to the study. 

Western blotting

NKA protein expression by nasal tissue samples were assayed by western blotting. Tissue samples were homogenized and lysed in RIPA buffer (Pierce Biotechnology Inc, Rockford, IL, USA) for 30 min. The samples were then centrifuged at 14000 rpm at 4°C for 15 min and the supernatants containing total protein were harvested. After quantification of protein concentration using bicinchoninic acid (BCA) protein assay kit (Sigma-Aldrich), the samples were subjected to sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE, Invitrogen, Carlsbad, CA, USA) and then electroblotted onto polyvinylidene difluoride (PVDF) membranes (Millipore, Billerica, MA, USA). After incubation  for 1h at room temperature in 5% skimmed milk to block excess protein binding sites, the PVDF membranes were incubated with primary rabbit anti human antibodies (NKA, ab58475, 1:500 dilution, Abcam) at 4°C overnight. Following TBST washing, a secondary goat anti-rabbit IgG-HRP antibody was used (Abcam) for a 1h incubation. Finally, Enhanced Chemiluminescence (ECL) kit (Pierce) was used to visualize immunoblotting. We used GAPDH as an internal control. Densitometric analyses were conducted utilizing Gel-Pro Analyzer 4.0 software (Media Cybernetics). 
Quantitative real-time reverse transcriptions PCR
Total RNA in the collected tissues or cells was extracted utilizing RNeasy commercial kit (Qiagen, Chatsworth, CA, USA) as previously mentioned 7[]
. The purity and integrity were assessed by measuring absorbance ratios at 260/280nm (1.8~2.0 was considered eligible) and agarose gel electrophoresis, respectively. Two microgram of total RNA was reverse-transcribed to cDNA as a template for real-time PCR utilizing the PrimeScript RT reagent kit (TaKaRa Biotechnology, Dalian, China). Quantitative real-time PCR was performed using the SYBR Premix Ex Taq kit (TaKaRa Biotechnology, Dalian, China) with specific primers (Table S3). Incubation conditions of PCR were as follows: 95°C/30 sec, 40 cycles of 95°C/10 sec, annealing at 60°C/60 sec and extension at 72°C/20 sec. Each sample was analyzed in triplicate. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as an internal control gene. Relative mRNA levels were expressed as the relative fold change and calculated using the 2(-Delta Delta CT) method as previously described 7[]
. A normal control nasal tissue sample or a control cell sample was designated as the calibrator.

HNECs culture and stimulation
HNECs were scraped from 8 control subjects, 8 nECRSwNP patients and 8 nECRSwNP patients, and cultured under air-liquid interface (ALI) conditions as previously described 8


[ ADDIN EN.CITE ]
. Briefly, HNECs were washed three times in DMEM/F12 medium (Sigma-Aldrich). Then, HNECs were submerged in Bronchial Epithelial Growth Medium (BEGM; Lonza, Basel, Switzerland) in 6-well culture plates coated with collagen (Sigma-Aldrich) for expansion. Following reaching confluence, HNECs were trypsinized and cultured in 0.4 μm pore membrane inserts of 12-well transwell plates (Costar, Corning, NY). After reaching confluence, apical medium was removed, and basal medium was replaced with ALI medium containing BEGM/DMEM supplemented with SingleQuot kit (Lonza), and additional BSA (1.5 μg/mL) and retinoic acid (5x10-8 mol/L; Sigma-Aldrich) for differentiation. After 21 days, differentiated HNECs were used for experiments.

Then, HNECs were incubated with different stimulators involving staphylococcal enterotoxin B (SEB) (Toxin Technologies, Sarasota, FL, USA), lipopolysaccharides (LPS) (Sigma-Aldrich), poly I:C (dsRNA, Sigma-Aldrich), cytokines including IFN-γ, IL-4, IL-13, IL-17A, TNF-α and IL-1β (R&D systems, Minneapolis, MN, USA) at a certain concentration (10ng/mL, except SEB was 0.5 μg/mL, LPS was 1 μg/mL, and poly I:C was 25 μg/mL) for 24 hours. Following stimulation, HNECs were collected for NKA mRNA and NKA activity measurement. 

Quantitative real-time reverse transcription PCR

NKA mRNA expression of the incubated cells were assayed by real-time PCR method. 

NKA activity measurement
NKA activity of HNECs was determined by measuring the release of inorganic phosphate from ATP using NKA activity assay kit (Nanjing Jiancheng Bioengineering Institute, Nanjing, China) as described previously 9


[ ADDIN EN.CITE ]
. Briefly, following stimulation, HNECs were were digested, washed, and centrifuged at 1000 rpm for 5 min. Then, the cell pellets were suspended in ice-cold saline solution and  homogenized by an ultrasonic homogenizer. The protein concentration was evaluated using bicinchoninic acid (BCA) protein assay kit (Sigma-Aldrich). According to the manufacturer's protocol, the inorganic phosphate released by the cells was assessed using colourimetric assays and NKA activity unit was expressed as μmol inorganic phosphate per mg protein per hour (μmol Pi/mgprot/hour).
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Table S1. Characteristics of included subjects.
	Characteristics
	Control
	nECRSwNP
	ECRSwNP
	P value*

	Total subject no. (gender)
	n=26(13M/13F)
	n=32(19M/13F)
	n=30(17M/13F)
	0.829

	Age (y), median (IQR)
	36(19-66)
	37(20-70)
	38(18-70)
	 0.801

	Patients who smoked, n (%)
	6(23)
	9(28)
	11(37)
	 0.472

	Patients with atopy, n (%)
	0(0)
	8(25)
	11(37)
	 0.319

	Patients with asthma, n (%)
	0(0)
	1(3)
	5(17)
	 0.071


ECRSwNP, eosinophilic chronic rhinosinusitis with nasal polyps; nECRSwNP, noneosinophilic chronic rhinosinusitis with nasal polyps; F, female; M, male; IQR, interquartile ranges; 
* ECRSwNP vs nECRSwNP.
Table S2. Primary antibodies used in the present study 

	Antibody
	Application
	Species
	Concentration
	Code
	Manufacturer

	CD138
	IF
	Mouse
	1:100
	sc-390791
	Santa Cluz

	CD3
	IF
	Mouse
	Undiluted
	ZM-0417
	Zhongshan Golden Bridge 

	CD20
	IF
	Mouse
	Undiluted
	Kit-0001
	Fuzhou Maixin Biology

	CD68
	IF
	Mouse
	1:100
	ab955
	Abcam

	CD163
	IF
	Mouse
	1:100
	sc-20066
	Santa Cluz

	MBP
	IF
	Mouse
	1:100
	ab14462
	Abcam

	MPO
	IF
	Mouse
	1:100
	sc-365436
	Santa Cluz

	Tryptase
	IF
	Mouse
	1:100
	ab2378
	Abcam

	NKA
	IHC/IF
	Rabbit
	1:100
	ab58475
	Abcam

	NKA
	IFC
	Rabbit
	1:150
	ab58475
	Abcam

	NKA
	WB
	Rabbit
	1:500
	ab58475
	Abcam


MBP, major basic protein; MPO, myeloperoxidase; NKA, Na+-K+-ATPase; IHC, immunohistochemistry; IF, immunofluorescence; IFC, immunofluorescence cell staining; WB, western blotting.

Table S3. Primers used for quantitative real-time PCR analysis

	Primer
	Sequence
	Expected product size (bp)

	NKA
	(F)5’-CTAGCTCCCTCCACTTGGCT-3’
	141

	
	(R) 5’-TATCACGTCCAACCCCCTTC-3’
	

	AQP5
	(F) 5’-CGTATGAGCCTGACGAGGAC-3’
	169

	
	(R)5’-GACCGGTTGTGCAAAAAGGA-3’
	

	GAPDH
	(F) 5’-GGTGTGAACCATGAGAAGTATGA-3’
	123

	
	(R) 5’-GAGTCCTTCCACGATACCAAAG-3’
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