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sults:  The expression of Orai1 was localized to the cytoplas-
mic membrane of inflammatory cells, and upregulated in NP 
compared to that in the normal group. However, Orai1 pro-
tein was decreased in polyp tissues after the 2-APB treat-
ment. The levels of Ca 2+  MFI and above inflammatory media-
tors were also elevated in NP, and reduced after the 2-APB 
administration compared to those in the control group.  Con-

clusions:  Orai1 and CRAC channels may play a crucial role in 
NP formation and development, and the 2-APB intervention 
of Orai1 protein may alleviate inflammatory responses in NP. 

 © 2015 S. Karger AG, Basel 

 Introduction 

 The pathogenesis of nasal polyps (NP) still remains 
unclear, although there have been advances in genetics, 
molecular biology and immunology. NP tissues arise 
from the mucosa of the nasal cavity or nasal sinuses, and 
are characterized by morphological changes, such as the 
hyperplasia and metaplasia of epithelial cells, the infiltra-
tion of inflammatory cells, including lymphocytes, mast 
cells and eosinophils  [1] , and the stromal edema and fi-
brosis.
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 Abstract 

  Background:  Chronic rhinosinusitis with nasal polyps 
(CRSwNP) is associated with Th2-dominant inflammation. 
However, effective treatments for CRSwNP have not yet 
been found. This study aimed to investigate the expression 
of Orai1 in nasal polyps (NP) and the influence on them of 
the intervention of Ca 2+  release-activated Ca 2+  (CRAC) chan-
nels.  Materials and Methods:  Nasal samples were obtained 
from normal subjects or subjects with CRSwNP. We studied 
the distribution of Orai1 protein in NP and normal mucosa 
(normal group) using immunohistochemistry. These tissues 
in cultures were then maintained in the absence (control 
group) or presence of 2-aminoethoxydiphenyl borate (2-
APB) for 24 h. Orai1 was examined by means of enzyme-
linked immunosorbent assay (ELISA) and real-time reverse 
transcription-polymerase chain reaction (RT-PCR). The Ca 2+  
mean fluorescence intensity (MFI) was evaluated by flow cy-
tometry, and the inflammatory mediators, including inter-
leukin (IL)-4, IL-5, IL-13,  Dermatophagoides pteronyssinus -
specific IgE, leukotriene C4 and eosinophil cation protein in 
cultures, were analyzed with ELISA and real-time RT-PCR.  Re-
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  Patients with chronic rhinosinusitis with NP 
(CRSwNP) always present with nasal obstruction, rhi-
norrhea, anosmia and postnasal drip. Systemic and topi-
cal steroids have been used effectively in the treatment of 
NP  [2] . However, these drugs have some side effects con-
sisting of epistaxis, itching, sneeze, dry nose and rhinitis 
 [3] . Therefore, a novel therapeutic strategy for CRSwNP 
is urgently needed.

  It is well known that intracellular Ca 2+  signals regulate 
a diverse array of physiologic processes, including cellular 
secretion, cell growth and gene expression  [4] . Changes 
of cytoplasmic Ca 2+  levels are caused by an altered flux 
across the plasma membrane, and by release from endo-
plasmic reticulum. Store-operated Ca 2+  entry (SOCE) is 
activated by the depletion of Ca 2+  stores in endoplasmic 
reticulum  [5] . Ca 2+  release-activated Ca 2+  (CRAC) chan-
nels are the characterized SOCE pathway, and Orai1 has 
been identified as a key component of CRAC channels 
 [6] . Sustained Ca 2+  influx results in the sharp elevation of 
intracellular Ca 2+ . Ca 2+  signaling activates cytoplasmic 
transcription factors of the dephosphorylation of the nu-
clear factor of activated T cells (NFAT) family, and then 
facilitates the NFAT translocation to the nucleus of im-
mune system cells (ISC)  [7] . The activation of NFAT in-
duces and accelerates Th2 cell responses such as the local 
release of interleukin (IL)-4, IL-5 and IL-13 by Th2 cells 
 [8] . Orai1 protein is crucial for SOCE and CRAC channel 
activities. Its defect directly contributes to the dysfunc-
tion of CRAC channels  [5] . In addition, CRSwNP is pri-
marily characterized by eosinophilic inflammation and 
prevalent Th2 responses  [9] . Therefore, we hypothesize 
that the Orai1/CRAC/NFAT pathway may play a role in 
the pathogenesis of NP.

  The aim of this study was to analyze Orai1 expres-
sion in NP, and to evaluate whether the intervention of 
the Orai1 pathway was able to control the inflammation 
involved in NP. It has been reported that 2-amino-
ethoxydiphenyl borate (2-APB) is regarded as a useful 
pharmacologic tool in the study of SOCE. This drug 
influences SOCE by regulating CRAC channel activities 
 [10] . In the current experiment, we studied the expres-
sions of Orai1 protein and Ca 2+  mean fluorescence in-
tensity (MFI) in NP tissues. We then administered 
2-APB into the cultured NP to investigate the change of 
this protein production and the level of Ca 2+  MFI after 
this treatment. Finally, we examined the concentrations 
of inflammatory mediators, including IL-4, IL-5, IL-
13,  Dermatophagoides pteronyssinus  (DP)-specific IgE 
(sIgE), leukotriene (LT)C4 and eosinophil cation pro-
tein (ECP) in the cultures after the 2-APB application. 

To the best of our knowledge, we are the first to evaluate 
the role of Orai1 protein and CRAC channels in the eti-
ology of NP.

  Materials and Methods 

 NP were obtained by functional endoscopic sinus surgery from 
patients that suffered from CRSwNP, who were referred to the
Department of Otorhinolaryngology-Head and Neck Surgery, 
Huashan Hospital of Fudan University, Shanghai, China. The di-
agnosis of CRSwNP was in accordance with European Position 
Paper on Rhinosinusitis and Nasal Polyps 2012  [3] . Patients with 
an established classic allergic fungal sinusitis, aspirin intolerance, 
cystic fibrosis, immunodeficiency, coagulation disorder, Churg-
Strauss syndrome or pregnancy were excluded from the study. All 
the patients had not received any medication (topical or oral ste-
roids, antihistamines or antibiotics) for at least 1 month before 
surgery. The atopic status of these patients was evaluated accord-
ing to skin reactivity to DP on skin prick test (SPT). The reaction 
to the SPT was considered positive if the wheal area caused by the 
allergen was greater than 7 mm 2  (diameter >3 mm). The normal 
group (normal mucosa) consisted of samples collected from the 
inferior turbinates of patients undergoing nasal septoplasty-infe-
rior turbinoplasty because of nasal obstruction. Details of the pa-
tient characteristics are provided in  table  1 . This study was ap-
proved by the Ethical Committee of Huashan Hospital of Fudan 
University, and signed informed consent was obtained from all 
patients.

  Sample Preparation 
 Samples from inferior turbinates and NP were obtained and cut 

into four portions: one was frozen at –70   °   C for extraction, one was 
immersed in 10% neutral-buffered formalin for immunohisto-
chemical analysis, one was analyzed by flow cytometry and one 
was cultured for treatments.

  Organ Culture of Normal Mucosa and NP 
 Normal mucosa and NP were cultured using the air-liquid in-

terface method  [11] . The above tissues were cut using blades into 
2- to 3-mm 3  pieces under sterile conditions. Tissue fragments were 
washed three times with phosphate-buffered saline (PBS) contain-

 Table 1.  Patient characteristics

Normal NP

Subjects, n 12 18
Median age (range), years 46 (24 – 55) 50.5 (27 – 68)
Female/male, n 5/7 7/11
History of asthma, n 0 0
SPT positive (DP), n 0 18
Topical steroids, n 0 0
Oral steroids, n 0 0
Antihistamines, n 0 0
Antibiotics, n 0 0
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ing an antimycotic (5 μg/ml Fungizone) and an antibiotic (300 μg/
ml penicillin G), and then rinsed with 98% Dulbecco’s minimum 
essential medium (DMEM) supplemented with 10% calf serum 
and gentamicin (20 μg/ml). To determine the effects of 2-APB 
treatment on NP, the above tissues were then saturated for 1 h in 
culture medium (DMEM + 10% calf serum + 10 μg/ml gentamicin) 
in the absence (the NP or control group) or presence of 2-APB (30 
or 50 μ M ; the 2-APB treatment group)  [12] , and then placed on a 
hydrated 1 × 1-cm gelatin sponge with the mucosa facing upward 
and the submucosa downward. Each sponge was placed in a well 
of a 6-well plate containing 3 ml of culture medium so that the 
mucosa was above the liquid phase. These plates were then placed 
in a humidified incubator and maintained at 37   °   C in a 95% air/5% 
CO 2  atmosphere under continuous shaking at 15 rpm for 24 h. 
After that, the tissues and the conditioned media were collected 
and stored at –20   °   C until further use.

  Immunohistochemistry 
 A portion of the samples received immunohistochemical stain-

ing. Sections were deparaffinized and rehydrated with water. En-
dogenous peroxidase was blocked using 3% hydrogen peroxide for 
10 min. Normal goat serum (Vector Lab, Burlingame, Calif., USA) 
was used to block nonspecific binding sites, and the primary Orai1 
antibody (New East Biosciences, Malvern, Pa., USA) in antibody 
diluent (Dako, Carpinteria, Calif., USA) at 1:   100 dilution was im-
mediately applied to the sections and incubated for 45 min. Un-
bound antibody was removed by three washes in PBS solution. 
Biotinylated anti-rabbit polyclonal IgG (Vector Lab) was applied 
to each section for 30 min, followed by 20 min incubation with 
horseradish peroxidase streptavidin (Vector Lab). Slides were 
washed in PBS, stained with 3,3 ′ -diaminobenzidine chromogen 
(DAB; Sigma-Aldrich, St. Louis, Mo., USA) for 5 min and coun-
terstained with hematoxylin. Antibody localization was detected 
microscopically by brown staining. For Orai1 staining, the intensi-
ties were scored as no staining (0), weak staining (1+), moderate 
staining (2+) or strong staining (3+). The percentage of the stain-
ing area was classified as 0, 0%; 1, 1–10%; 2, 11–50%; 3, 51–100%. 
The intensity and percentage scores were multiplied to give a com-
posite score of 1–9 for each specimen. Composite scores of 1–3 
were defined as low Orai1 expression, and scores of 4–9 were con-
sidered to be high expression of Orai1. The microscopic examina-
tion and scoring of staining degrees were performed at a magnifi-
cation of ×400 by two independent observers who were blinded to 
the subject groups.

  Flow Cytometry 
 Cell suspensions prepared from normal mucosa and NP were 

centrifuged for 10 min at 200  g  at 4   °   C, and the cells were then har-
vested for flow cytometry analysis. The cells were resuspended in 
complete RPMI medium at 5 × 10 6 /ml concentration, and were 
loaded with 5 μ M  fluo-3 in the presence of 100 μg/ml pluronic 
F-127 (Molecular Probes) at 37   °   C for 60 min under shaking. The 
cells were diluted in complete RPMI medium to 5 × 10 5 /ml con-
centration, and incubated for 1 h at 37   °   C. After two washings with 
glucose containing PBS, the cells were resuspended in complete 
RPMI medium at a concentration of 5 × 10 5  cells/μl. Fluorescence 
intensities were measured in the resuspended cells by FACScali-
bur (Becton Dickinson, Mountain View, Calif., USA). The mean 
fluorescence intensities were calculated by the Becton Dickinson 
CellQuest software.

  Enzyme-Linked Immunosorbent Assay 
 Another portion of frozen tissues was sliced into small pieces 

and homogenized, and then lysed in RIPA buffer (Sigma-Aldrich) 
containing a protease inhibitor cocktail (Sigma-Aldrich). Tissue 
Orai1 protein from inferior turbinates and NP was measured using 
a 96-well microplate (Corning Inc., New York, N.Y., USA) coated 
with 1 μg/ml Orai1 antibody (New-East Biosciences, Malvern, Pa., 
USA), and incubated overnight at 4   °   C. After washing, the micro-
plate was incubated in 3% bovine serum albumin (Calbiochem, La 
Jolla, Calif., USA) at 37   °   C for 1 h. Samples at 1:   10 dilution were 
then added, followed by incubation at 37   °   C for 1 h. After washing, 
Orai1 antibody that had been biotinylated using a biotinylation kit 
(American Qualex International Inc., San Clemente, Calif., USA) 
was then added at 1 μg/ml, and allowed to incubate at 25   °   C for
1 h. After washing, 1.5 μg/ml of streptavidin peroxidase was added 
followed by incubation at 25   °   C for 1 h. After washing, tetrameth-
ylbenzidine (TMB) substrate [12.5 ml citric phosphate buffer, 200 
μl of TMB stock solution (6 mg/ml in DMSO), 100 μl 1% H 2 O 2 ; 
Fluka Chemical Co., Ronkonkoma, N.Y., USA] was added to pro-
duce a color reaction. The reaction was terminated by the addition 
of 6  N  H 2 SO 4 . The optical density was determined at 450 nm using 
a microplate reader (MTP-32; Corona Electric, Ibaraki, Japan).

  For the measurement of DP-sIgE, the procedure was essential-
ly the same as the above method except that the microplates were 
coated with DP (2 μg/well; Allergopharma, Reinbek, Germany) 
instead of the Orai1 antibody, and a fixed sample dilution was used 
(1:   50 dilution in blocking buffer). Concentrations of IL-4, IL-5, IL-
13, LTC4 and ECP were evaluated using the corresponding en-
zyme-linked immunosorbent assay (ELISA) kits purchased from 
Abcam (Cambridge, UK; for IL-4 and IL-13), Ever Systems Biol-
ogy Laboratory Inc. (Sacramento, Calif., USA; for IL-5 and LTC4) 
and Panpacific Tech Co. (Missouri City, Tex., USA; for ECP). The 
ELISAs were performed according to the manufacturers’ proto-
cols.

  Real-Time Reverse Transcription-Polymerase Chain Reaction 
 Primers were designed using Primer Express software (Applied 

Biosystems, Foster City, Calif., USA) from the sequence available 
in Genbank, and were synthesized (Geneland Biotech, Shanghai, 
China). Real-time reverse transcription-polymerase chain reac-
tion (RT-PCR) was performed to detect the mRNAs of Orai1, IL-4, 
IL-5, IL-13, DP-sIgE (germline Cε transcripts), LTC4 synthase 
(LTC4S) and ECP (eosinophil-associated, ribonuclease A family, 
member 3; EAR3). The primers used were as follows: Orai1, for-
ward primer 5 ′ -CCCTTCGGCCTGATCTTTATC-3 ′  and reverse 
primer 5 ′ -GGAACTGTCGGTCAGTCTTATG-3 ′ ; IL-4, forward 
primer 5 ′ -ATTTCTCTCTCATGATCGTC-3 ′  and reverse primer 
5 ′ -GGACACAAGTGCGATATCACC-3 ′ ; IL-5, forward primer 
5 ′ -GGATGCTTCTGCATTTGAGTTT-3 ′  and reverse primer 5 ′ -
CAGTGCCAAGGTCTCTTTCA-3 ′ ; IL-13, forward primer 5 ′ -
GAGTGTGTTTGTCACCGTTG-3 ′  and reverse primer 5 ′ -TA-
CTCGTTGGTCGAGAGCTG-3 ′ ; Germline Cε transcripts, for-
ward primer 5 ′ -CACGCTCTCTGGTCACTATG-3 ′  and reverse 
primer 5 ′ -CAGGACGACTGTAAGATCTTCACG-3 ′ ; LTC4S, 
forward primer 5 ′ -CTCCATTCTGAAGCCAAA-3 ′  and reverse 
primer 5 ′ -AGACCGCCTCACCACTT-3 ′ ; EAR3, forward primer 
5 ′ -GTAGATTCCGGGTGCCTTTAC-3 ′  and reverse primer 5 ′ -
GCAACTACATAGAACCTCCTTCC-3 ′ . β-Actin mRNA was al-
so examined to control the sample-to-sample variation in RNA 
isolation and integrity by using a pair of primers: forward primer 
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5 ′ -CACTCTTCCAGCCTTCCTTC-3 ′  and reverse primer 5 ′ -
GTACAGGTCTTTGCGGATGT-3 ′ . The specificity of PCR prod-
ucts was evaluated by melting curve analysis and by size in agarose 
gels. We controlled for linearity of PCR amplification using 3 dilu-
tions of complementary DNA. The evaluation of data was per-
formed using threshold cycle values with β-actin as the internal 
standard.

  Statistical Analysis 
 Statistical analysis was performed with a commercially avail-

able statistical software prism 6.0 (GraphPad Software Inc., San 
Diego, Calif., USA). The Kruskal-Wallis test was performed for 
comparisons between patient groups. A nonparametric Mann-
Whitney test was applied if the initial Kruskal-Wallis test was sig-
nificant. p < 0.05 was considered to be statistically significant.

  Results 

 Immunohistochemical Analysis of Orai1 in NP 
 To evaluate the expression of Orai1 protein in NP, we 

performed immunohistochemical staining. As shown in 
 figure 1 , we detected Orai1 staining in submucosal in-
flammatory cells ( fig. 1 a, b), and this protein was local-
ized to the plasma membrane of inflammatory cells. 
However, Orai1 was negatively stained in epithelial cells 
of NP (unpubl. data). We did not discriminate the types 
of Orai1 +  inflammatory cells further because they all 
played important roles in the development of NP  [1] . 
Positive staining cells appeared brown, and intense stain-
ing was found in polyp tissue. A higher expression of 
Orai1 was observed in the infiltrated inflammatory cells 
(score 4–9) of NP when compared to that of normal mu-
cosa (score 1–3;  table 2 ). Furthermore, we counted the 
number of Orai1 +  inflammatory cells using a semiquan-
titative method, and confirmed that their numbers were 
increased in NP compared to those seen in normal mu-
cosa from inferior turbinate (p   < 0.0001;  fig. 1 c). The re-
sults showed that Orai1 and CRAC channels existed in 
inflammatory cells, and were upregulated in the condi-
tion of NP.

  Upregulation of Orai1 Protein and Ca 2+  MFI in NP 
 To determine the expression of Orai1 protein in NP, 

the extracted protein from inferior turbinates and NP 
were examined by ELISA. The result demonstrated that 
Orai1 was increased in NP tissues from patients with 
CRSwNP in comparison with normal samples (p < 0.0001, 
normal vs. NP;  fig.  2 a). In addition, real-time RT-PCR 

 Table 2.  Orai1 expression in NP

Staining area Normal
inflammatory cells

NP
inflammatory cells

Patients, n 12
12

0

18
0

18
Score 1 – 3, n
Score 4 – 9, n

50 μm

50 μmb

a

0
5

10
15
20
25
30
35

c

40

O
ra

i1
+

in
fla

m
m

at
or

y 
ce

ll 
co

un
ts

Normal

****
NP

  Fig. 1.  Immunohistochemical analysis of Orai1 expression in nor-
mal mucosa ( a ) and NP ( b ). The arrowheads show the staining
of inflammatory cells. Original magnification ×400.  c  Increased 
number of Orai1 +  inflammatory cells in the NP compared to nor-
mal group.  *  *  *  *  p < 0.0001 vs. NP. 
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was performed to assess Orai1 mRNA in the above tis-
sues. The production of Orai1 mRNA was enhanced in 
NP compared to that seen in normal mucosa (p < 0.0001, 
normal vs. NP;  fig. 2 b). To assess the influence of Orai1 
protein and CRAC channels on the intracellular concen-
tration of Ca 2+ , flow cytometry was performed to exam-
ine the level of Ca 2+  MFI in these tissues. We found that 
Ca 2+  MFI was upregulated in NP in comparison with that 
in normal mucosa (p < 0.0001, normal vs. NP;  fig. 2 c). The 
results implied that excessive Orai1 expression activated 
CRAC channels in polypoid tissues.

  Orai1 and Ca 2+  MFI Expression in the Cultured NP 
after 2-APB Administration 
 The extracted Orai1 protein and mRNA from the cul-

tured NP were evaluated by ELISA and real-time RT-
PCR to assess the influence of 2-APB on their expres-
sions. As shown in  figure 3 a and b, Orai1 protein and 
mRNA were upregulated in NP compared to in normal 
mucosa (p < 0.0001 and p < 0.0001, respectively, normal 

vs. NP;  fig. 3 a, b). However, 2-APB administration re-
duced their expressions (p < 0.0001 and p < 0.01, respec-
tively, 30 μ M  vs. NP; p < 0.0001 and p < 0.0001, respec-
tively, 50 μ M  vs. NP;  fig. 3 a, b). As for Ca 2+  MFI, the con-
tent was increased in NP compared to that in normal 
mucosa (p < 0.0001, normal vs. NP;  fig. 3 c). However, 
2-APB application decreased the level (p < 0.001, 30 μ M  
vs. NP; p < 0.0001, 50 μ M  vs. NP;  fig. 3 c). The results in-
dicated that Orai1 and Ca 2+  MFI were upregulated in the 
cultured NP, and downregulated after in vitro 2-APB 
treatment.

  ELISA Analysis of IL-4, IL-5, IL-13, DP-sIgE, LTC4 
and ECP in Culture after 2-APB Treatment 
 ELISA was performed to analyze the concentrations of 

IL-4, IL-5, IL-13, DP-sIgE, LTC4 and ECP in the culture 
medium. The above substances were all upregulated in 
the NP cultures compared to those in the normal muco-
sal cultures, and all downregulated after 2-APB treat-
ment (respectively, p < 0.0001, normal vs. NP, p < 0.0001, 
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  Fig. 2.  The expressions of Orai1 and Ca 2+  MFI in normal mucosa and NP.  a  ELISA analysis of Orai1.  b  Real-time 
RT-PCR analysis of Orai1.  c  Flow cytometry analysis of Ca 2+  MFI.  *  *  *  *  p < 0.0001 vs. NP. 

  Fig. 3.  The expressions of Orai1 and Ca 2+  MFI in normal mucosa and NP after 2-APB treatment.  a  ELISA analy-
sis of Orai1.  b  Real-time RT-PCR analysis of Orai1.  c  Flow cytometry analysis of Ca 2+  MFI.  *  *  p < 0.01,  *  *  *  p < 
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30 μ M  vs. NP, p < 0.0001, 50 μ M  vs. NP; p < 0.0001, normal 
vs. NP, p < 0.001, 30 μ M  vs. NP, p < 0.0001, 50 μ M  vs. NP; 
p < 0.0001, normal vs. NP, p < 0.0001, 30 μ M  vs. NP, p < 
0.0001, 50 μ M  vs. NP; p < 0.0001, normal vs. NP, p < 0.01, 
30 μ M  vs. NP, p < 0.0001, 50 μ M  vs. NP; p < 0.0001, normal 
vs. NP, p < 0.0001, 30 μ M  vs. NP, p < 0.0001, 50 μ M  vs. NP; 
p < 0.0001, normal vs. NP, p < 0.001, 30 μ M  vs. NP, p < 
0.0001, 50 μ M  vs. NP;  fig. 4 ). The results illustrated that 
2-APB treatment might prohibit the development of NP.

  Real-Time RT-PCR Analysis of mRNAs of IL-4, IL-5, 
IL-13, Germline Cε Transcripts, LTC4S and EAR3 in 
the Culture after 2-APB Treatment 
 Real-time RT-PCR was performed to evaluate the con-

tents of mRNAs of IL-4, IL-5, IL-13, germline Cε tran-
scripts, LTC4S and EAR3 in the normal mucosal tissues 
and polypoid lesions. Their mRNAs were all increased in 
NP compared to those in normal mucosa, and reduced 
after 2-APB administration (respectively, p < 0.0001, nor-
mal vs. NP, p < 0.0001, 30 μ M  vs. NP, p < 0.0001, 50 μ M  
vs. NP; p < 0.0001, normal vs. NP, p < 0.001, 30 μ M  vs. NP, 
p < 0.0001, 50 μ M  vs. NP; p < 0.0001, normal vs. NP, p < 
0.0001, 30 μ M  vs. NP, p < 0.0001, 50 μ M  vs. NP; p < 0.0001, 
normal vs. NP, p < 0.0001, 30 μ M  vs. NP, p < 0.0001, 50 
μ M  vs. NP; p < 0.0001, normal vs. NP, p < 0.01, 30 μ M  vs. 
NP, p < 0.0001, 50 μ M  vs. NP; p < 0.0001, normal vs. NP, 
p < 0.01, 30 μ M  vs. NP, p < 0.0001, 50 μ M  vs. NP;  fig. 5 ). 
These findings clearly demonstrated that 2-APB treat-
ment effectively ameliorated the mediators in polypoid 
lesions, and might produce good efficacy in the control of 
NP formation.

  Different Effects on NP after Different Concentrations 
of 2-APB Treatment 
 Finally, we investigated whether the effect of 2-APB 

was dependent on the concentrations of administration. 
When the cultured NP were administered with 2-APB at 
a concentration of 30 or 50 μ M , Orai1 protein and mRNA 
were reduced in 50-μ M -treated NP in comparison with 
those treated in 30 μ M  (p < 0.0001 and p < 0.0001, respec-
tively, 50 vs. 30 μ M;   fig. 3 a, b). In addition, the Ca 2+  MFI 
was also more reduced in the 50-μ M -treated group (p < 
0.0001, 50 vs. 30 μ M ;  fig. 3 c). Similarly, there were statisti-
cal differences between these two groups in concentra-
tions of IL-4, IL-5, IL-13, DP-sIgE, LTC4 and ECP (re-
spectively, p < 0.0001, 50 vs. 30 μ M ; p < 0.0001, 50 vs. 30 
μ M ; p < 0.0001, 50 vs. 30 μ M ; p < 0.0001, 50 vs. 30 μ M ; p < 
0.0001, 50 vs. 30 μ M ; p < 0.0001, 50 vs. 30 μ M ;  fig. 4 ) and 
their corresponding mRNAs (respectively, p < 0.0001,
50 vs. 30 μ M ; p < 0.0001, 50 vs. 30 μ M ; p < 0.0001, 50 vs. 

30 μ M ; p < 0.001, 50 vs. 30 μ M ; p < 0.001, 50 vs. 30 μ M ;
p < 0.001, 50 vs. 30 μ M ;  fig. 5 ). This revealed that the effect 
of 2-APB treatment on NP might rely on the concentra-
tions of the administration.

  Discussion 

 NP are polypoidal masses arising from the mucosa of 
the nose and paranasal sinuses  [1] . Applied medications 
like glucocorticoids offer only a symptomatic effect  [3] , 
and do not liquidate the cause of this disease. It is as-
sumed that NP develop as a result of concurrent events 
leading to the damage (especially edema by eosinophilic 
infiltration) of nasal mucosa  [13] . The edema of nasal 
mucosa is a result of postinflammatory disorders in the 
functions of Na +  and Cl –  ion canals  [14] . NP are chiefly 
characterized by eosinophilic inflammation, while other 
types of ISC, including mast cells, T cells and B cells, also 
play an important role in the pathologic process of polyp-
oid tissues  [1] . SOCE is the principal pathway of Ca 2+  in-
flux in mammalian ISC. Stimulation of these cells initiates 
depletion of Ca 2+  from endoplasmic reticulum stores, and 
triggers sustained Ca 2+  entry through CRAC channels, 
which contributes to their activation and proliferation 
 [5] . Orai1 protein forms the pore subunit of the CRAC 
channels. The intervention of this protein may prevent 
ISC from synthesizing and secreting inflammatory me-
diators, and then block the NP formation and develop-
ment. Thus, targeting the CRAC channels may provide a 
novel strategy for treating NP  [15, 16] .

  In this study, we did not differentiate the types of ISC 
which were positively immunostained for Orai1, since 
there were close relationships among them, and they were 
all significant in the pathogenesis of NP. According to the 
immunohistochemical analysis, Orai1 +  staining cells 
were elevated in NP ( fig. 1 b) in comparison to those in 
normal mucosa ( fig. 1 a), and the number of Orai1 +  in-
flammatory cells were increased in the former with a 
semiquantitative method ( fig.  1 c). This result demon-
strated that NP exhibited a high degree of tissue inflam-
matory cell infiltration and an enhancement of their acti-
vation because of the extensive expression of Orai1. As a 
result, Orai1 +  inflammatory cells released proinflamma-
tory cytokines which played important roles in the persis-
tence of mucosal inflammation associated with NP  [11] . 
All in all, Orai1 expression was upregulated in NP in com-
parison with that in normal mucosa, whether in protein 
or in mRNA level ( fig. 2 a, b). Therefore, the excessive ex-
pression of Orai1 and the activation of CRAC channels 
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contributed to a sustained Ca 2+  influx, which resulted in 
the sharp elevation of intracellular Ca 2+  in this research 
( fig. 2 c).

  2-APB is a dependable blocker of SOCE through inhi-
bition of Orai1 protein and CRAC channel activity  [10] , 
yet the mechanism has not been fully elucidated. Besides 
blocking CRAC channels, 2-APB also affects other tar-
gets, such as transient receptor potential channels  [17] . 
However, many studies have indicated that this drug is a 
reliable blocker of CRAC channels  [10] . Although YM-
58483 (BTP2) and the antibiotic Geneticin ®  (G418) have 
also been reported to interfere with the function of CRAC 
channels  [18] , BTP2 may induce degradation of the chan-
nels and slow down the recovery of the immune response 
after treatment  [19] , and G418 inhibits protein synthesis 
in mammalian cells and induces cell death of native cells 
 [18] . It has not been reported that 2-APB has specific side 
effects, as mentioned above. Therefore, 2-APB has 
emerged as the most valuable pharmacological tool with 
which to investigate CRAC channel function  [18] . In this 
present study we also chose 2-APB as the intervention 
agent. Orai1 production and Ca 2+  MFI were elevated in 
the cultured NP compared to those in the normal mu-
cosa, and were lessened after the in vitro 2-APB applica-
tion ( fig. 3 ) in the present study. This result indicated that 
2-APB could intervene in protein expression and the 
channels formed by it in the tissue cells of NP.

  NP tissues are characterized by intense eosinophilic 
infiltration and a Th2-based cytokine profile including 
IL-4, IL-5 and IL-13  [20] . Although mast cells have been 
shown to produce these mediators, they are major cyto-
kines stored and released by Th2 cells  [21, 22] . These Th2 
cytokines were found to be increased in NP compared 
with those in normal mucosa ( fig. 4 a–c,  5 a–c). However, 
2-APB treatment (30 or 50 μ M ) produced inhibitory ef-
fects on them. The productions in the cultured NP were 
reduced ( fig. 4 a–c,  5 a–c). This might be connected with 
the intervention of Orai1 protein and CRAC channels by 
this drug in Th2 cells, which in turn controlled the activa-
tion of these lymphocytes and the corresponding cyto-
kine release and synthesis by them.

  Regarding IgE-mediated NP generation, there have 
been a few studies demonstrating increased production 
of IgE within NP tissues  [23, 24] . Other studies have fur-
ther shown that DP-sIgE can stimulate eosinophil re-
cruitment and degranulation, resulting in the release of 
cytotoxic proteins such as ECP and eosinophil peroxidase 
in in vitro conditions and in NP  [25, 26] . DP-sIgE and 
germline Cε transcript were upregulated in NP versus 
those in normal mucosa ( fig. 4 d,  5 d) in the present study. 

Yet, according to the data, 2-APB limited their produc-
tion ( fig. 4 d,  5 d). It is well known that DP-sIgE is secreted 
from plasma cells after B cell differentiation in NP  [27] . 
2-APB might fulfil the prohibitive function via control-
ling Orai1 protein expression and CRAC channel activ-
ities in these cells’ plasma membrane. The downregu-
lation of the specific immunoglobulin also led to the
decrease of ECP production due to its function on eosino-
phils in this investigation  [27] .

  Mast cells play a crucial role in the development of pol-
ypoid tissues. Many studies indicate mast cell abundance 
and distribution in NP  [28] , and show that chemical me-
diators such as LTC4 degranulation from the cells can 
produce profound tissue edema  [29, 30] . LTC4 and 
LTC4S mRNA were all enhanced in the polyp cultures in 
comparison with those in the normal mucosa cultures 
( fig.  4 e,  5 e). Nevertheless, they were decreased after 
2-APB administration ( fig.  4 e,  5 e). This mechanism 
might have occurred because the intervention of Orai1 
protein and CRAC channels in mast cells reduced their 
degranulation and synthesis of LTC4.

  ECP is one of the primary cationic proteins from eo-
sinophils, and is toxic to respiratory epithelium  [31] . It 
has been reported that IL-5 is one of the numerous potent 
activators and regulators of eosinophil function  [32] . Eo-
sinophil infiltration and activation may cause tissue dam-
age through the release of ECP, and the elevated ECP lev-
el also characterizes the eosinophilic inflammation in 
polyp tissues  [33] . This investigation demonstrated a 
higher level of ECP in NP compared to that in normal 
mucosa ( fig. 4 f,  5 f), which suggested the eosinophil effec-
tor function in the formation of polyp tissues. However, 
the data showed the amelioration of ECP in the protein 
and its EAR3 mRNA in the culture after 2-APB treatment 
( fig. 4 f,  5 f). Additionally, no confirmed reports have so far 
described the definite expression of Orai1 protein and 
CRAC channels in eosinophils. Therefore, it was assumed 
that 2-APB could not influence the activation and de-
granulation of eosinophils directly. This drug might di-
minish IL-5 secreted from T cells and DP-sIgE released 
from plasma cells through its impediment of Orai1 pro-
tein and CRAC channels in these cells, which then de-
creased the ECP concentration in NP indirectly.

  Finally, As shown in  figures 3–5   , 50 μ M  2-APB treat-
ment reduced the production of Orai1, IL-4, IL-5, IL-13, 
DP-sIgE, LTC4 and ECP, their corresponding mRNAs 
and the content of Ca 2+  MFI more than the 30 μ M  treat-
ment did. This outcome indicated that the impact of 
2-APB on NP might be dependent on the concentrations 
of the administration used in this current experiment.
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  In summary, Orai1 was expressed in submucosal in-
flammatory cells in NP, and the numbers of Orai1 +  in-
flammatory cells were increased in polypoid tissues. The 
expressions of Orai1 and Ca 2+  MFI were all upregulated, 
and then downregulated after 2-APB administration in 
NP. IL-4, IL-5, IL-13, DP-sIgE, LTC4 and ECP and their 
corresponding mRNAs were all increased in the cultures 
of NP, and decreased after in vitro treatment of 2-APB. 
However, the mechanisms underlying the inhibitory 
function of 2-APB in the development of NP need to be 
further identified. It should be emphasized that Orai1 and 
CRAC channels might play an important role in NP for-
mation and development, and the intervention of this 
protein may inhibit this disease according to the results 
presented here. The drug design strategies for the inter-

ference of Orai1 protein and CRAC channels in ISC may 
offer novel and effective therapeutic and/or prophylactic 
means to treat patients with CRSwNP.
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