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Nasal polyps (NP) are associated with inflamed mucosa of unknown etiology. The role of T cells in nasal
polyposis is unclear. Invariant natural killer T cells (iNKT) can promote Th2 responses and have been implicated

NKT in some types of asthma. As there are shared inflammatory pathways involved in asthma and NPs, we evaluated

Nasal polyp
Flow cytometry
Th2

the frequency of iNKT in 17 patients with NPs, but without asthma. A median of 6% polyp cells were T lym-
phocytes, of which iNKT were 0 to 2.38% (mean 0.674%). In the matched group (n = 10), iNKT in NPs was

significantly higher than PBMCs (1.057% vs 0.155%, P < 0.05). Relative expression of Va24 to TCR-beta genes
in polyps (n = 14) was higher than blood in matched samples (n = 4). The presence of greater proportions of
iNKT in NPs than in blood suggests that iNKT may play a role in the pathogenesis of nasal polyposis.

1. Introduction

Nasal polyposis (NP) is a chronic inflammatory state of the nasal
cavity and sinuses [1]. The prevalence of NP ranges between 2 and 5%
and is usually accompanied by some comorbid conditions such as
chronic rhinosinusitis (CRS), allergic rhinitis (AR) and asthma, which in
total decrease the patients' quality of life [2]. The etiology and patho-
genesis of NPs are still not fully understood [1,3], but some evidence
supports the role of the immune system in this disorder. It has been
suggested that an ineffective local Thl response may increase the level
of Th2 cytokines, which contribute to chronic infection and accumu-
lation of eosinophils and consequently further polyp formation [4-6].
In this regard, the presence of inflammatory cells such as Eosinophils,
Th2 [7], Th17 and regulatory T cells [8] in polyp tissue has been re-
ported.

Invariant natural killer T (iNKT) cells are a rare subset of lympho-
cytes that express a highly specific and invariant T-cell receptor and

recognize conserved glycolipids presented by the non-polymorphic
MHC-like molecule CD1d [9-11]. These cells are activated early in
different immune reactions and are able to secrete a large amount of
Th1 and/or Th2 cytokines and act as a bridge between the innate and
adaptive immune responses [5,10-13]. Many studies have shown po-
tential roles of iNKT cells in Th2 related immune responses such as IgE
synthesis [14], cow's milk allergy [15], eosinophilic esophagitis
[16,17], atopic dermatitis [18], intestinal polyposis (18) and particu-
larly some subsets of asthma [5,10,13, 19]. Frequent lines of evidence
correlate asthma with NP [20-23]. Both diseases show inflammation as
well as remodeling and sharing similar histopathologic features such as
infiltration of eosinophils [24] and T cell subsets [25,5]. From an epi-
demiological point of view, asthma is more frequent in patients suf-
fering from nasal polyps as almost 45% of NP patients have asthmatic
symptoms [26] but conversely, only 7% of asthmatic patients have
nasal polyps [27]. Finally, recent results with a mouse model suggest
NKT cells specifically making Th2 cytokines can contribute to intestinal
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Table 1

Primer sets for RT-PCR analysis.
Targets Forward Reverse Size
TCRB CAGCGAGCCCTACTCAAATTAG GACCTGTGGAAGAGAGAACATT 104bp
TRAV24 AAGCATCTGACGACCTTCTTG AACAGGACCTCTCCCAGTATC 192bp

polyposis (18).

Taking into consideration the importance of iNKT cells in asthma
and Th2-mediated immune responses in general and the relations be-
tween asthma and nasal polyposis in particular, we aimed to investigate
the frequency of iNKT cells in patients with nasal polyposis, but without
asthma, in the hope of shedding light on the pathogenesis of nasal
polyposis.

2. Methods
2.1. Patients and samples

Seventeen patients with chronic rhinosinusitis who were candidates
for polypectomy were enrolled in this study. The study was approved by
the Ethics Committee of the Mashhad University of Medical Sciences
and all participants received written informed consent. Demographic
data, history of asthma and other allergic or immunologic disorders
were collected by a questionnaire. Patients with asthma, any serious
health problem or those using immunosuppressive drugs or drugs af-
fecting skin prick test result were excluded from this study.

2.2. Skin prick test (SPT) and total IgE

To evaluate the allergic sensitization, skin prick test was performed
with a panel of 20 common allergenic extracts including grass, weeds,
trees, mites, moulds, cat and cockroach (Holishter-Ster, USA). Albumin
and total IgE in serum and polyp homogenate were measured in du-
plicate by clinical chemistry analyzer (Roche, USA) and commercial
ELISA kit (Radim, Italy). The level of albumin was used for normal-
ization of polyp tissue's total IgE.

2.3. Sample collection and processing

Before polypectomy, 5ml of whole blood samples were collected
and peripheral blood mononuclear cells (PBMCs) were separated by
density gradient centrifugation. A part of fresh PBMCs was used for flow
cytometry and the rest for RNA isolation and RT-PCR.

During polypectomy, resected polyp samples were washed with
normal saline and divided into several parts for histopathology eva-
luation and RNA extraction. Tissue slides were stained with
Hematoxylin and Eosin, and light microscopic evaluation of polyp type
and cellularity performed coded by an expert pathologist.

2.4. Flow cytometry

To perform flow cytometry, single cell suspension from fresh tissue
samples were made using medimachine (BD Bioscience, USA) and fil-
tered through 50 and 30-um nylon mesh cell strainers sequentially.
PBMCs and polyp cell suspensions with viability < 90% were not
analyzed. Phenotypic analysis of samples was performed by
FACSCalibur machine (Becton Dickinson). Anti-CD3 (PerCP), anti-
Va24-Jal8 (clone 6B11) (PE) and anti-CD4 (FITC) antibodies and
matched isotype controls all from BD (CA, USA) were used for flow
cytometry. To reduce nonspecific binding, the cells were incubated with
10% human AB serum in RPMI 1640 for 30 min and then routine
staining protocol was performed. Because of the low frequency of iNKT
cells in PBMC, at least 2 x 10° cells were analyzed, but the number of
cells in tissue was limited and the maximum of accessible cells was

counted.
2.5. Reverse-transcription polymerase chain reaction (RT-PCR)

RNA extraction from tissue and PBMCs was done by a commercial
kit (RNeasy mini kit, Qiagen, Germany). All samples were treated with
DNase-I (Qiagen, Germany) and then cDNA synthesis was performed
using cDNA Reverse Transcription kit (Thermofisher, USA). Qualitative
expression of T cell receptor beta constant 2 region (TRBC2) and Va24
genes as the representative of CD3+ T lymphocytes and iNKT cells was
assessed by an RT-PCR method using specific primers for both genes
(Table 1). PCR products were electrophoresed on 3% agarose gel and
relative expression of V-alpha-24 was normalized against TCR[} using
ImageJ software (ImageJ, NIH USA, 2008).

3. Data analysis

Flow cytometry data were analyzed using FCS Express 3. The lym-
phocyte population (gated based on the forward versus side scatter) and
CD3-positive population (gated based on the side scatter and CD3) were
used for analysis of frequency and phenotype of CD4 = T cells and
iNKT cells.

4. Statistical analysis

Data were analyzed by SPSS software package version 11 (Chicago,
USA). When appropriate, two-tail Mann-Whitney test or Student's t-test
was used. Spearman's nonparametric correlation test was used for
correlation analysis. P values < 0.05 were considered significant.

5. Results

Seventeen patients with nasal polyps enrolled in this study (mean
age was 36.7 = 12.6 Range 17-60yrs., M/F; 9/8). 62.5%of patients
reported allergy and had at least one positive reaction in the skin prick
test. The mean polyp IgE was significantly higher than serum IgE
(202.6 = 198 vs. 121.6 + 173, P = 0.002) (Fig. 1) and there was a
significant positive correlation between them (Spearman's r = 0.782,
P = 0.002). In the microscopic evaluation of polyp's slides, the per-
centage of lymphocytes (50.0% vs 11.6%, P = 0.036) and neutrophils
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Fig. 1. Comparison of the total IgE in serum and polyp samples.
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Table 2
Descriptive Statistics of different cell types in PBMCs and polyp tissue.

N Minimum%  Maximum% Mean%  Std. Deviation

Age 17 17 60 36.65 12.60
B-iNKT 10 0.028 0.39 0.155 0.12
B-CD4 + 16 49 65 56.5 5.75
B-CD3+ 16 32 87 60.28 16.47
B-iNKT,CD4 + 15 38 63 47.25 10.10
P-iNKT 17 0 2.38 0.674 0.689
P-CD4 + 13 16 52 35.83 11.47
P-CD3+ 13 211 32 6.67 7.39
P-iNKT,CD4 + 13 20 80 48 19.29
P-Lymphocyte 17 3 80 23.50 25.99
P-Neutrophil 17 0 35 9.50 10.06
P-Eosinophil 17 3 95 54.25 34.54
Serum-IgE (IU/ml) 16 7.50 640 121.60 173.10
Polyp-IgE (IU/ml) 16 5 580 202.64  198.07

P: polyp B: blood.
* Histopathology evaluation of Polyp tissues.

(20.0% vs 5.8%, P = 0.034) were significantly higher in non-allergic
polyps than allergic ones while eosinophils were significantly higher in
allergic forms (21.3% vs 72.7%, P = 0.01).

5.1. Flow cytometry

In polyp single cell suspension, the average number of T lympho-
cytes was almost 6% of total counted cells. Among CD3+ T gate, the
mean percentage of iNKT cells was 0.674% (range: 0% to 2.38%) and
48% of iNKT were positive for CD4+ (range: 20%-80%). In the per-
ipheral blood samples, the average number of CD3+, CD4+, iNKT
cells, and iNKT CD4+ cells, were 60.2%, 56.5%, 0.155% and 47.2%,
respectively (Table 2).

The percentage of iNKT cells was significantly higher in polyp tis-
sues than matched PBMCs (1.057% vs 0.155%, P < 0.05), while
CD4 + cells were significantly higher in PBMCs than polyps (56.50% vs
35.83%, P = 0.001) (Fig. 2A). There was no significant difference be-
tween the number of CD4+ iNKT cells in polyp tissues and blood
samples. There was a strong positive correlation between the percen-
tage of CD3+ lymphocytes and iNKT cells in polyps (Spearman's
r = 0.805, P = 0.016).

In contrast, there was a weak but significant inverse correlation
between the polyp's iNKT cell proportions and those of eosinophils
(Spearman's r = 0.558, P = 0.036).

5.1.1. RT-PCR data of Va24 and TCR constant genes

Expression of TCR[} Constant region 2 (as a measure of total T cells)
and Va24 genes were evaluated by RT-PCR in 14 polyp tissues and 4
PBMCs samples.

TCRp and Va24 bands were present in all polyp samples, but the
relative expression of Va24 to TCRB showed high variation among
samples and in 7 samples was high. (Figs. 3 & 4). Comparative ex-
pression of these genes in 4 polyps and their corresponding PBMCs
samples showed that expression of Va24 in polyp tissues is higher than
corresponding PBMCs. (Fig. 5).

6. Discussion

Nasal polyps (NPs) are benign lesions originating from the nasal
mucosa or sinuses possibly because of chronic inflammation and cell
infiltration [2,28]. In the current study, we confirmed the presence of
iNKT cells and expression of their corresponding TCR Va24 gene in
polyp tissue in varying degrees, but significantly higher than in the
matched peripheral blood. To the best of our knowledge, there is only
one report by Yamamoto, which evaluated the relative expression of
Va24Jal8 to CD3 genes in patients suffering from chronic sinusitis
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Fig. 2. A. Comparison of the percentage of different cell subsets in the per-
ipheral blood and polyp tissue, B. The correlation between iNKT and eosino-
philia in polyp tissue.
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Fig. 3. Image of gel electrophoresis for PCR products, TCRp constant region
and V-alpha-24 gene bands in polyp tissue. (P: polyp sample).

with asthma. [5]. In Yamamoto's study, iNKT cell RNA was detected at
various levels in all patients' peripheral blood, but just in polyps of
asthmatic patients. In spite of the difference in detection methods and
study population, their study showed high variation in iNKT cells in
polyp samples [5]. In contrast to our study, Yamamoto detected iNKT in
five out of six patients with eosinophilic polyps, but in just one case of
neutrophilic polyps, while we found a negative correlation between
iNKT and eosinophils in polyps. This discrepancy can be explained by a
different methodology, as we study the correlation of the two cell types,
but Yamamoto did not evaluate the correlation and detected iNKT cells
by PCR. Several studies evaluate different subsets of T lymphocytes in
the pathogenesis of nasal polyposis. Two studies reported that Th17
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Fig. 4. Density ratio of Va24 gene's bands to TCRP constant gene in gel elec-
trophoresis of RT-PCR products-nasal polyposis.
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Fig. 5. Gel electrophoresis of PCR products TCR constant gene and Va24 gene
in polyp tissue and their corresponding blood samples in 4 cases; (P: Polyp
sample, B: Blood sample).

frequency is increased in the peripheral blood of patients with NP, but
Treg frequency is decreased in the peripheral blood of these patients.
The Th17/T regulatory (Treg) ratio is important in the systemic and
local immune responses and the impaired Th17/Treg balance seems to
be critical for the development of NP [29].

Similar to Tregs, iNKT are regulatory cells which can promote Th2
responses [30,31]. In spite of the lack of data about iNKT cells in nasal
polyposis, several studies supported the importance of iNKT cells in the
pathogenesis of some subsets of asthma [9,32], which has many simi-
larities to nasal polyposis. Akbari et al. reported that a high percentage
of CD4"CD3™ cells in Bronchoalveolar lavage (BAL) fluid of patients
with moderate-to-severe persistent asthma were iNKT cells which pro-
duced type 2 helper cytokines [13]. Similarly, in two other studies,
Va24™ presumptive iNKT cells were increased in sputum of asthmatic
patients [33,34]. Xiao et al. identified a role of IL-21 in nasal polyposis,
which is a supportive finding for the role of iNKT cells in nasal poly-
posis, as iNKT cells can produce IL-21 and in an autocrine loop, IL-21
enhances survival and proliferation of NKT cells [6]. However, other
studies reported lower levels of iNKT cells in other asthmatic patients
[35,36]. Considering the correlation between asthma and nasal polyps
and to prevent any bias in our results due to asthma, asthmatic patients
were excluded from the current study. Nasal polyps are histologically
characterized by the accumulation of eosinophils [4]. iNKT cells can
produce high levels of Th2 cytokines which promote proliferation,
differentiation, and accumulation of eosinophils [37,38]. In this regard,
several reports suggest the contribution of iNKT cells in IgE production
and eosinophilic inflammation such as eosinophilic esophagitis (EoE)
and airway hyper-responsiveness [13,39,40]. We expected a positive
correlation between iNKT cells and eosinophils in NP tissue, but in-
terestingly there was a weak but significant inverse correlation between
eosinophils and iNKT cells in polyp tissue. Consistent with this finding,
two studies have shown that alpha-galactosylceramide, a potent acti-
vator of iNKT cells, can suppress the eosinophilic inflammation [41,42].
Other studies also reported that allergic responses can establish without
iNKT cells [43,44]. Conflicting reports also exist about the role of iNKT
cells in Th2 responses and asthma. [10,43-46]. Heterogeneity of polyp
samples and a variation in eosinophil infiltration can also be a reason
for this finding. In this regard, the correlation for T-lymphocyte with
eosinophils, which had less variation in frequency, was strong and
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showed that our finding is not a technical bias. The lower frequency of
CD4+ cells in our Polyp samples is supported by previous studies that
report a lower number of CD4+ cells in nasal mucosa and polyps of
adults compared to children [47,48]. On the other, hand nasal polyp T
cells may not completely originate from the same source as stably cir-
culating peripheral blood T cells, and their proliferation is in part at-
tributed to external inducers such as allergens, bacteria and other
agents [49]. In this study, the mean percentage of iNKT in blood was
fairly high, but it is in concordance with our previous report about the
frequency of blood iNKT in Iranians [12]. But the main finding of this
study was that the abundance of iNKT cells in the majority of polyp
samples was substantially higher a frequency than in matched periph-
eral blood.

iNKT cells are hard to study, as they are rare in humans and col-
lecting enough cells for accurate analysis from tissues such as a polyp is
difficult. In addition, there are several methods of detection that may
give significantly different results [50]. To overcome these limitations,
we collected and counted as many cells as were available from polyp
tissues using the bright PE-conjugated anti Va24-Ja18 antibody, which
in combination with anti-CD3 antibody has high specificity and sensi-
tivity for iNKT cell detection [51-53]. Strict gating strategy, using
isotype controls as well as Fc Receptor blocking buffers also decrease
the possibility of non-specific staining. Furthermore, for validation of
the flow results, Va24 and TCR constant genes were used as re-
presentatives of iNKT and T cells detected by RT-PCR methods in polyp
tissues and available matched PBMCs. Relative expression of Va24 to
TCR constant region in polyp sample confirms the presence of iNKT
cells in varying degrees. Comparison of the expression of Va24 in polyp
tissue and peripheral blood also supports the higher percentage of iNKT
cells in tissue than blood. Considering all the above-mentioned pre-
cautions, it is unlikely that this finding has a technical bias and it seems
that iNKT cells can have a role in the pathogenesis of nasal polyposis.

7. Conclusion

The present study showed that iNKT cells are more abundant in the
nasal polyps than the peripheral blood of non-asthmatics and may likely
play a role in the pathogenesis of polyposis through interaction with
other cells. Further studies with more samples need to reveal the precise
mechanism of action for these regulatory cells.

Acknowledgment

This research was supported in part by a grant funded by both
Birjand and Mashhad Universities of Medical Sciences.

References

[1] J. Xu, R. Han, D.W. Kim, J.H. Mo, Y. Jin, K.S. Rha, et al., Role of interleukin-10 on
nasal polypogenesis in patients with chronic rhinosinusitis with nasal polyps, PLoS
ONE 11 (9) (2016).

J.R. Newton, K.W. Ah-See, A review of nasal polyposis, Ther. Clin. Risk Manag. 4
(2) (2008) 507-512.

W.W. Stevens, R.P. Schleimer, R.C. Kern, Chronic rhinosinusitis with nasal polyps, J
Allergy Clin Immunol Pract 4 (4) (2016) 565-572.

R. Jankowski, Eosinophils in the pathophysiology of nasal polyposis, Acta
Otolaryngol. 116 (2) (1996) 160-163.

H. Yamamoto, Y. Okamoto, S. Horiguchi, N. Kunii, S. Yonekura, T. Nakayama,
Detection of natural killer T cells in the sinus mucosa from asthmatics with chronic
sinusitis, Allergy. 62 (12) (2007) 1451-1455.

L. Xiao, L. Jia, Y. Zhang, S. Yu, X. Wu, B. Yang, et al., Human IL-21 +IFN-y + CD4 +
T cells in nasal polyps are regulated by IL-12, Sci. Rep. 5 (2015) 12781.

M. Ramanathan Jr., W.-K. Lee, E.W. Spannhake, A.P. Lane, Th2 cytokines asso-
ciated with chronic rhinosinusitis with polyps down-regulate the antimicrobial
immune function of human sinonasal epithelial cells, Am. J. Rhinol. 22 (2) (2008)
115.

T regulatory and Th17 cells in chronic rhinosinusitis with polyps, in: D. Miljkovic,
A. Psaltis, P.J. Wormald, S. Vreugde (Eds.), International Forum of Allergy &
Rhinology, Wiley Online Library, 2016.

O. Akbari, The role of iNKT cells in development of bronchial asthma: a transla-
tional approach from animal models to human, Allergy. 61 (8) (2006) 962-968.

[2]
[3]
[4]

[5]

[6]

[71

[8

[91


http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0005
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0005
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0005
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0010
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0010
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0015
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0015
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0020
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0020
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0030
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0030
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0030
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0025
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0025
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0035
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0035
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0035
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0035
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0040
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0040
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0040
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0045
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0045

M. Fereidouni, et al.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]
[23]
[24]
[25]
[26]
[27]
[28]

[29]

[30]

[31]

[32]

P. Vijayanand, G. Seumois, C. Pickard, R.M. Powell, G. Angco, D. Sammut, et al.,
Invariant natural killer T cells in asthma and chronic obstructive pulmonary dis-
ease, N. Engl. J. Med. 356 (14) (2007) 1410-1422.

A. Derakhshani, M. Fereidouni, M.A. Exley, iNKT cells and hematopoietic stem cell
transplantation: Two-phase activation of iNKT cells may improve outcome, Clinical
Immunology (2019).

M. Fereidouni, R. Farid Hosseini, F. Jabbari Azad, J. Schenkel, A. Varasteh,

M. Mahmoudi, Frequency of circulating iNKT cells among Iranian healthy adults,
Cytometry B Clin. Cytom. 78 (1) (2010) 65-69.

O. Akbari, J.L. Faul, E.G. Hoyte, G.J. Berry, J. Wahlstrom, M. Kronenberg, et al.,
CD4+ invariant T-cell-receptor + natural killer T cells in bronchial asthma, N.
Engl. J. Med. 354 (11) (2006) 1117-1129.

A. Bendelac, R.D. Hunziker, O. Lantz, Increased interleukin 4 and immunoglobulin
E production in transgenic mice overexpressing NK1 T cells, J. Exp. Med. 184 (4)
(1996) 1285-1293.

S. Jyonouchi, V. Abraham, J.S. Orange, J.M. Spergel, L. Gober, E. Dudek, et al.,
Invariant natural killer T cells from food allergic versus non-allergic children ex-
hibit differential responsiveness to milk-derived sphingomyelin, J. Allergy Clin.
Immunol. 128 (1) (2011) 102.

S. Jyonouchi, C.L. Smith, F. Saretta, V. Abraham, K.R. Ruymann, P. Modayur-
Chandramouleeswaran, et al., Invariant natural killer T cells in children with eo-
sinophilic esophagitis, Clin. Exp. Allergy 44 (1) (2014) 58-68.

W.S. Lexmond, J.F. Neves, S. Nurko, T. Olszak, M.A. Exley, R.S. Blumberg, et al.,
Involvement of the iNKT cell pathway is associated with early-onset eosinophilic
esophagitis and response to allergen avoidance therapy, Am. J. Gastroenterol. 109
(5) (2014) 646-657.

W.H. Wu, C.O. Park, S.H. Oh, H.J. Kim, Y.S. Kwon, B.G. Bae, et al., Thymic stromal
lymphopoietin-activated invariant natural killer T cells trigger an innate allergic
immune response in atopic dermatitis, J. Allergy Clin. Immunol. 126 (2) (2010)
290-299 (e294).

D. Yamada, T. Iyoda, K. Shimizu, Y. Sato, H. Koseki, S.-i. Fujii, Efficient Production
of Functional Human NKT Cells from Induced Pluripotent Stem Cells —
Reprogramming of Human Va24 iNKT Cells, Stem Cells (2016).

AN. Pearlman, R.K. Chandra, D. Chang, D.B. Conley, A.T. Peters, L.C. Grammer,
et al., Relationships between severity of chronic rhinosinusitis and nasal polyposis,
asthma, and atopy, Am. J. Rhinol. Allergy 23 (2) (2009) 145.

T. Yoshimura, M. Yoshikawa, N. Otori, S.-i. Haruna, H. Moriyama, Correlation
between the prostaglandin D2/E2 ratio in nasal polyps and the recalcitrant pa-
thophysiology of chronic rhinosinusitis associated with bronchial asthma, Allergol.
Int. 57 (4) (2008) 429-436.

R.G. Slavin, Nasal polyps and sinusitis, J. Am. Med. Assoc. 278 (1997) 1849-1854.
C. Lombardi, E. Musicco, F. Rastrelli, G. Bettoncelli, G. Passalacqua, G.W. Canonica,
The patient with rhinitis in the pharmacy. A cross-sectional study in real life,
Asthma Res. Pract. 1 (1) (2015) 4.

A.B. Rinia, K. Kostamo, F. Ebbens, C. Van Drunen, W. Fokkens, Nasal polyposis: a
cellular-based approach to answering questions, Allergy. 62 (4) (2007) 348-358.
M.W. Ryan, L.S. Davis, T cells in chronic rhinosinusitis with nasal polyposis, Curr.
Opin. Otolaryngol. Head Neck Surg. 18 (3) (2010) 200-205.

C. Langdon, J. Mullol, Nasal polyps in patients with asthma: prevalence, impact,
and management challenges, J. Asthma Allergy 9 (2016) 45.

The clinical relationship of nasal polyps to asthma, in: K. Larsen (Ed.), Allergy and
Asthma Proceedings, OceanSide Publications, Inc, 1996.

N.D. Bateman, C. Fahy, T.J. Woolford, Nasal polyps: still more questions than an-
swers, J. Laryngol. Otol. 117 (1) (2003) 1-9.

Y. Shen, X.Y. Tang, Y.C. Yang, X. Ke, W. Kou, C.K. Pan, et al., Impaired balance of
Th17/Treg in patients with nasal polyposis, Scand. J. Immunol. 74 (2) (2011)
176-185.

J.E. Gumperz, S. Miyake, T. Yamamura, M.B. Brenner, Functionally distinct subsets
of CD1d-restricted natural killer T cells revealed by CD1d tetramer staining, J. Exp.
Med. 195 (5) (2002) 625-636.

E.H. Meyer, R.H. DeKruyff, D.T. Umetsu, T cells and NKT cells in the pathogenesis
of asthma, Annu. Rev. Med. 59 (2008) 281-292.

S. Oki, S. Miyake, Invariant natural killer T (iNKT) cells in asthma: a novel insight

129

[33]

[34]
[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

Clinical Immunology 205 (2019) 125-129

into the pathogenesis of asthma and the therapeutic implication of glycolipid li-
gands for allergic diseases, Allergol. Int. 56 (1) (2007) 7-14.

Y.-I. Koh, J.-U. Shim, Association between sputum natural killer T cells and eosi-
nophilic airway inflammation in human asthma, Int. Arch. Allergy Immunol. 153
(3) (2010) 239-248.

A. Hamzaoui, S.C. Rouhou, H. Grairi, H. Abid, J. Ammar, H. Chelbi, et al., NKT cells
in the induced sputum of severe asthmatics, Mediat. Inflamm. 2006 (2006).

K. Bratke, P. Julius, J.C. Virchow, Invariant natural killer T cells in obstructive
pulmonary diseases, N. Engl. J. Med. 357 (2) (2007) 194.

S.Y. Thomas, Y.H. Chyung, A.D. Luster, NKT cells are not the predominant T cell in
asthma and likely modulate, not cause, asthma, J. Allergy Clin. Immunol. 125 (5)
(2010) 980-984.

M. Rayapudi, P. Rajavelu, X. Zhu, A. Kaul, R. Niranjan, S. Dynda, et al., Invariant
natural killer T-cell neutralization is a possible novel therapy for human eosino-
philic esophagitis, Clin. Transl. Immunol. 3 (1) (2014) e9.

M. Lampinen, M. Carlson, L. Hakansson, P. Venge, Cytokine-regulated accumula-
tion of eosinophils in inflammatory disease, Allergy. 59 (8) (2004) 793-805.

D.T. Umetsu, R.H. DeKruyff, Current perspectives: focused commentary: key cells in
asthma, J. Allergy Clin. Immunol. 125 (5) (2010) 975.

Y. Sen, B. Yongyi, H. Yuling, X. Luokun, H. Li, X. Jie, et al., Va24-invariant NKT
cells from patients with allergic asthma express CCR9 at high frequency and induce
Th2 bias of CD3+ T cells upon CD226 engagement, J. Immunol. 175 (8) (2005)
4914-4926.

Y. Morishima, Y. Ishii, T. Kimura, A. Shibuya, K. Shibuya, A.E. Hegab, et al.,
Suppression of eosinophilic airway inflammation by treatment with a-galacto-
sylceramide, Eur. J. Immunol. 35 (10) (2005) 2803-2814.

A. Fukushima, T. Sumi, K. Fukuda, T. Yamaguchi, N. Kumagai, T. Nishida, et al.,
Modulation of murine experimental allergic conjunctivitis by treatment with a-
Galactosylceramide, Immunol. Lett. 107 (1) (2006) 32-40.

D.R. Brown, D.J. Fowell, D.B. Corry, T.A. Wynn, N.H. Moskowitz, A.W. Cheever,
et al., Beta 2-microglobulin-dependent NK1. 1+ T cells are not essential for T
helper cell 2 immune responses, J. Exp. Med. 184 (4) (1996) 1295-1304.

M. Korsgren, C.G. Persson, F. Sundler, T. Bjerke, T. Hansson, B.J. Chambers, et al.,
Natural killer cells determine development of allergen-induced eosinophilic airway
inflammation in mice, J. Exp. Med. 189 (3) (1999) 553-562.

K. Mutalithas, J. Croudace, C. Guillen, S. Siddiqui, D. Thickett, A. Wardlaw, et al.,
Bronchoalveolar lavage invariant natural killer T cells are not increased in asthma,
J. Allergy Clin. Immunol. 119 (5) (2007) 1274-1276.

M. Rock, S. Yoder, A. Hoskins, W. Ajayi, J.R. Sheller, R. Dworski, Effect of allergen
challenge on the percentage of natural killer T cells in patients with atopic asthma,
Ann. Allergy Asthma Immunol. 102 (5) (2009) 432-437.

P.V. Driscoll, R.M. Naclerio, F.M. Baroody, CD4 + lymphocytes are increased in the
sinus mucosa of children with chronic sinusitis, Arch. Otolaryngol. Head Neck Surg.
122 (10) (1996) 1071-1076.

S. Morinaka, H. Nakamura, Inflammatory cells in nasal mucosa and nasal polyps,
Auris Nasus Larynx 27 (1) (2000) 59-64.

J.M. Bernstein, M. Ballow, G. Rich, C. Allen, M. Swanson, J. Dmochowski,
Lymphocyte subpopulations and cytokines in nasal polyps: is there a local immune
system in the nasal polyp? Otolaryngol. Head Neck Surg. 130 (5) (2004) 526-535.
M. Fereidouni, F. Jabbari Azad, M. Mahmoudi, A. Varasteh, R. Farid Hosseini,
Comparison of two flow cytometric methods for detection of human invariant
natural killer T cells (iNKT), Iran. J. Immunol. 7 (1) (2010) 1-7.

C.J. Montoya, D. Pollard, J. Martinson, K. Kumari, C. Wasserfall, C.B. Mulder, et al.,
Characterization of human invariant natural killer T subsets in health and disease
using a novel invariant natural killer T cell-clonotypic monoclonal antibody, 6B11,
Immunology. 122 (1) (2007) 1-14.

M.A. Exley, R. Hou, A. Shaulov, E. Tonti, P. Dellabona, G. Casorati, et al., Selective
activation, expansion, and monitoring of human iNKT cells with a monoclonal
antibody specific for the TCR a-chain CDR3 loop, Eur. J. Immunol. 38 (6) (2008)
1756-1766.

M.A. Exley, S.B. Wilson, S.P. Balk, Isolation and functional use of human NKT cells,
Curr. Protoc. Immunol. 119 (14) (2017) 1.1-1.20.


http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0050
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0050
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0050
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf8000
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf8000
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf8000
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0055
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0055
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0055
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0060
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0060
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0060
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0065
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0065
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0065
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0070
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0070
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0070
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0070
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0075
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0075
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0075
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0080
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0080
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0080
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0080
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0085
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0085
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0085
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0085
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf8005
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf8005
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf8005
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0095
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0095
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0095
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0100
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0100
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0100
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0100
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0105
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0110
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0110
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0110
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0115
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0115
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0120
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0120
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0130
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0130
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0135
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0135
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0140
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0140
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0145
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0145
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0145
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0150
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0150
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0150
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0155
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0155
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0160
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0160
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0160
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0165
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0165
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0165
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0170
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0170
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0185
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0185
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0190
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0190
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0190
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0195
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0195
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0195
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0200
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0200
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0205
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0205
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0210
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0210
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0210
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0210
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0215
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0215
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0215
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0220
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0220
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0220
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0225
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0225
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0225
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0230
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0230
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0230
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0235
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0235
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0235
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0240
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0240
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0240
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0245
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0245
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0245
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0250
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0250
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0255
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0255
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0255
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0260
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0260
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0260
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0265
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0265
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0265
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0265
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0270
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0270
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0270
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0270
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0275
http://refhub.elsevier.com/S1521-6616(18)30619-3/rf0275

	Evaluation of the frequency of invariant natural killer T (iNKT) cells in nasal polyps
	Introduction
	Methods
	Patients and samples
	Skin prick test (SPT) and total IgE
	Sample collection and processing
	Flow cytometry
	Reverse-transcription polymerase chain reaction (RT-PCR)

	Data analysis
	Statistical analysis
	Results
	Flow cytometry
	RT-PCR data of Vα24 and TCR constant genes


	Discussion
	Conclusion
	Acknowledgment
	References




