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Background: Recent studies have implied a role for Th17 cells in CRS with nasal polyps

(CRSwNP) patients. However, the capacity of these cells to produce Th17 cytokines is

still unknown. Here we sought to quantify IL-17A, IL-17F , IL-21, and IL-22 cytokines

produced by Th17 cells in mucosal tissue and peripheral blood of CRSwNP, CRS without

nasal polyps (CRSsNP) and control patients.

Methods: Samples were prospectively collected from CRS patients and non-CRS

controls. We used flow cytometry to characterize the Th17 cells and their cytokines in

sinonasal tissue and peripheral blood.

Results: A total of 36 patients were recruited to the study. CRSwNP patients had

significantly more tissue IL-17A (9.53 ± 2.71 vs. 1.11 ± 0.43 vs. 0.77 ± 0.07), IL-17F

(4.96 ± 1.48 vs. 0.88 ± 0.31 vs. 0.56 ± 0.04), IL-21 (5.55 ± 2.01 vs. 1.60 ± 0.71 vs.

1.53 ± 0.55) and IL-22 (4.73 ± 1.58 vs. 0.70 ± 0.28 vs. 0.88 ± 0.26) producing Th17

cells compared to CRSsNP and control mucosa per mg of tissue, respectively. Allergic

CRSwNP patients had decreased numbers of IL-21 producing Th17 cells compared

to non-Allergic CRSwNP. (1.69 ± 0.57 vs. 9.41 ± 3.23) per mg of tissue, respectively

(Kruskal-Wallis p < 0.05).

Conclusion: In summary our study identified increased numbers of IL-17A, IL-17F, IL-21

and IL-22 positive Th17 cells in CRSwNP patient polyps and peripheral blood suggesting

an altered activation state of those cells both locally and systemically. Atopic CRSwNP

had decreased amounts of tissue Th17 cell derived IL-21 implying a potential protective

role for IL-21 in CRSwNP allergic inflammation.

Keywords: chronic rhinosinusitis, flow cytometry, nasal polyps, Th17, Th17 cytokines

INTRODUCTION

T helper 17 (Th17) cells are characterized by CC motif 6 chemokine receptor (CCR6) expression
and produce the signature cytokines interleukin-17A (IL-17A), IL-17F, IL-21, and IL-22. Th17 cells
play a significant role in the adaptive immune system by generating inflammation in response
to infection, in particular to Candida albicans and Staphylococcus aureus (Brucklacher-Waldert
et al., 2009). Both IL-17A and IL-17F cause the up-regulation of pro-inflammatory cytokines and
chemokines such as IL-6, granulocyte colony-stimulating factor (GCSF), and CXCL1 and CXCL2
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(Fossiez et al., 1996). In the airways, IL-17A has been shown
to cause a release of chemokines that recruit neutrophils
and fungicidal peptides (Laan et al., 1999; Kinugasa et al., 2000;
O’Connor et al., 2009; Puel et al., 2012; Lee et al., 2015). Although
vital in protecting the host against pathogens, dysregulated
inflammation, if sustained, may result in inflammation-
associated pathologies such as tissue damage and the disruption
of mucosal homeostasis. Excessive IL-17A production in
the synovial fluid of rheumatoid arthritis patients has been
demonstrated to have a role in the progression of the disease
(Siloşi et al., 2016) Antibodies targeting IL-17A result in a
reduction of clinical symptom severity, further highlighting the
importance of aberrant cytokine responses in differing immune
microenvironments (Hueber et al., 2010).

IL-21 intensifies the production of pro-inflammatory
cytokines in the mucosa as well as aiding in the recruitment
of neutrophils (De Nitto et al., 2010; Neurath, 2014). In the
gut mucosa it is considered to be pathogenic and antibodies
targeted to neutralizing the cytokine have a protective and
anti-inflammatory effect (Yu et al., 2015). IL-21 is also implicated
in a range of autoimmune diseases. It has been shown to be
increased in active systemic lupus erythematosus (SLE) and
could be responsible for the generation of plasma cells in the
disease state (Nakou et al., 2013) and epithelial cell activation
and survival by moderating T regulatory cell subsets (Lin et al.,
2014). IL-22 is also capable of inducing proliferative and anti-
apoptotic pathways as well as producing antimicrobial peptides
which help prevent tissue destruction and promote repair
(Kim et al., 2014).

Th17 responses have been implicated in the pathophysiology
of a number of inflammatory disorders, including rheumatoid
arthritis, SLE, and asthma. In chronic rhinosinusitis (CRS),
studies have assessed Th17 abundance by measuring IL-17
expression. Although early studies did not find an increase in IL-
17 production in CRS (Van Bruaene et al., 2008; Cao et al., 2009)
two more recent studies in the adult Chinese population have
reported increased IL-17 in eosinophilic CRSwNP, suggesting a
possible role of Th17 cells in this inflammatory condition (Cao
et al., 2009; Wei et al., 2014). However, it has been shown that IL-
17 can also be produced by different immune cell types, including
neutrophils and gammadelta T cells and thus, differential IL-
17 abundance does not necessarily imply changes in Th17 cell
frequencies (Coffelt et al., 2015). Recently, we have reported an
increase in Th17 cell numbers in CRS with polyp (CRSwNP)
patients (Miljkovic et al., 2016). In this present study we further
characterize the local and peripheral Th17 cell cytokine response
in CRSwNP, CRS without nasal polyps (CRSsNP) and controls.

METHODS

Patient Sample Collection
This study was approved by the Human Research Ethics
Committee of the Queen Elizabeth Hospital, Adelaide, Australia
and all patients provided written informed consent prior to
enrollment. Specimens were prospectively collected at the time
of endoscopic sinus surgery from non-diseased controls and
consecutive CRS patients (CRSsNP and CRSwNP). Polyp tissue
was collected from CRSwNP patients with ethmoid mucosa

obtained from CRSsNP and controls. All patients also had
peripheral blood collected prior to their operation. Control
patients were undergoing endoscopic skull base procedures
procedures and had no clinical, endoscopic or radiologic
evidence of past or present sinonasal disease. CRS patients
fulfilled the diagnostic criteria of the position papers of American
Academy of Otolaryngology and Head and Neck Surgery and
the European Position Statement on Chronic Rhinosinusitis
(Fokkens et al., 2012a; Lin and Nnacheta, 2015). Patients
with CRS were further sub-classified according to the absence
or presence of polyps on nasal endoscopy. Exclusion criteria
included minors <18 years of age, pregnancy, malignancy,
immune disorders, and the use of antihistamines, antibiotics,
immune-modulating drugs or oral corticosteroids in the month
preceding surgery. Patients were classified as atopic if they
had positive RAST and/or skin prick testing. Demographic
and clinical data was collected from all patients prior to the
commencement of the study.

Cell Preparation
Tissue samples from the ethmoid mucosa were washed and
dissected into pieces ≤2mm before being prepared into a single
cell suspension by enzymatic digestion with 2 mg/ml collagenase
type II (Sigma-Aldrich, MO, USA) and 0.04 mg/ml DNAse I
(Roche Applied Sciences, Vilvoorde, Belgium) for 45min at 37◦C.
Cell suspensions were filtered through a 70µm nylon mesh and
washed in PBS. Lymphocytes were isolated from heparinized
peripheral blood by Ficoll-Paque PLUS (GE Healthcare, Chicago,
USA) (Miljkovic et al., 2014).

Flow Cytometric Immunophenotyping
Cells stimulated with cell stimulation cocktail (eBioscience,
San Diego, CA, USA) for 6 h were washed and stained with
Fixable Viability Dye eFluor R© 506 (eBioscience, San Diego,
CA, USA) at 4◦C for 30min to exclude dead cells before
cell surface staining with CD4+CCR6+CD45+ to define Th17
cells (Pandya et al., 2016). Cells were fixed and permeabilised
before staining with intracellular cytokines IL-17A, IL-17F, IL-
21, and IL-22 (eBioscience, San Diego, CA, USA). Antibody
details are listed in Supplementary Table S1. Gates were set
on unstimulated and fluorescent minus one controls shown in
Supplementary Figure S1.

Statistical Analysis
The data were summarized usingmeans with standard deviations
and medians with range. The Kruskal-Wallis test was used for
the comparison of data from the three independent disease
groups of patients. Mann-Whitney test was used for comparison
of two independent disease groups. All tests were two-tailed
and significance was assessed at the 5% alpha using GraphPad
Prism 7.

RESULTS

Patients
Samples from a total 36 patients (12 CRSwNP, 19 CRSsNP
and 5 controls) were used for this study. Patient demographic
information is summarized in Supplementary Table S2.
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Th17 Cells Are Increased in CRSwNP
Mucosa
CRSwNP patients had significantly more total tissue CD4+ T
helper cells compared to CRSsNP and control mucosa (90.73
± 20.47 vs. 39.72 ± 11.14 vs. 22.24 ± 10.07 per mg of tissue
respectively, Kruskal-Wallis p < 0.01) (Figure 1A). CRSwNP
patients had more Th17 cells in the polyps compared to CRSsNP
and control mucosa (40.39 ± 7.75 vs. 16.19 ± 4.49 vs. 9.26
± 4.32 per mg of tissue respectively, Kruskal-Wallis p < 0.01)
(Figure 1B). No differences were seen in CD4+ or Th17+ cell
numbers as a % of CD45+ cells in the peripheral blood of control,
CRSsNP or CRSwNP patients.

Th17 Cytokines Are Increased in Mucosal
CRSwNP Th17 Cells
Intracellular staining of Th17 cells showed a significant increase
in Th17 cytokine producing Th17 cells per mg of tissue in
CRSwNP patients compared to CRSsNP and/or control mucosa,
including IL-17A, IL-17F, IL-21, and IL-22 (Kruskal-Wallis p <

0.01, Figures 2A–D). Supplementary Table S3 details cytokine
expressing Th17 cells for controls, CRSsNP and CRSwNP
patients.

Th17 Cytokines Are Increased in Peripheral
CRSwNP Th17 Cells
In the peripheral blood, CRSwNP patients had significantly
more Th17 cells producing IL-17A, IL-17F, IL-21, and IL-22
compared to CRSsNP and control patients (Kruskal-Wallis p <

0.01, Figures 3A–D). Supplementary Table S4 details cytokine
expressing Th17 cells for controls, CRSsNP and CRSwNP
patients.

Th17 Cytokines Were Equally Produced
within Control, CRSsNP and CRSwNP
Mucosa, and Peripheral Blood
Within each patient (controls, CRSsNP or CRSwNP), Th17
cells derived from tissue (Figures 4A–C) and from blood
(Figures 4D–F) produced equal amounts of cytokines, including
IL-17A, IL-17F, IL-21, and IL-22. Albeit not statistically
significant, IL-21 was the most abundant cytokine produced by

Th17 cells in the blood of all patient categories and in the tissue
of control and CRSsNP patients whilst in the tissue of CRSwNP
patients, IL-17A was the most abundant cytokine produced by
Th17 cells.

Th-17 Cells Produce Less IL-21 in Allergic
CRSwNP
Allergic CRSwNP patients had decreased numbers of IL-21
producing Th17 cells compared to non-allergic CRSwNP (1.69±
0.57 vs. 9.41± 3.23) per mg of tissue respectively, Kruskal-Wallis
p< 0.05 (Figure 5). No differences were seen in CRSsNP patients
or in the peripheral blood of any of the patient groups.

DISCUSSION

This is the first study to our knowledge that characterizes the
cytokine production by Th17 cells in CRS. It supports the
findings of our previous study that demonstrated an increase
in Th17 cells in CRSwNP patients compared to CRSsNP and
controls (Miljkovic et al., 2016). By defining the specific cytokine
production by Th17 cells we believe we now have increased
understanding of the complex immune microenvironment
characteristic of CRSwNP patients. CRS is divided into two
disease phenotypes based on the presence or absence of nasal
polyps. According to the current European position paper
(EPOS) (Fokkens et al., 2012b) on CRS, nasal polyps should
be visualized endoscopically, arising bilaterally from the middle
meatus into the nasal cavity, allowing the classification of
CRS patients into CRS with nasal polyps (CRSwNP) and
CRS without nasal polyps (CRSsNP) (Fokkens et al., 2012b).
Nasal polyps are grape-like structures which are composed of
edema, inflammatory cells, connective tissue, mucous glands,
and capillaries encased in pseudostratified epithelium (Bachert
et al., 1997). In agreement with our study, in western
countries, CRSwNP is thought to differ from CRSsNP not only
macroscopically, but also by having a more eosinophilic Th2 type
disease as opposed to Asian CRSwNP counterparts that have
more of a neutrophilic inflammatory infiltrate (Van Zele et al.,
2006; Zhang et al., 2008).

Th17 cells producing IL-17A were increased in CRSwNP
patient polyps and peripheral blood compared to CRSsNP and

FIGURE 1 | Percentage of CD4+ (A) and Th17 cells (B) per mg of tissue in control, CRSsNP and CRSwNP mucosa. Medians with interquartile range. P ≤ 0.05

Kruskal-Wallis.
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FIGURE 2 | Percentage of IL-17A+Th17+ (A), IL-17F+Th17 (B), IL-21+Th17 (C), and IL-122+Th17 (D) cells per mg of tissue in control, CRSsNP and CRSwNP

mucosa. Medians with interquartile range. P ≤ 0.05 Kruskal-Wallis.

FIGURE 3 | Percentage of IL-17A+Th17 (A), IL-17F+Th17 (B), IL-21+Th17 (C), and IL-22+Th17 (D) cells as a % of CD45+ cells in control, CRSsNP and CRSwNP

peripheral blood. Medians with interquartile range. P ≤ 0.05 Kruskal-Wallis.
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FIGURE 4 | Percentage of IL-17A, IL-17F, IL-21, and IL-22 Th17 cells in control (A), CRSsNP (B) and CRSwNP (C) mucosa and control (D), CRSsNP (E) and

CRSwNP (F) peripheral blood. Medians with interquartile range. P ≤ 0.05 Kruskal-Wallis.

FIGURE 5 | Percentage of IL-21+Th17 cells per mg of tissue in allergic and

non-allergic CRSwNP mucosa. Medians with interquartile range. P ≤ 0.05

Kruskal-Wallis.

controls. This IL-17A elevation in Th17 cells could account for
the IL-17A abundance seen in CRSwNP patients in previously
published studies (Makihara et al., 2010; Hu et al., 2013). In
Japanese populations CRSwNP increases in IL-17A cytokine
production are correlated with eosinophil numbers (Makihara
et al., 2010; Saitoh et al., 2010). A different cohort of Chinese
patients has linked IL-17A abundance with elevated amounts of
neutrophils in CRSwNP (Hu et al., 2013). IL-17A is known to
cause the induction and activation of neutrophils and neutrophil
activating cytokines in the airways by inducing the release of
chemokines that can recruit neutrophils and fungicidal peptides
(Laan et al., 1999; Puel et al., 2012). Most recently, dysregulated
IL-17A production was also found to promote neutrophil
infiltration resulting in the delay of wound healing and tissue
repair in mouse models, and could account for the inflammation
and airway remodeling seen in certain CRSwNP patient subtypes
(Takagi et al., 2016). IL-17F, although newly discovered and less

studied, is very similar in structure to IL-17A and has a similar
role (Chang et al., 2011). This is evident in the accumulation
of neutrophils in allergic diseases with high IL-17A and IL-
17F production (Kawaguchi et al., 2001). In our study, IL-17F,
much like its IL-17A counterpart was increased in the polyps and
peripheral blood of CRSwNP patients. Recently, however, in vivo
studies of an inducedmodel of colitis have shown that IL-17A and
IL-17F can have differing roles. Mice deficient in IL-17F but not
IL-17A have defective airway neutrophils in response to allergen
challenge demonstrating an important functional difference in
the IL-17F immune response which warrants further research
(Yang et al., 2008).

Studies in CRS have reported increased levels of IL-21 mRNA
and protein using ELISA in polyp tissues and peripheral blood.
Our study adds to this research suggesting the increase may,
in fact, be due to increases of IL-21 producing Th17 cells in
CRSwNP patients (Xiao et al., 2015). IL-21 regulates T and B
lymphocyte survival, activation and proliferation and in vitro IL-
21 has been shown to have an effect on polyp B cell differentiation
and IgG and IgA production (Zotos et al., 2010; Sarra et al., 2011;
Xiao et al., 2015). In our study, CRSwNP patients that were atopic
had remarkably less IL-21 cytokine producing Th17 cells as
evidenced by flow cytometry compared to non-atopic CRSwNP.
These results are in agreement with studies in allergic rhinitis: IL-
21 administered at the time of antigen challenge in ovalbumin-
induced mice reduces allergic symptoms and antigen-specific IgE
levels (Hiromura et al., 2007). Further to this, signaling through
the IL-21 receptor mediates house dust mite airway hyper-
responsiveness by enhancing Th2 cytokine production (Lajoie
et al., 2014). There are discrepancies, however, with other in
vivo animal studies suggesting that IL-21 doesn’t affect airway
remodeling (Chen et al., 2015). Further studies, focusing on
airway remodeling in CRS will be needed to elucidate the role
of the Th17 cytokine IL-21 in allergic patients.

Few studies have investigated the role of IL-22 in CRS.
Ramanthan et al confirmed the presence of the IL-22 receptor
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IL-22R1 on the surface of nasal epithelial cells and discovered
lower receptor quantities in recalcitrant CRSwNP compared
to CRSsNP and controls (Ramanathan et al., 2007). This was
confirmed by another study by Wang et al however, there are
conflicting reports about cytokine IL-22 levels, with one study
showing no statistical difference in IL-22 levels between patient
groups and the other finding IL-22 was significantly higher in
CRSsNP mucosa compared to controls (Ramanathan et al., 2007;
Wang et al., 2014). IL-22 is produced by activated T cells as well as
innate lymphoid cells and innate immune cells. In our study, we
show that Th17 derived IL-22 is increased in CRSwNP patients
polyps and peripheral blood (Rutz et al., 2013). The cytokine
is a key mediator of mucosal host defense and protects against
extracellular pathogens (Zheng et al., 2008). IL-22 promotes
keratinocyte migration and innate immune function as well as
tissue repair (Wolk et al., 2004). Interestingly although IL-22
plays a protective role in mucosal diseases such as inflammatory
bowel disease by enhancing barrier integrity of the intestinal
tract, in other diseases such as psoriasis it has been eluded to
synergise with proinflammatory cytokines and induce disease
progression (Li et al., 2014; Cochez et al., 2016). A limitation of
this study is the low number of control patients due to the lower
amount of patients undergoing endoscopic skull base procedures
compared to CRS patients; that were also not on corticosteroids
or had any endoscopic or radiologic evidence of past or
present sinonasal disease. Future studies will aim to characterize
the cause of Th17 cell abundance by stimulating sinonasal
tissue with suspected antigens involved in the pathogenesis
of CRS.

As in this study, increased numbers of activated Th17 cells
have been found in severe chronic inflammatory diseases such as
asthma (Wong et al., 2009) and rheumatoid arthritis (Chen et al.,
2011). It is evident that cytokines may have opposing effects in
diverse tissue microenvironments and further functional studies
are needed in order to assess whether the Th-17 derived cytokines

we see elevated in CRSwNP patients’ tissue and blood are in fact
playing a protective or pathogenic role in CRS.

CONCLUSION

In summary, although Th17 cells were increased in CRSwNP
polyps and not in the periphery, Th17 cells producing IL-17A,
IL-17F, IL21, and IL22 were significantly increased in CRSwNP
patient polyps and peripheral blood suggesting an altered
activation status of those cells both locally and systemically
in CRSwNP patients. Notably, atopic CRSwNP has decreased
amounts of Th17 derived IL-21 in their polyps implying
a potential protective role for IL-21 in CRSwNP allergic
inflammation.
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