IL-25/IL-33-responsive T2 cells characterize nasal polyps
with a default T417 signature in nasal mucosa
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Background: Chronic rhinosinusitis with nasal polyposis
(CRSwNP) in Western countries is characterized by
eosinophilia, IgE production, and Ty2 cytokine expression.
Type 2 innate lymphoid cells from polyps produce IL-5 and
IL-13 in response to IL-25 and IL-33, although the relevance of
this axis to local mucosal T-cell responses is unknown.
Objective: We sought to investigate the role of the IL-25/11.-33
axis in local mucosal T-cell responses in patients with CRSwNP.
Methods: Polyp tissue and blood were obtained from patients
undergoing nasal polypectomy. Control nasal biopsy specimens
and blood were obtained from healthy volunteers. Tissue was
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cultured in a short-term explant model. T-cell surface
phenotype/intracellular cytokines were assessed by means of
flow cytometry. T-cell receptor variable 3-chain analysis was
performed with the immunoSEQ assay. Microarrays were
performed for gene expression analysis.

Results: IL-25 receptor (IL-17RB)-expressing T2 effector cells
were identified in nasal polyp tissue but not the healthy nasal
mucosa or periphery. IL-17RB*CD4" polyp-derived T2 cells
coexpressed ST2 (IL-33 receptor) and responded to IL-25 and
IL-33 with enhanced IL-5 and IL-13 production. Within
IL-17RBTCD4* T cells, several identical T-cell receptor
variable 3-chain complementarity-determining region 3
sequences were identified in different subjects, suggesting clonal
expansion driven by a common antigen. Abundant
IL-17-producing T cells were observed in both healthy nasal
mucosal and polyp populations, with Ty17-related genes the
most overexpressed compared with peripheral blood T cells.
Conclusion: IL-25 and IL-33 can interact locally with
IL-17RB*ST2" polyp T cells to augment T2 responses in
patients with CRSwNP. A local Ty17 response might

be important in healthy nasal mucosal immune homeostasis. (J
Allergy Clin Immunol 2015;88:NEE-NEN,)

Key words: Chronic rhinosinusitis with nasal polyps, nasal mucosa,
IL-25, IL-33, IL-17RB, ST2, T-cell phenotype, Ty?2 cells, Tyl7 cells,
T-cell receptor VB repertoire, microarray

Chronic rhinosinusitis with nasal polyposis (CRSwNP) is an
umbrella term for a heterogeneous group of inflammatory
disorders characterized by persistent polypoid inflammation of
the sinonasal mucosa (=12 weeks) and nasal obstruction.'
Symptoms are often severe and only partially responsive to
treatment, and disease is commonly associated with difficult-to-
treat asthma.'” There is an urgent unmet clinical need to
understand the immunopathology of CRSwNP. Several studies
have indicated regional variation in CRSwNP endotypes. Western
countries show a predominance of eosinophilic Ty2-associated
polyps, and Staphylococcus aureus superantigens have been
implicated in driving the T};2 response.”~ Conversely, CRSWNP
in patients from southern Asia is associated with neutrophilic
infiltration and a local Tyl/Tyl7 signature.”*® Although
potential sources of proeosinophilic cytokines in patients with
CRSwNP include T cells, type 2 innate lymphoid cells (ILC2s),
mast cells, and eosinophils, the local immune mechanisms
regulating cytokine production remain poorly understood.
Relatively little is also known of T-cell responses in the healthy
nasal mucosa, although the local microenvironment appears to
suppress Ty2 responses.’
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Abbreviations used

AIM2: Absent in melanoma 2

CDR3: Complementarity-determining region 3
CRSwNP: Chronic rhinosinusitis with nasal polyposis

CRTH2: Chemoattractant receptor-homologous molecule
expressed on Ty2 cells
ILC2: Type 2 innate lymphoid cell
TCR V@: T-cell receptor variable -chain

Recently, the epithelial cell-derived cytokines IL-25 and
IL-33, acting through their respective receptors IL-17RB and
ST2, have been implicated in promoting T2 responses in animal
models of allergic inflammation.® ' Expression of IL-17RB has
been demonstrated on human peripheral blood Ty2 cells
differentiated in vitro by thymic stromal lymphopoietin—treated
dendritic cells and on freshly isolated CD4 ™ T cells from patients
with Churg-Strauss syndrome.'''* IL-25 is also expressed within
the bronchial mucosa of asthmatic patients and in the skin during
allergen-induced late responses.'"'® Furthermore, ILC2s
coexpress IL-17RB and ST2 and produce IL-5 and IL-13 in
response to IL-25 and IL-33.'*'5 ST2 is associated with Ty2
immune responses in mice,'®'” and expression is increased in
ILC2s and eosinophils from patients with CRSwNP.'*2° In
human subjects baseline levels of IL-33 mRNA in epithelial cells
derived from treatment-recalcitrant nasal polyps are increased
compared with levels in cells derived from treatment-responsive
nasal polyps.”' However, the local mucosal T-cell response in
patients with CRSWNP and the potential interaction of T cells
in the nasal mucosa with IL-25 or IL-33 have not been explored.

Therefore we hypothesized that the IL-25/IL-33 axis is
involved in directing local mucosal Ty2 responses in patients
with eosinophilic CRSwNP. To test this hypothesis, we
extensively phenotyped nasal T-cell responses from tissue
explants of patients with CRSwNP and healthy control subjects.

METHODS

Detailed methods used in this study and reagent sources can be found in the
Methods section in this article’s Online Repository at www.jacionline.org.
Clinical and demographic data for patients with CRSWNP and healthy
volunteers are shown in Table El in this article’s Online Repository at
www.jacionline.org.

RESULTS
Nasal polyp explant T cells are of an effector
memory phenotype

The majority of donor-matched polyp- and peripheral
blood—derived CD4" and CD8™ T cells were determined to be
off T cells. ¥y& T cells formed a minimal proportion of the
T-cell population (see Fig E1 and Table E2 in this article’s Online
Repository at www.jacionline.org). After short-term culture, both
polyp and blood populations expressed high levels of CD45RO,
which is consistent with a memory phenotype after restimulation.
The majority of T cells in polyp cultures expressed significantly
less CD62 ligand and CCR7 compared with blood T cells and
displayed higher expression of CD49a, an integrin expressed
by tissue-resident memory cells,””* suggesting that nasal
polyp—derived T cells were predominately of an effector memory
phenotype.**
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Tw17 and Ty2 cytokine profiles are detected in nasal
polyps

Intracellular cytokine staining was performed on CD4 ™" T cells
expanded from polyp explants and peripheral blood in parallel to
establish the Ty cell cytokine profile. CD4™ T cells derived from
polyps expressed significantly higher percentages of IL-177
and TL-227" cells together with Ty2 cytokine (IL-5, IL-9, and
IL-13)—producing cells (Fig 1, A and B), all of which showed
negligible expression in expanded peripheral blood CD4*
T cells from the same donors. In addition, coexpression of
IL-17 with IL-22 and IFN-vy was detected (see Fig E2 in this arti-
cle’s Online Repository at www.jacionline.org). A significantly
higher percentage of polyp T cells produced the proinflammatory
cytokine TNF-a, although IFN-vy expression was equivalent in
CD4™" T cells from both sources.

Th2 cytokine production is specific to CRSwNP, but
Tw17 cytokines are produced by nasal T cells from
normal and inflamed tissue

We next examined whether this cytokine expression profile in
polyp explants was disease or tissue specific. Therefore T-cell
phenotypes were compared with those from nasal mucosal biopsy
specimens from healthy volunteers. IL-17 was produced by a
comparable percentage of T cells derived from healthy nasal and
nasal polyp explants (Fig 1, C) and confirmed at the protein level
in cell-culture supernatants. Minimal IL-13 " cells were observed
in the healthy nasal mucosa (Fig 1, C). Although IL-4 expression
was not examined by using flow cytometry, significantly
increased IL-4 levels, in addition to IL-5 and IL-13 levels, were
detected in the supernatants of polyp explant cultures compared
with those seen in healthy nasal mucosa explants (see Fig E3 in
this article’s Online Repository at www.jacionline.org).

IL-17RB is expressed by in vitro Ty2-polarized but
not Ty1-polarized cells

The IL-25 receptor IL-17RB is associated with T2 cells and
the promotion of Ty2 responses.”'' We sought to examine
IL-17RB expression in homogenous human Tyl/Ty2 CD4™"
populations differentiated from naive peripheral blood T cells,
as previously described.”” Differentiated cells were highly
polarized toward a Tyl (IFN-y", T-box transcription factor
[T-bet]*, and IL-12 receptor B2 [IL-12RB2]™) or Ty2 (IL-4,
IL-5%, GATA-3", and chemoattractant receptor-homologous
molecule expressed on Ty2 cells [CRTH2]") phenotype, and a
significant increase in /LI7RB gene expression was observed in
Ty2 versus Tyl cell lines (Fig 2, A). IL-17RB expression
increased with time in in vitro Ty2-polarized T-cell cultures
only (Fig 2, B and C), which followed similar kinetics to type 2
cytokine production (data not shown). Furthermore, IL-17RB
expression was correlated with IL-13 expression in Ty2 cell
cultures (Fig 2, D). Together, these data suggest IL-17RB to be
a robust marker of human Ty?2 cells.

IL-17RB™ cells are a distinct T2 cell population
present in nasal polyps

We next examined whether T-cell expression of IL-17RB is
also a feature of target organ tissue CD4 " cells in eosinophilic
polyps. A substantial proportion of polyp CD4 ™ T cells expressed
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FIG 1. Differential expression of Ty2/Ty17 cytokines by polyp- and normal nasal mucosa-derived CD4™
cells. A, Representative staining on paired CD4" blood and polyp cells. B, Percentages of polyp versus
blood CD4* cells producing cytokines (Wilcoxon matched-pairs signed-rank test, n = 6-18). C, IL-17
and IL-13 histograms for CD4" biopsy and polyp cells (n = 3). Each row indicates an individual subject.
Gray, Resting; red, activated. NM bx, Healthy nasal mucosa biopsy specimen. *P < .05, **P < .01, and

**¥P < .001.

IL-17RB, whereas negligible IL-17RB expression was observed
in matched peripheral blood or healthy nasal mucosal specimens
(Fig 3). Coexpression of IL-17RB with the Ty2-associated
prostaglandin D, receptor CRTH2 (Fig 3, B) was also detected,
but IL-17RB expression was negligible on Tyl7-associated
CCR6" or Tyl-associated CXCR3™ cells. Consistent with the
high frequency of IL-17% cells, an abundance of CCRG6-
expressing cells was also found in both healthy nasal mucosa
and polyp explants (Fig 3, A and C). CD8" cells showed similar
surface molecule expression patterns to CD4™" cells, although
lower percentages of cells positive for the surface molecules
examined were generally observed (see Fig E4 in this article’s
Online Repository at www.jacionline.org).

Although short-term cultures were used to generate sufficient
cell numbers for experimentation, flow cytometric analysis of
polyp tissue T cells immediately after collagenase digestion
confirmed IL-17RB expression was not a culture artifact (see Fig
ES5 in this article’s Online Repository at www.jacionline.org).
Furthermore, percentages of Ty2 and IL-17-producing cells

were increased in digested polyp- versus blood-derived cells,
which is consistent with findings from explant cultures.

IL-17RB*CD4™ cells derived from nasal polyp
explants represent in vivo differentiated memory
Th2 cells

To further address the phenotype of IL-17RB*CD4™" cells
from nasal polyp explants, explant-derived cells were sorted by
means of fluorescence-activated cell sorting for IL-17RB*CD4*
expression after short-term expansion. IL-17RB~CD4 " cells
were also sorted for comparison. Ty2-associated genes, including
114, ILS5, IL9, ILI3, and GATA3, showed considerable
upregulation in activated IL-17RBTCD4% versus activated
IL-17RB-CD4% cells (Fig 4, A), with differential expression
for a majority of these genes reaching statistical significance
(see Table E3 in this article’s Online Repository at www.
jacionline.org). Furthermore, correspondingly lower expression
of Tyl-associated genes, including IFNG, LTA, and CCL3, was
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FIG 2. IL-17RB is a marker of Ty2 cells. A, Comparison of activated Ty1 versus Ty2 samples identified 292
differentially expressed genes. The heat map shows selected T,41/Ty2-associated genes. B, Representative
data for IL-17RB expression by CD4" cells cultured with IL-2/T1/Ty2 differentiation conditions. C, Mean
frequency of IL-17RB™ cells in culture over time (Ty1/Ty2, n = 7-11; rlL-2 alone, n = 3-6). D, Linear regression
analysis of IL-17RB/IL-13 expression in T2 conditions (n = 4). *P < .05 and ***P < .001.

identified. Moreover, the genes for promelanin-concentrating
hormone and prostaglandin-endoperoxide synthase 2 were
preferentially expressed in IL-17RB™ cells in line with data
from in vitro polarized Ty2 cultures (Fig 2, A) and previously
published findings.”**’ Microarray-based gene expression results
were confirmed by using quantitative RT-PCR analysis (see
Fig E6 in this article’s Online Repository at www.jacionline.org).

IL-17RB™ cells predominantly and selectively
produce Ty2 cytokines

We next examined whether IL-17RB expression colocalized
with T2 cytokines in nasal polyp explant T-cell cultures. Fig 4,

B, shows the percentage of cells expressing IL-17RB when segre-
gated by cytokine production. IL-5-producing, IL-13-producing,
and IL-5/IL-13—coproducing cells were approximately 5 times
more likely to coexpress IL-17RB compared with Tyl/Tyl7
cytokine—producing cells (ie, 52% of IL-5—producing cells were
IL-17RB*, whereas 8% of IFN-y—producing cells were
IL-17RB™). In addition, IL-17RB™ cells were accountable for
the majority of IL-5/IL-13—coproducing T cells (59%; Fig 4,
B). Notably, percentages of IFN-y—and IL-17—producing cells
were significantly lower in the IL-17RB™ population compared
with those in the IL-17RB~ population. A similar trend was
observed for TNF-a and IL-22.
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FIG 3. IL-17RB is expressed exclusively by polyp CD4" T cells. A and B, Representative staining for T-cell
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patients with CRSwWNP (n =
**P < .01, and ***P < .001.

The IL-33 receptor ST2 is also expressed by
IL-17RB* cells

T cells from nasal polyp explants were next examined for
mRNA expression of the IL-33 receptor ST2. Expression of
transmembrane and soluble isoforms (sST2) of S72, as
measured by using quantitative RT-PCR, were increased in
activated TL-17RB™ cells compared with TL-17RB~ cells (Fig
4, C), suggesting that IL-17RB™ T cells might also be IL-33
responsive.

11; Kruskal-Wallis test with Dunn multiple comparison test). *P < .05,

IL-17RB and ST2 are functional and potentiate T2
cytokine production by nasal polyp T cells

T2 cytokine expression was determined by means of flow
cytometry in polyp explants cultured in the presence of
recombinant human IL-25 or IL-33 to evaluate whether
IL-17RB and ST2 expressed on polyp T cells were functional
(Fig 4, D). Recombinant cytokines were added either on the
day of explantation or day 7 after stimulation. Analysis was
performed 7 days later. Addition of IL-25 induced a mean
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FIG 4. Polyp-derived CD4"IL-17RB™ cells have a T2 profile and respond to IL-25 and IL-33. A, Heat map of
42 differentially expressed genes in polyp IL-17RB* versus IL-17RB™ cells (n = 3). B, Cytokine-producing
cells coexpressing IL-17RB (n = 5-13). C, Transmembrane and soluble ST2 mRNA expression (n = 4;
Mann-Whitney test). D, Representative staining for polyp CD4" cells with or without IL-25/IL-33. E, IL-57/
IL-13" cells coexpressing IL-17RB with or without IL-25/IL-33. Open symbols, Day 0 addition (n = 5); solid
symbols, day 7 addition (n = 8). The Wilcoxon test was used. *P < .05, **P < .01, and ***P < .001.
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1.5-fold increase in the percentage of IL-17RB¥IL-57CD4*
T cells and a 1.4-fold increase in the percentage of
IL-17RB¥IL-137CD4" T cells in explant cultures (Fig 4, E).
Addition of IL-33 had a comparable effect to IL-25, with a
mean 1.4-fold increase in the percentage of IL-17RB¥IL-
57CD4" T cells and a 1.2-fold increase in the percentage of
IL-17RB*IL-137CD4" T cells. Time of recombinant cytokine
addition had no effect on the response of IL-17RB*ST2"
cells. Addition of IL-25 to polyp-derived T cells at day 7 after

stimulation was still associated with a significant increase in
IL-17RB*IL-5% and IL-17RB'IL-13" CD4" T-cell counts
(data not shown).

Nasal polyp epithelium and eosinophils express
IL-25

Cellular sources of IL-25 within nasal polyp tissue were
investigated by using immunohistochemistry. Immunostaining
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TABLE I. TCR VB repertoire analysis of IL-177RB*'~ cells
Patient ID HKP020 HKP023 HKP026 HKP036
Cell population IL-17RB* IL-17RB™ IL-17RB™ IL-17RB™ IL-17RB* IL-17RB™ IL-17RB* IL-17RB™
Total clones (productive) 4,871 1,146 969 3,801 1,896 443,183 2,435 47,486
Unique clones (no.) 33 91 28 97 55 6,475 113 1,759
Shared clones 0 25 11
Common clones

CASSLNTGYEQYF + - TF + + - - -

CASSYPGEAFF + - + — — - + -

Numbers of unique TCR clones present in sorted polyp-derived CD4 *IL-17RB* and CD4 *IL-17RB ™ populations analyzed by using the immunoSEQ assay are shown (n = 4
separate donors). Amino acid sequences represent CDR3 regions of 2 common clones identified within the IL-17RB* population of at least 3 of the 4 donors.

was observed in the epithelium of nasal polyps but not in healthy
control biopsy tissue (see Fig E7, A, in this article’s Online
Repository at www.jacionline.org). Furthermore, a significantly
higher number of IL-25 cells were present in the polyp
submucosa (see Fig E7, B). These cells were identified to be
eosinophils based on cell morphology (see Fig E7, C). In contrast,
immunoreactive IL-33 was detected in both nasal polyp and
healthy biopsy tissue, with immunostaining indicating a
predominantly epithelial and endothelial pattern of expression
(see Fig E8 in this article’s Online Repository at www.
jacionline.org).

IL-17RB™ and IL-17RB~ cells have distinct T-cell
receptor specificities with common T-cell receptor
clones exhibited by IL-17RB™ cells

We next examined whether nasal IL-17RB"CD4 ™" Ty2 cells in
patients with CRSwNP represent oligoclonal populations driven
by in vivo antigen or superantigen expansion. Clonality was
examined by T-cell receptor variable 3-chain (TCR Vf3) analysis
with the immunoSEQ assay and compared in IL-17RB*CD4™"
and IL-17RB7CD4" cells sorted from nasal polyp explant
cultures of 4 patients with CRSWNP. No skewing of TCR Vf3
family use was observed (data not shown), but sequencing of
complementarity-determining region 3 (CDR3) regions revealed
that polyp IL-17RB*CD4" cells contained a smaller number of
unique clones compared with IL-17RB~CD4™" cells in all 4 cases
analyzed (Table I). Additionally, less than 1% of sequenced
clones were present within both IL-17RB*CD4" and
IL-17RB~CD4" populations. Remarkably, 2 distinct common
clones in IL-17RBTCD4" T cells, identified to belong to the
V5.2 and VB6 families by using immunoSEQ analysis, were
present in 3 of 4 patients with CRSwNP studied. Overall, these
results suggest that polyp IL-17RB¥CD4" T cells have
undergone clonal expansion and that common epitopes might
drive this process, even in different patients.

TH17 cells are the default Ty cell phenotype in
normal nasal mucosal immunity

Given the abundant expression of IL-17 by CD4" T cells
derived from the healthy nasal mucosa in addition to nasal
polyps, these cells were characterized further. In agreement
with CCR6 and IL-17RB expression data (Fig 3), no coexpression
of IL-17 and IL-13 was detected (Fig 5, A). In supernatants of
CD3/CD28-stimulated T cells, IL-17 was produced by T cells
derived from both healthy nasal mucosa and polyp tissue but
not peripheral blood—derived T cells from the same patients
(Fig 5, B).

CD4" T-cell populations were also sorted from paired nasal
explant and peripheral blood cultures for transcriptome profiling
(see Fig EO in this article’s Online Repository at www.jacionline.
org). Preferential expression of Tyl7-associated genes was
observed in activated nasal CD4™ cells. Of note, the 5 genes
that were most highly overexpressed in nasal versus peripheral
blood CD4% T cells were all Tyl7 associated: ILI7F,
1122, CCL20, KLRBI (CD161), and ILIRI (see Table E4 in this
article’s Online Repository at www.jacionline.org). Significant
overexpression of the gene for the DNA-sensing inflammasome
component absent in melanoma 2 (AIM2) was also observed in
nasal mucosal T cells. Analysis of additional selected
Tyl7-associated genes further revealed preferential expression
of IL17A, IL21, IL23, IL23R, aryl hydrocarbon receptor (AHR),
and RORC (Fig 5, C) by activated nasal CD4™ cells. These data
suggest that the healthy, homeostatic T-cell response in the nasal
mucosa is associated with a strong Ty17 signature compared with
the periphery.

Tu17 cells in nasal polyps have a potentially
protective immune homeostatic role associated
with reduced IFN-y coexpression

Tyl7 cells can coproduce IFN-y and IL-22. IL-17/IFN-y
double-positive cells have been associated with a pathogenic
proinflammatory phenotype, whereas IL-17/IL-22 double-
positive cells have been reported to have protective properties
by inducing expression of antimicrobial peptides.”*>" Lower
coexpression of IFN-y by IL-17" T cells from polyp explants
was found compared with that seen in blood-derived cells
(Fig 5, D). No difference was observed in the percentages of
IL-177 cells coexpressing IL-22.

DISCUSSION

Recently, ILC2s have been identified in nasal polyps,
and the presence of Ty2 cells in white patients with CRSwNP
has been demonstrated.*” However, the local T-cell response itself
remains relatively uncharacterized. Here, using a short-term
explant model to expand and study T cells from surgical speci-
mens, we report a significant population of IL-17RB—expressing
Ty2 cells in nasal polyps with a gene expression profile akin to
that of highly polarized Ty2 cells.”>*® Approximately 50% of
IL-5IL-13" polyp-derived CD4™ T cells expressed IL-17RB,
suggesting IL-17RB™ cells represent a subset of T2 cells.

We demonstrate that IL-17RBTCD4" cells from polyps
express mRNA for both transmembrane and soluble isoforms of
ST2 on activation and respond to both IL-25 and IL-33 with
augmented IL-5 and IL-13 production. ST2 expression by
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in vitro differentiated human peripheral blood Ty2 cells has been
described, ™ and both IL-25 and IL-33 receptors are expressed and
functional on human and murine ILC2s.'"'%1%3* However, the
role of these pathways in human mucosal T-cell responses has
not been examined. These data now establish a direct link of
IL-25, IL-33, and Ty2 cells in human disease and suggest that
IL-17RB*ST2" Ty2 cells likely contribute to CRSwNP
pathogenesis through the IL-25/IL-33 axis. We found increased
IL-25 immunostaining in polyps, localizing to eosinophils
and epithelial cells, which is consistent with previously
published reports''"® and in agreement with the increased
IL-25 mRNA expression seen in patients with eosinophilic
CRSWNP reported by Tinuma et al.”” In addition, constitutive
expression of IL-33 was detected in epithelium and endothelium
of both healthy and polyp nasal tissue, which is in line with
mRNA expression studies.”’’*’ These findings suggest that
these cells might be endogenous sources of IL-25 and IL-33 in
nasal polyps. However, the mechanism of IL-33 release is yet to
be elucidated.

Colonization with S aureus in nasal polyposis is associated
with high levels of IgE,” and S aureus superantigens, such as
staphylococcal enterotoxin B, can drive the Ty2-type response
in eosinophilic polyps.”? Here we demonstrate that nonrandom
segregation of unique CDR3 clones occurs with 2 CDR3 clones
present in the IL-17RB™ population in 3 of 4 samples analyzed.
Although these results require confirmation in a larger study,
they are suggestive of oligoclonality in the TCR Vf3 repertoire
within the IL-17RB™ polyp T-cell population and indicate
possible expansion by common antigens in different patients.
Routine skin prick testing in these patients with CRSwNP did
not identify coincidental sensitization to a common aeroallergen
(data not shown). Furthermore, the VB5.2 and VB6 families
are reported to be preferentially expressed by cutaneous
lymphocyte—associated antigen—positive cells responding to the
superantigen staphylococcal enterotoxin A in patients with
atopic dermatitis and induced by the toxic shock syndrome
toxin 1 superantigen, respectively.’*' Although speculative,
this raises the possibility that local IL-17RB* Ty2 cells in
patients with CRSwNP undergo antigen-specific expansion in
response to common but as yet undefined epitopes with
an additional non-antigen-specific component mediated by
superantigens.

We demonstrate that the Ty response in the healthy nasal mu-
cosa is heavily biased toward Ty17 responses compared with the
periphery. Although we did not examine the relative dominance
of the Ty17 phenotype compared with other Ty cell phenotypes,
we observed that the 5 most overexpressed genes in normal nasal
mucosal T cells compared with peripheral blood T cells were all
strongly Tyl7 associated. We propose that a significant
population of nasal T cells differentiate into Ty17 cells in vivo,
with the propensity to produce IL-17 and related cytokines should
they become activated in vivo.*” We hypothesize that this Tyy17
phenotype represents a key part of the nasal mucosal host
defense response. Priming of autologous monocytes with
pathogens, such as S aureus and Candida albicans, induces
Tul7 responses in naive human T cells, suggesting that
chronic exposure of the nasal mucosa to nonpathogenic and
pathogenic microorganisms, such as Staphylococcus epidermidis,
S aureus, and corynebacteria, could be the mechanism behind this
response.
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Within the T cells derived from healthy nasal tissue, we
found that transcripts encoding IL-17F and IL-22 were the
most highly upregulated. IL-17A and IL-17F are homologous
molecules sharing 55% amino acid identity.”* Both induce
expression of numerous chemokines, cytokines, and adhesion
molecules, although IL-17A is more effective at inducing
inflammatory gene expression.”***" IL-17F is expressed
by a wide variety of tissue, including in the lung,*’** and
can also potentiate IL-22—induced expression of antimicrobial
peptides.”® Thus the presence of T cells able to produce
IL-17F and IL-22 is suggestive of a function for these cells
in nasal mucosal immune homeostasis. Microarray analysis
also identified overexpression of AIM2 mRNA in nasal
explant CD4™ T cells. The AIM2 inflammasome is activated
by intracellular pathogens, leading to caspase-l-dependent
IL-1B secretion.”””” Further studies will be needed to
examine whether this innate pathway is functional in nasal
Tyul7 cells.

Our study has some limitations. For example, memory
T cells were phenotyped after short-term expansion. Therefore
it is possible that a proportion of CD45RA™ peripheral blood
T cells acquired CD45RO expression during culture and
might have retained some of their baseline CD62 ligand
and CCR7 expression characteristics. In addition, IL-17RB-
expressing T cells were mainly characterized after in vitro
expansion. Analysis of freshly isolated IL-17RB* T cells
from digested polyps was hampered by low cell numbers
and lower IL-17RB expression, possibly reflecting the
effects of enzymatic digestion, and therefore data were
obtained from fewer cases. The IL-17RB mAb used in these
studies did not prove suitable for immunohistochemical
analysis, and further studies will be needed for in vivo
expression analysis of IL-17RB. Finally, the effect of IL-25
and IL-33 stimulation on Ty2 responses in vitro was modest,
although the concentrations of recombinant IL-25 and IL-33
used in this study were similar to previously published
reports.' >

Nonetheless, our data establish a biological link between
IL-17RB expression and responsiveness to IL-25 in Ty2 cells
derived from polyps. Further optimized culture studies will be
needed to characterize this response fully. Although 2 recent
studies have reported the existence of IL-17RB ™ cells in patients
with CRSwWNP**°' our findings represent the first direct
colocalization of IL-17RB with Ty2 cells.®

In conclusion, we identify functional IL-17RB as a
marker of local Ty2 cells present in chronically inflamed
nasal polyp tissue from patients with CRSwNP.
Coexpression of ST2 by these cells, in addition to ILC2s,
indicates that the IL-25/IL-17RB and IL-33/ST2 pathways
could be attractive therapeutic targets. In addition, these
data also provide novel insights into mechanisms of nasal
immune homeostasis and suggest a role for Tyl7 cells in
this process.

We thank Drs Mikila Jacobson and Cailong Fang for assistance with
immunohistochemistry and the staff of the BRC Flow Core Facility and
Genomics Facility at Guy’s and St Thomas’ NHS Trust for assistance with cell
sorting and microarrays. We also thank Dr Paul Lavender for assistance with
microarray studies and Professor Andrew Wardlaw for critical reading of the
manuscript.
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Key messages

o For the first time, we show that local IL-17RB" Tg2 cells
in nasal polyps coexpress ST2 and that both receptors
function, in response to their respective ligands IL-25
and IL-33, to potentiate T2 cytokine production.

IL-17RB" Ty2 cells express common TCR clones, which
is suggestive of recognition, clonal expansion, or both of
T cells driven by a common antigen or antigens in pa-
tients with CRSwNP.

Ty17 cells are present in the nasal mucosa as part of the
normal homeostatic immune response.
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MATERIALS AND METHODST]

Subjects

Peripheral blood and nasal polyp tissues were collected from CRSwNP patients during
polypectomy surgery. Peripheral blood and normal nasal mucosal biopsies from the inferior
turbinate were collected from healthy volunteers. Demographic data for CRSWNP patients
and healthy volunteers are shown in Table 1. For Th1/Th2 differentiation cultures, peripheral
blood was obtained from atopic and non-atopic donors. All subjects provided written,
informed consent and all studies were approved by the Research Ethics Committees of
Guy’'s Hospital, Royal Brompton Hospital and Royal National Throat Nose Ear Hospital,

London. Collected tissue was treated in accordance with the Human Tissue Act 2004.

PBMC cultures

Peripheral blood mononuclear cells (PBMCs) were isolated from peripheral blood using
Lymphoprep (Axis-Shield, Dundee, UK) according to the manufacturer's instructions.
PBMCs were resuspended in RPMI-1640 medium supplemented with 10% fetal bovine
serum (Life Technologies, Paisley, UK), 100 U/ml penicillin, 100 pg/ml streptomycin and 2
mM L-glutamine (Life Technologies) — hereafter referred to as complete medium. PBMCs
were plated at 1 x 10° cells/ml, supplemented with riL- 2 (50 U/ml; Novartis, Camberley, UK)
and cultured at 37°C, 5% CO2 for 2-3 days. Cells were then stimulated by seeding onto
tissue culture plates pre-coated with anti- CD3 antibody (1 mg/ml; OKT3, ECACC) and anti-
CD28 antibody (1 mg/ml; 15E8; Sanquin, Amsterdam, Netherlands). Cells were cultured for
a further 7 days before analysis with removal from stimulation after 3-4 days. Fresh
complete medium and IL-2 were added every 2-3 days or when required. In some
experiments, rhiL-25 (125 ng/ml; R&D Systems, Abingdon, UK) and rhIL-33 (50 ng/ml; R&D

Systems) were added to samples on day O of culture or on day 7 post-stimulation.
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Th1/Th2 differentiation

Th1/Th2 in vitro differentiated cultures were performed as previously described.® Briefly,
CD4+ T cells were isolated from PBMCs using a CD4 Positive Isolation Kit (Dynabeads, Life
Technologies) according to the manufacturer’'s instructions. Purified naive CD45RA+ cells
were obtained by depletion of CD45R0O+ cells with mouse anti- human CD45RO antibody
(UCHL1; BD Biosciences, Oxford, UK) and rat anti-mouse IgG Dynabeads (Life
Technologies) according to the manufacturer’s instructions. Purified CD45RA+ cells were
then stimulated with anti-CD3/CD28 and cultured at 1 x 10° cells/ml in complete medium

with the addition of rIL-2 and polarizing cytokines as required.

For Th1l differentiation, rIL-12 (2.5 ng/ml; R&D Systems), anti-IL-4 (5 pg/ml; 7A3-3; ECACC)
and anti-1L-10 (5 pyg/ml; JES-19F1; ATCC) were added to cultures. For Th2 differentiation,
riL-4 (12.5 ng/ml; NBS Biologicals, Huntingdon, UK), anti-IFNy (5 pg/ml; 7R2/A4; ECACC),
and anti-IL-10 (5 pg/ml; JES-19F1) were added. Cells were restimulated with anti-CD3/28
antibodies every 7 days and cultured for up to 28 days to obtain highly polarized Th1/Th2

cells.

Tissue explant cultures

Nasal polyp and normal nasal mucosa tissues were dissected and resuspended in complete
medium. Tissues were cultured at 37°C, 5% CO, in the presence of rIL-2 (50 U/ml). After 2-
3 days, cells were passed through a 0.2 pym cell strainer to obtain single cell suspensions
and restimulated by culturing on anti-CD3/28 antibody coated plates. Cells were cultured for
a further 7 days before analysis with removal from stimulation after 3-4 days. Blood and
parallel tissue samples were analyzed on the same day. For blood cultures with rhiL-25
(125 ng/ml; R&D Systems) and rhIL-33 (50 ng/ml; R&D Systems) added from day O or on

day 7 post-stimulation, the analogous polyp tissue culture was also subjected to the same
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treatment.

Collagenase tissue digestion

Nasal polyp tissue was placed in a petri dish containing 3 mM CaCl,/HBSS for mechanical
dissociation. Tissue was subsequently transferred to a 24 well plate and 100 pl Liberase
(thermolysin low) collagenase (2.5mg/ml; Roche, Burgess Hill, UK) was added to wells to a
final volume of 2 ml/well. The plate was wrapped in foil and placed on a rocking platform
overnight at 4°C. The next day, dissociated cells were passed through a 100 pM cell strainer
and washed before resuspension in complete RPMI-1640. Cells were then counted and

analyzed by flow cytometry.

Flow Cytometryl!

Antibodies: Anti-human antibodies used in this study were obtained from the following
companies: BD Biosciences — CCR6-PE/Cyanine (Cy) 7 (GO34E3), CD8- Brilliant Violet™
(BV) 510 (RPA-T8), IL-17A-BV421 (N49-653) and IL-5-PE (TRFKS5); Biolegend, Cambridge,
UK — CD4-Peridinin chlorophyll (PerCP)/Cy5.5 (OKT4), CCR6-FITC (G034E3), CRTH2-PE
(BM16), CXCR3-BV421 (G025H7), IL-13-PE (JES10-SA2), IL-13-PerCP/Cy5.5 (JES10-
SA2) and IL-17A-Alexa Fluor® (AF) 647 (BL168); eBioscience, Hatfield, UK — CD3-
eFluor450 (OKT3), CD4-FITC (RPA-T4), CD4-PE/Cy7 (RPA-T4), IL-9-AF647 (MH9A4), IL-
9-PE (MH9D1), IL-10-AF647 (JES3-9D7) and TNFa-FITC (MAb1l); R&D Systems — IL-22-
PE (142928). Anti- human IL-17RB antibody (clone D9.2)¥? was labeled in house with an
AF647 antibody labeling kit (Life Technologies). Anti-human IFNy antibody was produced in
house from ECACC hybridoma 7R2/A4 and was labeled in house with an AF488 antibody

labeling kit (Life Technologies).

Surface staining: Cells were washed with FACSFlow (BD Biosciences) and stained with



72
73
74
75

76

77

78

79

80

81

82

83

84

85

86

87

88

89
90
91
92
93

94

viability dye eFluor780 (eBioscience) to exclude dead cells. Fc receptor blocking reagent
(Miltenyi Biotec, Surrey, UK) was then added to block non-specific Fc receptor — mediated
binding prior to addition of antibodies. Cells were incubated on ice (except CRTH2 staining,
performed at room temperature) for 30 minutes before analysis on a BD FACSCanto |l

cytometer (BD Biosciences). Data was analyzed with FlowJo v7.6 software (Tree Star, Inc.).

Intracellular cytokine staining: Cells were activated by incubation with PMA (5 ng/ml) and
ionomycin (500 ng/ml) for 4 hours at 37°C with monensin (2 pl/ml) added for the final 2
hours as previously described.* Cells with no PMA and ionomycin added were used as
resting controls. Cells were stained with eFluor780 viability dye and for cell surface markers
as above. Cells were then washed, fixed and permeabilized with Cytofix/Cytoperm and
Perm/Wash (BD Biosciences) as per the manufacturer’s instructions prior to addition of
intracellular cytokine antibodies. Analysis was performed on a BD FACSCanto Il cytometer

with FlowJo v7.6 software.

Fluorescence-activated cell sorting: Cells for sorting were stained as above and sorted
by the Biomedical Research Centre (BRC) Flow Core Facility at Guy’s and St Thomas’ NHS
Trust with the FACSAria Il (BD Biosciences) flow cytometer. Purity of sorted cells was

determined to be >95%.

Immunohistochemistry

Nasal polyp and nasal mucosal tissues were fixed in 4% paraformaldehyde (PFA) and
embedded in O.C.T. compound before cryosectioning into 6uM sections. Sections were
stained with 1:200 mouse anti-human IL-25 monoclonal antibody (182203; R&D Systems)
or 1:100 mouse anti-human IL-33 antibody (Nessy-1; Enzo Life Sciences, Exeter, UK).

Briefly, slides were washed and endogenous biotin and avidin binding sites blocked with the
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avidin/biotin blocking kit (Vector, Peterborough, UK). Slides were then blocked with 3%
horse serum before incubation of primary antibody to sections at 4°C overnight in a
humidified chamber. Mouse IgG was applied as the control for non-specific staining.
Biotinylated horse anti-mouse 1gG (1:100) was used as the secondary antibody with
Vectorstain ABC-AP mouse IgG reagent (Vector) added to enhance sensitivity. Fast Red
substrate (Sigma-Aldrich, Poole, UK) and Harris's hematoxylin was used to develop and

counterstain sections before mounting with Faramount medium (Dako, Ely, UK).

Whole slide imaging was performed with a Hamamatsu NanoZoomer (Welwyn Garden City,
UK). Alternatively, staining was observed with an Olympus BX40 light microscope
(Hamburg, Germany) and images captured with a JVC KY-F55B camera (London, UK) with

Zeiss KS300 software (Cambridge, UK).

Gene expression analysis[

Microarray: For the in vitro Th1/Th2 polarized microarray, all steps were performed as
previously described.= For the polyp-derived IL-17RB+/- and blood/nasal CD4+ T cell
arrays, cells were either incubated in the presence (activated cells) or absence (resting
cells) of PMA/ionomycin for 4 hours prior to RNA isolation and microarray analysis. RNA
was isolated from cell pellets using the miRNeasy mini kit and RNeasy MinElute cleanup kit
(Qiagen, Manchester, UK) according to the manufacturer’s instructions. cDNA synthesis and
amplification was performed with the Ovation PicoSL WTA system V2 kit (NUGEN, Leek,
Netherlands) as per the manufacturer’s instructions. Purity and yield was then analyzed
using the Bioanalyzer platform (Agilent, Stockport, UK) and NanoDrop 2000
spectrophotometer (Thermo Scientific, Loughborough, UK) respectively before amplified
cDNA was biotin-labeled with the NuGEN Encore BiotinlL module according to the

manufacturer’s instructions.
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Biotin-labeled cDNA was hybridized at 48°C to an lllumina Human HT-12 v4 Expression
BeadChip by the BRC Genomics Facility at Guy’'s and St Thomas’ NHS Trust before
scanning in the iScan system (lllumina, Essex, UK). Initial data analysis and quality control
was performed using GenomeStudio™ software (lllumina). All samples passed lllumina
standard quality control procedures within GenomeStudio Gene Expression Module. Data
was normalized wusing quantile normalization with no background correction in
GenomeStudio. Gene level data was then exported from GenomeStudio using the Partek
Report Plug-in, which performs log2 transformation of the data. Further data analyses were
performed with Partek Genomics Suite™ software (Partek Incorporated, Missouri, USA)
using a 3 way-ANOVA model (Donor, cell type, activation) using standard gene expression
workflows. The data has been deposited in the Gene Expression Omnibus (Accession

numbers: GSE70898 and GSE70900).

Quantitative real-time PCR (QRT-PCR): TagMan primer/probe sets used to perform qRT-
PCR were obtained from Life Technologies: IL1IRL1 (full length transcript) Hs00249389_m1,
ILIRL1 (soluble transcript) Hs01073300_m1. 18s ribosomal RNA was used as the reference
gene and analysis was performed on the ViiA™ 7 Real Time PCR System gPCR machine
utilizing the ViiA™ 7 software (Life Technologies). Data was normalized to 18s rRNA

expression (endogenous gene) and analyzed utilizing the comparative 272*“ method.

T cell receptor variable beta chain (TCR V) repertoire analysis

DNA was isolated from cells using TRIzol (Life Technologies) as per the manufacturer's
instructions. Clean up was performed using the MinElute cleanup kit (Qiagen) according to
the manufacturer’s instructions. TCR V[ repertoire analysis of DNA samples was performed
utilizing the immunoSEQ assay (Adaptive Biotechnologies, Seattle, USA). Data acquired

was analyzed with the iImmunoSEQ analyzer software (Adaptive Biotechnologies).
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Cytometric bead array

T cells expanded from tissue explants for 7 days were restimulated for 24 hours with anti-
CD3/28 antibodies before harvesting of supernatants. Cytometric bead array (CBA) assays
were performed on cell culture supernatants with the use of CBA Flex Sets (BD
Biosciences) according to the manufacturer’s instructions. Samples were analyzed on the
LSR Fortessa flow cytometer (BD Biosciences) with a high throughput sampler plate reader
platform. Data was analyzed utilizing FlowJo™ v7.6 software and GraphPad Prism® 5

software (GraphPad Software, California, USA).

Statistical analysis
Statistical analysis was performed using GraphPad Prism® 5 software. Results were
considered statistically significant if p<0.05. Significance was indicated as p<0.05*, p<0.01**

and p<0.001***,
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Table E1. Characteristics of CRSwWNP patients and healthy volunteers.

CRSwWNP Healthy
Number of patients 20 7
Sex, number (%)
Male 10 (50) 4 (57)
Female 10 (50) 3 (43)
Age (year)
Mean a7 41
Range 34 - 65 20 -53
Ethnicity, number (%)
Caucasian 17 (85) 6 (86)
African-Caribbean 2 (10) 1(14)
Asian 1 (5)
Co-morbidities, number
Asthma 19 (95) N.A.
Aspirin sensitivity 13 (65) N.A.
Smoking status, number
Yes 2 (10) 1(14)
Skin prick test, number
Positive 9 (45) 0 (0)
Negative 10 (50) 7 (100)
Unknown 1 (5)
Steroids, number (%)
Prednisolone (oral) 6 (30) N.A.
Flixonase (nasal) 15 (75) N.A.
Other medication, number
Singulair 5 (25) N.A.
Cetirizine 2 (10) N.A.




Table E2. Expression of T cell phenotype markers in CD4+ and CD8+ T cells derived from
peripheral blood and polyp tissue (n = 14). Values shown are mean = SEM. Wilcoxon
matched-pairs signed rank test. “P<0.05 for CD4 polyp vs. CD4 blood; “P<0.05 for CD8
polyp vs. CD8 blood.

Polyp Blood
Marker (%) CD4+ CD8+ CD4+ CD8+
CD45R0O 98.9+0.8 94.7+2.1 “93.1+2.8 85.2+6.2
TCRyd 47+1.6 0.7+£0.3 44+15 0.8+£0.2
TCRap 90.3+2.2 80+ 3.9 78.7+5.9 75.7+6.9
CCR7 75+£35 3.5+£25 “16.2 + 4.4 143+ 4.6
CD62L 57.8+4.1 26.9+4.1 *73.4+6.8 "66.2 + 8.3
CD49a 51.4+5.6 80.2+4.2 *345+6.9 ¥60.9+5.0

10



Table E3. Differentially expressed genes in activated polyp-derived CD4+ IL-17RB+ and IL-
17RB- populations, as determined by lllumina Human HT-12 v4 Expression BeadChip
analysis of sorted cells. Genes are listed in order according to magnitude of difference in
MRNA expression between IL-17RB+ vs. IL-17RB- T cells. P values were calculated using a
3 way-ANOVA model and significance indicated *.

Gene p-value Ratio Fold-difference

IL17RB- (activated) down vs. IL17RB+ (activated)

IL5 0.008 * 0.152 -6.562
IL17RB 0.006 * 0.191 -5.225
IL9 0.017 * 0.278 -3.601
IL13 0.051 0.325 -3.075
GNS 0.001 * 0.335 -2.989
PTGS2 0.008 * 0.343 -2.917
FANK1 0.007 * 0.346 -2.889
DGKE 0.003 * 0.349 -2.867
GATA3 0.015* 0.389 -2.568
IL4 0.062 0.398 -2.511
CREG1 0.055 0.407 -2.457
PMCH 0.011* 0.422 -2.372
PTPLA 0.009 * 0.440 -2.274
TSSC4 0.001 * 0.469 -2.133
DIS3L 0.075 0.473 -2.116
ARLGIP5 0.005 * 0.484 -2.067
KLHL22 0.014 * 0.495 -2.018

IL17RB- (activated) up vs. IL17RB+ (activated)

RASGEF1A 0.003 * 2.001 2.001
PLK3 0.012 * 2.016 2.016
OR7G3 0.002 * 2.020 2.020
SYT16 0.002 * 2.025 2.025
C100rf82 0.011* 2.027 2.027
LOXHD1 0.018 * 2.032 2.032
PXDN 0.003 * 2.049 2.049
PRR20D 0.002 * 2.056 2.056
CLEC18C 0.008 * 2.065 2.065
DGAT2 0.003 * 2.078 2.078
CCL4L1 0.180 2.095 2.095
BAK1 0.004 * 2.099 2.099
FASLG 0.021* 2.100 2.100
EPX 0.004 * 2.139 2.139
LTA 0.196 2.193 2.193
CCL3 0.054 2.203 2.203
MDFI 0.004 * 2.258 2.258
YKT6 0.034 * 2.283 2.283
SLC27A4 0.009 * 2.343 2.343
SUFU 0.004 * 2.372 2.372
TOR3A 0.012* 2411 2411
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PRF1
CCL3L1
IER3
IFNG

0.005 *
0.015*
0.017 *
0.055

2.489
2.595
2.700
3.032

2.489
2.595
2.700
3.032
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Table E4. Differentially expressed genes in activated peripheral blood and healthy nasal
mucosa derived CD4+ populations. Genes are listed in order according to magnitude of
difference in mMRNA expression between blood and nasal mucosal T cells. P values were
calculated using a 3 way-ANOVA model and significance indicated *.

Gene p-value Ratio Fold-difference

Blood (activated) down vs. normal nasal mucosa (activated)

IL17F 2.41E-07 * 0.068 -14.672
IL22 2.54E-06 * 0.068 -14.622
CCL20 4.45E-06 * 0.084 -11.966
KLRB1 7.17E-05* 0.110 -9.087
ILIR1 2.77TE-05~* 0.164 -6.093
IL2 1.40E-06 * 0.189 -5.301
TNFSF8 2.74E-06 * 0.199 -5.013
PCID2 5.10E-05 * 0.211 -4.731
CDC42EP3 0.000153032 * 0.243 -4.123
AIM2 3.46E-05 * 0.250 -4.000
TNFSF9 2.44E-05* 0.256 -3.911
INS-IGF2 2.90E-05* 0.260 -3.850
VPS13C 1.19E-06 * 0.260 -3.847
IL26 0.000999067 * 0.262 -3.811
C2lorf71 4.20E-06 * 0.274 -3.649
PTGER4 3.26E-05* 0.274 -3.647
MIR155HG 0.000117239 * 0.276 -3.620
GPR87 3.05E-05 * 0.280 -3.574
PFKFB3 0.00013019 * 0.282 -3.547
BATF3 0.000460554 * 0.284 -3.526
FNBP1L 3.25E-05 * 0.288 -3.468
FREQ 4.61E-06 * 0.294 -3.407
STAT4 1.68E-05 * 0.294 -3.404
ASCL2 4.43E-06 * 0.294 -3.397
COL5A3 5.86E-06 * 0.300 -3.329
NETO2 0.000253156 * 0.312 -3.202
IQCG 7.64E-05 * 0.314 -3.189
TMEMS88 7.80E-06 * 0.314 -3.184
CTSL1 0.00131747 * 0.318 -3.145
NCRNAO00152 0.000345387 * 0.319 -3.132
IL7R 7.20E-05 * 0.320 -3.127
ILARL1 0.00254375 * 0.327 -3.054
TIMP1 2.00E-05* 0.330 -3.035
MAP3K8 2.01E-06 * 0.335 -2.985
CD44 3.96E-05 * 0.341 -2.935
DUSP6 4.08E-05 * 0.347 -2.880
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BTG2
CSF2
C2CD4B

2.26E-05*
0.000256674 *
8.72E-07 *

0.348
0.350
0.350

-2.876
-2.860
-2.855
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FIGURE LEGENDS

Figure E1. Comparison of T cell surface molecules expression by CD4+ cells derived from blood and
nasal polyp explants. (a) Representative flow cytometry staining of CD4+ cells derived from matched
blood and polyp tissue specimens. Cells were analyzed following anti-CD3/CD28 stimulation and
expansion in IL-2 only for 7 days. Statistical analysis of data is shown in Table E2. (b) Representative
staining for memory T cell markers CD62L and CCR7 in CD4+CD45R0+ cells derived from blood and
nasal polyp explants. (c) Expression of CD62L and CCR7 in CD4+CD45R0O+ cells from blood and

polyp explants (n=13). Wilcoxon matched-pairs signed rank test.

Figure E2. Analysis of cytokine co-expression by polyp and blood-derived T cells. Representative flow
cytometry staining is shown for the co-expression of IL-17 with IL-22 or IFNy by CD4+ cells derived
from matched blood and polyp tissue specimens. Three representative examples are shown with each

row representing a single patient.

Figure E3. Th2 cytokine levels are elevated in polyp culture supernatants compared to normal nasal
mucosal biopsy culture supernatants. Polyp (n=8) and normal nasal biopsy (NM bx)-derived cells (n=7)
were stimulated with anti-CD3/CD28 antibodies for 24 hours before supernatants were harvested.

Protein expression of IL-13, IL-5 and IL-4 was examined by CBA analysis. Mann Whitney test.

Figure E4. Comparison of polyp-derived CD4+ cells vs. CD8+ cells. (a) Representative flow cytometry
staining of CD4+ and CD8+ T cells derived from matched blood and polyp tissue specimens. (b) T cell
phenotype markers expressed by CD4+ (n=16) and CD8+ cells (n=10) from blood vs. polyp-derived

tissue. Wilcoxon matched-pairs signed rank test.

Figure E5. Digested cultures show same phenotype as explant cultures. Polyp tissue was digested
with collagenase overnight and PBMCs from the same donors were cultured in parallel. Cells were
analyzed the following day by flow cytometry. Representative staining is shown in (a). Expression of
IL-17RB (n = 4), IL-5, IL-13 and IL-17A in blood vs. polyp-derived cells (n=6) is shown in (b).

Wilcoxon matched-pairs signed rank test.

Figure E6. RT-PCR validation of gene expression array data. RNA from sorted IL-17RB+/- cells was
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extracted. Expression of Th2 related genes was examined with TagMan primer/probe sets following

activation of cells with PMA/ionomycin for 4 hours. Wilcoxon matched-pairs signed rank test.

Figure E7. IL-25 is expressed by epithelium and eosinophils of nasal polyps. (a) Representative IHC

staining for IL-25 in nasal polyp and normal nasal mucosal biopsies (x20 magnification). Control (IgG)

2
is also shown. (b) Counts of IL-25+ cells per mm of tissue in the lamina propria of polyp vs. normal
nasal biopsies (n = 9 per group). Mann Whitney test. (c) Representative IL-25 immunostaining in

eosinophils within polyp tissue (x40 magnification).

Figure E8. IL-33 is expressed by epithelial and endothelial cells. Representative
immunohistochemical staining for IL-33 in (a) epithelium and (b) endothelial cells of nasal polyp and

normal nasal mucosal biopsies (x20 magnification). Control (IgG) is also shown.

Figure E9. Nasal mucosal and blood T cells show preferential gene expression. Heatmap shows
hierarchical clustering of genes with significant differential expression (fold change >2 or <-2; and
p<0.05) in sorted normal nasal mucosa- and blood-derived CD4+ T cells. Comparison of activated
CD4+ normal nasal mucosal and activated CD4+ blood samples (n=3 per group) identified 301 genes

that were differentially expressed. Thl7-related genes are indicated.
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