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ABSTRACT

Background: Chronic rhinosinusitis with nasal polyps (CRSwN8a heterogeneous disease
with a spectrum of endotypes. Th2 and Th17 releygokines are two central regulators
involved in the inflammation associated with CRSwNP

Objective: To investigate the inter-regulation of Th2 and Tlpathways in Chinese patients
with CRSWNP.

Methods: Levels of key Th2 and Th17 related factors weeasured in homogenates of
polyp tissue obtained from CRSwWNP patients. Thati@iship of these factors and their
expression in groups classified according to tidktfe and IL-17 concentrations were
analyzed. Cross regulation of Th2 and Th17 cytakened the effects of dexamethasone
treatment were studied in dispersed nasal polyp @NPCs). Associations between the
Th2- and Th17 related factors and comorbid atojaitus and asthma, disease recurrence and
edema scores were also explored.

Results: Four CRSWNP groups were classified based on theesgion or non-expression of
mutually exclusive Th2 and Th17 related factorse Th2 cytokines IL-4 and IL-13 inhibited
the expression of Th17 related factors, while th&7Tcytokines IL-17 and TGF1 enhanced
the expression of Th2 related factors. Dexametlaseatment inhibited both the Th2 and
Th17 pathways. A patient’s atopic status was rdlateheir Th2 immune response. Edema
scores were positively correlated with the Th2 pathand negatively correlated with the
Th17 pathway.

Conclusion: Th2 and Th17 pathways are mutually exclusive agailate each other,
favoring the development of a Th2 immune respongghinese CRSwWNP patients.

Clinical implications. This study added new information on the moleculacihanisms
driving distinct endotypes of CRSwWNP by showing tbenplex regulation of Th2 and Th17

immunity in CRSWNP, possibly explaining the typslft observed in Asia over time.
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Capsule summary: This study provides useful insights into a possiipe 2 endotypes shift
in CRSWNP in Asia, as well as endotype classiftcatind treatment criteria for CRSWNP by
showing the complex regulation of Th2 and Th17 imityu

Key words: Chronic rhinosinusitis with nasal polyps (CRSwWNH)2, Th17, endotypes, shift
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Abbreviations used

CRS: Chronic rhinosinusitis

NP: Nasal polyp

CRSwNP: Chronic rhinosinusitis with nasal polyps
CRSsNP: Chronic rhinosinusitis without nasal polyps
DNPCs: Dispersed nasal polyp cells

DEX: Dexamethasone

HE: Hematoxylin and eosin

HPF: High power field

ECP: Eosinophil cationic protein

MCA: Multiple correspondence analysis

Eos: eosinophil

Neu: neutrophil



105 INTRODUCTION

106 Chronic rhinosinusitis (CRS) is an inflammatoryafder of the nasal and paranasal
107  sinus mucosa. Based on the absence or presenasalfpolyp (NP), CRS can be clinically
108  sub-divided into two sub-groups; CRS without ngedyps (CRSsNP) and CRS with nasal
109  polyps (CRSwWNP). In Europe, CRSWNP was originaligracterized by high Th2 cytokine
110 levels and eosinophilic inflammation, whereas CRSgkesented with low Th2 cytokines
111 levels and thus as a non-eosinophilic diséase.

112 More recently, it is recognized that CRSWNP is eelegeneous disease comprising a
113 spectrum of endotypes and overlapping T helperkaysoexpression$*However, a

114  profound understanding of the cytokine pathwaysthed interplay is required for an

115  appropriate endotype classification and the devetg of therapeutic strategies.

116 Th2 and Th17 pathways are two major regulatorslirebin CRSWNP °In asthma, a
117  reciprocal regulation of Th2 and Th17 pathwaysreasntly been suggested by the mutual
118  exclusiveness of Th2 and Th17 related gene expresgynatures in the airways of asthma
119  patients. The amplification of opposing pathways &ehieved by targeting Th2 and Th17
120  cytokines in mouse models of asthfrtdowever, this study was confined to the investiyat
121 of IL-13 and IL-17 induced genes, and it remainsle@r whether other cytokines that play
122 keyroles in Th2 and Th17 inflammation would shiv same responses. Thus, we

123 hypothesized that Th2 and Th17 pathways may pl@yantive regulatory roles in the

124  aetiology of CRSWNP and tested the hypothesis lbynéxing the relationship between the
125 Th2 and Th17 pathways in CRSWNP, focusing on tpe@sf key Th2 and Th17 related
126  factors.

127 Our findings from the current study further suppbg cross-regulation of Th2 and Th17
128  pathways in CRSwWNP, by showing that key Th2 and/Tielated factors are mutually

129  exclusive in NP tissues of CRSwWNP patients. Inipaldr, two endotypes (Th2 and Th17)
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were identified based on the expression of themhgker IL-5 and the Th17 marker IL-17.
Th2 cytokine stimulation inhibited the Th17 respemgile Th17 cytokines enhanced the

Th2 response in dispersed nasal polyp cells (DNPQOsatient’'s atopic status was related to
their Th2 immune response. Dexamethasone (DEXinuesa inhibited both the Th2 and

Th17 pathways, and distinct clinical characterssti€ patients were associated with those two

pathways.



155 METHODS

156  Subjects

157 Ninety five patients with CRSwWNP and twenty fountol subjects were recruited from
158  the Rhinology Department of Beijing Tongren Hospitdnese CRSwWNP and control subjects
159 were same as in previously published stuéfyll details of the subjects are shown in the
160  Methods section in this article’s Online Repository

161 Tissue samples were obtained from the inferiorihaties of control subjects and from
162  nasal polyps of CRSWNP subjects, and immediate@lyein in liquid nitrogen, prior to being
163  stored at -70°C until use in immunoassays. Tissmepkes used for immunostaining were
164  fixed in 10% neutral buffered formalin for 24h atiften embedded in paraffin prior to
165  sectioning for staining.

166 The study was approved by the Ethics Committee @fir®)y Tongren Hospital and
167  written informed consent was obtained from eachesmtibprior to their enroliment in the
168  study.

169  Peripheral blood eosinophil and neutrophil analysis

170 Peripheral blood eosinophil and neutrophil numbesee measured with a standard

171  automated cell counter.

172  Histologic analysis

173 Paraffin embedded tissue sections were stainedheitatoxylin and eosin (HE) and

174  assessed for eosinophil and neutrophil counts datha. The numbers of eosinophils and
175  neutrophils were counted in 10 randomly selectgti power magnification fields<@00),

176  and expressed as the mean number of cells pepbigér field (HPF).

177 Edema was evaluated semi quantitatively accordirigd study of Zhang and

178 colleagues: by scoring on a scale of 0-2, where a rating inidicated no edema, 1 indicated

179  mild/moderate edema, and 2 indicated intense edédemna was scored in five randomly
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selected high power magnification fields200) by an observer blinded to the study protocol,
and expressed as the mean score. Consideringlijextswe nature of this scoring system,
Image J analysis was further performed on 50% mdaenly selected samples (48 from the
95 CRSwWNP patients), for objective evaluation adred using the Image J software. Since
edema is defined as an abnormal accumulation of (deen as white areas) in the
extravascular and extraglandular compartmentseoNth tissue, Image J analysis was
performed on the edematous areas in ten high pmagnification fields x200) in randomly
selected pictures of HE stained samples. The edemareas were graded using the Image J
software and expressed as mean percentage oft#harea measured in each high power
field. The consistency of the subjective and olyeaneasures of edema was further
evaluated by analyzing the correlation betweeriliemeasures using Spearman’s
correlation analysis.

Picrosiriusred staining for collagen

The collagen content in NP tissue was assessedibg picrosirius red staining, as
previously describedFor full details, see the Methods section in #riicle’s Online
Repository.

Preparation and stimulation of dispersed nasal polyp cells (DNPCs)

NP tissues were harvested from CRSWNP patientshadaot taken either systemic or
local glucocorticosteroids for at least 4 weekamtibiotics for at least 2 weeks prior to the
surgery. Adequate amount of freshly obtained N§ugsvas set aside for measuring
cytokines and the remaining NP tissue was usefdrparation of DNPCs.

DNPCs were prepared by enzymatic digestion, asqusly described.For full details,
see the Methods section in this article’s Onlinpd&dtory. DNPCs were suspended in RPMI
containing 10% FBS at a concentration of 2délls/ml, and 0.5 ml aliquots were cultured

in 24-well plates with IL-4 (50ng/mL), IL-5 (50nglgy IL-13 (50ng/mL), IL-17
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(100ng/mL), IL-23 (100ng/mL), TGB4 (100ng/mL) (R&D Systems, Minneapolis, Minn)
or DEX ( 5x10°mol/L) (Sigma,St. Louis, MO, USA), for 24 h at 37fCa humidified
incubator with 5% CO2. At the end of incubation shupernatant from each culture was
collected and assayed for protein.
| mmunoassay

Tissue homogenates, prepared as previously ded¢rie supernatants from cultured
DNPCs were assessed for the levels of IL-4, ILL513, eotaxin, IL-17, TGH1, IL-1p, IL-8,
TNF-a, G-CSF, IP10, MPO, eosinophil cationic protein F§Cand total IgE, using
commercially available kits. For full details, sbe Methods section in this article’s Online
Repository.
Statistical analysis

The relationships between the Th2 and Thl7 reldsedors were evaluated by
performing a multiple correspondence analysis (M@AJ a Spearman’s correlation analysis.
Before implementing MCA analysis, all the Th2 anldlT related numeric variables were
transformed into categorical variables. Specificdlie original numeric data were defined as
“high” or “low” based on a cut-off value set accigl to their detection limits (for variables
which had a high proportion of values under deteckimit, i.e. IL-4, IL-5 and IL-17) or their
medians (for other variablesfor quantitative data, Mann-Whitney U test was ufmd
comparing two groups, and Kruskal-Wallis test withnn's correction was used for multiple
comparisons in more than two groups. Chi-squarsetl de Fisher exact test was used for
gualitative data. The Wilcoxon matched pairs teg$ wsed to compare the expression levels
of patient-matched unstimulated and stimulatedisdués. Benjamini-Hochberg method was
applied to control the false discovery rate (FDR)the multiplicity problems caused by
multiple groups (i.e., qualitative data) or mulégkesting. Thé® values of 0.05 or less were

considered statistically significant. All statigticanalyses were performed using IBM SPSS

10
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20.0 software (SPSS, Chicago, IlI).
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RESULTS
Patient characteristics

Characteristics of all participants enrolled instlsitudy are shown in Table E1. The
control group and CRSwWNP group were similar witgarel to age, the prevalence of co-
morbid asthma and aspirin intolerance. The CRSwiKsum had a significantly higher
male/female ratio, co-morbid atopic status, CT e@rd polyp score than the control group.
Negative interrelationships between the Th2 and Thl7 inflammatory pathways in
CRSWNP patients

IL-5 is a typical Th2 cytokine and IL-17 a typicBhl17 cytokine. In the present study,
we defined Th2 cytokines IL-4, IL-5 and IL-13, eogphilic markers (eosinophil counts,
ECP and eotaxin) and total IgE as Th2 related fagtand Thl7 cytokine IL-17, Th1l7
differentiation cytokines IL-23, IL{1and TGFB1, IL-17 induced cytokines IL-8, TN&-and
G-CSF, and neutrophil related proteins IP10 and MB®h17 related factors.

Both IL-5 and IL-17 concentrations were signifidgnhcreased in tissue homogenates
from CRSwWNP patients compared to tissue homogeffiaescontrol subjects (Fig. E1). As
we have previously shown increased expression f7llin IL-5 low CRSWNP patients’
which suggests a negative association of IL-17 with5; we further explored the
relationships between Th2 and Th17 related fagtolSRSWNP patients in greater detail in
this study.

MCA analysis of all patients (Fig. 1) demonstratadt the low Th2 and high Th17
related factors were situated near each otheritladhigh Th2 variables were situated near
low Th17 variables. We next analyzed the corretetiamong the Th2 and Thl7 related
factors in all patients. Although most of thesetdas were positively correlated within the
two sets, the two sets were negatively correlaked. (E2). These findings were consistent

with MCA analysis; with both types of analyses sihmmwnegative interrelationships between

12
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the Th2 and Th17 pathways in CRSwWNP patients.

The negative interrelationships between the Th2 ahd7 pathways demonstrated
above prompted us to classify our CRSWNP patieas®d on the distribution of typical Th2
cytokines IL-5 and typical Th17 cytokine IL-17. FOORSWNP groups were obtained based
on the detection limits of IL-5 and IL-17 used asoff values; including IL-5-1L-17-, IL-5-
IL-17+, IL-5+IL-17-, and IL-5+IL-17+ (Figure E3). laaracteristics of these four CRSwWNP
groups are shown in Table E2, and demonstratetliegt were similar with regard to age,
female/male ratio, CT score and polyp score. Catiet analyses in each of the four
CRSwWNP groups showed a high number of positiveetations within the Th2 related
factors in IL-5+IL-17+ group and within the Thl7ated factors in IL-5-IL-17+ and IL-5-IL-
17- groups, but negative correlations between thasesets of factors in the IL5+IL-17-
group (Figure E4).

Expression of Th2 and Thl7 related factors in the four CRSwWNP groups defined by
tissuelL-5and IL-17 concentrations

Fig 2 shows the expression levels of Th2 relatetbfa, and indicates that most of these
(i.e., IL-13, eotaxin, ECP, ECP/MPO ratio, tissusat IgE concentrations and blood
eosinophil counts) were significantly higher in 3kiL-17- group than in the two IL-5
negative groups (IL-5-IL-17+ and IL-5-IL-17-). Fhdrmore, tissue eosinophil counts were
higher in the IL-5+IL-17- group than in the IL-5-417+ group; and ECP/MPO ratio was
higher in the IL-5+IL-17- group than in the IL-5+{17+ group. Different from most Th2
related factors, IL-4 concentrations were lowesthi& IL-5-IL-17- group and highest in the
IL-5+IL-17+ group; with no significant differencestween the IL-5+IL-17- and IL-5-IL-17+
groups (Fig. 2).

In contrast to Th2 related factors, most of the Mhdlated factors (i.e. IL-8, ILAl G-

CSF and TNFe) were expressed at significantly higher leveldLib-1L-17+ group than in

13



305 two IL-17 negative groups (IL-5+IL-17- and IL-5-117-). Furthermore, IL-8, IL{}, G-CSF
306 and TNFe were higher in the IL-5+IL-17+ group than in the-3+IL-17- group. The
307 concentrations of MPO and IL-23 in IL-5-IL-17+ gmuwvere higher than those in the IL-
308 5+IL-17- group, but not higher than in the IL-5-17~ group (Fig. 3). The four groups
309 showed no significant difference with regard todaoneutrophil counts (Fig. E5A). The
310 tissue neutrophil counts in the IL-5-IL-17- grougene lower than neutrophil counts in the
311  other three groups, however no significant diffeemwere reached (Fig. ESB).

312  Associationsof clinical parameterswith Th2 and Th17 responsesin CRSwWNP patients

313 Edema scores, used to evaluate edema formatioRP#) WMere positively correlated with
314 most of the Th2 related factors (i.e., IL-5, IL-BB2P/MPO ratio, ECP and Blood eos counts)
315 and negatively correlated with most of the Th1ated factors (IL-17, IL-f, TNF-a and G-
316 CSF) (Fig. 4A). Similarly, edema scores in IL-5+1[Z- group were significantly higher than
317  intwo IL-5 negative groups (Fig. 4B). High corrate between the edema score assessed by
318 visual evaluation and the percentage of edemaassessed by image J analysis supported
319 the consistency of these two methods for evaluadema (Figure E6).

320 Collagen content was used to evaluate fibrosis Bs,Nand showed a strong negative
321  correlation with edema scores< - 0.752,P < 0.001). Although this finding would suggest
322 that collagen content may be positively correlateith Th17 related factors and negatively
323 correlated with Th2 related factors, we did notifany correlation between collagen content
324 and Th2 or Thl7 related factors, including TGF-Bhe expression of collagen in the four
325 CRSWNP groups was also not significantly differamong the groups (Fig. E7A).

326 The frequencies of atopic status were higher intweIL-5 positive groups than in the
327  IL-5-IL-17- group, though not reaching statistigatlignificance P = 0.101 for IL-5+IL-17-;
328 P =0.078 for IL-5+IL-17+) (Fig. 4C). Accordingly, ¢hlevels of most Th2 related factors (i.e.,

329 tissue IL-5, ECP and total IgE concentrations @&lie eosinophil counts) were also found to

14
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be significantly higher in allergic patients thamionallergic patients (Fig. 4D).

The four groups of CRSwWNP showed no statisticaletBhces with regard to the
frequencies of NP recurrence (Fig. 4E), asthma roenae or aspirin intolerance (Fig.
E7B,C); however, a trend of increased frequency maed in the IL-5+IL-17+ groupM(=
0.1122) for NP recurrence compared with IL-5-1L-freup.

Interactions of the Th2 and Th17 pathwaysin DNPCs

Considering the negative interrelationships betwigghand Th17 related factors in
tissues from CRSwWNP patients demonstrated aboveypethesized that Th2 and Th17
responses might interact negativedyivo. Thus, to test this hypothesis, we investigated th
interactions between the Th2 and Th17 pathwaybhdursing DNPCs, particularly as these
presented the advantage of having all of the diffecell types in the polyps, compared to
preparations of individual cell types. In this reyaall DNPCs used in the present study were
from patients comprising both Th2 and Th17 endatyfpe., IL-5+IL-17+ group).

We first explored the effect of Th2 cytokines orilTlresponse in DNPCs, and found
that IL-4 significantly inhibited three Th17 reldtéactors (IL-17, IL-B and IL-8) (Fig. 5)
and IL-13 significantly inhibited six Th17 relatéattors (IL-1, IP10, TNFe, MPO, IL-8
and G-CSF) (Fig. 6). In contrast, no Th17 relateztdr in DNPCs was significantly inhibited
by IL-5 stimulation (Fig. E8).

We next explored the effects of Th17 cytokine statian on the Th2 response in
DNPCs, and found that IL-17 and T@E-increased the levels of IL-4, IL-13 and eotaxin,
but not the levels of IL-5 (Fig. 7). In contradt;23 did not significantly affect the
concentrations of Th2 related cytokines (Fig. E9).

Inhibition of both the Th2 and Th17 responsesin DNPCs by DEX treatment
Given the widely use of corticosteroids for CRSwiNRients, we investigated the effect

of DEX on Th2 and Thl7 responses in DNPCs, and dothat treatment with DEX

15



355 significantly decreased the concentrations of thfe@ related cytokines (IL-4, IL-5 and
356 eotaxin) and the concentrations of six Thl7 relatgdkines (IL-17, IL-B, TNF-, MPO,
357 IL-8 and G-CSF) in DNPCs (Fig. E10).
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DISCUSSION

Increasing numbers of studies have revealed th&@w\P is a heterogeneous disease
consisting of many endotypes that are driven byirdis molecular mechanisnis* °
Employing a multicenter study design and usingséu@e Chinese subjects as in the present
study, we have previously shown that the Th17 paghwn addition to the Th2 pathway,
contributed to the inflammatory process involved @RSWNP patients, especially in
mainland China. This study further demonstrated gayps in patients from Asia were
clearly different from those in Europe; with sigo@ntly more Th2 expression being present
in polyps from European patierftédowever, it remains unclear how the Th2 and Th17
pathways interact in CRSwWNP patients and how theeded difference between polyps in
Asia and Europe might develop.

In the present study, the negative inter-relatigndbetween Th2 and Thl7 related
factors demonstrated using MCA and correlation yaigl and the exclusive expression of
these two kinds of factors in two single positiveups suggest a mutual exclusion of the Th2
and Th1l7 pathways. These observations may be edetodasthma. The inter-correlations
between Th2 and Th17 cytokines were previouslyaegl in nasal polyps with and without
cystic fibrosis in Belgium, not demonstrating sianilfindings to ours; however, cystic
fibrosis is a genetically determined disease differfrom adult nasal polypsThe less
pronounced dominance of the Th2 pathway in Chinapsoed with Europe® makes it
preferable to study the Th2 and Thl7 pathway irgEtonship in China rather than in
Europe. The factors possibly contributing to thelThexpression in China have been
discussed in detail in a previous stddihe lack of relationships of TGF-R1 with Th17 and
Th2 related factors observed in our study may lpdagxed by the fact that TGF-31, though a
Th17 related factor, was also produced promindmnglgosinophils?

As expected, stimulation of DNP@svitro with the Th2 cytokines IL-4 and IL-13

17
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inhibited Th17 cytokine production. However, IL-&tno obvious effect in this regard,
despite the negative correlation between IL-5 antl1 in CRSwWNP. Conversely, stimulation
with the Th17 cytokines IL-17 and TGH:, but not IL-23, enhanced Th2 cytokines
production. This suppressive effect of Th2 cytokina Th17 cytokines in DNPCs is
consistent with previous studies conducted in neuasthma models, AD models, epithelial
cells, andn vitro studies of Th17 cell differentiatidhi??"The effects of Th17 cytokines on

& ®%sych as the conflicting

the Th2 response varied and appeared to be corgulit
regulation of IL-17 on Th2 responses in murine ni®dé€ lung diseases and in vitro culture
of epithelial cells and fibrobladt* ** *° the inhibition of Th2 differentiation by TGEE**%
and increased eotaxin production in airway fibretddy TGFB1 plus IL-13 stimulatiors?

and the up-regulation of Th2-cell-mediated eosiilaphirway inflammation by IL-23 in
mice?* Despite this, our findings support a positive tagian of the Th2 response by Th17
cytokines in Chinese CRSwWNP patients. As type Imiume markers enhance the expression
of type 2 immune markers, the immune reactions ah@yge the expression pattern from IL-
5-IL-17+ group to IL-5+IL-17+ group, stabilizinge¢mew constellation with a high number
of positive correlations. Both sides of the intéi@t that occurs between the Th2 and Th17
pathways favor the development of the Th2 immuspaase. As environmental factors such
as allergen exposure aBthphylococcus aureus colonization have been reported to induce
Th2 responseS;*the increased Th2 response in allergic CRSWNP eoetpwith non-
allergic CRSWNP in our study supports a role cérgly and allergen exposure for the Th2
response in a situation with rather modest Th2 imemesponses. In contrast, it appears that
Saphylococcus aureus does not play a role in the stimulation of a Tegaonse, as only 3 of
the 95 Chinese CRSwWNP patients in our study \&8=&ghyl ococcus aureus enterotoxin
specific IgE positive (data not shown). SE-IgE pegy in European CRSWNP patients is

associated with a much stronger type 2 immune iceattt Therefore, complex regulation of
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the Th2 and Th17 pathways and allergen exposurebotdycontribute to the overriding Th2
inflammation in CRSwWNP patients in China, with 238%d 38% of CRSwNP patients
belonging to the IL-5-IL-17+ and IL-5+IL-17- group®spectively. Moreover, this might
provide an explanation for the possible differetmeards type 2 CRSwWNP endotypes from
Asia to Europé€,and the recently described shift in Asia, as iatid by the increased
eosinophilic signature of CRSWNP in Thailand ande¢oover timé&!=°

Unlike the strong correlation of tissue IL-5 witlssdue and blood eosinophil numbers,
tissue IL-17 was strongly correlated with tissue @/Fbut not tissue or blood neutrophil
numbers (data not shown). This provided direct @vag that neutrophil activity may be
more important than neutrophil numbers in Thl7amination, as has been assumed in a
study employing a mouse model of allergen-inducztdraa®

The complex regulation of the Th2 and Th17 pathwaySRSwNP also has important
implications for CRSwWNP treatments. Several Th@dted therapies, such as anti-IL-5, anti-
IL-4/13, and anti-IgE antibodies, have been dewetofor CRSWNB! *? The inhibitory
effects of IL-4 and IL-13 on the Th17 response NHALs and the increased Th1l7 response
produced by anti-IL-4/IL-13 treatments in an asthmause modé&ldemonstrate the need to
monitor whether long-term anti-1L-4/13 therapiesliwiroduce adverse side effects by
increasing the Th17 response in CRSwWNP patients.r€ults would rather not point into
that direction. Furthermore, the involvement oftel T response and the complex regulation
of the Th2 and Th17 pathways in CRSWNP may ne@esihe need to treat the disease by
targeting Th2 in combination with Th17 related &gy Topical and systemic corticosteroids
are generally used as first-line therapy for NPke Tecreased IL-4, IL-5 and eotaxin
concentrations in DNPCs treated with DEX in ourdgteonfirmed the inhibitory effect of
corticosteroids on the Th2 respofis&® * The results of previous studies in patients and

mice” * suggest that this type of Th2 inhibition causedcbsticosteroids may subsequently
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cause an increased Thl7 response due to the lo3hafcytokine-induced inhibition.
However, the decreased concentrations of Thl7ecklaytokines in DNPCs treated with
DEX in our study suggests that DEX suppressederdtian enhanced, the Th17 response in
DNPCs, which is in accordance with results of stadionducted using NP explafitand in
psoriatic ski®® The direct inhibitory effect of a corticosteroith the Th17 response may
override the loss of inhibition by Th2 cytokinedldaving corticosteroid treatment.

Edema formation in NPs has previously been repdddake associated with eosinophil
infiltration.®” *® In this regard, our study has shown a positiveetation between edema
scores and Th2 related factors and a negative labore between edema scores and Thl7
related factors, suggesting that the Th2 pathwaynptes edema formation while the Th17
pathway inhibits edema formation. Our finding tledema scores in the IL-5+IL-17- group
were higher than those in the IL-5-IL-17+ grouptiier supports this hypothesis. Despite the
negative correlation between collagen (a markeibobsis) and CRSwWNP edema scores in
our study, no expected negative correlation betveedlagen and the Th2 pathway or positive
correlation between collagen and the Th1l7 pathwag seen. This could be explained by
evidences showing that both IL37*°and IL-13* might be associated with fibrosis.

There are several limitations to this study. Figt, did not assess the longitudinal intra-
individual changes in Th2 and Th17 responses; had ho direct evidence in patients was
provided to support the assumption that the intemas between the Th2 and Th17 pathways
ultimately lead to a Th2 shift. Second, IL-5 andlL concentration measurement in NPs is
dependent on performing invasive procedures, asdithits the routine use of IL-15 and IL-
17 as biomarkers for Th2 and Th17 pathway actwsjitiespectively. Third, the DNPC system
used in this study is comprised of a wide varidtgeall types rather than a specific cell type,
and this made it impossible to explain the specfechanisms at cellular level. Furthermore,

the balance of cell populations in the DNPC systeight be altered due to the cells dying

20



480

481

482

483

484

485

486

487

488

489

490

during culture, which might affect the results.

In conclusion, our data show that the Th2 and Thathways in Chinese CRSwWNP
patients are mutually exclusive and the interactanthese two pathways favor the
development of a Th2 response. Atopy may furthay plrole in the overriding Th2 response
in CRSWNP in China. The Th2 and Th17 pathways a#h be inhibited by dexamethasone
and may inversely affect the formation of edemadhwhie Th2 pathway being pro-edematous.
Overall, this study provides useful insights int@warently observed shift towards type 2
endotypes in CRSWNP in Asia over time and from AsiaEurope, as well as endotype

classification and treatment criteria for CRSWKIP.
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FIGURE LEGENDS

Figure 1. Multiple correspondence analysis plots showirgitherrelationships between Th2
and Th17 variables in all CRSwWNP patients. Theadis¢ between variables indicates the
approximate relationship between those variablesialles situated closer together have a

stronger relationship.

Figure 2. Expression of Th2 related factors in groups of CR®vpatients defined by tissue
IL-5 and IL-17 concentrations. EOS, eosinophils5HL-17-, n=14; IL-5-IL-17+, n=22; IL-

5+IL-17-, n=36; IL-5+IL-17+, n=23.

Figure 3. Expression of Th17 related factors in groups of @RB patients defined by tissue
IL-5 and IL-17 concentrations. IL-5-I1L-17-, n=14;-b-1L-17+, n=22; IL-5+IL-17-, n=36;

IL-5+IL-17+, n=23.

Figure 4. Associations of edema scores, allergic statudNghdecurrence with Th2 and Th17
responses in CRSWNE) Correlations of edema scores with Th2 (red) @hdl7 (blue)

related factors in all CRSwWNP patients. The cotiahas (Spearman’s rho) are presented as a
heat map; withP values greater than 0.05 defined as 0.00. (B) Bdsoares and (C) allergic
status in different groups of CRSwWNP patients. ERpression of Th2 related factors in
allergic and non-allergic CRSwWNP. (E) FrequenciNBfrecurrence in different groups of

CRSwWNP patients.

Figure5. Inhibitory effect of IL-4 stimulation on Th17 cytoles in DNPCs. IL-4, 50ng/mL,;
n=10. The statistical significance of difference®kpression was assessed by using the

Wilcoxon matched pairs test.
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Figure 6. Inhibitory effect of IL-13 stimulation on Th17 ©kines in DNPCs. IL-13,
50ng/mL; n=10. The statistical significance of difnces in expression was assessed by

using the Wilcoxon matched pairs test.

Figure 7. Enhancing effect of IL-17 (A) and TG (B) stimulations on Th2 cytokines in

DNPCs. IL-17, 100ng/mL; n=9; TGF1, 100ng/mL; n=10. The statistical significance of

differences in expression was assessed by usingitbexon matched pairs test.
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METHODS
Subjects

The diagnosis of CRSWNP was based on history,celixamination, nasal
endoscopy, and CT scanning according to the EuroPeaition Paper on
Rhinosinusitis and Nasal Polyps (EPOS 2012) (E@bhjetts undergoing septoplasty
because of anatomic variations and without anyrsisal disease were recruited as
controls. Individuals who had used systemic orllghacocorticosteroids within the 4
weeks or antibiotics within the 2 weeks beforertlsargeries were excluded from the
study. The atopic status of each participant wasuawed by skin prick tests and the
Phadiotop test (Phadia, Uppsala, Sweden) to digfecntibodies against various
common inhalant allergens. Patients were diagnfusessthma and aspirin
intolerance by a chest physician. All patients re@ similar medical therapy
post-nasal polyp surgery, and recurrence of polygs defined as the presence of
nasal polyps detected by nasal endoscopy withdak®perative follow-up period of
at least 2 years.
Picrosiriusred staining for collagen

The collagen content in NP tissue was assessedibyg picrosirius red staining,
as previously described (E2). Briefly, paraffin esdbded sections were stained with
Direct Red 80 (Alfa Aesar, Tianjin, China) for 60nutes; after which, they were
washed in acidified water and dehydrated in 1008arstl. Total collagen was
quantified under a bright-field microscope. Imagealgsis was performed using
Image J software and collagen content was expresstte percentage of positively
stained area in the total area as seen in 10 rdgdmiected fields per sample.

Preparation of DNPCs
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DNPCs were prepared by enzymatic digestion, asqusly described (E3).
Briefly, fresh nasal polyps were cut into smallgaie and mixed in a GentleMACs
Tube (Miltenyi Biotec, Germany) with Gentle MACs (Mnyi Biotec, Germany).
After centrifugation, the minced pieces of nasdyps were incubated in RPMI
medium containing 2 mg/mL collagenase (Gibco Liezfinologies, Paisley, UK) and
0.04 mg/mL DNAsel (Roche Diagnostics, German) omin at 37°C.The tissue
samples were then mixed a second time with Gentlés1and the cell suspension
was filtered through a 7@m cell strainer (BD Falcon, Bedford, MA, USA). Red
blood cells in the cell pellet were lysed in ergityte lysis buffer.

I mmunoassay

The levels of IL-4, IL-5, eotaxin, IL-17, TGFL, IL-1B, IL-8, TNF-a, G-CSF,
IP10 (Magnetic Luminex Performance Assay, R&D SysteMinneapolis, USA),
IL-13 (Bio-Rad, Hercules, CA, USA), MPO (Oxis Intational, Portland, OR, USA),
eosinophil cationic protein (ECP), and total IgEn(CAP system, Pharmacia, Uppsala,
Sweden) were analyzed in tissue homogenates fro@RESVNP and 24 control
subjects using commercially available kits. Sintylathe levels of IL-5 and IL-17
(Magnetic Luminex Performance Assay, R&D Systemsinidapolis, USA) were
analyzed in tissue homogenates of NP used for DN#P€jmaration, and the levels of
IL-4, IL-5, IL-13, eotaxin, IL-17, TGH1, IL-1B, IL-8, TNF-a, G-CSF, IP10
(Bio-Rad, Hercules, CA, USA) and MPO (eBioscierigan Diego, CA, USA) in

DNPCs supernatants using commercially availabke kit
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776  Legendstofiguresin Online Repository

777  Figure E1. Increased concentrations of IL-5 (A) and IL-17 (B) in NP tissue
778 homogenates from CRSwWNP patients. Bold lines represent medians with
779  interquartile range. Control, n=24; CRSwWNP, n=95.

780

781  Figure E2. Correationsamong thenine Th2 (red), and the nine Th17 (blue)

782  related factorsin all CRSWNP patients. The correlations (Spearman’s rho) are

783  presented as a heat map; wRtkalues greater than 0.05 defined as 0.00. Eos,

784  eosinophil.

785

786  Figure E3. Distribution of tissue IL-5 and IL-17 concentrations in all CRSWNP
787  patients. Several values of IL-5 and IL-17 were below tlagtection limits (36 out of
788 95 for IL-5, 50 out of 95 for IL-17) and these weaxgsigned as half of their limits.
789  Using the detection limits of IL-5 and IL-17 as affitvalues, four groups were
790  observed; including IL-5-IL-17-, IL-5-IL-17+, IL-5H-17- and IL-5+IL-17+.-, below
791  the detection limit; +, above the detection limit.

792

793  Figure E4. Correlations among the nine Th2 (red), and the nine Th17 (blue)
794  related factorsin theindividual 1L-5-1L-17- (A), IL-5-IL-17+ (B), IL-5+IL-17- (C)
795 and IL-5+IL-17+ (D) CRSWNP groups. The correlations (Spearman’s rho) are
796  presented as a heat map; wRhvalues greater than 0.05 defined as 0.00. Eos,
797  eosinophil. -, no value.

798

799  FigureES5. Blood (A) and tissue (B) neutrophil count in groups of CRSwNP
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patients defined by tissuelL-5 and IL-17 concentrations. Neu, neutrophil.

IL-5-1L-17-, n=14; IL-5-IL-17+, n=22; IL-5+IL-17-n=36; IL-5+IL-17+, n=23.

Figure E6. Correlation between edema scor e assessed by visual evaluation and
the percentage of edema area assessed by I mage J analysisin nasal polyp tissues

of CRSwWNP patients. N=48.

Figure E7. Collagen expression (A) and frequency of asthma (B) and aspirin
intolerance (C) in groups of CRSWNP patients defined by tissuelL-5and IL-17
concentrations. IL-5-IL-17-, n=14; IL-5-IL-17+, n=22; IL-5+IL-17-n=36;

IL-5+IL-17+, n=23.

Figure E8. Effect of IL-5 stimulation on Th17 cytokinesin DNPCs. IL-5, 50ng/mL,;
n=9. The statistical significance of differencegxpression was assessed by using the

Wilcoxon matched pairs test.

Figure E9. Effect of IL-23 stimulation on Th2 cytokines in DNPCs. IL-23,
100ng/mL; n=10. The statistical significance offeliénces in expression was

assessed by using the Wilcoxon matched pairs test.

Figure E10. Inhibition of Th2 (A) and Thl7 (B) cytokines in DNPCs by
Dexamethasone (DEX) treatment. DEX, 5x10°mol/L; n=10-11. The statistical
significance of differences in expression was asgksising the Wilcoxon matched

pairs test.



Repository tables

Table E1l. Demographic and clinical characteristics of participants.

control CRSWNP
No. 24 95
Age(y), median (range) 39.5(28.8-47.8) 47 (36-55)
Gender (male/female) 13/11 75/20*
Asthma, no. (%) 0(0) 13(13.7)
Atopic status, no. (%) 1(4.17) 35 (36.8)**
Aspirin intolerance, no. (%) 0(0) 7(7.4)
CT score (Lund-Mackay), median (range) 0(0-1) 17 (11-22)
Polyp score (Davos), median (range) 0 4 (2-5)

The leve of significance (P) was obtained by means of Mann-Whitney U test
(for quantitative data) or the Chi-square/ Fisher exact test (for qualitative data).

Range, interquartile range. *, P<0.05; **, P<0.01.



Table E2. Characteristics of the four groups of CRSWNP patients.

CRSWNP groups

IL-5-1L-17- IL-5-1L-17+ IL-5+IL-17- IL-5+IL-17+
No. 14 22 36 23
Age(y), median (range) 51 (42-57.5) 46.5 (35.3-58) 46 (38.3-54) 42 (33-52)
Gender (male/female) 12/2 17/5 29/7 17/6
CT score (Lund-Mackay),

20 (9.3-23.3) 20 (11.8-23.3) 17 (12.3-22) 16 (8-22)
median (range)
Polyp score (Davos),

4.6 (2-6) 4(2.8-4.2) 4 (2-5) 4 (2-5)

median (range)

The level of significance (P) was obtained by means of Kruskal-Wallis (for quantitative data) or the Chi-square test (for

qualitative data). Range, interquartile range.
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