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ABSTRACT 50 

Background: Chronic rhinosinusitis with nasal polyps (CRSwNP) is a heterogeneous disease 51 

with a spectrum of endotypes. Th2 and Th17 related cytokines are two central regulators 52 

involved in the inflammation associated with CRSwNP.  53 

Objective: To investigate the inter-regulation of Th2 and Th17 pathways in Chinese patients 54 

with CRSwNP.  55 

Methods: Levels of key Th2 and Th17 related factors were measured in homogenates of 56 

polyp tissue obtained from CRSwNP patients. The relationship of these factors and their 57 

expression in groups classified according to tissue IL-5 and IL-17 concentrations were 58 

analyzed. Cross regulation of Th2 and Th17 cytokines and the effects of dexamethasone 59 

treatment were studied in dispersed nasal polyp cells (DNPCs). Associations between the 60 

Th2- and Th17 related factors and comorbid atopic status and asthma, disease recurrence and 61 

edema scores were also explored. 62 

Results: Four CRSwNP groups were classified based on the expression or non-expression of 63 

mutually exclusive Th2 and Th17 related factors. The Th2 cytokines IL-4 and IL-13 inhibited 64 

the expression of Th17 related factors, while the Th17 cytokines IL-17 and TGF-β1 enhanced 65 

the expression of Th2 related factors. Dexamethasone treatment inhibited both the Th2 and 66 

Th17 pathways. A patient’s atopic status was related to their Th2 immune response. Edema 67 

scores were positively correlated with the Th2 pathway and negatively correlated with the 68 

Th17 pathway. 69 

Conclusion: Th2 and Th17 pathways are mutually exclusive and regulate each other, 70 

favoring the development of a Th2 immune response in Chinese CRSwNP patients. 71 

Clinical implications: This study added new information on the molecular mechanisms 72 

driving distinct endotypes of CRSwNP by showing the complex regulation of Th2 and Th17 73 

immunity in CRSwNP, possibly explaining the type 2 shift observed in Asia over time. 74 
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Capsule summary: This study provides useful insights into a possible type 2 endotypes shift 75 

in CRSwNP in Asia, as well as endotype classification and treatment criteria for CRSwNP by 76 

showing the complex regulation of Th2 and Th17 immunity. 77 

Key words: Chronic rhinosinusitis with nasal polyps (CRSwNP), Th2, Th17, endotypes, shift 78 

  79 
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Abbreviations used 80 

CRS: Chronic rhinosinusitis 81 

NP: Nasal polyp 82 

CRSwNP: Chronic rhinosinusitis with nasal polyps 83 

CRSsNP: Chronic rhinosinusitis without nasal polyps 84 

DNPCs: Dispersed nasal polyp cells 85 

DEX: Dexamethasone 86 

HE: Hematoxylin and eosin 87 

HPF: High power field 88 

ECP: Eosinophil cationic protein  89 

MCA: Multiple correspondence analysis 90 

Eos: eosinophil 91 

Neu: neutrophil 92 
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INTRODUCTION 105 

Chronic rhinosinusitis (CRS) is an inflammatory disorder of the nasal and paranasal 106 

sinus mucosa. Based on the absence or presence of nasal polyp (NP), CRS can be clinically 107 

sub-divided into two sub-groups; CRS without nasal polyps (CRSsNP) and CRS with nasal 108 

polyps (CRSwNP). In Europe, CRSwNP was originally characterized by high Th2 cytokine 109 

levels and eosinophilic inflammation, whereas CRSsNP presented with low Th2 cytokines 110 

levels and thus as a non-eosinophilic disease.1 111 

More recently, it is recognized that CRSwNP is a heterogeneous disease comprising a 112 

spectrum of endotypes and overlapping T helper cytokine expressions.2-4 However, a 113 

profound understanding of the cytokine pathways and their interplay is required for an 114 

appropriate endotype classification and the development of therapeutic strategies.  115 

Th2 and Th17 pathways are two major regulators involved in CRSwNP.2, 5 In asthma, a 116 

reciprocal regulation of Th2 and Th17 pathways has recently been suggested by the mutual 117 

exclusiveness of Th2 and Th17 related gene expression signatures in the airways of asthma 118 

patients. The amplification of opposing pathways was achieved by targeting Th2 and Th17 119 

cytokines in mouse models of asthma.6 However, this study was confined to the investigation 120 

of IL-13 and IL-17 induced genes, and it remains unclear whether other cytokines that play 121 

key roles in Th2 and Th17 inflammation would show the same responses. Thus, we 122 

hypothesized that Th2 and Th17 pathways may play interactive regulatory roles in the 123 

aetiology of CRSwNP and tested the hypothesis by examining the relationship between the 124 

Th2 and Th17 pathways in CRSwNP, focusing on the aspect of key Th2 and Th17 related 125 

factors.  126 

Our findings from the current study further support the cross-regulation of Th2 and Th17 127 

pathways in CRSwNP, by showing that key Th2 and Th17 related factors are mutually 128 

exclusive in NP tissues of CRSwNP patients. In particular, two endotypes (Th2 and Th17) 129 
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were identified based on the expression of the Th2 marker IL-5 and the Th17 marker IL-17. 130 

Th2 cytokine stimulation inhibited the Th17 response while Th17 cytokines enhanced the 131 

Th2 response in dispersed nasal polyp cells (DNPCs). A patient’s atopic status was related to 132 

their Th2 immune response. Dexamethasone (DEX) treatment inhibited both the Th2 and 133 

Th17 pathways, and distinct clinical characteristics of patients were associated with those two 134 

pathways. 135 

 136 
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METHODS 155 

Subjects  156 

Ninety five patients with CRSwNP and twenty four control subjects were recruited from 157 

the Rhinology Department of Beijing Tongren Hospital. These CRSwNP and control subjects 158 

were same as in previously published study.2 Full details of the subjects are shown in the 159 

Methods section in this article’s Online Repository.  160 

Tissue samples were obtained from the inferior turbinates of control subjects and from 161 

nasal polyps of CRSwNP subjects, and immediately frozen in liquid nitrogen, prior to being 162 

stored at -70ºC until use in immunoassays. Tissue samples used for immunostaining were 163 

fixed in 10% neutral buffered formalin for 24h and then embedded in paraffin prior to 164 

sectioning for staining.  165 

The study was approved by the Ethics Committee of Beijing Tongren Hospital and 166 

written informed consent was obtained from each subject prior to their enrollment in the 167 

study. 168 

Peripheral blood eosinophil and neutrophil analysis   169 

Peripheral blood eosinophil and neutrophil numbers were measured with a standard 170 

automated cell counter. 171 

Histologic analysis 172 

Paraffin embedded tissue sections were stained with hematoxylin and eosin (HE) and 173 

assessed for eosinophil and neutrophil counts and edema. The numbers of eosinophils and 174 

neutrophils were counted in 10 randomly selected high power magnification fields (×400), 175 

and expressed as the mean number of cells per high power field (HPF). 176 

Edema was evaluated semi quantitatively according to the study of Zhang and 177 

colleagues;5 by scoring on a scale of 0-2, where a rating of 0 indicated no edema, 1 indicated 178 

mild/moderate edema, and 2 indicated intense edema. Edema was scored in five randomly 179 
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selected high power magnification fields (×200) by an observer blinded to the study protocol, 180 

and expressed as the mean score. Considering the subjective nature of this scoring system, 181 

Image J analysis was further performed on 50% of randomly selected samples (48 from the 182 

95 CRSwNP patients), for objective evaluation of edema using the Image J software. Since 183 

edema is defined as an abnormal accumulation of fluid (seen as white areas) in the 184 

extravascular and extraglandular compartments of the NP tissue, Image J analysis was 185 

performed on the edematous areas in ten high power magnification fields (×200) in randomly 186 

selected pictures of HE stained samples. The edematous areas were graded using the Image J 187 

software and expressed as mean percentage of the total area measured in each high power 188 

field. The consistency of the subjective and objective measures of edema was further 189 

evaluated by analyzing the correlation between the two measures using Spearman’s 190 

correlation analysis. 191 

Picrosirius red staining for collagen 192 

The collagen content in NP tissue was assessed by using picrosirius red staining, as 193 

previously described.7 For full details, see the Methods section in this article’s Online 194 

Repository.  195 

Preparation and stimulation of dispersed nasal polyp cells (DNPCs) 196 

NP tissues were harvested from CRSwNP patients who had not taken either systemic or 197 

local glucocorticosteroids for at least 4 weeks or antibiotics for at least 2 weeks prior to the 198 

surgery. Adequate amount of freshly obtained NP tissue was set aside for measuring 199 

cytokines and the remaining NP tissue was used for preparation of DNPCs. 200 

DNPCs were prepared by enzymatic digestion, as previously described.8 For full details, 201 

see the Methods section in this article’s Online Repository. DNPCs were suspended in RPMI 202 

containing 10% FBS at a concentration of 2×106 cells/ml, and 0.5 ml aliquots were cultured 203 

in 24-well plates with IL-4 (50ng/mL), IL-5 (50ng/mL), IL-13  (50ng/mL), IL-17  204 
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(100ng/mL), IL-23  (100ng/mL), TGF-β1 (100ng/mL) (R&D Systems, Minneapolis, Minn) 205 

or DEX ( 5×10-5mol/L) (Sigma,St. Louis, MO, USA), for 24 h at 37°C in a humidified 206 

incubator with 5% CO2. At the end of incubation the supernatant from each culture was 207 

collected and assayed for protein. 208 

Immunoassay 209 

Tissue homogenates, prepared as previously described,9 and supernatants from cultured 210 

DNPCs were assessed for the levels of IL-4, IL-5, IL-13, eotaxin, IL-17, TGF-β1, IL-1β, IL-8, 211 

TNF-α, G-CSF, IP10, MPO, eosinophil cationic protein (ECP), and total IgE, using 212 

commercially available kits. For full details, see the Methods section in this article’s Online 213 

Repository.  214 

Statistical analysis 215 

The relationships between the Th2 and Th17 related factors were evaluated by 216 

performing a multiple correspondence analysis (MCA) and a Spearman’s correlation analysis. 217 

Before implementing MCA analysis, all the Th2 and Th17 related numeric variables were 218 

transformed into categorical variables. Specifically, the original numeric data were defined as 219 

“high” or “low” based on a cut-off value set according to their detection limits (for variables 220 

which had a high proportion of values under detection limit, i.e. IL-4, IL-5 and IL-17) or their 221 

medians (for other variables). For quantitative data, Mann-Whitney U test was used for 222 

comparing two groups, and Kruskal-Wallis test with Dunn's correction was used for multiple 223 

comparisons in more than two groups. Chi-squared test or Fisher exact test was used for 224 

qualitative data. The Wilcoxon matched pairs test was used to compare the expression levels 225 

of patient-matched unstimulated and stimulated NP tissues. Benjamini-Hochberg method was 226 

applied to control the false discovery rate (FDR) in the multiplicity problems caused by 227 

multiple groups (i.e., qualitative data) or multiple testing. The P values of 0.05 or less were 228 

considered statistically significant. All statistical analyses were performed using IBM SPSS 229 
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20.0 software (SPSS, Chicago, III).  230 

 231 

 232 

 233 

 234 

 235 

 236 

 237 

 238 

 239 

 240 

 241 

 242 

 243 

 244 

 245 

 246 

 247 

 248 

 249 

 250 

 251 

 252 

 253 

 254 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

12 

 

RESULTS 255 

Patient characteristics 256 

Characteristics of all participants enrolled in this study are shown in Table E1. The 257 

control group and CRSwNP group were similar with regard to age, the prevalence of co-258 

morbid asthma and aspirin intolerance. The CRSwNP group had a significantly higher 259 

male/female ratio, co-morbid atopic status, CT score and polyp score than the control group.  260 

Negative interrelationships between the Th2 and Th17 inflammatory pathways in 261 

CRSwNP patients 262 

IL-5 is a typical Th2 cytokine and IL-17 a typical Th17 cytokine. In the present study, 263 

we defined Th2 cytokines IL-4, IL-5 and IL-13, eosinophilic markers (eosinophil counts, 264 

ECP and eotaxin) and total IgE as Th2 related factors; and Th17 cytokine IL-17, Th17 265 

differentiation cytokines IL-23, IL-1β and TGF-β1, IL-17 induced cytokines IL-8, TNF-α and 266 

G-CSF, and neutrophil related proteins IP10 and MPO as Th17 related factors.  267 

Both IL-5 and IL-17 concentrations were significantly increased in tissue homogenates 268 

from CRSwNP patients compared to tissue homogenates from control subjects (Fig. E1). As 269 

we have previously shown increased expression of IL-17 in IL-5 low CRSwNP patients; 9 270 

which suggests a negative association of IL-17 with IL-5; we further explored the 271 

relationships between Th2 and Th17 related factors in CRSwNP patients in greater detail in 272 

this study.  273 

MCA analysis of all patients (Fig. 1) demonstrated that the low Th2 and high Th17 274 

related factors were situated near each other; and the high Th2 variables were situated near 275 

low Th17 variables. We next analyzed the correlations among the Th2 and Th17 related 276 

factors in all patients. Although most of these factors were positively correlated within the 277 

two sets, the two sets were negatively correlated (Fig. E2). These findings were consistent 278 

with MCA analysis; with both types of analyses showing negative interrelationships between 279 
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the Th2 and Th17 pathways in CRSwNP patients. 280 

The negative interrelationships between the Th2 and Th17 pathways demonstrated 281 

above prompted us to classify our CRSwNP patients based on the distribution of typical Th2 282 

cytokines IL-5 and typical Th17 cytokine IL-17. Four CRSwNP groups were obtained based 283 

on the detection limits of IL-5 and IL-17 used as cutoff values; including IL-5-IL-17-, IL-5-284 

IL-17+, IL-5+IL-17-, and IL-5+IL-17+ (Figure E3). Characteristics of these four CRSwNP 285 

groups are shown in Table E2, and demonstrate that they were similar with regard to age, 286 

female/male ratio, CT score and polyp score. Correlation analyses in each of the four 287 

CRSwNP groups showed a high number of positive correlations within the Th2 related 288 

factors in IL-5+IL-17+ group and within the Th17 related factors in IL-5-IL-17+ and IL-5-IL-289 

17- groups, but negative correlations between those two sets of factors in the IL5+IL-17- 290 

group (Figure E4). 291 

Expression of Th2 and Th17 related factors in the four CRSwNP groups defined by 292 

tissue IL-5 and IL-17 concentrations 293 

Fig 2 shows the expression levels of Th2 related factors, and indicates that most of these 294 

(i.e., IL-13, eotaxin, ECP, ECP/MPO ratio, tissue total IgE concentrations and blood 295 

eosinophil counts) were significantly higher in IL-5+IL-17- group than in the two IL-5 296 

negative groups (IL-5-IL-17+ and IL-5-IL-17-). Furthermore, tissue eosinophil counts were 297 

higher in the IL-5+IL-17- group than in the IL-5-IL-17+ group; and ECP/MPO ratio was 298 

higher in the IL-5+IL-17- group than in the IL-5+IL-17+ group. Different from most Th2 299 

related factors, IL-4 concentrations were lowest in the IL-5-IL-17- group and highest in the 300 

IL-5+IL-17+ group; with no significant difference between the IL-5+IL-17- and IL-5-IL-17+ 301 

groups (Fig. 2).  302 

In contrast to Th2 related factors, most of the Th17 related factors (i.e. IL-8, IL-1β, G-303 

CSF and TNF-α) were expressed at significantly higher levels in IL-5-IL-17+ group than in 304 
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two IL-17 negative groups (IL-5+IL-17- and IL-5-IL-17-). Furthermore, IL-8, IL-1β, G-CSF 305 

and TNF-α were higher in the IL-5+IL-17+ group than in the IL-5+IL-17- group. The 306 

concentrations of MPO and IL-23 in IL-5-IL-17+ group were higher than those in the IL-307 

5+IL-17- group, but not higher than in the IL-5-IL-17- group (Fig. 3). The four groups 308 

showed no significant difference with regard to blood neutrophil counts (Fig. E5A). The 309 

tissue neutrophil counts in the IL-5-IL-17- group were lower than neutrophil counts in the 310 

other three groups, however no significant differences were reached (Fig. E5B). 311 

Associations of clinical parameters with Th2 and Th17 responses in CRSwNP patients 312 

Edema scores, used to evaluate edema formation in NPs, were positively correlated with 313 

most of the Th2 related factors (i.e., IL-5, IL-13, ECP/MPO ratio, ECP and Blood eos counts) 314 

and negatively correlated with most of the Th17 related factors (IL-17, IL-1β, TNF-α and G-315 

CSF) (Fig. 4A). Similarly, edema scores in IL-5+IL-17- group were significantly higher than 316 

in two IL-5 negative groups (Fig. 4B). High correlation between the edema score assessed by 317 

visual evaluation and the percentage of edema area assessed by image J analysis supported 318 

the consistency of these two methods for evaluating edema (Figure E6). 319 

Collagen content was used to evaluate fibrosis in NPs, and showed a strong negative 320 

correlation with edema scores (r = - 0.752, P < 0.001). Although this finding would suggest 321 

that collagen content may be positively correlated with Th17 related factors and negatively 322 

correlated with Th2 related factors, we did not find any correlation between collagen content 323 

and Th2 or Th17 related factors, including TGF-ß1. The expression of collagen in the four 324 

CRSwNP groups was also not significantly different among the groups (Fig. E7A).  325 

The frequencies of atopic status were higher in the two IL-5 positive groups than in the 326 

IL-5-IL-17- group, though not reaching statistically significance (P = 0.101 for IL-5+IL-17-; 327 

P = 0.078 for IL-5+IL-17+) (Fig. 4C). Accordingly, the levels of most Th2 related factors (i.e., 328 

tissue IL-5, ECP and total IgE concentrations and tissue eosinophil counts) were also found to 329 
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be significantly higher in allergic patients than in nonallergic patients (Fig. 4D).  330 

The four groups of CRSwNP showed no statistical differences with regard to the 331 

frequencies of NP recurrence (Fig. 4E), asthma occurrence or aspirin intolerance (Fig. 332 

E7B,C); however, a trend of increased frequency was noted in the IL-5+IL-17+ group (P = 333 

0.1122) for NP recurrence compared with IL-5-IL-17- group. 334 

Interactions of the Th2 and Th17 pathways in DNPCs 335 

Considering the negative interrelationships between Th2 and Th17 related factors in 336 

tissues from CRSwNP patients demonstrated above, we hypothesized that Th2 and Th17 337 

responses might interact negatively in vivo. Thus, to test this hypothesis, we investigated the 338 

interactions between the Th2 and Th17 pathways further using DNPCs, particularly as these 339 

presented the advantage of having all of the different cell types in the polyps, compared to 340 

preparations of individual cell types. In this regard, all DNPCs used in the present study were 341 

from patients comprising both Th2 and Th17 endotypes (i.e., IL-5+IL-17+ group). 342 

We first explored the effect of Th2 cytokines on Th17 response in DNPCs, and found 343 

that IL-4 significantly inhibited three Th17 related factors (IL-17, IL-1β and IL-8) (Fig. 5) 344 

and IL-13 significantly inhibited six Th17 related factors (IL-1β, IP10, TNF-α, MPO, IL-8 345 

and G-CSF) (Fig. 6). In contrast, no Th17 related factor in DNPCs was significantly inhibited 346 

by IL-5 stimulation (Fig. E8).  347 

We next explored the effects of Th17 cytokine stimulation on the Th2 response in 348 

DNPCs, and found that IL-17 and TGF-β1 increased the levels of IL-4, IL-13 and eotaxin, 349 

but not the levels of IL-5 (Fig. 7). In contrast, IL-23 did not significantly affect the 350 

concentrations of Th2 related cytokines (Fig. E9).  351 

Inhibition of both the Th2 and Th17 responses in DNPCs by DEX treatment  352 

Given the widely use of corticosteroids for CRSwNP patients, we investigated the effect 353 

of DEX on Th2 and Th17 responses in DNPCs, and found that treatment with DEX 354 
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significantly decreased the concentrations of three Th2 related cytokines (IL-4, IL-5 and 355 

eotaxin) and the concentrations of six Th17 related cytokines (IL-17, IL-1β, TNF-α, MPO, 356 

IL-8 and G-CSF) in DNPCs (Fig. E10).  357 

 358 
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DISCUSSION 380 

Increasing numbers of studies have revealed that CRSwNP is a heterogeneous disease 381 

consisting of many endotypes that are driven by distinct molecular mechanisms.3, 4, 10 382 

Employing a multicenter study design and using the same Chinese subjects as in the present 383 

study, we have previously shown that the Th17 pathway, in addition to the Th2 pathway, 384 

contributed to the inflammatory process involved in CRSwNP patients, especially in 385 

mainland China. This study further demonstrated that polyps in patients from Asia were 386 

clearly different from those in Europe; with significantly more Th2 expression being present 387 

in polyps from European patients.2 However, it remains unclear how the Th2 and Th17 388 

pathways interact in CRSwNP patients and how the observed difference between polyps in 389 

Asia and Europe might develop. 390 

In the present study, the negative inter-relationship between Th2 and Th17 related 391 

factors demonstrated using MCA and correlation analysis, and the exclusive expression of 392 

these two kinds of factors in two single positive groups suggest a mutual exclusion of the Th2 393 

and Th17 pathways. These observations may be extended to asthma. The inter-correlations 394 

between Th2 and Th17 cytokines were previously explored in nasal polyps with and without 395 

cystic fibrosis in Belgium, not demonstrating similar findings to ours; however, cystic 396 

fibrosis is a genetically determined disease different from adult nasal polyps.9 The less 397 

pronounced dominance of the Th2 pathway in China compared with Europe2, 5 makes it 398 

preferable to study the Th2 and Th17 pathway inter-relationship in China rather than in 399 

Europe. The factors possibly contributing to the Th17 expression in China have been 400 

discussed in detail in a previous study.2 The lack of relationships of TGF-ß1 with Th17 and 401 

Th2 related factors observed in our study may be explained by the fact that TGF-ß1, though a 402 

Th17 related factor, was also produced prominently by eosinophils.11 403 

As expected, stimulation of DNPCs in vitro with the Th2 cytokines IL-4 and IL-13 404 
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inhibited Th17 cytokine production. However, IL-5 had no obvious effect in this regard, 405 

despite the negative correlation between IL-5 and IL-17 in CRSwNP. Conversely, stimulation 406 

with the Th17 cytokines IL-17 and TGF-β1, but not IL-23, enhanced Th2 cytokines 407 

production. This suppressive effect of Th2 cytokines on Th17 cytokines in DNPCs is 408 

consistent with previous studies conducted in murine asthma models, AD models, epithelial 409 

cells, and in vitro studies of Th17 cell differentiation.6,12-27 The effects of Th17 cytokines on 410 

the Th2 response varied and appeared to be complicated;6, 14, 18-24 such as the conflicting 411 

regulation of IL-17 on Th2 responses in murine models of lung diseases and in vitro culture 412 

of epithelial cells and fibroblast,6, 14, 18, 19  the inhibition of Th2 differentiation by TGF-β120-22  
413 

and increased eotaxin production in airway fibroblasts by TGF-β1 plus IL-13 stimulation,23 414 

and the up-regulation of Th2-cell–mediated eosinophilic airway inflammation by IL-23 in 415 

mice.24 Despite this, our findings support a positive regulation of the Th2 response by Th17 416 

cytokines in Chinese CRSwNP patients. As type 17 immune markers enhance the expression 417 

of type 2 immune markers, the immune reactions may change the expression pattern from IL-418 

5-IL-17+ group to IL-5+IL-17+ group, stabilizing the new constellation with a high number 419 

of positive correlations. Both sides of the interaction that occurs between the Th2 and Th17 420 

pathways favor the development of the Th2 immune response. As environmental factors such 421 

as allergen exposure and Staphylococcus aureus colonization have been reported to induce 422 

Th2 responses,25,26 the increased Th2 response in allergic CRSwNP compared with non-423 

allergic CRSwNP in our study supports a role of allergy and allergen exposure for the Th2 424 

response in a situation with rather modest Th2 immune responses. In contrast, it appears that 425 

Staphylococcus aureus does not play a role in the stimulation of a Th2 response, as only 3 of 426 

the 95 Chinese CRSwNP patients in our study were Staphylococcus aureus enterotoxin 427 

specific IgE positive (data not shown). SE-IgE positivity in European CRSwNP patients is 428 

associated with a much stronger type 2 immune reaction.10 Therefore, complex regulation of 429 
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the Th2 and Th17 pathways and allergen exposure may both contribute to the overriding Th2 430 

inflammation in CRSwNP patients in China, with 23% and 38% of CRSwNP patients 431 

belonging to the IL-5-IL-17+ and IL-5+IL-17- groups, respectively. Moreover, this might 432 

provide an explanation for the possible difference towards type 2 CRSwNP endotypes from 433 

Asia to Europe,2 and the recently described shift in Asia, as indicated by the increased 434 

eosinophilic signature of CRSwNP in Thailand and Korea over time.27-30 435 

Unlike the strong correlation of tissue IL-5 with tissue and blood eosinophil numbers, 436 

tissue IL-17 was strongly correlated with tissue MPO, but not tissue or blood neutrophil 437 

numbers (data not shown). This provided direct evidence that neutrophil activity may be 438 

more important than neutrophil numbers in Th17 inflammation, as has been assumed in a 439 

study employing a mouse model of allergen-induced asthma.6 440 

The complex regulation of the Th2 and Th17 pathways in CRSwNP also has important 441 

implications for CRSwNP treatments. Several Th2 targeted therapies, such as anti-IL-5, anti-442 

IL-4/13, and anti-IgE antibodies, have been developed for CRSwNP.31, 32 The inhibitory 443 

effects of IL-4 and IL-13 on the Th17 response in DNPCs and the increased Th17 response 444 

produced by anti-IL-4/IL-13 treatments in an asthma mouse model6 demonstrate the need to 445 

monitor whether long-term anti-IL-4/13 therapies will produce adverse side effects by 446 

increasing the Th17 response in CRSwNP patients. Our results would rather not point into 447 

that direction. Furthermore, the involvement of a Th17 response and the complex regulation 448 

of the Th2 and Th17 pathways in CRSwNP may necessitate the need to treat the disease by 449 

targeting Th2 in combination with Th17 related targets. Topical and systemic corticosteroids 450 

are generally used as first-line therapy for NPs. The decreased IL-4, IL-5 and eotaxin 451 

concentrations in DNPCs treated with DEX in our study confirmed the inhibitory effect of 452 

corticosteroids on the Th2 response.8, 33, 34 The results of previous studies in patients and 453 

mice6, 35 suggest that this type of Th2 inhibition caused by corticosteroids may subsequently 454 
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cause an increased Th17 response due to the loss of Th2 cytokine-induced inhibition. 455 

However, the decreased concentrations of Th17 related cytokines in DNPCs treated with 456 

DEX in our study suggests that DEX suppressed, rather than enhanced, the Th17 response in 457 

DNPCs, which is in accordance with results of studies conducted using NP explants34 and in 458 

psoriatic skin.36 The direct inhibitory effect of a corticosteroid on the Th17 response may 459 

override the loss of inhibition by Th2 cytokines following corticosteroid treatment. 460 

Edema formation in NPs has previously been reported to be associated with eosinophil 461 

infiltration.37, 38 In this regard, our study has shown a positive correlation between edema 462 

scores and Th2 related factors and a negative correlation between edema scores and Th17 463 

related factors, suggesting that the Th2 pathway promotes edema formation while the Th17 464 

pathway inhibits edema formation. Our finding that edema scores in the IL-5+IL-17- group 465 

were higher than those in the IL-5-IL-17+ group further supports this hypothesis. Despite the 466 

negative correlation between collagen (a marker of fibrosis) and CRSwNP edema scores in 467 

our study, no expected negative correlation between collagen and the Th2 pathway or positive 468 

correlation between collagen and the Th17 pathway was seen. This could be explained by 469 

evidences showing that both IL-1739, 40 and IL-1341 might be associated with fibrosis.  470 

There are several limitations to this study. First, we did not assess the longitudinal intra-471 

individual changes in Th2 and Th17 responses; and thus no direct evidence in patients was 472 

provided to support the assumption that the interactions between the Th2 and Th17 pathways 473 

ultimately lead to a Th2 shift. Second, IL-5 and IL-17 concentration measurement in NPs is 474 

dependent on performing invasive procedures, and this limits the routine use of IL-15 and IL-475 

17 as biomarkers for Th2 and Th17 pathway activities, respectively. Third, the DNPC system 476 

used in this study is comprised of a wide variety of cell types rather than a specific cell type, 477 

and this made it impossible to explain the specific mechanisms at cellular level. Furthermore, 478 

the balance of cell populations in the DNPC system might be altered due to the cells dying 479 
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during culture, which might affect the results. 480 

In conclusion, our data show that the Th2 and Th17 pathways in Chinese CRSwNP 481 

patients are mutually exclusive and the interaction of these two pathways favor the 482 

development of a Th2 response. Atopy may further play a role in the overriding Th2 response 483 

in CRSwNP in China. The Th2 and Th17 pathways can both be inhibited by dexamethasone 484 

and may inversely affect the formation of edema, with the Th2 pathway being pro-edematous. 485 

Overall, this study provides useful insights into a currently observed shift towards type 2 486 

endotypes in CRSwNP in Asia over time and from Asia to Europe, as well as endotype 487 

classification and treatment criteria for CRSwNP.  A 
488 

 
489 

  490 
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FIGURE LEGENDS 610 

Figure 1. Multiple correspondence analysis plots showing the interrelationships between Th2 611 

and Th17 variables in all CRSwNP patients. The distance between variables indicates the 612 

approximate relationship between those variables. Variables situated closer together have a 613 

stronger relationship. 614 

 615 

Figure 2. Expression of Th2 related factors in groups of CRSwNP patients defined by tissue 616 

IL-5 and IL-17 concentrations. EOS, eosinophils. IL-5-IL-17-, n=14; IL-5-IL-17+, n=22; IL-617 

5+IL-17-, n=36; IL-5+IL-17+, n=23. 618 

 619 

Figure 3. Expression of Th17 related factors in groups of CRSwNP patients defined by tissue 620 

IL-5 and IL-17 concentrations. IL-5-IL-17-, n=14; IL-5-IL-17+, n=22; IL-5+IL-17-, n=36; 621 

IL-5+IL-17+, n=23.  622 

 623 

Figure 4. Associations of edema scores, allergic status and NP recurrence with Th2 and Th17 624 

responses in CRSwNP. (A) Correlations of edema scores with Th2 (red) and Th17 (blue) 625 

related factors in all CRSwNP patients. The correlations (Spearman’s rho) are presented as a 626 

heat map; with P values greater than 0.05 defined as 0.00. (B) Edema scores and (C) allergic 627 

status in different groups of CRSwNP patients. (D) Expression of Th2 related factors in 628 

allergic and non-allergic CRSwNP. (E) Frequency of NP recurrence in different groups of 629 

CRSwNP patients. 630 

 631 

Figure 5. Inhibitory effect of IL-4 stimulation on Th17 cytokines in DNPCs. IL-4, 50ng/mL; 632 

n=10. The statistical significance of differences in expression was assessed by using the 633 

Wilcoxon matched pairs test.  634 
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 635 

Figure 6. Inhibitory effect of IL-13 stimulation on Th17 cytokines in DNPCs. IL-13, 636 

50ng/mL; n=10. The statistical significance of differences in expression was assessed by 637 

using the Wilcoxon matched pairs test. 638 

 639 

Figure 7. Enhancing effect of IL-17 (A) and TGF-β1 (B) stimulations on Th2 cytokines in 640 

DNPCs. IL-17, 100ng/mL; n=9; TGF-β1, 100ng/mL; n=10. The statistical significance of 641 

differences in expression was assessed by using the Wilcoxon matched pairs test. 642 
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METHODS 
702 

Subjects 703 

The diagnosis of CRSwNP was based on history, clinical examination, nasal 704 

endoscopy, and CT scanning according to the European Position Paper on 705 

Rhinosinusitis and Nasal Polyps (EPOS 2012) (E2). Subjects undergoing septoplasty 706 

because of anatomic variations and without any sinonasal disease were recruited as 707 

controls. Individuals who had used systemic or local glucocorticosteroids within the 4 708 

weeks or antibiotics within the 2 weeks before their surgeries were excluded from the 709 

study. The atopic status of each participant was evaluated by skin prick tests and the 710 

Phadiotop test (Phadia, Uppsala, Sweden) to detect IgE antibodies against various 711 

common inhalant allergens. Patients were diagnosed for asthma and aspirin 712 

intolerance by a chest physician. All patients received similar medical therapy 713 

post-nasal polyp surgery, and recurrence of polyps was defined as the presence of 714 

nasal polyps detected by nasal endoscopy with the postoperative follow-up period of 715 

at least 2 years. 716 

Picrosirius red staining for collagen 717 

The collagen content in NP tissue was assessed by using picrosirius red staining, 718 

as previously described (E2). Briefly, paraffin embedded sections were stained with 719 

Direct Red 80 (Alfa Aesar, Tianjin, China) for 60 minutes; after which, they were 720 

washed in acidified water and dehydrated in 100% ethanol. Total collagen was 721 

quantified under a bright-field microscope. Image analysis was performed using 722 

Image J software and collagen content was expressed as the percentage of positively 723 

stained area in the total area as seen in 10 randomly selected fields per sample. 724 

Preparation of DNPCs 725 
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DNPCs were prepared by enzymatic digestion, as previously described (E3). 726 

Briefly, fresh nasal polyps were cut into small pieces and mixed in a GentleMACs 727 

Tube (Miltenyi Biotec, Germany) with Gentle MACs (Miltenyi Biotec, Germany). 728 

After centrifugation, the minced pieces of nasal polyps were incubated in RPMI 729 

medium containing 2 mg/mL collagenase (Gibco Life Technologies, Paisley, UK) and 730 

0.04 mg/mL DNAse1 (Roche Diagnostics, German) for 45 min at 37°C.The tissue 731 

samples were then mixed a second time with GentleMACs and the cell suspension 732 

was filtered through a 70 µm cell strainer (BD Falcon, Bedford, MA, USA). Red 733 

blood cells in the cell pellet were lysed in erythrocyte lysis buffer. 734 

Immunoassay 735 

The levels of IL-4, IL-5, eotaxin, IL-17, TGF-β1, IL-1β, IL-8, TNF-α, G-CSF, 736 

IP10 (Magnetic Luminex Performance Assay, R&D Systems; Minneapolis, USA), 737 

IL-13 (Bio-Rad, Hercules, CA, USA), MPO (Oxis International, Portland, OR, USA), 738 

eosinophil cationic protein (ECP), and total IgE (UniCAP system, Pharmacia, Uppsala, 739 

Sweden) were analyzed in tissue homogenates from 95 CRSwNP and 24 control 740 

subjects using commercially available kits. Similarly, the levels of IL-5 and IL-17 741 

(Magnetic Luminex Performance Assay, R&D Systems; Minneapolis, USA) were 742 

analyzed in tissue homogenates of NP used for DNPCs preparation, and the levels of 743 

IL-4, IL-5, IL-13, eotaxin, IL-17, TGF-β1, IL-1β, IL-8, TNF-α, G-CSF, IP10 744 

(Bio-Rad, Hercules, CA, USA) and MPO (eBioscience, San Diego, CA, USA) in 745 

DNPCs supernatants using commercially available kits. 746 
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Legends to figures in Online Repository 776 

Figure E1. Increased concentrations of IL-5 (A) and IL-17 (B) in NP tissue 777 

homogenates from CRSwNP patients. Bold lines represent medians with 778 

interquartile range. Control, n=24; CRSwNP, n=95.  779 

 780 

Figure E2. Correlations among the nine Th2 (red), and the nine Th17 (blue) 781 

related factors in all CRSwNP patients. The correlations (Spearman’s rho) are 782 

presented as a heat map; with P values greater than 0.05 defined as 0.00. Eos, 783 

eosinophil. 784 

 785 

Figure E3. Distribution of tissue IL-5 and IL-17 concentrations in all CRSwNP 786 

patients. Several values of IL-5 and IL-17 were below their detection limits (36 out of 787 

95 for IL-5, 50 out of 95 for IL-17) and these were assigned as half of their limits. 788 

Using the detection limits of IL-5 and IL-17 as cutoff values, four groups were 789 

observed; including IL-5-IL-17-, IL-5-IL-17+, IL-5+IL-17- and IL-5+IL-17+.-, below 790 

the detection limit; +, above the detection limit. 791 

 792 

Figure E4. Correlations among the nine Th2 (red), and the nine Th17 (blue) 793 

related factors in the individual IL-5-IL-17- (A), IL-5-IL-17+ (B), IL-5+IL-17- (C) 794 

and IL-5+IL-17+ (D) CRSwNP groups. The correlations (Spearman’s rho) are 795 

presented as a heat map; with P values greater than 0.05 defined as 0.00. Eos, 796 

eosinophil. -, no value. 797 

 798 

Figure E5. Blood (A) and tissue (B) neutrophil count in groups of CRSwNP 799 
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patients defined by tissue IL-5 and IL-17 concentrations. Neu, neutrophil. 800 

IL-5-IL-17-, n=14; IL-5-IL-17+, n=22; IL-5+IL-17-, n=36; IL-5+IL-17+, n=23.  801 

 802 

Figure E6. Correlation between edema score assessed by visual evaluation and 803 

the percentage of edema area assessed by Image J analysis in nasal polyp tissues 804 

of CRSwNP patients. N=48.  805 

 806 

Figure E7. Collagen expression (A) and frequency of asthma (B) and aspirin 807 

intolerance (C) in groups of CRSwNP patients defined by tissue IL-5 and IL-17 808 

concentrations. IL-5-IL-17-, n=14; IL-5-IL-17+, n=22; IL-5+IL-17-, n=36; 809 

IL-5+IL-17+, n=23.  810 

 811 

Figure E8. Effect of IL-5 stimulation on Th17 cytokines in DNPCs. IL-5, 50ng/mL; 812 

n=9. The statistical significance of differences in expression was assessed by using the 813 

Wilcoxon matched pairs test. 814 

 815 

Figure E9. Effect of IL-23 stimulation on Th2 cytokines in DNPCs. IL-23, 816 

100ng/mL; n=10. The statistical significance of differences in expression was 817 

assessed by using the Wilcoxon matched pairs test. 818 

 819 

Figure E10. Inhibition of Th2 (A) and Th17 (B) cytokines in DNPCs by 820 

Dexamethasone (DEX) treatment. DEX, 5×10-5mol/L; n=10-11. The statistical 821 

significance of differences in expression was assessed using the Wilcoxon matched 822 

pairs test. 823 

 824 
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Table E1.  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 level 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. 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

           

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

 
CRSwNP groups   

  IL-5-IL-17- IL-5-IL-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), 

median (range)    
20 (9.3-23.3) 20 (11.8-23.3) 17 (12.3-22) 16 (8-22) 

Polyp score (Davos),  

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

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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