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Abstract

Background: Tissue eosinophils have been shown to be associated with polyp recurrence in chronic rhinosinusitis with nasal
polyps (CRSWNP). We addressed whether the mRNA levels of Charcot-Leyden Crystal (CLC) in nasal brushing samples, a molecule
mainly released from activated eosinophils, could serve as an effective non-invasive biomarker to predict polyp recurrence.

Methods: A total of 51 patients with CRSWNP completing the postoperative follow-up over a period of 12-18 months were enrol-
led. Baseline CLC mRNA levels of the nasal brushings collected prior to endoscopic sinus surgery were quantified by quantitative
real-time polymerase chain reaction (QRT-PCR). Polyp specimens were collected during surgery and were evaluated for inflam-
matory cells by histopathologic staining. The patients’baseline characteristics were reviewed and analyzed for associations with
recurrence. Logistic regression analysis was performed to determine the predictive factors for polyp recurrence, and receiver
operating characteristic (ROC) curves were performed to determine their predictive values.

Results: Overall, 25/51(49.02%) patients experienced polyp recurrence during the 12-18 months follow-up. The baseline relative
CLC mRNA level in nasal brushing samples was significantly increased in patients with recurrence compared to those without re-
currence (p<0.001). ROC curves demonstrated that a cut-off value of -6.419 for the relative CLC mRNA level normalized to GAPDH
in nasal brushings predicted the recurrence with 92.00% sensitivities and 88.46% specificities (AUC=0.932, p<0.001).

Conclusions: The relative CLC mRNA levels in nasal brushings may serve as a reliable non-invasive biomarker to predict CRSWNP

recurrence.

Key words: chronic rhinosinusitis with nasal polyps (CRSWNP), Charcot-Leyden Crystal (CLC), polyp recurrence, logistic regression
analysis, receiver operating characteristic (ROC) curves

Introduction

Chronic rhinosinusitis with nasal polyps (CRSWNP) is a hetero-
geneous disease characterized by massive inflammatory cell
infiltration®2. Although patients with CRSWNP benefit from the
mainstay therapy of intranasal and/or oral corticosteroids and
endoscopic sinus surgery (ESS)™, the disease remains difficult
to control. It has been reported that more than half of patients
accepting ESS developed polyp recurrence during a minimum

of 12 months of follow-up and approximately 30% of patients
underwent the revision surgery®.

Radical endoscopic sinus surgery (RESS)“, long-term applica-
tion of intranasal glucocorticoids after surgery® may prevent or
delay polyp recurrence in CRSWNP patients. Thus identification
of predictors for polyp recurrence is crucial as it may instruct
the therapy and follow-up of nasal polyps. Several parameters,
including tissue eosinophils, interleukin (IL)-5, preoperative



computed tomography (CT) score, nasal polyp size score, como-
rbid asthma, allergic status, and adhesion molecules expres-
sion, have been proposed as predictors of polyp recurrence®'?,
Mucosal eosinophilia determined by immunopathology appears
to be the most important predictor of them all® ™,

However, as the acquisition of the polyp tissue at baseline
increases the risk of infection and bleeding® ™', non-invasive
sampling method should be developed. Nasal brushing sam-
pling is a non-invasive nasal cytology method to detect nasal
mucosal inflammation* '), Groger et al."® have suggested
eosinophilic granulocytes are mainly found in submucosal

areas and cytobrush could gather high levels of the eosinophilic
fraction in chronic nasal-sinus diseases, especially for patients
with CRSWNP. Thus, molecules that could be detected in nasal
brushing samples may serve as effective biomarkers to predict
polyp recurrence.

Charcot-Leyden crystals (CLC), which belong to the galectin
superfamily, are primary granules mainly released by activa-

ted eosinophils and basophils"'”. CLC has been identified in
eosinophilic airway diseases such as asthma, allergic rhinitis

and CRSWNP"7"? and could reflect the severity of eosinophilic
inflammatory airway diseases®2". Thus, we have hypothesized
that CLC might be associated with outcome following nasal po-
lyp surgery in patients with CRSWNP. In this retrospective study,
we evaluated the relative mRNA levels of CLC in nasal brushings
at baseline from patients with CRSWNP to assess the predictive
value of CLC mRNA level for polyp recurrence. We further investi-
gate the association between CLC mRNA level in nasal brushings
and clinical characteristics of patients with CRSWNP.

Materials and methods

Subjects and study design

This was a retrospective study that used samples and data
collected prospectively from patients with bilateral nasal
polyps who had undergone ESS at Beijing TongRen Hospital,
from October 2016 to June 2017. Diagnosis of CRSWNP was
strictly confirmed according to the European position paper on
rhinosinusitis and nasal polyps (EPOS) 2012, Patients suffering
from fungal sinusitis, choanal polyps or cystic fibrosis were
excluded. None of the patients had been treated with topical or
oral glucocorticoids, or other immunomodulatory drugs within
4 weeks before the surgery. We reviewed data of patients whose
nasal brushings were collected at baseline and completing at
least 12-month follow-up. A total of 51 patients satisfied the
criteria and the medical records of whom were reviewed for pre-
operative demographic characteristics, experimental data, and
medical history. Patients undergoing septoplasty for anatomic
variations and without any other nasal diseases were recrui-

ted as control subjects. This study was approved by the Ethics
Committee of Beijing TongRen Hospital and written informed
consent was provided by each patient.
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The baseline demographic and clinical characteristics were revie-
wed, CLC mRNA levels were evaluated in nasal brushing samples
acquired from each subject prior to ESS, and samples obtained
during surgery of polyp tissue specimens from CRSWNP patients
and inferior turbinate mucosal tissues specimens from control
subjects were processed for histologic evaluation. Postoperative
follow-up for CRSWNP patients with several visits over a period
of 12-18 months was performed for assessment of recurrence/
non-recurrence of nasal polyps.

Clinical assessment

A total of 18 demographic and clinical characteristics; inclu-
ding age, gender, asthma, allergic rhinitis, atopy, preoperative
symptoms self-assessment score, tissue and peripheral blood
inflammatory cells proportion, Lund-Mackay score, and nasal
polyp size score were reviewed for each patient as shown in
Table 1. Asthma was diagnosed according to the Global Initiative
for Asthma Guidelines (GINA) 20142 and allergic rhinitis was
diagnosed according to the Allergic Rhinitis and its Impact on
Asthma (ARIA) 2010 guidelines®. Atopy was confirmed based
on positive test for serum antigen-specific IgE (cut-off value,
0.35kUA/L)?¥, measured by Immuno-CAP 100 system (Phar-
macia, Uppsala, Sweden). Nasal symptoms, including olfactory
dysfunction, nasal obstruction, rhinorrhea, and headache/facial
pain, were self-assessed by each patient and scored on a visual
analogue scale (VAS) from 0 to 10, in which 0 indicated the
absence of any symptom and 10 signified the presence of the
most severe symptom. Nasal polyp scoring was evaluated by an
independent observer (CW) for both nasal cavities in all patients
by nasal endoscopy, and obtained a total polyp score according
to the nasal polyp scoring system®. All patients underwent
sinus computed tomography (CT) scanning (Philips Health Care,
Best, the Netherlands) and the sinus CT images were scored
according to the Lund-Mackay scoring system®® by an otolaryn-
gologist blinded to the clinical condition of patients. The data
for peripheral blood counts were obtained using routine blood
tests. All endoscopic surgeries were performed by the same
surgeon to complete removal of nasal polyps (NPs) along with
full maxillary antrostomy, total ethmoidectomy, wide sphenoi-
dotomy and Draf IIA frontal sinusotomy (full-house functional
endoscopic sinus surgery)?”,

Follow-up, postoperative evaluation and medical treatment
Postoperative follow-up included one visit weekly in the first
month, followed by one visit monthly in the second to third
months, and then one visit every 3 months. The follow-up was
performed by the same surgeon (CW) who was blinded to all
laboratory data. Recurrence was defined as the presence of
nasal polyps observed under nasal endoscopy, together with at
least one symptom (nasal obstruction, rhinorrhea, headache/
facial pain, reduction or loss of smell, sleep disturbance/fatigue)
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Table 1. Baseline characteristics of the participators .

Control

Number, (n) 20
Gender, (M/F) 10/10
Age, mean (SD) 43.7 (11.0)
Asthma, (Y/N) 0
Allergic rhinitis, (Y/N) 0
Atopy, (Y/N) 0
Olfaction score, median (IQR) 0.0(0.0-0.0)
Nasal obstruction score, median (IQR) 7.0(6.0-7.0)
Rhinorrhea score, median (IQR) 2.0(1.0-3.0)
Head/facial pain score, median (IQR) 2.0(0.0-3.0)

Tissue eos %, median (IQR)
Tissue neu %, median (IQR)
Tissue lym %, median (IQR)

Tissue pla %, median (IQR)

0.00(0.00-1.93)

0.00(0.00-2.44)
66.67(59.71-77.30)
28.79(19.51-38.13)

Peripheral blood eos %, mean (SD) 2.08(1.36)
Peripheral blood neu %, mean (SD) 59.05(5.44)
Peripheral blood lym %, mean (SD) 32.87(5.31)

Lund-Mackay score, mean (SD) =

Nasal polyp size score, median (IQR) -

CRSwWNP
Recurrence non-Recurrence
25 26 =

14/11 16/10 0.688
42.4(9.9) 46.3(13.7) 0.246
15/10 7/19 0.017

6/19 4/22 0.499

8/17 4/22 0.162
10.0(7.0-10.0) 6.0(4.0-7.8) 0.003
7.0(6.0-9.0) 7.0(5.0-8.0) 0.153
5.0(4.0-6.0) 4.0(3.0-6.0) 0.044
0.0(0.0-4.0) 1.0(0.0-4.8) 0.387
68.00(57.63-80.10) 11.38(4.42-25.23) <0.001
0.00(0.00-6.00) 1.90(0.13-6.31) 0.046
12.01(8.09-26.28) 41.52(28.99-60.46) <0.001
10.34(7.05-16.07) 26.47(19.22-42.97) <0.001
6.96(3.03) 3.69(2.42) <0.001
55.51(6.32) 54.82(6.77) 0.710
31.25(5.35) 33.54(6.55) 0.179
18.8(3.5) 16.1(4.3) 0.015
4.0(4.0-5.0) 5.0(4.0-6.0) 0.109

SD: standard deviation; IQR: interquartile range; eos: eosinophil; neu: neutrophil; pla: plasma cell; lym: lymphocyte.

lasting at least 1 week, despite appropriate intranasal corticoste-
roid treatment™.

Medical treatment was applied according to the inflammatory
status evaluated by histopathological examination, as recom-
mended". Postoperatively, intranasal budesonide nasal spray
(Rhinocort Aqua, AstraZeneca, Sweden) 128 ug twice a day was
routinely used for at least 6 months for patients with eosinophi-
lic inflammation or for 3 months for patients with non-eosinop-
hilic inflammation, until the nasal symptoms were controlled. All
patients were also treated with clarithromycin 250 mg daily for
3 months following surgery®®. When nasal polyps or mucosal
edema were observed again during follow-up, intranasal steroid
therapy was commenced again as above. In cases where the
symptoms could not be controlled adequately, oral tapering
course of glucocorticoids and/or larger doses of intranasal
glucocorticoids were administered to patients with eosinophi-
lic mucosal inflammation; or clarithromycin 250 mg daily was
administered to patients with neutrophilic inflammation®.

Nasal brushing collection

Nasal brushing specimens were obtained prior to ESS. Nasal
brush (Copan, Brescia, Italy) was pressed against the surface of
the nasal polyp for CRSWNP patients or the inferior turbinate for

the control subjects for 30 s and then, rotated for 3-4 full turns
to acquire mucosal cells. After sampling, the brush was imme-
diately placed into corresponding RNase free collection tubes
and 1 mL TRIzol® Reagent (Invitrogen, CA, USA) was added. All
samples were stored at -80 °C until RNA extraction.

RNA extraction, reverse transcription and quantitative real-
time polymerase chain reaction (qQRT-PCR) amplification
Total RNA in nasal brushing sample was extracted by the TRIzol®
method following the manufacturer’s instructions®?. The quality
of total RNA was assessed with the Nanodrop-2000 (Thermo
Fisher Scientific, Waltham, MA, USA). Single-strand cDNA was
synthesized with PrimeScript™ RT Master Mix (TaKaRa Biotech-
nology, Dalian, China), and aliquots of cDNA equivalent to 10 ng
of total RNA in each well were used for qRT-PCR. The gRT-PCR
was performed as described previously®", briefly, with SYBR®
Premix Ex Taq (TaKaRa Biotechnology) using an Applied Biosys-
tems ViiA 7 Dx System (Applied Biosystems, Foster City, CA, USA)
in 10 pL reactions. The primer sequences used were as follows:
for GAPDH: forward primer, 5'-CTCCTCCTGTTCGACAGTCAGC-3;
reverse primer, 5'-CCCAATACGACCAAATCCGTT-3'; for CLC:
forward primer, 5'-CTACCCGTGCCATACACAGA-3,, reverse primer,
5'-GTTCATGACCACACGACGAC-3"The CLC mRNA levels in the
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Figure 1.The relative Charcot-Leyden Crystal (CLC) mRNA levels between
recurrence and non-recurrence group. (A) The relative CLC mRNA levels
(22 normalized to GAPDH. (B) The linearized value by log2 for CLC
mMRNA levels normalized to GAPDH (-ACt).

recurrence group and non-recurrence group relative to GAPDH
levels were calculated as 2, where ACt = (Ct®€ - CteA"™"). For
the purpose of statistical analysis, the 22 values were log2
transformed (i.e. equal to -ACt) to linearize and present the rela-
tive level of CLC mRNA normalized to GAPDH mRNA. The higher
—-ACt represents the higher level of CLC mRNA.

Histological evaluation

Polyp tissue samples were processed using standardized
procedures for histologic evaluation. Dehydrated and paraffin-
embedded tissue samples were sectioned at 4 um thickness,
stained with hematoxylin and eosin (H&E) stain and observed by
light microscopy at 400x magnification. Five non-overlapping
high-power fields (HPF) were selected randomly and analyzed to
count the infiltrating inflammatory cells, including eosinophils,
neutrophils, plasma cells and lymphocytes, and to calculate the
percentages of each type of inflammatory cells.

Statistical analysis

Continuous variable differences were analyzed by the Student’s
t-test or Mann-Whitney U test when assumptions of a t-test may
not be met. Categorical variables were compared using the Chi-
square test or Fisher’s exact test, where appropriate. Correlations
between mRNA level of CLC and continuous variables were
assessed by Spearman’s rank correlation analysis. The variables
that were found to be associated with polyp recurrence based
on the univariate analysis (p<0.05), were included in multivari-
ate binary logistic regression analysis using a stepwise forward
method to identify predictive factors associated with polyp
recurrence. Receiver operating characteristic (ROC) curves analy-
sis was performed to determine the predictive values of special
parameters, based on the area under the curves (AUCs) for a
particular characteristic. Statistical analysis was performed by
using SPSS version 25.0 (IBM Corp., Armonk, NY). Comparisons
of AUCs were performed by MedCalc statistics software package
(version 15.2, Ostend, Belgium) using the referenced method®?,
and a maximum Youden index was determined as the best cut-

Significance of CLC for nasal polyp recurrence

Table 2. Logistic regression analysis to identify risk factors for polyp

recurrence.

Variables OR 95% Cl p-value
CLC mRNA levels (-ACt) 2.880 1.214-6.832 0.016
Tissue eosinophils % 1.069 1.015-1.126 0.011

OR: odds ratio; Cl: confidence interval

Table 3. The area under the curves (AUCs) of predictors for polyp recur-

rence.

Variables (o] 95% Cl p-value
CLC mRNA levels (-ACt) 0.932 0.862-1.000 <0.001
Tissue eosinophils % 0.928 0.855-1.000 <0.001

OR: odds ratio; Cl: confidence interval

off point with optimal sensitivity and specificity. All significance
levels were 2-tailed, and p-values less than 0.05 were considered
significant.

Results

Clinical characteristics of nasal polyp recurrence

Follow-up data demonstrated that a total of 25 patients expe-
rienced polyp recurrence, whereas 26 patients did not have a
recurrence after systematic medication. Detailed demographic
and clinical characteristics at baseline for these patients and
control subjects are available in Table 1. Patients who had
experienced polyp recurrence had a significantly higher rate
of comorbid asthma compared with those without recurrence
(p=0.017, odds ratio (OR)=4.071, 95% confidence interval
(CN)=1.252-13.243). Similarly, the baseline Lund-Mackay score
(p=0.015), olfaction scores (p=0.003) and rhinorrhea score
(p=0.044) were significantly higher in the recurrence group
compared with the non-recurrence group. Higher tissue and
peripheral blood eosinophil proportion (both p<0.001) was
observed in the recurrence group, whereas the percentage of
tissue neutrophils (p=0.046), plasma cells (p<0.001), and lymp-
hocytes (p<0.001) were significantly lower compared with the
non-recurrence group. No significant differences were observed
between the two groups for the other characteristics.

The relative mRNA levels of CLC in nasal brushing samples
Real-time PCR was performed to quantify the mRNA levels

of CLC in nasal brushing from CRSWNP patients and controls.
The relative CLC mRNA level was significantly higher in nasal
brushings from CRSWNP patients with polyp recurrence compa-
red to those without recurrence (p<0.001) and control subjects
(p<0.001). No significant difference was seen between the latter
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Figure 2. Receiver operating characteristic (ROC) curves of predictive factors. (A) The area under the curves (AUCs) for the percentage of tissue eosino-
phils and the relative CLC mRNA level; (B) The optimal cut-off point for CLC level to predict recurrence. (C) The optimal cut-off point for tissue eosino-

phils percentage to predict recurrence.

two groups (p>0.999) (Figure 1 and Figure S1). The median OR=1.069, 95% Cl=1.015-1.126); were significantly associated
values of the relative CLC mRNA levels normalized to GAPDH in with nasal polyp recurrence (Table 2).
the recurrence group and the non-recurrence group were 0.088
and 0.003, respectively (Figure 1A). To satisfy the criteria of the Evaluation of the predictive values of parameters for
following statistical analyses, relative CLC mRNA levels norma- CRSWNP recurrence
lized to GAPDH was linearized by log2 transformed (Figure S1B ROC curves for the two parameters associated with polyp recur-
and Figure 1B). rence are shown in Figure 2A, and the corresponding area under
Next, we stratified patients into groups by factors demonstra- the curves (AUCs) are shown in Table 3. AUC value indicated
ting differences between the recurrence and non-recurrence that both the relative mRNA levels of CLC in nasal brushings
cases (Table 1), including asthma, olfaction score, rhinorrhea and the percentages of eosinophils in tissue samples presen-
score, and Lund-Mackay score. The relative CLC mRNA level was ted high predictive values for polyp recurrence (AUC=0.932,
significantly higher in the recurrence group compared with 95% Cl=0.862-1.000, p<0.001; AUC=0.928, 95% CI=0.855-1.000,
the non-recurrence group, regardless of symptoms severity, CT p<0.001, respectively) (Table 3). Comparison of ROC curves for
score, and the comorbidity of asthma (Tables S1-4). the two variables further indicated that there was no significant
difference between the AUCs for CLC mRNA levels and percenta-
Identification of the predictive factors for CRSWNP recur- ges of tissue eosinophils (p=0.925).
rence The optimal cut-off point was identified by the maximal Youden
To determine the specific factors associated with polyp recur- index (sensitivity + specificity — 1), to discriminate recurrence and
rence, the logistic regression analysis was conducted. Variables non-recurrence of nasal polyps. The relative CLC mRNA level of
introduced were based on between-group comparison analysis, -6.419 (Youden index=0.805) was identified as an optimal cut-off
including the linearized value of CLC mRNA levels, tissue and point for prediction of polyp recurrence with a sensitivity of
peripheral blood eosinophil percentages, percentages of tissue 92.00% and a specificity of 88.46% (Figure 2B, Table 4). Similarly,
neutrophil, plasma cells and lymphocytes, olfaction score and the tissue eosinophil percentage of 30.00% (Youden index =
rhinorrhea score, Lund-Mackay score, and comorbid asthma.The  0.766) (Figure 2C) was identified as an optimal cut-off point for
analysis demonstrated that two variables; the relative mRNA le- prediction of polyp recurrence with a sensitivity of 92.00% and a
vels of CLC in nasal brushing samples (p=0.016, OR=2.880, 95% specificity of 84.62% (Table 4). Further using the cut-off values of
Cl=1.214-6.832) and tissue eosinophil percentages (p=0.011, CLC mRNA level and tissue eosinophil percentage, the positive

Table 4. Sensitivity, specificity, Youden index, positive predictive value and negative predictive value of predictors at the optimal cut-off point.

Variables Cut-off value Youden index Sensitivity Specificity
CLC mRNA levels (-ACt) -6.419 0.805 92.00% 88.46% 88.46% 92.00%
Tissue eosinophils % 30.00% 0.766 92.00% 84.62% 85.19% 91.67%

PPV: positive predictive value; NPV: negative predictive value.
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Figure 3. The relationship between clinical characteristics and the rela-
tive CLC mRNA levels. (A) Correlation between percentages of tissue
eosinophils/neutrophils and the relative CLC mRNA level. (B) Correlation
between percentages of peripheral blood eosinophils/neutrophils and
the relative CLC mRNA level.

predictive value (PPV) for recurrence was found to be 88.46%,
85.19%, and the negative predictive value (NPV) was 92.00%
and 91.67%, respectively (Table 4).

Correlation between CLC level and clinical characteristics

To better understand the relationship between CLC level and
recurrence of CRSWNP, we further explored the correlations
between CLC level and clinical characteristics. Assessment of
association of the relative CLC mRNA levels with percentage of
immune cells in polyp tissue and peripheral blood by Spear-
man rank correlation analysis demonstrated that CLC mRNA
level was positively correlated with the percentages of tissue
and peripheral blood eosinophils (p<0.001, r=0.615, p=0.001,
r=0.453, respectively); but not with the percentages of tissue or
peripheral blood neutrophils (p=0.138, p=0.352, respectively)
(Figure3A, 3B).

Additional analysis of the result for CLC mRNA levels in nasal
brushing samples indicated that patients with high-level CLC
(higher than or equal to the cut-off value) (n=27) displayed sig-
nificantly higher percentage of eosinophils in both polyp tissues
and peripheral blood compared with the patients with low-level
CLC (lower than the cut-off value) (n=24) (p<0.001, p=0.020,
respectively). Whereas patients with high-level CLC show less
infiltration of tissue neutrophils (p=0.025) compared with pa-
tients with low-level CLC (Figure S2A). No significant differences
have been observed in terms of peripheral blood neutrophils
(p=0.426) and lymphocytes (p=0.604), comorbid rates of asthma
(p=0.443), allergic rhinitis (p=0.731), atopy (p=0.276), olfaction
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score (p=0.161), nasal obstruction score (p=0.256), rhinorrhea
score (p=0.052), head and facial pain score (p=0.636), Lund-Mac-
kay score (p=0.368) and nasal polyp size score (p=0.055) (Figure
S2B, 2C, 2D), gender (p=0.283), and age (p=0.782).

Discussion

Although current medical and ESS interventions for CRSWNP
have facilitated significant improvement in clinical outcomes
63,39 CRSWNP still has a high propensity for recurrence®. The
recurrence rate of 49.02% of polyps for patients enrolled is con-
sistent with the recurrence rates of 40% to 55.3% observed in
several recent studies' 3%39, Our findings for tissue eosinophils
are in accordance with the findings of other studies, which have
reported tissue eosinophils to be an important factor for polyp
recurrence® ', and to be present in large numbers in patients
with refractory nasal polyps®”-39,

In this study, we have evaluated the determination of CLC level
in nasal brushing as a non-invasive method to predict the recur-
rence of CRSWNP. Our study has demonstrated the relative CLC
MRNA levels were significantly higher in nasal brushing samples
obtained from patients with polyp recurrence compared with
patients without recurrence. Comparable predictive capability
for polyp recurrence was acquired between levels of both CLC
MRNA in nasal brushing samples and the percentage of eosi-
nophils in tissue specimens indicated by ROC curves analysis
and comparison of AUC values. The optimal cut-off point of
CLC relative level was determined to be -6.419 according to the
Youden index with a sensitivity of 92.00% and a specificity of
88.46%.

Although the mRNA levels of CLC and tissue eosinophils both
have similar capacities for predicting CRSWNP recurrence fol-
lowing surgery, the determination of the mRNA level of CLC pro-
vides an advantage over the determination of the percentage
of tissue eosinophils. Since the determination of nasal brushing
CLC mRNA is not only a non-invasive sampling of the nasal mu-
cosa prior to surgery, but also a quantitative method providing
automatic readout. In contrast, counting tissue eosinophils is
semi-quantitative and depends on subjective measurement.
Furthermore, the quantification of CLC mRNA is recommended
mostly as the time-saving, automatic and high-throughput
screening compared with ELISA and directly counting the eosi-
nophils in nasal brushings. Firstly, gPCR can determine a single
sample without enhancing the cost compared with ELISA assay.
The estimation of the readout of ELISA assay depends upon

the construction of a standard curve, thus enough samples
should be collected and performed simultaneously to reduce
the cost. For clinics without a large number of patients, waiting
times arise as the result could not be acquired timely. However,
the relative expression of target genes is normalized by that of
housekeeping genes of the same sample, thus the gPCR can be
performed for a single sample without cost enhancement. Se-
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condly, the advantage of measuring mRNA over directly looking
at eosinophil counts in nasal brushings is that the numerical
readout by qPCR makes it easy for result judgement, friendly for
the machine learning, and labor-saving.

CLCs have long been known as an eosinophil biomarker and
associated with diseases with prominent eosinophilic inflam-
mation, and might help to perpetuate the inflammatory
process!'”-3-47_ CLCs contain the lysolecithin acyl hydrolase,
which is involved in the eosinophil-mediated immune functi-
ons“®, causing damage to the airway epithelium and increasing
vascular permeability“®. In addition, CLC can co-localize with
eosinophil-derived neurotoxin (EDN) induced by interferon
activation®® and function as a carrier for the vesicular transport
of EDN ribonucleases during granulogenesis and degranula-
tion in activated eosinophil, as well as enable the extracellular
functions of eosinophil proteins involved in host defense and
eosinophil inflammation without causing intracellular damage
to the eosinophils'”. Ueki et al.®"5? demonstrated that CLCs
were also associated with extracellular trap cell death (ETosis),

a regulated cell death program of activated eosinophils leading
to CLCs being externalized from the cytoplasm. Another recent
study has demonstrated that CLCs can be recognized by the nu-
cleotide-binding oligomerization domain-like receptor protein3
(NLRP3) inflammasome, which may possibly sustain inflammati-
on following the eosinophilic inflammatory processes®?. In addi-
tion to its considerable expression in eosinophils and basophils,
it has been reported that CLC may essentially be involved in the
suppressive activity of CD25+ Treg cells and affect immune tole-
rance during inflammatory activities®¥. Recently, some studies
have indicated that CLC could be targeted therapeutically to
treat eosinophilic airway disease?>%, Our investigation of the
associations between CLC level and clinical characteristics of
CRSWNP patients demonstrated that CLC levels were associated
with percentages of eosinophil in both polyp tissue and perip-
heral blood. Patients with high-level CLC had higher tissue and
peripheral blood eosinophil percentages compared with those
with low-level CLC. These results were consistent with a previous
study that CLC protein (galectin-10) in sputum was positively
corrected with the percentage of sputum eosinophils and ac-
curately determined sputum eosinophilia“?. In addition, the low
CLC in non-recurrence group indicates the non-ECRSWNP, which
is a dominant subtype of CRSWNP in China. Collectively, these
studies support CLC as a potential biomarker of eosinophilic and
Th2 inflammatory process. Furthermore, previous observation
that CRSWNP with higher degree of eosinophil infiltration (i.e.
eosinophilic (E) CRSWNP) has a higher recurrence rate compared
to CRSWNP with higher infiltration of other inflammatory cell ty-
pes supports our hypothesis that CLC might be associated with
outcome following nasal polyp surgery, and is therefore likely to
be a reliable marker for predicting recurrence in CRSWNP.

This study has several implications. First, from the viewpoint of
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the investigation, these results demonstrate an up-expressed
CLC that possibly contributes to the poor surgical outcome. Se-
cond, from the viewpoint of clinical therapy, CLC mRNA level in
preoperative nasal brushing obtained by a non-invasive method
may serve as a potential factor to help stratify risk patients regar-
ding polyp recurrence before surgery. It has been reported that
RESS approach®, long-term application of intranasal glucocor-
ticoids after surgery® could be used for the patients with high
recurrence risk to prevent or delay the polyp recurrence. Thus,
identification of potential patients with high risk for recurrence
before sinus surgery by a non-invasive method may guide me-
dication therapy, choice of surgical options and postoperative
follow-up, and further help to prevent the recurrence of polyps.
Furthermore, the determination of the biomarker such as CLC
may shed light on the efficiency of targeting treatment such as
monoclonal antibodies against CLC for CRSWNP patients.

The findings of our current study, however, are also somewhat
limited due to the small sample size, the relatively short follow-
up period, and the possible bias for the acquirement of im-
munohistological data during the follow-up. Thus, a prospective
study with larger sample size and extended follow-up period
are required to confirm the findings of the present study and
evaluate more accurate predictive values for CLC gene expres-
sion in the future.

Conclusion

The results of this study indicate that CLC mRNA levels in nasal
brushing was upregulated in CRSWNP patients with polyp recur-
rence after ESS and was positively correlated with eosinophil
percentages in both polyp tissue and peripheral blood. The
expression level of CLC mRNA in nasal brushing which could

be detected by a non-invasive method was identified as an
effective predictive factor for polyp recurrence and could guide
medical and surgical therapy, postoperative follow-up, and
further help to prevent or delay the recurrence of polyps.
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SUPPLEMENTARY DATA
_ p<0.001 _ p<0.001 Figure S1.The relative Charcot-Leyden Crystal (CLC) mRNA levels in
T0.40 p<0.001 T 9 p<0.001
%8381 e % CRSwWNP patients with recurrence/non-recurrence of polyps and con-
0.25
§8;?g ‘; 5 T trol subjects. (A) The relative CLC mRNA levels (2-ACt) normalized to
Eo © g_m GAPDH. (B) The linearized value by log2 for CLC mRNA levels normalized
%l % to GAPDH (-ACt). Recurrence of CRSWNP was based on 12-18-month
< -
%0'05 g ” follow-up, and significance of differences in the CLC mRNA levels
A Zooo R&G:r;m o R B g PO p———— between the groups was analyzed using Kruskal-Wallis test with Dunn’s

corrections.

Table S1. Comparison of CLC level between recurrence and non-recurrence groups for patient with and without asthma.

Asthma non-Asthma

Recurrence non-Recurrence p-value Recurrence non-Recurrence p-value
(n=15) (n=7) (GE )] (n=19)

CLC(2-ACt), median (IQR) 0.11 (0.03-0.26) 0.00 (0.00-0.01) <0.001 0.08 (0.04-0.12) 0.00 (0.00-0.01) <0.001

IQR: interquartile range

Table S2. Comparison of CLC level between recurrence and non-recurrent groups for patient with different degrees of olfaction.

Olfaction score (>7) Olfaction score (< 7)

Recurrence non-Recurrence p-value Recurrence non-Recurrence p-value
(n=18) (n=7) (n=7) (n=19)

CLC(22<), median (IQR) 0.12 (0.03-0.28) 0.00 (0.00-0.01) <0.001 0.05 (0.03-0.09) 0.00 (0.00-0.01) 0.034

IQR: interquartile range. Olfaction score (VAS< 7) was categorized as ‘mild- moderate; and olfaction score (VAS > 7) was categorized as ‘severe, accord-
ing to EPOS®Y,

Table S3. Comparison of CLC level between recurrence and non-recurrence groups for patient with different degrees of rhinorrhea.

Rhinorrhea score (>7) Rhinorrhea score (= 7)

Recurrence non-Recurrence p-value Recurrence non-Recurrence p-value
(GEL))] (n=3) (n=20) (n=23)

CLC(22<), median (IQR) 0.12 (0.04-0.26) 0.01 (0.00-0.01) <0.001 0.09 (0.03-0.18) 0.00 (0.00-0.01) <0.001

IQR: interquartile range. Rhinorrhea score (VAS< 7) was categorized as ‘mild- moderate; and Rhinorrhea score (VAS > 7) was categorized as ‘severe;
according to EPOS®",

Table S4. Comparison of CLC level between recurrence and non-recurrence groups for patient with different degrees of Lund Mackay scores.

Lund Mackay score (=19) Lund Mackay score (<19)

Recurrence non-Recurrence p-value Recurrence non-Recurrence p-value
(n=16) (n=9) (GE)) (n=17)

CLC(22<), median (IQR) 0.10 (0.03-0.27) 0.00 (0.00-0.01) <0.001 0.09 (0.03-0.10) 0.01 (0.00-0.01) <0.001

IQR: interquartile range. The Lund Mackay score>19 was categorized as higher Lund Mackay score, and Lund Mackay score <19 was categorized as

lower Lund Mackay score, according to the average value (18.8) of the LM score in this research.
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Figure S2. The comparison of clinical characteristics between high- and low- level of CLC divided by the cut-off value in (A) Percentages of immune

cells in tissue samples; (B) Percentages of immune cells in peripheral blood; (C) Visual analogue scale (VAS) scores and (D) Lund-Mackay scores and

polyp size scores.
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