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Abstract. Chronic rhinosinusitis (CRS) is a highly prevalent 
disease characterized by mucosal inflammation of the nose 
and paranasal sinuses. CRS can be divided into two main 
categories, CRS with nasal polyps (NPs; CRSwNP) and CRS 
without NPs (CRSsNP). Although the pathophysiology of 
CRS remains unclear, DNA methylation has been implicated 
in the etiology of CRSwNP. The aim of the present study was 
to elucidate whether DNA methylation of specific genes is 
involved in the development of NPs. In total, 18 individuals 
were included in the present study, and were divided into three 
groups: CRSwNP (n=7), CRSsNP (n=7) and healthy controls 
(n=4). NP tissues were obtained from the seven patients with 
CRSwNP and biopsies of the inferior turbinate mucosa from all 
three groups were used as controls. Methylated genes detected 
by methyl‑CpG‑binding domain sequencing were validated by 
methylation‑specific polymerase chain reaction (PCR), bisul-
fite sequencing, and reverse transcription‑quantitative PCR 
(RT‑qPCR). Methyl‑CpG‑binding domain sequencing identi-
fied 43,674 CpG islands in 518 genes. The promotor regions of 
10 and 30 genes were hypermethylated and hypomethylated, 
respectively, in NP samples compared with controls. The top 
four genes with altered hypomethylation in NP tissues were, 
Keratin 19 (KRT19), nuclear receptor subfamily 2 group F 
member 2 (NR2F2), A Disintegrin‑like And Metallopeptidase 
(Reprolysin Type) with Thrombospondin type 1 motif  1 
(ADAMTS1) and zinc finger protein 222 (ZNF222). RT‑qPCR 
demonstrated that the expression levels of KRT19, NR2F2 and 

ADAMTS1 were significantly increased in NP tissues; however, 
there was no difference in the levels of ZNF222 between NP 
and control tissues. Further studies are required to confirm the 
relevance of these epigenetic modifications in the mechanisms 
underlying NP formation.

Introduction

Chronic rhinosinusitis (CRS), a highly prevalent health condi-
tion, is characterized by mucosal inflammation of the nose and 
paranasal sinuses. CRS is an inflammatory disorder involving 
the paranasal sinuses and nasal passages which persists for a 
minimum of 2‑3 months, despite attempts at medical manage-
ment (1‑3). Based on the presence and absence of nasal polyps 
(NPs), CRS is generally divided into two categories, CRS with 
and CRS without NPs (CRSwNP and CRSsNP, respectively). 
Although CRSsNP is more prevalent, CRSwNP accounts 
for approximately 20% of all CRS cases. CRSwNP, which 
is often accompanied by asthma, fungal rhinosinusitis, and 
aspirin‑exacerbated respiratory disease, is considered more 
difficult to treat than CRSsNP (4,5). Despite numerous studies, 
the detailed pathogenic mechanisms underlying NP formation 
in CRS remain unknown (6).

NPs are a common clinical condition, either in isolation or 
accompanying CRS. Since 2003, NP formation has been iden-
tified as closely related to epigenetic processes. Zheng et al (7) 
identified the top four genes with altered expression in NP 
samples (COL18A1, EP300, GNAS, and SMURF1) from a 
DNA methylation microarray; these genes were validated as 
driven by promoter methylation using methylation‑specific 
polymerase chain reaction (PCR). However, unmethylated 
signals were detected in the promoter regions of COL18A1, 
EP300, GNAS, and SMURF1 in all samples. The methylation 
frequency of COL18A1 was significantly higher in NPs than in 
healthy control samples. DNA methylation is a key regulator 
of gene activity; however, there are many questions regarding 
this epigenetic mechanism that remain to be answered.

Epigenetics, which generally refers to heritable changes 
in gene expression and the potential for genetic changes that 
are not transmitted through alterations in the actual genetic 
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code (8), has recently been proposed as an explanation for 
the key gene/environment interactions involved in NP forma-
tion (3). The mechanisms of epigenetic regulation underlie 
many complex diseases and may, therefore, contribute to the 
development and heritability of paranasal disease (9). North 
and Ellis (10) recently provided an overview of key studies, 
indicating an important role for epigenetic modifications 
in the developmental origins and pathogenesis of atopy and 
asthma, suggesting the potential for future applications of 
these research findings to the clinical management of allergy 
and immunology. Thus, a better understanding of the role 
of DNA methylation in NP formation is required to inform 
focused epigenetic studies toward the realization of clinical 
applications.

As a step toward this goal, the aim of the present study 
was to identify DNA methylation changes in specific genes 
potentially important in the pathogenesis of NP. To search 
for specific genes regulating polyp formation, we performed 
DNA methylation analysis using a systematic epigenetic 
regulatory approach. The choice of target genes was based 
on known epigenetic modulation factors involved in aller-
gies, since changes in the methylation patterns of these is 
associated with alterations in gene expression, phenotype, and, 
ultimately, polyp formation. The results of DNA methylation 
analysis were validated by reverse transcription‑quantitative 
PCR (RT‑qPCR), to compare the DNA methylation profiles of 
genes differentially expressed in patients with CRSwNP and 
CRSsNP. Our results provide insights into the roles of specific 
mRNAs as regulators of polyp formation. Moreover, these 
data could inform the development of therapeutic strategies to 
modulate the formation of polyps.

Materials and methods

Patients and sample collection. This study was based 
on data acquired from the Konyang University Hospital 
(September 2014 to August 2015) through a survey conducted 
by the Centers for Otorhinolaryngology. The protocol was 
approved by the Institutional Review Board of Konyang 
University Hospital (IRB approval no. 2013‑01‑036), and all 
individuals provided informed consent prior to inclusion. The 
diagnosis of CRS was based on the definition of the European 
Position Paper on Rhinosinusitis and Nasal Polyps 2012 (3). A 
total of 18 patients were included in the study, divided into three 
groups: CRSwNP (n=7), CRSsNP (n=7), and healthy controls 
(n=4). Control tissues were obtained from patients without any 
sinus disease, with an average age of 47.5 years. Patients with 
CRSwNP ranged in age from 15 to 66 (average 44.6) years. 
Seven patients in the CRSwNP group underwent revision sinus 
surgery. All patients were nonsmokers. Uncinate process (UP) 
mucosa tissue samples were obtained from control subjects 
and those with CRSsNP or CRSwNP. NP tissues from patients 
with CRSwNP were also evaluated. Patients selected for the 
control group underwent endoscopic transsphenoidal surgery 
for benign pituitary tumors and did not have symptoms, 
imaging, or endoscopic findings consistent with CRS.

Exclusion criteria were as follows: i) abnormal atopic status 
(eosinophil count outside of the normal range and increased 
immunocap IgE levels); ii) history of smoking; iii) prior treat-
ment with oral or spray steroids for 3 months before surgery; 

iv) cystic fibrosis, congenital mucociliary problems, systemic 
vasculitis, gastroesophageal reflux diseases, antrochoanal 
polyp, and fungal sinusitis. Controls with allergic rhinitis were 
also excluded. Each tissue sample was divided into two parts, 
one of which was fixed in 10% formaldehyde and embedded 
in paraffin for histological analysis, and the other was imme-
diately snap‑frozen in liquid nitrogen and stored at ‑80˚C for 
future RNA, DNA, and protein extraction. Fresh tissue speci-
mens were quickly cleaned with 0.9% normal saline and sliced 
into appropriate sections.

HiSeq MBD‑seq library preparation. Genomic DNA was 
extracted from tissue samples using a Maxwell 16 MDx 
Instrument (Promega Inc., Madison, WI, USA). Each 
cartridge was placed in a holder with the ridged side of the 
cartridge facing toward the numbered side of the rack. The 
plunger was placed in the last well of each cartridge so that 
the bottom of the plunger reached the bottom of the cartridge. 
Samples were transferred to the first well, and the cartridge 
was placed onto the Maxwell 16 platform. The system was 
run according to the manufacturer protocols and settings for 
tissue DNA. One microgram of genomic DNA was sheared 
to 200‑400 bp fragments using a Covaris LE220 sonicator 
(Covaris Inc., Woburn, MA, USA). The resulting fragments 
were immunoprecipitated using a MethylMiner Methylated 
DNA Enrichment Kit (Invitrogen), according to the manufac-
turer's recommended protocol. In brief, methylated DNA was 
isolated from fragmented whole genomic DNA by binding to 
the methyl‑CpG‑binding domain (MBD) of human MBD2 
protein, which was coupled to paramagnetic streptavidin 
beads (Dynabeads M‑280) via a biotin linker. Methylated 
fragments were eluted as a single enriched population using 
2 M NaCl elution buffer. Methylated double‑stranded DNA 
was end‑repaired (i.e., an ‘A’ was ligated to the 3' end), and 
Illumina adapters then ligated to the fragments with a target 
size of 300‑500 bp products. Size‑selected products were then 
PCR‑amplified, and validated using an Agilent Bioanalyzer.

Clustering and sequencing. Target gene raw DNA methylation 
pattern data were extracted as paired files from Illumina soft-
ware. To further explore molecular variation contributing to 
the differences between CRSwNP and CRSsNP, we analyzed 
a flow cell containing millions of unique clusters loaded onto 
the HiSeq 2000 system for automated cycles of extension and 
imaging. The Illumina system uses a unique ‘bridged’ ampli-
fication reaction that occurs on the surface of the flow cell. A 
flow cell containing millions of unique clusters is loaded onto 
the HiSeq 2000 sequencer for automated cycles of extension 
and imaging. The Illumina Sequencing‑by‑Synthesis system 
utilizes four proprietary nucleotides possessing reversible 
fluorophore and termination properties. Each sequencing cycle 
occurs in the presence of all four nucleotides, leading to higher 
accuracy than methods involving only one nucleotide in the 
reaction mix at a time. This cycle is repeated, one base at a 
time, generating a series of images, each representing a single 
base extension at a specific cluster.

Data processing and methylation profile calling. Paired‑end 
sequencing reads (100 bp) generated by MBD‑sequencing were 
verified for sequence quality using FastQC (version 0.10.0) 
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and Trimmomatic (version 0.32) was used to remove adapter 
sequences and bases with quality scores <3 from the reads. In 
addition, bases that did not meet the criteria, window size ≥4, 
mean quality score ≥15, were removed using a sliding‑window 
trimming method. Next, reads <36  bp were removed to 
produce clean data. The cleaned reads were aligned to the 
human genome (UCSC hg19) using Bowtie (version 1.1.1 
parameter set‑n 2‑m 1‑X500) allowing for up to two nucleotide 
mismatches to the reference genome per seed and returning 
only uniquely mapped reads. Mapped data (SAM file format) 
were subjected to sorting and indexing using SAMtools 
(version 0.1.19). PCR duplicates were removed with Picard 
Mark Duplicates (version 1.118). Analysis of the MBD data 
was performed using the MEDIPS package. For each sample, 
aligned reads were extended in the sequencing direction 
to 300 nt. The genome‑wide sequencing read coverage of 
extended reads was calculated using a 250 bp window size. 
The resulting coverage profiles (read count, reads per kilobase 
of transcript per million mapped reads, root mean square) at 
each genomic bin were calculated. Each differentially meth-
ylated region (DMR) was annotated using the table browser 
function of the UCSC genome browser. Annotation included 
gene structures, transcripts, promoter regions (defined as ‑2 kb 
upstream of the transcription start site), exons, introns, and 
CpG islands.

Identification of DMRs. Read counts at each genomic bin were 
normalized to the trimmed mean of M‑value normalization 
in the edgeR package. We applied an exact test to assess the 
significance of methylation differences between comparison 
groups using edgeR. DMRs were determined by filtering 
each associated region with a |log2FC|value ≥1 and exact test 
P<0.05. Hierarchical clustering analysis was also performed 
using complete linkage and Euclidean distance as a measure 
of similarity to display the methylation patterns of DMRs 
that satisfied the significance criteria above for at least one 
more comparison pair. Gene enrichment and functional 
annotation analyses were performed using the DAVID tool 
(http://david.abcc.ncifcrf.gov/home.jsp). All data analysis 
and visualization of DMRs were conducted using R 3.0.2 
(www.r‑project.org).

RT‑qPCR analysis of mRNAs. Total RNA was isolated from 
nasal tissues using TRlzol reagent (Ambion) according to the 
manufacturer's instructions. To estimate mRNA expression 
levels, cDNAs were synthesized using MMLV reverse tran-
scriptase (Promega). RT‑qPCR was performed (in triplicate) 
using iQTM SYBR Green Supermix and a CFX96 qPCR 
machine (Bio‑Rad, Hercules, CA, USA). The primers used for 
mRNA detection were as follows: nuclear receptor subfamily 2, 
group F (NR2F2), forward 5'‑GCC​ATA​GTC​CTG​TTC​ACC​
TCA‑3' and reverse 5'‑AAT​CTC​GTC​GGC​TGG​TTG​G‑3'; 
HOXA6, forward 5'‑CGG​TTT​ACC​CTT​GGA​TGC​A‑3' and 
reverse 5'‑GCC​CAT​GGC​TCC​CAT​ACA​C‑3'; ZNF609, forward 
5'‑TCC​TAC​CTG​CCT​TCC​AGC​TA‑3' and reverse 5'‑GTG​CCT​
TGT​CAG​CAT​CTT​CA‑3'; ROBO2, forward 5'‑TGG​AGA​CCT​
CAC​AAT​CAC​CA‑3' and reverse 5'‑GGC​TGG​GCC​TTG​TAG​
AAT​TA‑3'; PDE3A, forward 5'‑GAA​CAG​ATG​ACA​CTG​CTC​
AAG​TT‑3' and reverse 5'‑GAG​CAA​GAA​TTG​GTT​TGT​CCA​
G‑3'; a disintegrin and metalloproteinase with thrombospondin 

type 1 motif (ADAMTS1), forward 5'‑TGT​GGT​GTT​TGC​
GGG​GGA​AAT​G‑3' and reverse 5'‑TCG​ATG​TTG​GTG​GCT​
CCA​GTT‑3'; KRT19, forward 5'‑CTT​CCG​AAC​CAA​GTT​
TGA​GAC‑3' and reverse 5'‑AGC​GTA​CTG​ATT​TCC​TCC​
TC‑3'; ZNF222, forward 5'‑TCA​ACG​AGT​CCA​CAC​TGG​
AG‑3' and reverse 5'‑AGC​TCT​TCC​CGC​AGT​TAT​CA‑3'; and 
glyceraldehyde‑3‑phosphate dehydrogenase (GAPDH), forward 
5'‑ACAG​TCA​GCC​GCA​TCT​TCT​T‑3' and reverse 5'‑ACG​ACC​
AAA​TCC​GTT​GAC​TC‑3'. The amplification conditions were as 
follows: a pre‑denaturation step at 95˚C for 3 min, followed by 
40 cycles of denaturation at 95˚C for 10 sec, annealing at 58˚C 
for 10 sec, and extension at 72˚C for 10 sec. The Cquantification cycle 
(Cq) comparison method 2‑ΔΔCq was used to calculate relative 
expression levels, with GAPDH as the reference gene.

Statistical analysis. Statistical analysis was performed using 
the MEDIPS (1.16.0) software package. Methylation data 
analysis and visualization of DMRs was conducted using 
R  3.0.2 (www.r‑project.org). qPCR data are presented as 
means ± standard deviation. All results were analyzed using 
Student's t‑test. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Clustering of DNA methylation profiles by Methyl‑CpG‑binding 
domain sequencing. DNA methylation profiling, based on unsu-
pervised hierarchical clustering, identified four unique clusters 
with distinct methylation signatures (Fig. 1). Remarkably, we 
found that these clusters were correlated with CRS histological 
subtypes, genetic abnormalities, and clinical outcomes. In our 
analysis, 10 and 30 genes were significantly hypermethylated 
and hypomethylated, respectively, in the CRSwNP‑NP clusters 
compared with controls (Table I).

Figure 1. Methyl‑CpG‑binding domain sequencing of nasal polyp tissue. 
Data are presented as a heatmap of genes upregulated in CRSwNP‑UP, 
CRSwNP‑NP, and CRSsNP‑UP tissues vs. Control‑UP tissues. CRSwNP, 
chronic rhinosinusitis with nasal polyps; CRSsNP, chronic rhinosinusitis 
without nasal polyps; UP, uncinate process mucosa tissue samples; NP, nasal 
polyps tissue samples.
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Functional enrichment analysis. The methylation levels of 
various genomic features were identified as associated with 
biological processes occurring at the membrane‑enclosed lumen 
level, particularly in polyp tissue. Gene Ontology analysis indi-
cated that the molecular functions of the majority of the genes 
identified as differentially methylated were associated with 
DNA binding and cancer pathways in the Kyoto Encyclopedia 
of Genes and Genomes pathway database. The results of DAVID 
analysis are presented in Fig. 2. Functional annotations of proteins 
encoded by genes in DMRs showing significantly (P<0.05) 
increased or decreased enrichment compared with controls 
(Fig. 2) were classified according to their associated biological 
processes, cellular components, and molecular functions. At the 
level of biological processes, there were significant differences 

between proteins encoded by genes in DMRs associated with the 
cell cycle, cytokinesis, and cell division (Fig. 2A), while analysis 
of cellular components revealed significant differences between 
cytoskeletal, vesicular, and synaptic proteins (Fig. 2B). Analysis 
according to molecular function revealed significant differ-
ences between enrichment of encoded proteins associated with 
translation factor activity, or nucleic acid, spectrin, or enzyme 
binding (Fig. 2C). At the level of biological processes there were 
significant differences between enrichment of encoded proteins 
associated with cell death, intracellular transport, and cellular 
morphogenesis (Fig. 2D).

Confirmation of gene expression changes by qPCR. For vali-
dation of the genetic changes associated with NP formation, 

Figure 2. DAVID functional GO analysis of (A) BP, (B) CC, (C) MF and (D) KEGG protein enrichment. *P<0.05, **P<0.01 and ***P<0.001 vs. control. DAVID, 
Database for Annotation, Visualization and Integrated Discovery; KEGG, Kyoto Encyclopedia of Genes and Genomes; GO, gene ontology; BP, biological 
processes; CC, cellular components; MF, molecular function.
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we evaluated the mRNA expression levels of genes that had 
previously been reported to be closely related to NP (KRT19, 
NR2F2, ADAMTS1, and ZNF222) in samples from three 
patients with CRSwNP using qPCR. The mRNA expression 
levels of KRT19 and NR2F2 were significantly increased in 
samples from all three patients with CRSwNP (CRSwNP‑NP) 
compared with UP control samples (Control, CRSsNP‑UP, and 
CRSwNP‑UP) (Fig. 3A and B); however, although the mRNA 
expression level of ADAMTS1 was significantly increased in 
two of the patients, the other patient showed no significant 
difference in expression from controls. ZNF222 mRNA levels 
did not differ significantly between the NP and UP tissues 
from any patients.

Discussion

Recent studies have identified genes of unknown function 
that are associated with disease as also related to NP growth. 
Fritz et al (11) examined 12,000 human genes transcribed in 
the nasal mucosa of patients with allergic rhinitis with and 
without NP, and identified 34 differentially expressed genes, 
including those encoding inflammatory molecules and putative 
growth factors. Specifically, the expression levels of 16 genes 

were increased, and those of 18 genes were decreased in the 
polyp group. Although genetic studies based on comparisons 
with a control group to evaluate epigenetic changes, gene 
rearrangement, and changes in chromatin structure. have 
been performed for patients with NPs, the results have 
been inconsistent. This may be due to heterogeneity among 
experimental groups or genetic differences among the ethnic 
groups included in the studies; however, the major cause of 
such variation is expected to be environmental influences 
on the regulation of polyp‑related genes (7). Indeed, there is 
a growing body of literature suggesting a role for epigenetic 
factors in the complex interplay between genes and the 
environment (12,13). DNA methylation is a key to regulation 
of the genes responsible for polyps; however, the details of the 
mechanisms involved remain poorly understood.

To investigate genes differentially transcribed in the 
nasal mucosa of patients with allergic rhinitis with and 
without nasal polyps, we conducted systematic gene expres-
sion profiling experiments using clinical samples to identify 
genes involved in polyp formation. Genomic methylation and 
expression analysis of target genes were performed on tissues 
from patients with CRSsNP and CRSwNP. To the best of our 
knowledge, this is the first study to use epigenetic technology 

Figure 3. Relative mRNA expression levels of (A) KRT19, (B) NR2F2, (C) ADAMTS1 and (D) ZNF222 in the uncinate process of normal mucosa and nasal 
polyps determined by reverse transcription‑quantitative polymerase chain reaction. Data are presented as the mean ± standard deviation. *P<0.05 and **P<0.01, 
as indicated. KRT19, Keratin 19; NR2F2, nuclear receptor subfamily 2 group F member 2; ADAMTS1, A Disintegrin‑like And Metallopeptidase (Reprolysin 
Type) with Thrombospondin type 1 motif 1; ZNF222, zinc finger protein 222; UP, uncinate process of normal mucosa tissues; NP, nasal polyps tissues.
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to quantitatively and simultaneously monitor the expression 
and DNA methylation status of genes involved in allergic 
rhinitis with and without NP.

In this study, the methylation levels of 19,256 genes were 
analyzed in CRSwNP‑UP, CRSsNP‑UP, and control‑UP 
samples compared with those in CRSwNP‑NP samples. 
Among these genes, 518 exhibited differential methylation, 
primarily those functionally characterized as related to 
inflammation. Several DNA methylation patterns were 
similarly regulated in the CRSwNP‑UP, CRSsNP‑UP, and 
control‑UP samples compared with the CRSwNP‑NP samples. 
These results confirm that the UP mucosa can be a suitable 
control tissue for epigenetic studies. Indeed, the UP mucosa 
is one of the common sites of NP development. Moreover, 
our results support the findings of previous studies of differ-
ences in innate immune cells during disease progression in 
non‑asthmatic CRS patients by comparison of the UP mucosa 
and NPs (14,15).

Patients without any nasal or sinus disease were recruited 
as a control group to detect differences between NP tissue and 
healthy nasal mucosa. Validation of the expression levels of 
genes exhibiting differences in methylation patterns between 
the groups revealed that the expression levels of KRT19, 
NR2F2, and ADAMTS1 were significantly different between 
the CRSwNP‑NP and UP mucosa (Control‑UP, CRSwNP‑UP, 
and CRSsNP‑UP) tissues. This represents the first demonstra-
tion of the direct involvement of a translational regulation 
mechanism in polyp formation. The detected P‑value could 
be used for quality control of the data. In this study, 10 and 
30 genes were found to be hypermethylated and hypomethyl-
ated, respectively, in CRSwNP‑NP compared with UP mucosa 
tissue samples.

Previous studies have also indicated that the genetics of 
NP formation may be affected by environmental factors (7). 
Treatment with local glucocorticoids is generally prescribed 
to alleviate the symptoms of NPs. Benson et al (16) identi-
fied altered expression of 203 genes between patients treated 
with glucocorticoids compared with those who did not receive 
glucocorticoid treatment; 54 genes were downregulated, and 
85 upregulated in the glucocorticoid‑treated group. Of the 139 
genes with known functions, 22 pro‑inflammatory genes were 
downregulated, and a number of anti‑inflammatory genes were 
found to be upregulated in the glucocorticoid‑treated group. 
In addition, hypomethylation of the phosphodiesterase (PDE) 
gene was detected in the polyp group in this study. Similar to 
the present study, the expression levels of NR2F2 and ADAM28 
were among those that increased after glucocorticoid treat-
ment, and these were also identified as hypomethylated using 
methyl‑CpG‑binding domain sequencing.

Esselens  et   a l   (17) studied the potent ia l  of 
Staphylococcus aureus enterotoxin B to induce changes in the 
gene DNA methylation pattern in inflamed nasal tissue. They 
generated a list of 43 genes exhibiting altered methylation 
states after 24 h of culture with S. aureus enterotoxin B; 33 
genes were hypermethylated (including ROBO1, FAM59A, 
SLC25A24, TMEM138, ADAMTS16, and ZNF541) and 10 were 
hypomethylated (including ANKRD18A, ROBO2, FAM196A, 
SLC18A3, TMEM132E, ADAMTS1, and ZNF609). ADAMTS1, 
encoding a matrix metalloprotease, was also found to be 
differentially methylated in the present study. The ADAMTS1 

protein is involved in modification of the extracellular matrix, 
and also acts as an inhibitory protein present in neural scars 
that cleaves extracellular matrix proteins.

Moreover, differential methylation patterns were detected 
in a genome‑wide analysis of polyp tissue from patients with 
aspirin‑intolerant asthma compared with aspirin‑tolerant 
asthma; hypermethylation was detected at 332 loci in 296 
genes, while hypomethylation was detected at 158 loci in 
141 genes  (18). Gene ontology analysis revealed that the 
hypomethylated genes were involved in cell communica-
tion, proliferation, cytokine biosynthesis, cytokine secretion, 
immune responses, inflammation, and immunoglobulin 
binding, whereas the hypermethylated genes were involved in 
ectoderm development, hemostasis, wound healing, calcium 
ion binding, and oxidoreductase activity. The genes KRT4, 
KRT5, KRT8, KRT15, KRT19, and KRT24 were hypometh-
ylated and enriched in biological pathways (19). Our results 
confirmed that KRT19 was hypomethylated in polyp tissue.

In the present study, the zinc‑finger protein genes ZNF609 
and ZNF22 were identified as hypomethylated and hyper-
methylated in NP tissue, respectively. Similarly, patients with 
allergic fungal sinusitis exhibited expression differences in 10 
genes, including ZNF146 (20). Among the other genes iden-
tified as hypomethylated in polyps, those of the RUFY gene 
family were particularly highly expressed. RUFY4 is involved 
in metal ion and protein binding. This is the first report of an 
association of a member of the RUFY gene family with NPs; 
further studies are required to confirm whether other members 
of this family have roles in polyp formation.

The aim of this study was to detect differences in DNA 
methylation patterns between patients with CRS with and 
without NPs. Although we detected clear differences, they were 
subtle, and involved only a few characters. In addition, only 
a few differences in gene expression were identified between 
the groups, and we were unable to distinguish between NP 
subtypes, such as eosinophilic and neutrophilic. Nevertheless, 
this study confirmed that epigenetic variation has a major role 
in the formation of polyps. While our study provides baseline 
reference data indicating a role for methylation in polyp forma-
tion and the candidate genes involved, more studies with larger 
sample sizes are clearly needed to better elucidate the mecha-
nisms of formation and epigenetics of polyps. In particular, 
further studies should focus on the specific roles of the KRT19, 
NR2F2, and ADAMTS1 genes on NP development, and on 
other genes identified as demonstrating differential methyla-
tion patterns in this study.
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