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Abstract: The aim of this study was to investigate the association between piezo type mechanosensitive ion chan-
nel component 2 (PIEZO2)-promoter methylation with and its clinical value for laryngeal squamous cell carcinoma
(LSCC). Quantitative methylation-specific polymerase chain reaction technology was applied to measure PIEZO2
promoter methylation levels from 99 LSCC patients. Inclusive in the analysis were 133 (117 LSSC and 16 normal)
samples from The Cancer Genome Atlas (TCGA). Our results showed significantly higher levels of PIEZO2 promoter
methylation in LSCC than normal tissues (our cohort: P = 2.94E-21; TCGA cohort: P = 1.07E-19). In addition, PIEZ0O2
methylation was significantly associated with gender, differentiation, tumor (T) stage, lymph node metastasis, and
clinical stage. The areas under the receiver characteristic curves (AUCs) based on our cohort and TCGA cohort were
0.917 and 0.978, respectively. Meanwhile, our study confirmed that PIEZO2 promoter hypermethylation could inde-
pendently predict a poorer overall survival of LSCC patients (hazard ratio = 6.671; 95% confidence interval = 2.087-
21.324). In conclusion, our study revealed that PIEZO2 promoter hypermethylation was a risk factor and might be

involved in progression and metastasis, as well as serve as a potential clinical biomarker of LSCC.
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Introduction

Laryngeal cancer is one of the most common
head and neck malignancies that accounts for
2.1% of new cases worldwide [1]. Laryngeal
squamous cell carcinoma (LSCC) is the main
histological subtype of laryngeal cancer.
According to epidemiologic data from the
National Central Cancer Registry of China,
26,400 newly diagnosed and 14,500 deaths
due to LSCC were projected to occur in China in
2015 [2]. The incidence and mortality of LSCC
has a male: female ratio of approximately 4:1
[3]. Currently, the main treatment strategies for
LSCC are total or partial laryngectomy and
postoperative radiotherapy, which are associ-
ated with serious impairment of laryngeal func-
tion and low quality of life, especially in
advanced stage disease (stage Il or IV) patients
[4]. Despite recent advances in therapeutic
strategies, the 5-year survival rate of LSCC
remains unsatisfactory [5]. However, due to

lack of specific symptoms in the early stages,
the majority of patients are diagnosed at an
advanced stage. Therefore, precise prediction
at the molecular level and identification of
effective early biomarkers for LSCC are urgently
needed for individual diagnosis and therapy.

As in other types of cancer, LSCC progression is
a multistep process involving intricate interac-
tions between multiple factors, including envi-
ronmental influence (cigarette smoking, alcohol
consumption, and exposure to chemical pollut-
ants), genetic susceptibility, and epigenetic
modifications [6, 7]. Accumulating evidence
reveals the importance of epigenetic modifica-
tions in the biological processes of many human
cancers [8-10]. DNA methylation is an impor-
tant epigenetic modification, and aberrant pro-
moter methylation at cytosine-phosphate-gua-
nine (CpG) island leads to transcriptional inacti-
vation of tumor suppressor genes (TSGs) in
cancer initiation, progress, invasion, and
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metastasis [11-13]. Moreover, because aber-
rant methylation is a relatively early molecular
change in carcinogenesis [14], aberrant meth-
ylation of TSGs has been proposed as diagnos-
tic and prognostic biomarkers for a wide range
of cancers [15-17]. Therefore, the identification
of DNA methylation biomarkers may have great
potential for early diagnosis and prognosis of
LSCC.

Piezo proteins (Piezol and Piezo2) are impor-
tant mechano-gated ion channels identified in
2010 through siRNA knockdown of endogenous
mechanically activated (MA) currents in the
neuronal cell line N2A [18]. Mutations in Piezo
channels have been related to numerous dis-
eases in humans [19, 20]. Piezo-type mechano-
sensitive ion channel component 2 (PIEZO2/
FAM38B), located on chromosome 18p11.21,
encodes Piezo2, which plays important roles in
a variety of physiological and pathological pro-
cesses, such as recognition of endothelial and
visceral pain [21], proprioception and touch
sensation [22], airway stretch [23], and mecha-
no-transduction [24]. A previous study showed
that PIEZO2 was a candidate biomarker for vis-
ceral hypersensitivity in irritable bowel syn-
drome [25]. Moreover, PIEZO2 was a regulator
of tumor angiogenesis and hyperpermeability
in glioma, and was involved in cellular process-
es such as proliferation, differentiation, and
migration [26]. However, the association of
PIEZO2 with other cancers, especially LSCC,
remains uninvestigated.

The aim of the present study was to investigate
the association between PIEZO2 promoter
methylation and LSCC, as well as its potential
diagnostic and prognostic value for LSCC.
Furthermore, we extracted available data from
The Cancer Genome Atlas (TCGA) database to
verify our findings.

Materials and methods

Patient characteristics and tissue specimen
collection

All the tumors and their corresponding normal
tissues were collected from 99 LSCC patients
who underwent surgery at the Department of
Otolaryngology-Head and Neck Surgery at
Ningbo Lihuili Hospital between June 2010 and
August 2016. Before surgery and tissue collec-
tion, all patients were informed and signed the
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consent forms. All specimens were obtained
fresh and immediately stored in liquid nitrogen
at -80°C. In addition, two pathologists per-
formed histological diagnosis of tumor and
paired normal tissues. None of the patients
underwent chemotherapy or radiotherapy
before surgery. None of the patients had a his-
tory of hereditary cancer. Overall survival (0OS)
data were recorded from all patients after sur-
gery. During follow-up, seven patients were lost
and 37 died. All experiments were approved by
the Ethical Committee of Ningbo Lihuili Hospital.

DNA extraction and bisulfite conversion

Genomic DNA was isolated using the QlAamp
DNA Mini Kit (Qiagen, Hilden, Germany) as rec-
ommended by the manufacturer. The concen-
tration and quality of DNA were measured using
an ultramicronucleic acid ultraviolet tester
(NANODROP 1000, Wilmington, USA). The
extracted DNA was then bisulfite-converted
using the ZYMO EZ DNA Methylation-Gold Kit
according to the manufacturer’s protocol (Zymo
Research, Orange, CA, USA). The bisulfite-con-
verted DNA was stored in Tris-ethylenedia-
minetetraacetic acid (TE) buffer for subsequent
methylation analysis.

Quantitative methylation-specific polymerase
chain reaction (qMSP) analysis

The methylation level of PIEZO2 promoter
(chr18:11148892-11149007) in 99 paired
LSCC and normal tissues were determined
using gMSP. The gMSP primers for PIEZO2
were designed with MethPrimer (www.urogene.
org/methprimer/) [27]. The primers for the
amplified sequences of PIEZO2 were: forward,
5-GGAGTTAGGCGGGAGTATAGTAC-3’, and rever-
se, 5-TTCTTCAAAAATAACTAATACCGAA-3'. ACTB
was simultaneously amplified as internal con-
trol [28] and methylated DNA from a healthy
person (Zymo Research, Orange, CA, USA)
served as positive methylation control. Each
reaction mixture (10 pl) contained 1 pl bisulfite-
modified DNA, 0.5 pl forward primer, 0.5 pl
reverse primer, 5 ul SYBR Green | Master
(Roche, Basel, Switzerland), and 3 pl DNase/
RNase free water (Roche, Basel, Switzerland).
The PCR amplification was performed in 384-
well plates using the Roche LightCycler 480ll
instrument (Roche, Basel, Switzerland). The
PCR reaction was conducted using the follow-
ing condition: 95°C for 10 min, amplification for
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Figure 1. The quantitative methylation-specific PCR (qMSP) amplification fragment and two available CpG probes
(cg12951849 and cg03602280) in PIEZO2 promoter of lllumina Human Methylation 450K.

45 cycles at 95°C for 20 s, 60°C for 30 s, and
72°C for 30 s. A melting curve step was per-
formed at 95°C for 15 s, 1 min at 60°C, and
then increasing temperature at 0.11°C per sec-
ond for up to 95°C to measure fluorescence
signal. The percentage of methylated reference
(PMR) of PIEZO2 promoter was calculated using
the fO”OWing formula: 2-[ACt (Samples)-ACt (Positive control)]'
in which ACt = Ct (PIEZO2) - Ct (ACTB).

TCGA cohort

DNA methylation profiles (lllumina Human
Methylation 450K) and details of clinical infor-
mation of 133 samples (117 LSCC and 16 nor-
mal tissues) were downloaded from the TCGA
website (https://cancergenome.nih.gov/). Two
lllumina Human Methylation 450K BeadChip
probes (cg12951849 on chr18:11148933 and
¢cg03602280 on chr18:11148915) were in the
gMSPamplificationfragment(chr18:11148892-
11149007), and their relative methylation lev-
els were calculated using the formula: bead_M/
(bead_M + bead_U). High correlation was
observed between methylation levels of these
two CpG sites (r = 0.884, P<0.001, data not
shown). The average value of the ratios of the
two sites was calculated and used for subse-
quent analysis.
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Statistical analyses

All statistical analysis was performed using
SPSS v18.0 (SPSS Inc., Chicago, IL, USA).
Independent or paired Student’s t-tests were
applied for comparisons of PIEZO2 methylation
between different groups. Receiver operating
characteristic (ROC) analysis was used to eval-
uate the diagnostic value of PIEZO2 methyla-
tion for LSCC [29]. Kaplan-Meier method and
log-rank test were applied to the survival data
of the LSCC patients classified into two groups
according to the median value of PIEZO2 meth-
ylation level. Univariate and multivariate Cox
proportional hazard models were used to test
the prognostic value of PIEZO2 methylation for
LSCC patients. A two-tailed P value of less than
0.05 was considered statistically significant. All
figures were drawn using GraphPad Prism 6
software (GraphPad, San Diego, CA).

Results

In this study, we recruited 99 LSCC patients to
investigate the association of PIEZO2 promoter
methylation with LSCC by gMSP method. The
amplified fragment and two mapped CpG
probes (cg12951849 and cg03602280) of
lllumina Human Methylation 450K in the
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and specificity were 0.879
and 0.869, respectively.
The positive predictive va-
lue (PPV) and negative pre-
dictive value (NPV) were
0.87 and 0.878, respective-
ly. In the TCGA cohort, we
revealed an AUC of 0.978 at
a cut-off value of 0.251
(Figure 3B). The sensitivity
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Figure 2. Analysis of PIEZO2 promoter methylation in LSCC patients. A: Our
study cohort: P = 2.94E-21; B: TCGA cohort: P = 1.07E-19.

PIEZO2 promoter region are shown in Figure 1
using the University of California Santa Cruz
(UCSC) Genome Browser (http://genome.ucsc.
edu/). In our study cohort, the results showed
that PIEZO2 promoter methylation levels were
significantly higher in LSCC than paired non-
tumor tissues (Figure 2A, P = 2.94E-21). To vali-
date our findings, we downloaded the methyla-
tion profiles of 117 LSCC and 16 normal tissues
from the TCGA data portal for further analysis.
In the TCGA cohort, we also observed higher
hypermethylated PIEZO2 promoter in tumors
than normal tissues (Figure 2B, P = 1.07E-19).

Subsequently, we examined the correlation
between PIEZO2 promoter methylation status
and clinicopathological characteristics, includ-
ing gender, age, smoking behavior, drinking his-
tory, histological classification, tumor (T) clas-
sification, lymph node metastasis and clinical
stage of LSCC patients. In our study cohort,
PIEZO2 promoter methylation levels were sig-
nificantly related to histological classification (P
= 0.036), T classification (P = 0.007), lymph
node metastasis (P = 0.041), and clinical stage
(P=0.006, Table 1). In the TCGA cohort, PIEZO2
promoter methylation levels were significantly
associated with age (P = 0.037) and histologi-
cal grade (P = 0.046, Table 2). However, no sta-
tistically significant correlation was found with
other clinicopathological characteristics.

The ROC curve was used to evaluate the poten-
tial diagnostic value of PIEZO2 promoter meth-
ylation. A large area under the ROC curve (AUC)
indicates high diagnostic accuracy. The maxi-
mum Youden index was used as a cut-off point.
In our study cohort, the AUC was 0.917 at a cut-
off value of 0.128 (Figure 3A). The sensitivity
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and specificity were 0.957
and 0.938, respectively,
while the PPV and NPV were
0.997 and 0.75, respecti-
vely.

We constructed survival curves to investigate
whether PIEZO2 promoter methylation could be
a prognostic biomarker for LSCC (Figure 4). The
median methylation level was used as a cut-off
point. Kaplan-Meier analysis and log-rank test
confirmed that hypermethylated PIEZO2 was
significantly associated with poor outcome of
LSCC patients (log-rank P = 0.01). Univariate
Cox proportional hazards analysis also revealed
a significantly increased risk of death for LSCC
patients with hypermethylated PIEZO2 (hazard
ratio (HR) = 7.129; 95% confidence interval (Cl)
= 2.480-20.492; P = 0.001). Subsequently, a
multivariate Cox proportional hazard analysis
was performed by adjusting for age, smoking
behavior, histological differentiation, T classifi-
cation, lymphatic metastasis, and clinical
stage. The results indicated PIEZO2 promoter
methylation was an independent predictive bio-
marker of OS of LSCC patients (HR = 6.671;
95% Cl = 2.087-21.324; P = 0.001, Table 3).

Discussion

LSCC is one of the most common head and
neck malignancies with a poor prognosis in the
event of recurrent or metastatic disease.
Currently, due to lack of efficient biomarkers,
biopsy via laryngoscope is still the gold stan-
dard for diagnosis of LSCC [30]. Since the
approach is limited for its invasiveness and the
results are always influenced by the operator’s
experience, there is a pressing need for reliable
biomarkers that might aid in the early diagnosis
and risk stratification of LSCC patients for pri-
mary treatment and subsequent surveillance.

DNA methylation is one of the most important
epigenetic silencing mechanisms of tumor sup-
pressor genes (TSGs) that relates to cancer

Int J Clin Exp Pathol 2017;10(12):11635-11643
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Table 1. The association of PIEZO2 promoter
methylation with clinicopathological character-
istics of LSCC patients in our study cohort

Characteristics N Mean +SD P value
Gender
Female 4 0.35£0.26 0.559
Male 95 0.44+0.30
Age
<60y 50 0.44+0.33 0.95
>60y 49 0.44+0.26
Smoking behavior
No 19 0.38+0.29 0.314
Yes 80 0.45+0.29

Histological classification
Well and Moderately 85 0.41+0.28 0.036*

Poorly 14 0.59+0.33

T classification
T1+2 58 0.37+0.26 0.007*
T3+4 41 0.54+0.31

Lymph metastasis
No 64 0.391+0.28 0.041*
Yes 35 0.52+0.31

Clinical stage
Stage I+l 45 0.35+0.25 0.006*
Stage llI+IV 54 0.51+0.31

*: The difference of PIEZO2 promoter methylation between
these groups was significant.

onset and procession [31]. Moreover, aberrant
methylation is a relatively early molecular
change during the onset of cancer [14].
Furthermore, for development of convenient
detection methods, methylation biomarker has
been reported to have great potential for can-
cer early screening and diagnosis [32]. Piezo2
is an important mechanical gated ion channel
that plays a vital role in regulating mechano-
sensory transduction in mammalian cells [18].
Mutations in PIEZO2 have been reported to
cause a variety of human diseases [22]. Recent
studies demonstrated that PIEZO2 caused
tumor growth inhibition, reduced vascular den-
sity, and vascular hyperpermeability through
the Wnt/B-catenin signaling pathway [26]. In
the present study, gMSP technology was
applied to measure DNA methylation levels of
PIEZO2 promoter from 99 LSCC and paired nor-
mal tissues. The data of 133 samples from
TCGA were also downloaded to confirm our
findings.

Our results showed that the methylation levels
of PIEZO2 promoter were significantly higher in
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Table 2. The association of PIEZO2 promoter
methylation with clinicopathological charac-
teristics of LSCC patients in TCGA cohort

Characteristics N Mean+SD Pvalue

Gender
Female 20 0.48+0.16 0.037~*
Male 97 0.55+0.13

Age
<60y 40 0.53+0.16 0.886
260y 77 0.54+0.12

Smoking behavior
No 37 0.56+0.13 0.197
Yes 80 0.52+0.14

Alcohol history
No 39 0.53+0.15 0.923
Yes 76 0.54+0.13

Histologic grade
G1+2 80 0.52+0.15 0.046*
G3+4 33 0.5710.10

T classification
T1+2 21 0.56+0.11 0.531
T3+4 81 0.54+0.13

Lymph metastasis
No 41 0.53+0.13 0.727
Yes 55 0.54+0.13

Clinical stage
Stage I+l 14  0.57+0.11 0.425
Stage IlI+1V 88 0.54+0.13

*: The difference of PIEZO2 promoter methylation be-
tween these groups was significant.

LSCC than corresponding normal tissues,
which was consistent with analysis of the TCGA
cohort, suggesting that PIEZO2 promoter hyper-
methylation was a risk factor for LSCC. The inci-
dence and mortality of LSCC has a gender bias
[3]. Based on the TCGA cohort, we observed a
significant upward trend of PIEZO2 promoter
methylation level in male compared to female
patients, which provides a clue to suggest that
the epigenetic mechanism of aberrant DNA
methylation might increase the susceptibility of
males to LSCC more than females. T stage, lym-
phatic metastasis and clinical stage are impor-
tant prognostic factors for cancer patients [33,
34]. Interestingly, in our study cohort, hyper-
methylation of PIEZO2 promoter was more
prevalent in advanced T stage, lymph node
metastasis, as well as advanced clinical stag-
es, which suggests that aberrant methylation
of PIEZO2 promoter might be involved in the
progression and metastasis of LSCC. Moreover,

Int J Clin Exp Pathol 2017;10(12):11635-11643
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Figure 3. Receiver operating characteristic (ROC) curve. In our study cohort, the area under the curve (AUC) was

0.917. In TCGA cohort, the AUC was 0.978.
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Figure 4. The Kaplan-Meier survival curve. Kaplan-Meier survival analysis
of overall survival in 99 LSCC patients stratified according to PIEZO2 meth-
ylation status. The median methylation level was used as a cut-off point.

both in our study and TCGA cohort, poorly dif-
ferentiated LSCC tissues were more likely to
have an increased PIEZO2 promoter methyla-
tion level, suggesting the potential to distin-
guish different stages of differentiation of
LSCC.
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The early screening of LSCC
depends on the presence of
clinical symptoms and imaging
examinations, such as laryng-
oscopy, computed tomography
(CT), magnetic resonance imag-
ing (MRI), and positron emis-
sion tomography (PET) [30].
However, because of nonspecif-
ic symptoms in the early stages
of LSCC, especially for supra-
glottic LSCC, and lack of effec-
tive diagnostic biomarkers, a
low early diagnostic rate brings
challenges for treatment. Accu-
mulating evidence has revealed
that abnormal methylation can
occur early in carcinogenesis,
which has the potential to pro-
vide early detection of cancer,
particularly in people with inher-
ited risk factors [35, 36]. In the
present study, we constructed
ROC curve and used the AUC to
determine the diagnostic value of PIEZO2 meth-
ylation for LSCC. The AUC was close to 1.0,
which signifies a near perfect risk prediction
[37]. The AUC for our study and TCGA cohort
were 0.917 and 0.978, respectively. Compared
to the diagnostic accuracy of conventional can-
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Hypormethylation-
censored
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Table 3. Multivariate Cox proportional hazards analysis of

the 99 LSCC patients

tively small sample size, rigorous clini-
cal studies with larger sample sizes

Characteristics N Pvalue HR

95% Cl will be essential to corroborate our

Age 99 0.279 0.98 0.944-1.017

Smoking behavior

findings.

In conclusion, PIEZO2 promoter hyper-

No (Ref) 19 - 1 methylation was associated with the
Yes 80 0.668 1.196 0.527-2.714 risk and progression of LSCC. These
Differentiation findings provide clues for further stud-
Well and Moderately (Ref) 85 - 1 ies on the role of PIEZO2 in LSCC.
Poorly 14 0.419 0.685 0.274-1.715 Additionally, PIEZO2 hypermethylation
T classification is a potential biomarker for the early
T1+2 (Ref) 58 ) 1 diagnosis and prognosis of LSCC
T3+4 41 0156 1.861 0.7884.392 patients.
Lymphatic metastasis Acknowledgements
No (Ref) 64 - 1 -
Yes 35 0.179 1.897 0.745-4.831 This research was supported by
Clinical stage grants from the Zhejiang Provincial
Stage I1+11 (Ref) 45 - 1 Natural Science Foundation of China
Stage IlI+IV 54 0.055 3.125 0.100-1.024 (No.  LY14H160003), the Scientific
PIEZO2 Methylation 99 0.001 6.671 2.087-21.324 Innovation Team Project of Ningbo

N: number; Ref: reference category; HR: hazard ratio; Cl: confidence

interval.

cer-related biomarkers such as carcinoembry-
onic antigen (CEA), tissue polypeptide antigen
(TPA), squamous cell carcinoma antigen (SCCA),
and cytokeratin 19-fragments (CYFRA21-1)
[38, 39], PIEZO2 methylation had a higher AUC,
suggesting that testing for PIEZO2 methylation
might be a potential tool for the diagnosis of
LSCC.

Tumor node metastasis (TNM) staging classifi-
cation is still a vital tool in the prediction of can-
cer prognosis [40, 41]. However, the latest edi-
tion of the TNM classification couldn’t absolute-
ly satisfy clinical application, due to the hetero-
geneous molecular mechanisms and clinical
behavior of LSCC. Previous studies have shown
that epigenetic biomarkers were precise prog-
nostic markers for cancer [42, 43]. In the pres-
ent study, log-rank test revealed the associa-
tion of PIEZO2 hypermethylation with poor over-
all survival, which was comparable to our uni-
variate Cox proportional hazards analysis
results. In addition, a multivariate Cox propor-
tional hazard analysis was performed to con-
firm that PIEZO2 methylation was an indepen-
dent unfavorable factor for LSCC outcomes. All
these findings suggested that hypermethyl-
ation of PIEZO2 could be a potential biomarker
for prognosis of LSCC. However, due to the rela-
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