L)

Check for
updates

Received: 28 January 2020 Revised: 22 April 2020 Accepted: 1 May 2020

DOI: 10.1111/jop.13035

ORIGINAL ARTICLE

Journal of
Oral Pathology & Medicine (-J Wl LEY

Hypermethylated PAX1 and ZNF582 genes in the tissue sample
are associated with aggressive progression of oral squamous

cell carcinoma

Rui Sun! | Yi-Chen Juan® | Yee-FunSu? | Wen-Bo Zhang® | YaoYu! |
Hong-Yu Yang® | Guang-Yan Yu! | Xin Peng?

1Department of Oral and Maxillofacial
Surgery, Peking University School and
Hospital of Stomatology, Beijing, China

2iStat Biomedical Co., Ltd, New Taipei Citys,
Taiwan

3Department of Oral and Maxillofacial
Surgery, Peking University Shenzhen
Hospital, Shenzhen, China

Correspondence

Xin Peng, Department of Oral and
Maxillofacial Surgery, Peking University
School and Hospital of Stomatology, 22#
Zhongguancun South Avenue, Beijing
100081, China.
Email:pxpengxin@263.net

Funding information

This study was supported by the Project of
National Health Commission of the People's
Republic of China (W2017BJ41).

1 | INTRODUCTION

Abstract

Background: DNA methylation of paired box gene 1 (PAX1) and zinc finger 582
(ZNF582) is promising cancer biomarkers for oral squamous cell carcinoma detection.
This study aims to investigate the correlation between PAX1 or ZNF582 methylation
and the progression of oral squamous cell carcinoma (OSCC).

Materials and Methods: A total of 135 OSCC cases from Peking University School
and Hospital of Stomatology were enrolled in this study. Tissue specimens were col-
lected from the lesion site and corresponding adjacent normal site. The methylation
level of these two genes was evaluated in primary and recurrent OSCC group.
Results: Hypermethylation of PAX1 or ZNF582 was observed in lesion sites among
primary and recurrent OSCC cases. In the lesion site of primary cases, promoter
methylation was observed in T3/T4 (PAX1: P = .02; ZNF582: P = .01), stage lll/IV
(PAX1: P = .03; ZNF582: P = .01), and bone invasion cases (PAX1: P = .02; ZNF582:
P = .047). In the subgroup analysis, the correlation between hypermethylation and
OSCC severity remains significant with exposure to smoking/alcohol consumption.
Conclusions: Hypermethylated PAX1 and ZNF582 can sufficiently act as biomarkers

to reflect the severity or progression of OSCC.

KEYWORDS

DNA methylation, oral squamous cell carcinoma, paired box1, progression, Zinc finger protein
582

remained about 50% in the past decades.* Although oral cancer is

not primary cancer in China, yet, its incidence persists, and most of

Oral cancer account for approximately 40% of head and neck can-
cer, which is the fifth most common cancer in the world.! Oral
squamous cell carcinoma (OSCC) is the most prevalent oral cancer.?
According to the World Health Organization's report, the incidence
rate of OSCC is higher in Asian countries than in western countries.®

In addition, the 5-year relative and period survival rates of OSCC

© 2020 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

the diagnosed patients were found to be in the advanced stage.® In
general, the rising trend of incidence and the severity were accom-
panied by poor prognosis in OSCC in China.®? It is crucial to find a
marker to predict the progression of OSCC.

DNA methylation is a widely studied epigenetic modification,

which associates with carcinogenesis by altering gene expression
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without affecting the DNA sequences.® DNA methylation often oc-
curs in cytosine-guanine dinucleotide (CpG-rich) promoter region of
the genes. The high density of methylcytosine accumulation in the
CpG region leads to chromatin remodeling and subsequent gene si-
lencing. As aresult, loss of functions of tumor suppressor genes (TSGs)
might trigger carcinogenesis.7 Several studies suggested that OSCC
arises as a result of the accumulation of genetic and epigenetic alter-
ations, which lead to the activation of proto-oncogenes and inactiva-
tion of multiple TSGs.”® DNA methylation changes targeting tumor
suppressor genes were identified as the first epigenetic alterations in
cancer and have been related to the early stages of carcinogenesis.’”
Paired-box1 (PAX1), located on chromosome 20p11.2, is a member
of the paired box family of transcription factors that play a vital role
in the development of the skeletal system, thymus, and parathyroid.*®
Zinc finger protein 582 (ZNF582), located at chromosome 19q13.43,
is a zinc finger protein containing one KRAB-AB domain and nine
zinc finger motifs,'t which affect cell differentiation, cell prolifera-
tion, apoptosis, and neoplastic transformation.'?> PAX1 and ZNF582
hypermethylation was found in oral cancer and cervical cancer.!>*
In particular, several studies in Taiwan suggested that methylation
of PAX1 and ZNF582 is potential biomarkers for OSCC detection.'®
Hypermethylation of PAX1 and ZNF582 genes in oral scrapings col-
lected from cancer-adjacent normal oral mucosal sites was associ-
ated with aggressive progression and poor prognosis.”>” Whether
hypermethylated PAX1 and ZNF582 collected from tumor tissue was
associated with progression were still uncertain. This study was aimed
at determining whether hypermethylated PAX1 and ZNF582 genes in
tissue specimens from the lesion and adjacent normal mucosal sites

are associated with OSCC progression.

2 | METHODS AND MATERIALS
2.1 | Study population and sample preparation

The study was conducted at Peking University School and Hospital
of Stomatology, and approved by the ethics committee for human
experiments at the Peking University School and Hospital of
Stomatology. The full study protocol can be accessed in the Chinese
Clinical Trial Registry, and the registration number of this study is
ChiCTR1800015542.

Patients with OSCC diagnosis from April 2018 to August 2019
were enrolled at the Department of Oral and Maxillofacial Surgery.
Patients who are older than 18 years old and had signed informed
consent forms were recruited into the study. Primary OSCC patients
without a history of previous tumor-specific treatment or recurrent
OSCC were enrolled in this study. All OSCC patients received lesion
en bloc resection after recruitment. Formalin-fixed paraffin-embed-
ded (FFPE) and fresh-frozen tissue specimens were prepared from
the center of lesions, and 1.5-2.0 cm adjacent area away from the
lesion. The tissue specimens proceeded for hematoxylin and eosin
staining and methylation assay. The presence of tumor phenotypes

was confirmed by two board-certified oral pathologists (Figure 1).

The differentiation level of OSCC is classified according to WHO
guidelines.’®'? Tumor stages are determined according to the

p-TNM classification of tumors.?°

2.2 | Genomic DNA extraction, bisulfite
conversion, and methylation determination

Genomic DNA (gDNA) obtained from cases was extracted from tissue
specimens using the QlAamp DNA Mini Kit (Qiagen) according to the
manufacturer's instructions. The concentration of genomic DNA was
determined using a NanoDrop 2000c Spectrophotometer (Thermo
Fisher Scientific). Methylation status was determined using the bi-
sulfite-converting method in this study. Briefly, a total of 500 ng gDNA
were bisulfite-converted using the "EpiGene" Bisulfite Conversion Kit
(iStat Biomedical Co., Ltd.). Bisulfite-converted genomic DNA was
subjected to quantitative methylation-specific PCR (Q-MSP). Q-MSP
reactions of PAX1 and ZNF582 were performed using TagMan technol-
ogies accompanied by LightCycIer® 480 Instrument Il real-time PCR
system (Roche Applied Science, Penzberg, Germany). The PCR reac-
tion was conducted with an initial incubation at 95°C for 10 minutes,
followed by 50 cycles of 95°C for 10 seconds, and annealing at 60°C
for 40 seconds, and a final extension at 40°C for 40 seconds. According
to previous report,21 COL2A1 is a fully unmethylated gene in which the
CpG island around the transcription start site of the COL2A1 promoter
was completely unmethylated. It was therefore used as an unmethyl-
ated internal control to ensure the quality of bisulfite conversion and
Q-MSP processing for DNA quantity normalization. Several ATCC
cancer cell lines were used as DNA methylation controls. C33A and
CaSki are human cervical epidermoid carcinoma derived from the cer-
vix and small intestine, respectively, whereas A375 is human malignant
melanoma derived from skin. Since the hypermethylation of PAX1 and
ZNF582 expression in these cell lines has been demonstrated in the
previous study.?? gDNA samples from CaSki cells were used as posi-
tive (methylation) control for both genes, while genomic DNA samples
from C33A cells and A375 cells were used as negative (non-methyla-
tion) control for PAX1 and ZNF582, respectively (Figure 2). As shown
in Figure S1, standard curves were created using a mixture of fully
methylated and unmethylated DNA by serial dilution. Positive signals
from the methylated gene and negative signal from the unmethylated
gene were considered as internal controls for PCR reaction in order to
exclude the presence of PCR inhibitors. In addition to the two controls,
the reaction was considered invalid when the crossing point (Cp) value
of COL2A1 > 35. Finally, the DNA methylation levels were estimated
by ACp, where ACp was calculated as Cp target gene Cp corzarr The
methylation levels were expressed as the methylation index (M-index),
which was calculated with the formula (Z’ACD) *100.

2.3 | Data analysis

The Student t test was used for M-index comparison by SPSS 24.0,

while Spearman rank-order correlation coefficient (one-tailed) was
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FIGURE 1 Histopathological
manifestations of the primary OSCC
cases (A)-(F) and recurrent OSCC (G)-(H):
A, High-differentiated primary OSCC;

B, Corresponding adjacent normal

tissue of high-differentiated OSCC; C,
Moderately differentiated primary OSCC;
D, Corresponding adjacent normal tissue
of moderately differentiated OSCC; E,
Low-differentiated primary OSCC; F,
Corresponding adjacent normal tissue of
low-differentiated OSCC; G, Recurrent
OSCC; and H, Corresponding adjacent
normal tissue of recurrent OSCC (stain,
H&E; magnification 200X)

used to measure how highly correlated between specific variables
and M-index of genes, and a P-value of <0.05 was considered statis-
tically significant.

3 | RESULT

3.1 | Patient characteristics

A total of 135 OSCC patients were enrolled at Peking University
School and Hospital of Stomatology from April 2018 to August

2019. Among OSCC patients, there were 108 primary cases and

27 recurrent cases. Overall, there were 82 males and 53 females
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(60.7% and 39.3%, respectively) with a mean age of 57.9 + 12.6.
Approximately 38.5% of lesions were located in the tongue,
23.7% in the buccal site, and 37.8% in other sites (gum 17.1%,
floor of mouth 9.6%, palate 8.2%, lip 1.5%, retromolar area 1.5%).
Regarding the potential risk factors, nearly half of the patients
who ever have smoking (49.6%) and alcohol consumption (45.9%)
habits. Only 5.1% of OSCC patients have areca-nut chewing habits
in this study. Based on similar exposure to smoking or alcohol con-
sumption, there were slightly more patients with larger T4 (38.0%),
stage IV (45.4%), and moderate differentiation (57.4%) among pri-
mary OSCC in this study. However, the proportion between high
and moderate differentiation was similar among recurrent OSCC
patients (Table 1).
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FIGURE 2 The methylation-specific-QPCR results of PAX1 and ZNF582. A, Full-methylation PAX1 of CaSki cell; B, Full-methylation

ZNF582 of CaSki cell; C, Unmethylated PAX1 of C33A; D, Unmethylated ZNF582 of A375; and E, COL2A1 (reference gene)

3.2 | Methylation level of PAX1 and ZNF582 of
primary OSCC

To evaluate the gene methylation level of PAX1 or ZNF582 in tis-
sue, we collected paired tissue specimen from the lesion and adja-
cent normal mucosal tissue of each OSCC patients. As for the lesion

site of primary OSCC, no significant difference was found between

the group of age, sex, and risk factors. However, the significantly
higher M-index of PAX1 or ZNF582 was observed among cases of
T3/4, stage lll/1V, and the lesions invaded the bone (Table 2). Using
Spearman rank-order analysis, there exist slightly positive correla-
tions between the M-index and tumor stages, tumor sizes in the
lesion sites (Table S1). Hypermethylation of PAX1 or ZNF582 was ob-

served in some adjacent normal sites of primary cases; however, no
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TABLE 1 Clinicopathological
characteristics of 135 OSCC patients

Gender
Male
Female

Age
<60
260

Location
Tongue
Cheek
Gum
Other

Risk factor (Ever)
Smoking

Alcohol
consumption

Areca-nut
chewing

Stage
0
|
1l
1]
\%

Tis
T1
T2
T3
T4

pNO

pN1

pN2

pN3

Missing
Tumor

differentiation
High
Moderate

Low

significant difference between groups divided by age, sex, and risk

factors or severity (Table S2).

Regarding smoking and alcohol consumption, which were con-

sidered as potential risk factors of OSCC, we performed a subgroup

| Oral Pathology & Me

dicine

(~WiLEY-[ =

Total Primary cases Recurrent cases
n=135 n=108 n=27
Case Case Case
number % number % number %
82 60.7 69 63.9 13 48.1
53 39.3 39 36.1 14 51.9
75 55.6 62 57.4 13 48.1
60 44 .4 46 42.6 14 51.9
52 38.5 43 39.8 9 33.3
32 23.7 24 22.2 8 29.6
23 17.0 19 17.6 4 14.8
28 20.7 22 20.4 6 22.2
67 49.6 57 52.8 10 37.0
62 459 53 491 9 33.3
7 5.1 7 6.5 0 0
5 4.6%
12 11.1%
24 22.2%
18 16.7%
49 45.3%
5 4.6%
15 13.9%
28 25.9%
19 17.6%
41 38.0%
64 59.3%
16 14.8%
15 13.9%
3 2.8%
10 9.3%
53 2.3 41 38.0 12 44 .4
76 56.3 62 57.4 14 51.9
6 4.4 5 4.6 1 3.7

analysis to evaluate the correlation between methylation level and
OSCC severity. In general, the hypermethylation of PAX1 or ZNF582

was detectable in the lesion site among primary OSCC patients

(Never vs. Ever, Tables S3 and S4). Among patients with smoking
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history (Table S3), the methylation level of PAX1 was significantly
higher in the cases of T3/T4 (P = .02) and stage IlI/IV (P = .01). As
for patients with a history of alcohol consumption (Table S4), the
methylation level of PAX1 or ZNF582 was significantly higher in the
cases of T3/T4 and stage IlI/IV. Among patients without a history of
smoking or alcohol consumption, non-statistical higher methylation
level was also observed among patients with large tumor size or later
stage. These results suggested that the correlation between hyper-
methylation and OSCC severity remains significant with exposure to

smoking/alcohol consumption.

3.3 | Methylation level of PAX1 and ZNF582 of
recurrent OSCC

In the recurrent OSCC cases, a similar pattern with tissue speci-
men of primary OSCC was observed (Table 3). In general, the
methylation level of lesion site obtained from recurrent OSCC was
similar with those from primary OSCC (PAX1: 336.04 + 579.91
vs 706.78 + 1035.34, P = .08; ZNF582: 428.41 + 868.36 vs
434.10 + 764.26, P = .98). Notable hypermethylation was also

found among patients with bone invasion. However, no statistical

TABLE 2 PAX1 and ZNF582

PAX1 L methylation of tissue specimen at lesion
M-index M-index site in primary OSCC
N (Mean % SD) P (Mean % SD) P
Age
<60 62 333.27 £ 622.29 .95 461.53 + 1048.66 .65
260 46 339.76 £ 524.09 383.77 £ 546.54
Sex
Male 69 352.83 + 655.57 .69 485.15 + 865.11 .37
Female 39 306.33 £ 420.04 328.02 + 876.23
Risk factor
Smoking
Never 51 371.98 +592.24 .54 399.62 + 1040.59 .75
Ever 57 303.88 +571.98 454.17 + 687.40
Alcohol
consumption
Never 55 328.88 + 563.13 .90 27714 +757.12 .07
Ever 53 343.46 + 602.13 585.39 + 952.36
Areca-nut
chewing
Never 101 322.94 + 554.69 .38 435.14 +889.81 .76
Ever 7 524.97 + 908.06 331.35 +489.21
T
Tis + T14+T2 48 202.94 £+ 409.59 .02* 214.05 £ 377.31 .01*
T3+T4 60 442.51 + 671.05 599.91 + 1089.40
N
pNO 64 316.74 £ 484.02 44 415.96 + 797.36 .66
pN1-3 34 412.90 £ 746.22 501.05 + 1061.95
Stage
0+ I+l 41 194.24 + 429.33 .03* 193.91 + 356.98 .01*
1 +1v 67 42291 + 642.92 571.91 +1044.11
Differentiation
High 41 369.35 + 605.60 .64 313.52 + 572.25 .28
Low or 67 315.65 + 567.29 498.72 + 1005.37
moderate
Bone invasion
No 65 218.14 + 450.59 .02* 271.21 £491.50 .047*
Yes 43 514.25 + 702.38 666.05 + 1207.00

*P < .05.
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correlation was observed between methylation level and recur-
rent frequency. Relative lower but still significant hypermethyla-
tion was found among OSCC patients ever receiving radiation or
chemotherapy than patients. Taken together, hypermethylation of
PAX1 or ZNF582 remains detectable among recurrent OSCC.

TABLE 3 PAX1 and ZNF582
methylation of tissue specimen at lesion
site in recurrent cases

Age
<60
260
Sex
Male
Female
Risk factor
Smoking
Never
Ever

Alcohol
consumption

Never
Ever
Betel chewing
Never
Ever
Differentiation
High
Low or moderate
Recurrent times
1
22

Lymph node
metastasis

No
Yes

History of radiation
therapy

No
Yes

History of
chemotherapy
therapy

No
Yes
Bone invasion
No
Yes

13
14

13

14

17
10

18

27

12

15

20

24

21

23

14
13

Journal of 757
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3.4 | Overall survival

In this cross-sectional study, primary OSCC and recurrent patients
were enrolled separately from April 2018 through August 2019. A

preliminary follow-up by phone call for the overall survival of all

PAX1 ZNF582

M-index M-index

(Mean = SD) P (Mean = SD) P
610.05 + 1132.94 .65 592.17 + 947.58 .31
796.60 + 970.06 287.32 + 539.60

717.03 £ 951.12 96 434.28 + 573.04 .34
697.26 £ 1143.95 433.94 + 930.09

623.72 + 839.81 .60 415.33 + 579.56 .87
847.98 + 1344.50 466.01 £ 1043.28

687.55 +1072.31 .89 414.11 £ 859.76 .85
745.24 + 1018.74 474.07 + 569.93

706.78 + 1035.34 N/A 434,10 + 764.26 N/A
0

1116.02 + 1343.45 .10 627.40 + 1057.66 .30
379.38 + 560.57 279.46 + 384.91

678.74 + 1002.80 .82 482.77 £ 795.07 .59
786.87 + 1204.37 295.05 + 706.29

774.72 + 1079.84 .34 446.44 + 808.49 .82
163.27 £ 164.02 335.38 +244.34

808.88 + 1135.90 .35 440.95 + 839.04 .93
349.42 + 464.71 410.13 + 469.49

768.65 + 1097.60 47 482.61 + 819.41 44
350.99 + 507.28 155.18 + 128.56

474.27 + 855.61 .23 343.04 + 557.72 .53

957.17 + 1182.57 532.16 + 953.13
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participants was performed at the end of March 2020. Among the
135 patients, ten were lost of contact. A total of 125 were follow-
up at a duration varied from 1 month to 23 months, with a mean
of 13.9 + 4.56 months. Among them, three patients passed away
because of post-operative hemorrhage (n = 1, with 1 month of fol-
low-up duration) and systemic failure (n = 2, with 5 and 9 months of
follow-up duration, respectively). Interestingly, two of three patients
had hypermethylation at their adjacent normal site. A further follow-
up study is needed in the future to fulfill the limited information and

time duration collected from phone calls.

4 | DISCUSSION

Previous studies suggested that methylation of PAX1 and ZNF582 is
potential biomarkers for OSCC detection.?® In this study, hypermeth-
ylation of PAX1 or ZNF582 in tissue specimens was detectable among
primary and recurrent OSCC patients, which were not influenced
by age, gender, and habit of or alcoholic consumption. Besides, the
positive correlations were observed between DNA methylation level
and severity, including tumor size, stage, and bone invasion among
primary OSCC, as well as bone invasion among recurrent OSCC pa-
tients. Besides, the methylation level seems higher among recurrent
OSCC than primary OSCC patients. Taken together, our study dem-
onstrated that the hypermethylation of PAX1 and ZNF582 was cor-
related with severity among primary and recurrent OSCC patients.

Previous studies demonstrated that hypermethylation of PAX1
and ZNF582 was associated with OSCC occurrence. Studies using
43 tumor tissues and 42 non-cancerous matched tissues reported
that high methylation levels of both genes in tumors were more
commonly observed in poor prognosis patients.13 However, the
correlation between hypermethylation and severity among OSCC
patients has not been demonstrated. Tumor size, stage, and bone
invasion often considered as severity indicators of OSCC. However,
the correlation between bone invasion and OSCC prognosis is still
controversial.?4%° They were using paired biopsy-confirmed tissue
specimens of lesion site from 108 incident and 27 recurrent OSCC
patients, the statistical correlation between methylation level and
severity of OSCC, reflecting the fact hypermethylation related to
the progression of OSCC. Thus, our study demonstrated that hyper-
methylation of the target gene at the lesion site is useful biomarkers
to predict or detect the OSCC incidence and recurrence.

Many studies have reported several possible OSCC prognos-
tic factors, including clinical or pathologic characteristics, as well
as tumor molecular factors. Tumor characteristics, including stage,
tumor size, resection margin free of disease, and dissemination, are
considered as factors with significant influence on the prognosis.
Regarding tumor biomarkers, there has been an increasing interest
in the study evaluating gene or protein expression of tumor biomark-
ers. Some biomarkers in tissue, blood, or saliva samples have been
reported strongly correlated with the different outcomes, including
survival, tumor recurrence, advanced grading, and lymph node me-

tastasis. However, clinical trials for proving clinical importance of

the validated predictors for survival, tumor recurrence, lymph node
metastasis, and therapy resistance were still needed.?® DNA meth-
ylation has been shown to enable early diagnosis, prognosis predic-
tion, and screening for cancers. In particular, several studies have
shown the potential of DNA methylation as a prognostic marker. For
instance, methylation of PAX1, ZNF582, and p16 derived from dif-
ferent specimen sources such as serum or oral scrapings was shown
promising as a prognostic marker for colorectal cancer or OSCC.*>%”
Furthermore, a longitudinal study has demonstrated that hyper-
methylated PAX1 or ZNF582 genes in oral scrapings collected from

I*> oral mucosal sites are associated with ag-

cancer-adjacent norma
gressive progression and poor prognosis of oral cancer. In this pres-
ent study, we demonstrated that statistical correlations between
methylation level of PAX1 or ZNF582 in tissue specimens and indi-
cators of OSCC severity, including tumor size, stage, and bone inva-
sion. Indeed, hypermethylation of PAX1 or ZNF582 was observed in
adjacent normal tissue among some cases; the prognosis outcomes
need to be further followed and evaluated. Taken together, these
results suggest that gene methylation levels in adjacent normal tis-
sue might serve as potential biomarkers for prognosis, and further
evaluation will still be needed in the future.

Smoking, alcoholic consumption, and areca-nut chewing are
well-known risk factors of OSCC.! The relationships between
gene DNA methylation and habits of smoking or alcohol consump-
tion are still uncertain.?®%° Additionally, the impact of risk fac-
tors on the correlation between hypermethylation of PAX1 and
ZNF582 was still limited. Thus, subgroups analysis by risk factors
was used for evaluating the correlation between methylation level
and OSCC severity. In general, no significant differences could
be found between cases with or without smoking or alcohol con-
sumption history (ever versus never) in lesion sites of primary
OSCC cases. Furthermore, the correlation between hypermeth-
ylation and OSCC severity remains significant, although the only
statistical difference was observed among patients ever exposed
to smoking or alcohol consumption. Interestingly, we found signifi-
cantly higher methylation in lesion sites of recurrent OSCC than
primary OSCC. Our results gave a preliminary concept from lim-
ited cases of recurrent OSCC; however, further evidence is still
needed in the future.

Currently, histopathology is the gold standard for diagnosis of
OSCC, including identifying primary OSCC and monitoring OSCC
recurrence. In this study, our results revealed the positive correla-
tion between hypermethylation of PAX1 or ZNF582 and pathological
characteristics of tumor in the tissue, with exposure to smoking/al-
cohol consumption. Besides, the level of methylation remained de-
tectable in recurrent OSCC cases and was significantly higher than
that of the primary OSCC cases. Methylation-specific real-time PCR
was used to verify the methylation status of the promoter by target-
ing limited CpGs status. Thus, we were yet to understand the entire
methylation status of the tumor. Next-generation sequencing (NGS)
would be an ideal approach further to explore the complete spectrum
of epigenetic modification in tumors. This technology grants the next

possible study to identify potential markers and their association with
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OSCC. Currently, this cross-sectional study revealed the association
between methylation level and disease severity. A preliminary overall
survival among study cohort was performed, and further follow-up
study for the methylation level at baseline and disease progression
will be conducted in the future. To our knowledge, this is the first
study that demonstrates a correlation between hypermethylation
and severity using paired biopsy-confirmed tissue specimens of the
lesion site from primary and recurrent OSCC patients. A further study
is recommended with an increase of recurrent OSCC case numbers
for comprehensive understanding. In conclusion, hypermethylated
PAX1 and ZNF582 can sufficiently act as effective biomarkers to re-
flect the severity or progression of OSCC.
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