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Aberrant promoter methylation of T-cadherin in sera is associated with a poor
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T-cadherin functions as a suppressor gene, which is frequently inactivated by aberrant promoter methylation in several
human cancers, but its methylation status in oral squamous cell carcinoma (OSCC) has been scarcely studied. Thus this study
aimed at exploring the clinical significance and prognostic value of T-cadherin methylation in sera of patients with OSCC.
Methylation-specific PCR (MSP) and bisulfate sequencing PCR (BSP) was performed to examine the methylation status of
T-cadherin. Then, the associations between methylation status of T-cadherin and various clinicopathological variables or
patient survival were investigated in 202 patients with OSCC and 68 controls. T-cadherin methylation was detected in 62
out of 202 (30.7%) patients with OSCC, and the methylation status of T-cadherin in corresponding tissues was confirmed by
BSP. Methylation of T-cadherin was significantly associated with advanced tumor T-stage (p<0.001) and N-stage (p=0.003),
positive lymphatic metastasis (p=0.004) and tumor recurrence (p=0.001). In addition, patients with methylation of
T-cadherin had worse overall survival (p=0.018) and progression-free survival (p<0.001) than patients without, and methyl-
ation of T-cadherin in sera was an independent prognostic factor for worse overall survival (HR: 3.626, 95% CI: 1.112-9.624,
p=0.007) and progression-free survival (HR: 4.201, 95% CI: 1.562-10.038, p<0.001) of patients with OSCC. These results
demonstrated that methylation of T-cadherin was frequently detected in sera of patients with OSCC, which was associated

with risk factors of poor outcomes, and may act as a potential independent prognostic marker for patients with OSCC.
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Oral squamous cell carcinoma (OSCC) is the most
common oral and maxillofacial malignancy, with an estimated
350,000 new cases and 170,000 deaths in 2018 worldwide [1].
Surgery, chemotherapy, radiotherapy, or combinations of
these are the main treatment modalities for OSCC patients
[2]. Nevertheless, the survival rate of OSCC patients remains
low due to loco-regional recurrence [3]. Targeted therapy
against epidermal growth factor receptors and checkpoint
inhibitor-based immunotherapy have recently been used for
the treatment of OSCC, such as cetuximab, pembrolizumab,
and nivolumab [4-6]. However, there is a limited number of
targeted therapies for OSCC patients, and only a small fraction
of patients who received checkpoint inhibitor-based immuno-
therapy responded to it [7]. This means that there are limited
treatment options for a large proportion of OSCC patients.
Therefore, searching for effective biomarkers and novel thera-
peutic targets is of great importance for these patients.

Epigenetic modifications are important mechanisms in
carcinogenesis, and the epigenetic change that has been
studied the most in relation to OSCC is DNA hypermeth-
ylation [8]. A recent study has shown that the silencing of
tumor suppressor genes through hypermethylation of the
CpG islands on the gene promoters is associated with the
formation and progression of OSCC [9]. DNA methylation
can be detected not only in tumor tissues but also in serum
[10], and detection of DNA methylation in serum is of great
value in the early detection, treatment, and prognosis evalu-
ation of patients with cancer [11]. T-cadherin, a member of
the cadherin family, functions as a tumor suppressor gene
in various tumors [12-13]. Our previous study found that
T-cadherin was lower in OSCC tissues and that can inhibit
proliferation of OSCC cells through the PI3K/Akt/mTOR
pathway [14]. This study also found that the methylation of
T-cadherin in sera has been detected in several other tumors
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[15-16], but the methylation status of T-cadherin in the sera
of OSCC patients remains unclear.

The aim of the study is to investigate the methylation status
of T-cadherin in the sera of OSCC patients and correlated it
with various clinicopathological characteristics and patient
outcomes to determine its clinical significance.

Patients and methods

Patients, sera, and tissue samples. PASS 15.0 software
was used for power analysis and sample size calculating and
at last, a total of 202 patients who underwent surgical resec-
tion for primary OSCC at Sichuan Cancer Hospital & Insti-
tute between January 2011 and August 2019 were enrolled
in this study. The inclusion criteria were as follows: patients
with pathologically diagnosed OSCC, patients were followed
up and willing to take part in the study, provided written
informed consent; the exclusion criteria were patients
received anti-cancer treatment before, patients had prior
malignancy, patients had metastasis at diagnosis, and patients
had other systemic diseases [17]. All the patients with OSCC
were staged according to the clinical tumor-node-metastasis
classification system of the American Joint Committee on
Cancer/Union for International Cancer Control guideline.
Patients in the same stage all received the same standard
treatment. Peripheral blood samples (10 ml) were collected
within one week before surgery and centrifuged at 1800 g for
10 min [18]. Sera were collected and stored at —80°C until
analysis. Among the 202 patients, 8 specimens of OSCC
cancerous tissues and adjacent normal tissues were collected.
The tissues were preserved at temperature of —80°C before
utilization. Written informed consent was obtained from
each patient and healthy control. The study was conducted
according to the Declaration of Helsinki and approved by the
ethics committee of Sichuan Cancer Hospital and Institute.

DNA extraction, bisulfite conversion, and methylation-
specific PCR (MSP). DNA was extracted from sera of patients
according to the instructions of the QIAmp DNA Blood Mini
Kit (Tiangen Biotech, China) [18], and the isolated DNA was
modified by bisulfite using EZ DNA Methylation-Gold kit
(Zymo Research, USA). MSP was used to detect the methyla-
tion status of T-cadherin in sera. The PCR conditions were
as follows: pre-denaturation at 95°C for 5 min, denaturation
at 95°C for 30 s, annealing at 60 °C (U)/70°C (M) for 1 min,
extension at 72 °C for 1 min, and a final extension at 72 °C for
5 min. Primer sequences were shown in Table 1, the length
of the amplified sequence was 242 bp, PCR products were
separated on 2% agarose gel and the images were processed
by quantity one system.

Bisulfite sequencing PCR (BSP). The Universal DNA
Purification Kit (Tiangen Biotech, China) was used to
extract and purify DNA from tissue specimens according
to the manufacturer’s protocol [19]. The CpG island was
predicted with Methprimer and the primer (Table 1) was
designed according to the sequence of the CpG island. The

length of the amplified fragment was 241 bp. The conditions
of reaction were as follows: 94°C for 3 minutes, (94°C for
305, 55°C for 30 s, 72°C for 15 s) through 30 cycles and 72°C
for 10 min. The PCR products were purified and cloned into
the pMD19-T vector (TAKARA, China), 10 of the ligated
products were introduced into the DH5a cell line. All clones
were sequenced (Sangon, China) and analyzed with the
UltraEdit Professional Text/Hex Editor.

Statistical analysis. Controls were obtained from healthy
physical examination patients matched by age, sex, and
socioeconomic status, besides, OSCC patients and controls
were propensity score-matched. Fisher’s exact test was used
to compare the difference of T-cadherin methylation status
between OSCC patients and controls. Chi-square test was
used to evaluate the correlations between the methyla-
tion status of T-cadherin and clinicopathological variables.
Kaplan-Meier analysis was used to plot the survival curves
and the log-rank test was used to determine the significance.
The prognostic value of the methylation status of T-cadherin
in OSCC was evaluated by univariate and multivariate cox
proportional hazard model. The statistical analyses were
carried out by using SPSS 16.0 software and the p-value <0.05
was considered statistically significant.

Results

Main clinical and pathological characteristics of
patients with OSCC. A total of 202 patients were enrolled in
this study. The main clinical and pathological characteristics
of patients with OSCC are shown in Table 2. 151 (74.75%)
patients were males and 51 (25.25%) patients were females.
66 (32.67%) patients were lymphatic metastasis positive and
29 (14.36%) were surgical margins positive, and 79 (39.11%)
patients relapsed at the last follow-up date. We calculated
progression-free survival (PFS) from the OSCC patients’
date of surgery to the date of clinicopathological evidence of
cancer recurrence, and the overall survival (OS) was calcu-
lated from the OSCC patients” date of surgery to the date of
death or to the last contact date.

The methylation status of T-cadherin in sera and tissues
of OSCC patients and controls. The methylation status of
T-cadherin in sera was detected by methylation-specific PCR
(MSP). The methylation of T-cadherin in sera was detected

Table 1. Primer sequences for MSP and BSP.
T-cadherin (M) F: 5-TCGCGGGGTTCGTTTTTCGC-3
R: 5-GACGTTTTCATTCATACACGCG-3’
F: 5-TTGTGGGGTTGTTTTTTGT-3’
R: 5’-AACTTTTCATTCATACACACA-3’
BSP F: 5°-ATTTTTTGGAAAAGTGGAATTAGTT-3
R: 5-CCAAATAAATCAACAACAACATCAC-3

Abbreviations: F-forward; R-reverse; U-unmethylated T-cadherin pro-
moter; M-methylated T-cadherin promoter; BSP-bisulfite sequencing PCR

T-cadherin (U)
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Table 2. The clinical and pathological characteristics of patients with
OSCC.

Table 3. The correlation between T-cadherin methylation in serum and
clinicopathological features of patients with OSCC.

Variables Cases (n=202) % Variables n M (%) U (%) p-value®
Gender Gender 0.351
Male 151 74.75 Male 151 49 (32.5) 102 (67.5)
Female 51 25.25 Female 51 13 (25.5) 38 (74.5)
Age Age 0.321
<60 ” 45.54 <60 92 25(27.2) 67 (72.8)
~60 110 54.46 >60 110 37 (33.6) 73 (66.4)
. . T classification <0.001"
T classification
T, % 455 T,orT, 90 14 (15.6) 76 (84.4)
T,orT, 112 48 (42.9) 64 (57.1)
T 112 55.45 )
N classification 0.003
N classification
N 128 63,37 Nyor N, 128 30 (23.4) 98 (76.6)
" ’ N,or N; 74 32(43.2) 42 (56.8)
Nos ‘ ‘ 74 36.63 Lymphatic metastasis 0.004"
Lymphatic metastasis No 136 33 (24.3) 103 (75.7)
No 136 67.33 Yes 66 29 (43.9) 37 (56.1)
Yes 66 32.67 Margins 0.633
Margins Negative 173 52(30.1) 121 (69.9)
Negative 173 85.64 Positive 29 10(34.5) 19 (65.5)
Positive 29 14.36 Recurrence 0.001"
Recurrence No 123 27 (21.2) 96 (78.0)
No 123 60.89 Yes 79 35 (44.3) 44 (55.7)
Yes 79 39.11 Total 202 62(30.7) 140 (69.3)
Notes: *x*test was used to evaluate the correlations between the methyla-
tion status of T-cadherin and clinicopathological variables; *p-value <0.05
was considered statistically significant. Abbreviations: U-unmethylated
T-cadherin promoter; M-methylated T-cadherin promoter
Ts T2 Ta The association between methylation status of

Marker A B C M u M U M U

250bp 242bp

200bp

Figure 1. Representative MSP results of T-cadherin methylation in sera
of OSCC patients. A) positive methylated control in vitro; B) positive
unmethylated control; C) water blank. T8 and T34 exhibited methylated
T-cadherin, T22 exhibited unmethylated T-cadherin.

in 30.7% (62/202) of OSCC patients, and a representative
MSP result is shown in Figure 1, however, no methylation
was detected in the controls. The difference between the 2
groups was statistically significant (p<0.001).

In order to explore the origin of T-cadherin methylation
among the 62 patients with T-cadherin methylation detected
in sera, we further conducted bisulfite sequencing (BSP) to
determine the CpG island methylation status of T-cadherin
in 8 pairs of corresponding OSCC tissues and adjacent
normal ones. Using the Methprimer website [19], we identi-
fied a C-phosphate-G (CpG) island in the promoter region
of T-cadherin (Figure 2A). The results demonstrated that the
methylation percentage of T-cadherin was higher in OSCC
tissues than adjacent normal ones (Figures 2B, 2C), which is
consistent with the MSP results in sera.

T-cadherin and various clinicopathological variables
of OSCC. The correlation between methylation status
of T-cadherin and various clinicopathological variables
of OSCC is shown in Table 3. The results suggest that the
methylation of T-cadherin was significantly correlated with
advanced T classification (p<0.001), advanced N classifica-
tion (p=0.003), positive lymphatic metastasis (p=0.004), and
tumor recurrence (p=0.001). However, no significant corre-
lation was found between methylation of T-cadherin and
gender, age, or margins.

The prognostic value of T-cadherin methylation in
sera of OSCC patients. As shown in Figure 3, the Kaplan-
Meier analysis results suggest that patients with methylated
T-cadherin in sera had shorter overall survival (p=0.018,
Figure 3A) and progression-free survival (p<0.001,
Figure 3B) than those with unmethylated T-cadherin.
Univariate analysis showed that T stage, N stage, surgical
margin status, and T-cadherin methylation were associ-
ated with OS (Table 4) and PFS (Table 5) of patients with
OSCC. Multivariate analysis suggested that methylation of
T-cadherin is an independent prognostic factor for OS (HR:
3.626, 95% CI: 1.112-9.624, p=0.007, Table 4) and PFS (HR:
4.201, 95% CI: 1.562-10.038, p<0.001, Table 5) of patients
with OSCC.
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Figure 2. CpG island methylation level of T-cadherin promoter measured by the BSP assay. A) Analysis of CpG island enrichment in the T-cadherin
promoter region. B) Representative images and corresponding statistical plots are presented. Black solid circles represent methylated CpG sites, and
white hollow circles represent unmethylated CpG sites. C) The methylation percentage of T-cadherin in 8 pairs of OSCC tissues and adjacent normal

tissues. *p<0.05

Table 4. Univariate and multivariate analysis of the prognostic value of T-cadherin methylation regarding OS in patients with OSCC.

X Univariate analysis Multivariate analysis

Variables

HR 95% CI p-value HR 95% CI p-value
Gender 1.782 0.968-4.132 0.158
Age 1.258 0.882-2.736 0.266
T- classification 2.462 1.434-5.864 0.012* 2.269 1.368-5.362 0.026*
N- classification 2.732 1.532-6.038 0.008* 2.468 1.442-5.658 0.013*
Lymphatic metastasis 1.296 0.796-3.126 0.625
Margins 3.022 1.326-9.582 <0.001* 2.966 1.288-8.964 0.026*
Recurrence 1.529 0.838-3.276 0.325
T-cadherin methylation 3.854 1.065-10.682 0.002* 3.626 1.112-9.624 0.007*

Note: *p-value <0.05 was considered statistically significant

Discussion

Promoter methylation is the most common and represen-
tative epigenetic change and is the main mechanism of tumor
suppressor gene inactivation [20]. Studies have found that

tumor suppressor gene methylation can be detected not only
in tumor tissues but also in various body fluids including sera

[21]. A large number of DNA fragments can be detected in
the sera of tumors, including OSCC [22], so the methylation
of circulating tumor-related DNA might be able to be used as
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Table 5. Univariate and multivariate analysis of the prognostic value of T-cadherin methylation regarding PFS in patients with OSCC.

Univariate analysis

Multivariate analysis

Variables

HR 95% CI p-values HR 95% CI p-values
Gender 1.852 0.832-3.966 0.145
Age 1.466 0.758-3.762 0.322
T-classification 2.682 1.568-5.968 0.008* 2.468 1.268-4.968 0.01*
N-classification 2.864 1.682-6.012 0.004* 2.626 1.321-5.586 0.005%
Lymphatic metastasis 1.324 0.798-2.676 0.562
Margins 3.146 1.425-10.168 <0.001* 3.014 1.526-9.862 0.012*
Recurrence 1.625 0.964-3.122 0.425
T-cadherin methylation 4.628 1.262-12.348 <0.001* 4.201 1.562-10.038 <0.001*

Note: *p-value <0.05 was considered statistically significant

100+
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Figure 3. Kaplan-Meier curves for oral squamous cell carcinoma patients.
Kaplan-Meier curves of overall survival (A) and disease-free survival (B)
according to the methylation status of T-cadherin.

an important potential molecular marker for the diagnoses,
effective monitoring, and prognosis of OSCC patients. Detec-
tion of DNA methylation in sera has the advantage of being
easy to acquire, non-invasive, easy to store, and accessible to
repeated acquisition [23]. In the present study, MSP and BSP
were used to examine the methylation status of T-cadherin
in the sera and tissues of OSCC patients and controls respec-
tively, so as to explore the clinical significance and prognostic
value of T-cadherin methylation in OSCC.

The current study demonstrated that the methylation
status of T-cadherin in OSCC tissues was in accordance
with that in serum, the results indicate that the methyla-
tion of T-cadherin in sera was derived from OSCC tissues.

Moreover, methylation of T-cadherin was associated with
advanced stage and lymph node metastasis, which are all
risk factors for tumor progression and poor prognosis. The
results suggest, then, that methylation of T-cadherin in the
sera of OSCC patients is closely correlated with the malig-
nant behavior of the tumor and can be used as a valuable
marker for these patients. Moreover, accumulating studies
have confirmed that hypermethylation of CpG islands in the
promoter region of the tumor suppressor gene can eventually
lead to tumorigenesis, our previous study demonstrated that
T-cadherin is a tumor suppressor gene, and its low expression
is correlated with advanced clinical stage and PFS of OSCC
and the overexpression of T-cadherin can inhibit proliferation
of OSCC through the PI3K/AKT/mTOR pathway [14]. Thus,
we speculate that loss of T-cadherin by promoter methyla-
tion promotes tumor progression and lymph node metastasis
through activating the PI3K/AKT/mTOR pathway, finally
leads to poor prognosis of OSCC patients, the exact mecha-
nism needs further study to uncover this.

Recurrence is one of the main reasons for treatment
failure in OSCC patients, 60% of whom are at risk for local
recurrence, the patients who have recurrence also tend to
have higher mortality rates and less favorable prognosis, with
a median survival rate of only 10 months [24]. The removal
of T-cadherin as a result of promoter methylation has been
reported to be an important determinant of recurrence in
various human cancers [15, 25]. Our study discovered that
methylation of T-cadherin in the sera of OSCC patients
occurred more frequently in patients who had recurrent
OSCC, and this suggests that T-cadherin methylation might
be able to be used as a biomarker for predicting recurrence in
OSCC patients [15].

The five-year survival rate of OSCC patients remains very
low, and so far, there are few molecular markers that can effec-
tively predict the prognosis in such patients [7]. Therefore,
searching for molecular markers that can effectively predict
the prognosis of OSCC patients is of great importance for
the treatment of cancer. Our results found that the survival
outcome of OSCC patients with methylated T-cadherin was
worse, which suggests that methylation of T-cadherin in the
sera of OSCC patients is closely correlated with a less favor-
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able prognosis. Multivariate analysis suggests that methyla-
tion of T-cadherin is an independent factor for the OS and
PES rates of patients with OSCC. These results are similar to
the findings for bladder and renal cancer [15, 26]. The data
suggest that methylation of T-cadherin in the sera prior to
treatment can be an independent predictor for the prognosis
of OSCC patients.

In conclusion, the present study demonstrated that
methylation of T-cadherin occurred frequently in the sera
of patients with OSCC before treatment and was associ-
ated with advanced stage, positive lymph node metastases,
tumor recurrence, and poor prognosis. The current study
suggests that methylation of T-cadherin in the sera should
be determined before treatment and that, for the patients
with methylated T-cadherin in sera, enhanced follow-up and
effective targeted therapy should be performed to prevent
tumor relapse and obtain a better prognosis.
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