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Abstract

Objectives—The role of promoter methylation in the development of mucoepidermoid 

carcinoma (MEC) has not been fully explored. In this study, we investigated the epigenetic 

landscape of MEC.

Methods—The Illumina HumanMethylation27 BeadChip array and differential methylation 

analysis were utilized to screen for epigenetic alterations in 14 primary MEC tumors and 14 

matched normal samples. Bisulfite sequencing was used to validate these results, with subsequent 

quantitative Methylation-Specific PCR (qMSP) to validate chloride intracellular channel protein 3 

(CLIC3) in a separate cohort. Furthermore, CLIC3 immunohistochemical (IHC) staining was 

performed in another separate cohort of MEC. Finally, clinical and pathological characteristics 

were statistically analyzed for correlation with methylation status of CLIC3 and CLIC3 IHC H-

scores by Wilcoxon rank sum, Kruskall-Wallis, and X2 test tests.

Results—We obtained 6 significantly differentially methylated gene candidates demonstrating 

significant promoter hyper- or hypo- methylation from the array data. Using bisulfite sequencing, 

we found one gene, CLIC3, which showed differential methylation between MEC tumor and 
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normal samples in a small validation cohort. qMSP analysis of the CLIC3 promoter in a separate 

validation set showed significantly lower methylation level in tumor than in normal. The level of 

CLIC3 methylation in MECs was not statistically correlated with clinical or pathological 

characteristics. However, IHC staining intensity and distribution of CLIC3 were significantly 

increased in MECs, compared with those of normal salivary gland tissues.

Conclusions—Hypomethylation of CLIC3 promoter and its overexpression are significant 

events in MEC. Its functional role and potential therapeutic utility in MEC are worthy of further 

exploration.
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Introduction

Mucoepidermoid carcinoma (MEC) is the most common type of salivary gland malignancy 

in adults and children [1]. MECs arise more commonly in the parotid than the minor salivary 

glands, wherein the soft and hard palate are the main sites of involvement [2]. MEC is 

comprised of 3 main types of cells: squamous cells, mucus-secreting cells, and intermediate 

cells. MECs are classified into low, intermediate, and high grade based on histological and 

pathological characteristics. Low and intermediate grade MECs have more mucus-secreting 

and intermediate cells, while high grade MECs exhibit more squamous and intermediate 

cells [3]. Surgery remains the primary treatment modality for MECs, which generally carry a 

good prognosis. Surgery combined with post-operative radiotherapy is reserved for high 

grade MECs, but there are still generally poor results due to the local recurrence and 

metastasis. The use of chemotherapy in the postoperative setting remains controversial [4].

Several genetic alterations are associated with the carcinogenesis and metastasis of MEC 

[5]. The most well-known alteration is the t(11:19)(q21;p13.1), found in a minor salivary 

gland MEC and is thought to be an early and primary event in its tumorigenesis [6]. A novel 

fusion oncogene, CRTC1-MAML2, combines exon 1 of CRTC1 on chromosome 19p13 

with exons 2-5 of the MAML2 gene on chromosome 11q21 and was confirmed in a child 

with lung MEC [7]. In one study, CRTC1-MAML2 gene fusions were found in all of the 15 

(100%) low-grade MECs with few or no other genomic imbalances, whereas 3 of 13 (23%) 

high-grade MECs had the translocation with more genomic imbalances [8]. In another study 

on major and minor salivary gland MECs, MAML2 gene split with or without CRTC1/3-

MAML2 fusion seemed to be associated with a favorable clinical outcome [9]. The CRTC1–

MAML2 oncoprotein may upregulate the epidermal growth factor receptor (EGFR) ligand, 

amphiregulin (AREG), which activates the EGFR signaling pathway in an autocrine manner, 

ultimately stimulating MEC cell growth and survival [10].

Epigenetic changes can not only complement the possible mechanisms of carcinogenesis, 

but also become a potential method for the early detection, treatment, and prognostic 

assessment of the cancer patients. To date, only a few methylation studies have focused on 

MEC carcinogenesis. Protein levels of E-cadherin and secreted frizzled-related proteins 
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(SFRPs) were down-regulated due to their promoter hypermethylation [11,12]. Promoter 

hypermethylation was also found in some tumor suppressor genes (TSGs), including 

p16INK4a, runt-related transcription factor 3 (RUNX3), O6-methylguanine-DNA 

methyltransferase (MGMT), retinoic acid receptor b2 (RARb2), RAS-associated domain 

family protein 1A (RASSF1), adenomatous polyposis coli (APC), and death-associated 

protein kinase (DAPK) [13-16]. However, there has not been a genome wide study looking 

at the profile of CpG methylation in the DNA promoter regions in MEC.

In this study, we assessed the 6 methylated genes identified by the Illumina (San Diego, CA) 

HumanMethylation27 BeadChip array in an attempt to identify possible biomarkers 

involved in MEC. Bisulfite sequencing in a small validation cohort of 8 MEC and 6 normal 

salivary gland frozen samples was used to identify differentially methylated genes. We 

further performed qMSP to examine the promoter methylation status of the selected highly 

altered genes in a separate, large validation cohort of 25 MEC and 17 normal salivary gland 

formalin-fixed paraffin embedded (FFPE) samples. We then analyzed the correlation 

between the promoter methylation status of CLIC3 and the clinical and pathological 

characteristics of 25 MEC patients. Furthermore, CLIC3 immunohistochemical staining 

(IHC) was performed in a second cohort of MEC and normal control FFPE samples. Finally, 

clinicopathologic characteristics were analyzed for correlation with CLIC3 IHC H-scores in 

a separate cohort.

Materials and Methods

Tissue samples

14 primary MEC samples and 14 normal salivary gland samples were obtained from 

collaborations with the University of Texas MD Anderson and the National Institutes of 

Dental and Craniofacial Research supported Salivary Gland Tumor Biorepository, under an 

IRB approved protocol. The samples were de-identified so that clinical data were not 

available. These samples were used for our whole genome study whereby the Illumina 

HumanMethylation27 BeadChip array was utilized.

A pilot cohort of 8 MEC and 6 normal salivary gland frozen samples, and a validation 

cohort of 25 MEC and 17 normal salivary gland FFPE samples were obtained from 

surgically treated patients at Department of Otolaryngology-Head and Neck Surgery (Johns 

Hopkins Medical Institution, Baltimore, MD, USA) with written informed consent approved 

by the Johns Hopkins Institutional Review Board. All of the cases received no pre-operative 

chemotherapy or radiotherapy. Histological grade was defined according to WHO 

classification [17]. Tumor staging was defined according to TNM classification [18]. A total 

of 58 MECs and 20 normal salivary gland tissues from China Medical University during 

January 2009 to July 2013 were obtained for IHC under an appropriate IRB approved 

protocol. All MEC cases were confirmed by a head neck pathologist. MEC patients received 

no systemic therapy before surgery. There were 35 males and 23 females. Patients' ages 

ranged from 29 to 78 years old.
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Methylation Array

The Illumina HumanMethylation27 BeadChip array was performed at the Johns Hopkins 

Stanley Kimmel Comprehensive Cancer Center DNA sequencing core, per the 

manufacturer's instructions. The arrays were performed in a single batch. We applied 

empirical Bayes moderated t-statistics implemented in the R/Bioconductor package LIMMA 

[19] to compare DNA methylation beta values for probes in CpG Islands between the 7 

fusion positive tumors or 7 fusion negative tumors to the set of normal samples. We then 

identified those genes with FDR adjusted p-values below 0.05 as gene targets and proceeded 

with further validation.

DNA extraction

Genomic DNA from FFPE samples were extracted as previously described [16,20]. The 

FFPE tissue blocks were de-paraffinized with xylene and digested with 50 μg/ml proteinase 

K (Boehringer, Mannheim, Germany) and 1% SDS at 48°C overnight. Total genomic DNA 

of FFPE samples and frozen samples were extracted with phenol/chloroform, precipitated 

with ethanol, and finally eluted in 60 μl low-salt Tris-EDTA buffer (EDTA 2.5 mM and 

Tris-HCl 10 mM, LoTE) and stored at -20°C until use.

Sodium Bisulfite Treatment

Sodium Bisulfite was used to convert unmethylated cytosines into uracils, leaving the 

methylated cytosines unchanged as previously described [21]. 2 μg of genomic DNA was 

treated with the EpiTect Bisulfite Kit (Qiagen, Valencia, California, USA) according to the 

manufacturer's instructions. Bisulfite conversion thermal cycler conditions were as follows: 

Denaturation, 95°C for 5 min, incubation, 60°C for 25 min, denaturation, 95°C for 5 min, 

incubation, 60°C for 85 min, denaturation, 95°C for 5 min, incubation, and 60°C for 175 

min. The bisulfite-modified DNA was purified through a spin column and eluted in 60 μl 

Buffer EB and stored at -80°C until use.

Sodium Bisulfite Sequencing

Bisulfite sequencing primers were designed for CpG islands in the promoters or the first 

exon regions of the top 25 genes with MethPrimer online [22] without the consultation of 

the each probe sequence in the methylation array, so the CpGs amplified by BSP for each 

primer set were not necessarily the same CpGs in the each probe of the methylation array. 

The BSP primers designed for the top 25 genes are listed in the Table 1. Touch-down 

polymerase chain reactions (TD-PCRs) were performed as follows: an initial Taq activation, 

95°C for 5 min; denaturation, 95°C for 30 s; annealing, 60°C for 1 min; extension, 72°C for 

1 min. Touch-down annealing temperatures were changed from 60°C to 58°C, 56°C and 

54°C, 2 cycles for each temperature, and finally to 52°C for the next 35 cycles.

Sequencing

After TD-PCRs, gel electrophoresis was used to confirm the efficiency of bisulfite 

sequencing products and primer specificity for each of the top 25 genes examined. If the 

efficiency and primer specificity were not good for some primer sets, the new primer sets 

were re-designed by MethPrimer and TD-PCRs were performed again. After the efficiency 
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and specificity of each primer set were confirmed, the BSP product for each of these top 25 

genes was gel purified and subsequently sent to GeneWiz (Frederick, MD) for sequencing. 

The sequence of BSP product of each gene in each sample was read with FinchTV software 

and then all sequences of BSP products for each gene in all samples were aligned by Clustal 

Omega (http://www.ebi.ac.uk/Tools/msa/clustalo/) with each gene's reference sequence 

from RefSeq to examine the methylation status of cytosines in the region checked.

Quantitative Methylation-specific PCR

We further assessed the methylation status of the gene CLIC3 in a separate, large validation 

cohort of 25 MECs and 17 normal salivary gland FFPE samples by SYBR-Green 

Methylation-Specific PCR as described before [23,24]. Primers were designed using the 

online qPCR assay design tool, PrimerQuest (http://www.idtdna.com/PrimerQuest/Home/

Index). qMSP primer sequences of CLIC3 were forward 5′-TATCGGGTGGGCGGATT-3′ 

and reverse 5′-ACTACCCAACGCGCAAA-3′. β-actin was used for normalization. β-actin 

primer sequences were forward 5′-TGGTGATGGAGGTTTAGTAAG-3′ and reverse 5′ 

AACCAATAAAACCTACTCCTCCCTTAA-3′. qMSP reactions were performed in 384-

well microtiter plates in the Applied Biosystems 7900HT Fast Real-Time PCR System and 

analyzed using SDS 2.3 (Applied Biosystems, Foster City, California). Each reaction 

volume was 10 μl, with components as previously described [16]. qMSP reactions were first 

performed for each primer set using the universally methylated, bisulfite converted human 

DNA (Zymo Research, Irvine, California) under these conditions (95 °C for 5 min, 45 cycles 

at 95°C for 15 s and 60°C for 45 s), followed by a melting curve to examine the specificity 

of each primer set. After the efficiency and specificity of each primer set was confirmed, 

qMSP reactions were done using FFPE samples (tumor and control) under the same reaction 

conditions above, followed by a melting curve. Standard curves were established for each 

plate with serial dilutions of universally methylated human DNA. Each DNA sample was 

run in triplicate at each condition (gene-specific primer pair or β-actin primer pair). For 

standard curves, each serially diluted, universally methylated DNA control sample was run 

in triplicate at each condition. In addition, water was used to replace universally methylated 

DNA control sample for no DNA template controls that were run in at least 9 wells at each 

condition. Data were obtained following 45 amplification cycles. All samples were within 

the range of sensitivity and reproducibility of the assay based on the amplification of the 

internal reference standard.

Correlation of Clinical and Pathological Characteristics with Methylation Status

Retrospective medical record abstraction was performed to determine the clinicopathologic 

variables of interest for the MEC patients included in the validation cohort. Descriptive 

variables were summarized with frequencies and proportions for categorical variables and 

median and interquartile range for continuous variables. Median methylation levels of 3 

genes were compared between MEC tumors and normal salivary gland controls and then 

with the clinical and pathological characteristics of 25 MEC patients using the Wilcoxon 

rank sum nonparametric test for binary variables and the Kruskall-Wallis nonparametric test 

for categorical variables. Data analysis was performed using STATA 11.2 (College Station, 

TX, 2012).
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Immunohistochemical Staining (IHC)

The IHC was done as previously reported [25]. The CLIC3 antibody (catalog number: 

sc-81872) was obtained from Santa Cruz Biotechnology (Santa Cruz, CA). It was a mouse 

monoclonal IgG2a antibody that was raised against recombinant human CLIC3.

Scoring of CLIC3 IHC was performed as previously described [25]. Two head and neck 

pathologists from observed all sections in a double blinded fashion. The score depended on 

the intensity of cell staining and the percentage of stained cells. Staining intensity was 

measured as: no color as 0 (no staining), yellow as 1 (weak staining), brown as 2 (moderate 

staining), and dark brown as 3 (strong staining). The percentage of stained cells was: no 

stained cells as 0 (absent), 1% to 9% as 0.1 (focal), 10% to 49% as 0.5 (multiple), and ≥50% 

as 1.0 (diffuse). The product of the score of the intensity of cell staining multiplied by the 

score of percentage of stained cells was reported as an H-score in each field of view. Ten 

random view fields of high magnification were chosen in each slide for all biological 

samples, and three technical replicates for each sample were scored. The integrated H-score 

of all three slides for one sample that was ≥1.0 was deemed as positive expression, and <1.0 

was deemed as negative expression. SPSS 17.0 software was used for statistical analysis. 

The CLIC3 H-scores detected by IHC were correlated with the clinicopathologic parameters 

of the MEC patients by X2 test [25].

Results

Results of the Illumina (San Diego, CA) HumanMethylation27 BeadChip Array

We computed differential methylation statistics for each probe of the 27K array in a CpG 

island to compare MECs to normal. Analyses were performed to compare the 7 fusion 

positive MECs to all 14 normal controls and to compare the 7 fusion negative MECs to all 

14 normal controls. We obtained 6 genes that were significantly differentially methylated 

between the positive MECs and normal controls, which are listed in Table 1 along with the 

bisulfite sequencing primer sequences utilized. Of these six genes, CLIC3 had the lowest p-

value (an adjusted p-value of 0.009). It was also the only gene that was significantly 

differentially expressed between the negative MECs and normal controls.

Methylation Status of the Top Gene, CLIC3, in the Test Set

Using bisulfite sequencing, we found in a pilot group of 8 primary MECs and 6 normal 

salivary gland samples where the CLIC3 gene showed differential methylation profiles 

between tumor and normal samples. Fourteen CpG sites were designed in the promoter of 

CLIC3, and methylation was noted in 2/8 (25.0%) tumors with 3 (2.7%) methylated CpG 

sites and 6/6 (100%) normal samples with 21 (25.0%) methylated CpG sites, suggesting 

hypomethylation in tumors.

Methylation Status of CLIC3 in the Validation Set

We further validated the methylation status of CLIC3 with the quantitative MSP in a larger 

cohort of 25 MEC patients and 17 normal salivary gland FFPE samples. One MEC sample 

was not evaluable for CLIC3 methylation level. Methylation of the CLIC3 promoter was 
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significantly lower in tumors than normal tissues (median 0.0157 [IQR 0.0061-0.0291], 

compared with 0.0612 [IQR 0.0250-0.155], p=0.0019; Figure 1).

Clinical and Pathological Data in the Validation Cohort for Methylation Status of CLIC3

The clinical and pathological parameters of the 24 MEC samples evaluable for CLIC3 

methylation level are described in Table 2. The median age was 46 years and there were 10 

males and 14 females. The majority of tumors arose from major salivary glands (n=17). 

There were no significant differences in the level of CLIC3 methylation by clinical or 

pathological characteristics (Table 2).

Detection of CLIC3 Protein Levels by IHC in another Validation Cohort

We collected a separate cohort of 58 MEC patients and 20 normal salivary gland FFPE 

samples, and CLIC3 IHC was performed on these samples. It was found that CLIC3 was 

significantly over-expressed in 50 out of 58 MEC samples, whereas no significant CLIC3 

expression was found in 20 normal salivary gland samples, except for focal CLIC3 

expression in ductal epithelial cells of some ducts in two cases (Figure 2 and Table 3, 

P<0.001). However, the over-expression of CLIC3 in these MEC samples was not found to 

correlate with any of the clinicopathologic parameters by X2 test (Table 4).

Discussion

In this study, 6 genes had significantly altered methylation between MEC tumors and 

normal controls and were validated. Of these 6 genes, only CLIC3 had significantly altered 

methylation in both the CRTC1-MAML2 fusion positive and negative tumor samples. The 

CLIC3 gene demonstrated hypermethylation in normal salivary glands and hypomethylation 

in MECs by bisulfite sequencing. In the FFPE validation cohort, only the methylation status 

of CLIC3 showed a significant difference, with hypomethylation in MECs and 

hypermethylation in normal tissues.

CLIC3 was identified as one of the chloride intracellular channel (CLIC) family members 

[26], which was not only highly expressed in placenta [27], but also overexpressed in lung 

and heart, with low expression in skeletal muscle, kidney, pancreas and brain. CLIC3 is 

located predominantly in the nucleus, and indirectly interacts with ERK7, whose function is 

to inhibit DNA synthesis, suggesting that CLIC3 may function to regulate cell growth [26]. 

Elevated levels of CLIC3 were associated with high-grade pancreatic ductal 

adenocarcinomas, locally invasive tumors and lymph node involvement, suggesting a role in 

invasion and lymph node metastasis. Reduced survival was highlighted in pancreatic cancers 

with high CLIC3 expression, and the worst outcomes occurred when both Rab25 and CLIC3 

were upregulated. A high level of CLIC3 was an independent predictor of poor prognosis 

through multivariate Cox proportional-hazard regression analysis for those tumors [28].

CLIC3 was also identified as one of genes thought to indicate resistance to neratinib used in 

an ErbB2 positive breast tumor cell line SKBR-3 through a genome-wide RNAi screen [29]. 

An anti-angiogenic peptide, CLT1, induced tumor cell death in the presence of fibronectin in 

a mechanism that depends on up-regulation of tumor cell integrin α5β1 and CLIC3 in CLT1 

responsive tumor cell lines. Knocking down CLIC3 significantly reduced CLT1-mediated 

Wang et al. Page 7

Oral Oncol. Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



cell death, and co-localization of CLIC3 with CLT1 in tumor cells suggested a mechanistic 

link between CLIC3 and CLT1 internalization [30]. In two estrogen receptor (ER)-negative 

breast cancer cell lines, CLIC3 controlled trafficking of pro-invasive matrix 

metalloproteinase MT1-MMP independently of Rab25, and high CLIC3 expression was 

associated with low survival rate of ER-negative early breast cancer patients [30]. 

Furthermore, a higher level of CLIC3 mRNA was identified in invasive breast carcinomas 

than normal breast tissue by interrogating the Oncomine database (http://

www.oncomine.org), as reported in [31]. Overall, CLIC3 appears to be oncogenic in nature, 

but there have been no studies looking into its epigenetic regulation. In our small validation 

set, we found hypermethylation in the promoter region of CLIC3 in 6 normal samples, and 

hypomethylation in 8 primary MECs using bisulfite sequencing. In the further larger 

validation set, the quantitative methylation status of CLIC3 showed a statistically significant 

difference between MEC and normal samples, which suggests that CLIC3 has an oncogenic 

role. Because we were not able to extract good quality RNA samples from the matched 

FFPE samples that were used for quantitative MSP, and we did not have the frozen samples 

of these same cohorts used in qMSP assays, we were not able to do the RT-PCR to check 

CLIC3 mRNA levels in MEC.

Instead, we performed IHC staining of CLIC3 in 58 FFPE MEC and 20 normal salivary 

gland tissues. The results showed that 86.2% of 58 MEC samples were positively stained for 

CLIC3, whereas none of the 20 normal salivary glands were CLIC3 positive (P<0.001), 

suggesting that there was an association between methylation and protein expression. While 

this association does not definitively prove that promoter methylation is the sole regulator of 

gene expression in CLIC3, it does support the correlation between hypomethylation of 

CLIC3 in MEC samples detected by quantitative MSP (qMSP) and high expression of 

CLIC3 in MEC samples detected by IHC staining.

CLIC3 methylation was not significantly associated with clinical or pathological 

characteristics in this small study. Additional research is indicated to elucidate any clinical 

significance of CLIC3 methylation levels in MEC and whether there is increased expression 

detected.

In summary, CLIC3 is a promising epigenetic biomarker in MEC. The presence of CLIC3 

hypomethylation does appear to be significant in MEC as well as its overexpression on IHC. 

Therefore, its functional role in MEC is worthy of further exploration, and we hope to 

pursue this in future studies.
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Highlights

The HumanMethylation27 BeadChip array was used in a cohort of mucoepidermoid 

carcinoma.

The increased protein expression of CLIC3 via IHC was noted in MEC versus normal 

salivary gland tissues.

CLIC3 was found to have significant hypomethylation in these MEC tumors.
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Figure 1. 
Comparison of CLIC3 methylation level between MEC cases and normal salivary gland 

controls (p=0.0019). The shaded areas represent the interquartile.

MEC: mucoepidermoid carcinoma
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Figure 2. HE staining and CLIC3 immunohistochemical staining of normal salivary gland and 
mucoepidermoidal carcinoma tissue sections
Panel A (normal) and B (MEC) are representative photomicrographs of H&E staining; Panel 

C (normal) and D (MEC) are representative photomicrographs of CLIC3 staining. Each 

panel was taken at low magnification (×100). The inset in each panel was taken from the 

boxed region of the same slide at high magnification (×400). The bar scale in each panel and 

each inset is 200 and 50 microns, respectively.

Wang et al. Page 13

Oral Oncol. Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Wang et al. Page 14

Table 1

Bisulfite sequencing primer sequences for the significantly differentially methylated genes between either 

fusion-positive or fusion-negative mucoepidermoid carcinoma and normal controls. These genes in bold font 

are hypomethylated in their promoters.

Gene Forward Primer Sequence (5′ – 3′) Reverse Primer Sequence (5′ – 3′) Product Size (bp) Tm (°C)

CLIC3 TTTGTTTTTTGGTTTTTATTTATTA AAAAACTCTTTAAATCTCCCTATAC 281 53-54

PREX1 ATGTAGGGGTTTGGGGATTT CCCTCCTCTAAACTTCAAATTTTATC 173 59

RANBP2 TGTTAAGATATTTTTAGATTATAGGG AATACCTACAAACCACTAAAACAAC 195 52

URI1 AATGTGTTTATGAAATAGTTTTAGTA TATG CCCTCTAAAAACTTACATTTTATACC 258 54-55

TMED2 TTTTAGATTAGATTGGTTAATATGG CCTCCTAAATAACTAAAATTACAAAC 250 53-54

SPINT2 TGATTTAGGGATTAGTTTGGTATGG CCACCCTTCCCTTAAACTTAATAAC 237 59-60
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Table 2

Correlation of CLIC3 methylation level with clinical and pathological patient characteristics.

Characteristics N (%) Median CLIC3 methylation p-value

Gender 0.81

 Male 10 (42) 0.0146

 Female 14 (58) 0.0164

Age 0.286

 <40 8 (33) 0.0189

 40-60 10 (42) 0.0164

 60+ 6 (25) 0.0077

Smoking history 0.11

 No 20 (91) 0.0157

 Yes 2 (9) 0.0481

Site 0.19

 Major salivary gland 17 (71) 0.0139

 Minor salivary gland 7 (29) 0.0199

Overall stage 0.27

 I 11 (46) 0.0094

 II 7 (29) 0.0153

 III-IV 6 (25) 0.0234

Margin status 0.24

 Negative 16 (73) 0.0125

 Positive 6 (27) 0.0198

Histologic grade 0.90

 Low 10 (42) 0.0157

 Intermediate 8 (33) 0.0131

 High 6 (25) 0.0140

Perineural invasion 0.46

 No 12 (86) 0.0125

 Yes 2 (14) 0.0284

Oral Oncol. Author manuscript; available in PMC 2016 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Wang et al. Page 16

Table 3
Expression of CLIC3 in MEC and normal salivary gland tissues

CLIC3

Group n + - P-value *

MEC 58 50 8 <0.001

Normal salivary gland 20 0 20

*
: X2 test
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