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Abstract:  

The objective of this study is to evaluate the LINE-1 methylation status in breast 
cancer supporting tissue and also assess the potential of LINE 1 hypermethylated genes as 
a molecular marker for micrometastatic cancer screening. In the beginning, formalin-fixed 
paraffin-embedded lymph nodes were collected from 70 breast cancer patients and divided 
into 3 groups 1) lymph nodes of non-metastatic breast cancer (n=12), 2) lymph nodes 
negative of metastatic breast cancer (n=26), 3) matched lymph nodes positive of metastatic 
breast cancer (n=26). LINE-1 methylation was measured by qCOBRA-LINE-1 (quantitative 
COmbine Bisulfited Restriction Analysis-LINE-1) technique. The results showed the 
percentage of LINE-1 methylation among 3 groups were stepwise increase from group 1, 2, 
and 3, respectively.  Additionally, laser-captured microdissection samples from lymph nodes 
group 3 (n=6), we found higher level of LINE-1 methylation in adjacent breast cancer 
stromal cell than matched breast cancer cells significantly.  Next, we cocultured MCF-7, 
HeLa and WSU-HN 17 cell lines with peripheral blood mononuclear cells (PBMCs) in the   
Transwell® microplate. The percentage of LINE-1 methylation was gained in PBMCs after 
incubated with MCF-7 only. After that, by using CU-DREAM Ex (Connection Up- or Drown- 
Regulation Expression Analysis of Microarrays Extension, website; 
http://pioneer.netserv.chula.ac.th/~achatcha/cu-dream) program, we evaluated candidate 
genes and gene containing LINE-1 data from GSE10797, GSE9014, GSE5364 and 
GSE10810. Afterthat, seven hundred and nine upregulated genes were selected and 
classified into 3 groups followed their functions; immunological process, inflammation and 
angiogenesis. Finally, five selected candidate genes were test their expressions by 
immunohistochemistry technique. Interestingly, MUC-1 was observed to be a promising 
marker in micrometastasis tumor detection in histologically negative lymph node of breast 
cancer patient. 
Keywords:  Breast cancer, LINE-1 hypermethylation, Lymph node, Tumor supporting tissue 
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1. Introduction 
Cancer  is  the  second  most  common  cause  of  death  worldwide  after  heart  

diseases (1). One third of cancers may be cured, or treated better if cases are diagnosed 
and treated early. DNA methylation is the addition of a methyl group to the fifth carbon 
atom in the cytosine pyridine ring, resulting in formation of 5-methyl cytosine (2). The 
biological role of DNA methylation was controlling gene expression and maintaining 
genomic integrity (3). Two main altering transcription control procedures were observed in 
cellular transformation; promoter hypermethylation of tumor suppressor gene and genome-
wide hypomethylation (4).  Loss of DNA methylation has been regarded as a common 
epigenetic event in cancer cells. LINE-1 is one of interspersed repetitive sequence (IRS) 
and constitutes 17% of human genome (5, 6). Therefore, LINE-1 hypomethylation is 
responsible for genome-wide hypomethylation.  

Cancer cells are frequently characterized by hypomethylation of the LINE-1 (7). Our 
previous researches are trying to characterize the LINE-1 methylation status in peripheral 
blood mononuclear cell (PBMC) of cancer patients (8). Interestingly, we observed LINE-1 
hypermethylation only in the PBMC of breast cancer patient but not presented in colon 
cancer and nasopharyngeal cancer (Figure 1). Thus, this result makes us hypothesize us to 
expand the study of breast cancer cell influenced LINE-1 hypermethylation in other 
surrounding tissues. 
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Figure 1. IRS methylation in PBMC of cancer patients, a) LINE-1 hypomethylation in PBMC 
of colon cancer and nasopharyngeal cancer patients. b) LINE-1 hypermethylation in PBMC 
of breast cancer patients. c) Alu methylation in breast cancer patients 
 

In addition, using CU-DREAM Ex (Connection Up- or Drown- Regulation Expression 
Analysis of Microarrays Extension) program(10) , we observed that genes, containing LINE-
1 were upregulated significantly in normal surrounding cells of breast cancer. Moreover, 
LINE-1 was demonstrated to play a role in gene regulation. LINE-1 hypermethylation in 
genes, containing intragenic LINE-1 can upregulate gene expression (9). Therefore, we 
proposed that the LINE-1 hypermethylation in normal surrounding cells are associated with 
upregulation of genes that containing LINE-1. This proposed study will try to evaluate the 
LINE-1 methylaiton status in normal tissue surrounding breast cancer cells. This project will 
also assess the potential of LINE 1 hypermethylation and other candidate genes as a 
molecular marker for micrometastatic cancer screening in metastatic lymph node. 
Furthermore, this effort will provide the biological data of host immune response in cancer 
microenvironment as a strategy of targeted immunotherapy and prevention  
 
 
 
2. Objectives  
2.1. To analyze methylation level of LINE-1 in tumor supporting tissue 
2.2. To analyze methylation level of LINE-1 in metastatic lymph nodes 
2.3 To evaluate induction of LINE-1 hypermethylation in lymphocytes influenced by breast   
cancer cell lines  
2.4. Identify and evaluate upregulated genes, containing intragenic LINE-1  
2.5. Evaluate genes, containing intragenic LINE-1 for screening metastatic lymph nodes 
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3. Materials and methods 
Strategies 
 We analyzed methylation level of LINE-1 by two main methods as shown in Figure 
2.  First, we used paraffin-embeded tissue (FFPE) of breast cancer, breast cancer 
surrounding tissue to measured LINE-1 methylation level. Second, we performed co-culture 
technique to detect the influence of cancer cell to LINE-1 methylation in cancer cells.  
 

 
Figure 2. Flowcharts of main experiment  
 
GSE data 
  Four GSE datasets were retrieved from the GenBank (www.ncbi.nlm.nih.gov) as 
follow; GSE10797(11), GSE9014(12), GSE5364(13) and GSE10810(14). 
 
Lymph node and microdissected tissue 
 All samples will be immediately cut from the resected breast tissue, embedded in 
Tissue Tek® OCT medium (SakuraTM, Tokyo, Japan), and frozen in liquid nitrogen. All 
patients will had no anti-inflammatory treatment, chemical, hormonal or radical therapy. The 
frozen tissues will be sectioned by a cryostat (Carl Zeiss MicroimagingTM, New York, USA) 
at 8 μm, mounted on glass slides and covered with PEN foil (2.5 μm thick; Carl Zeiss 
MicroimagingTM). The slice samples will be quickly fixed using a mixture of absolute ethanol 
and acetic anhydride (19:1), and stored at -80�C until use. Slides will be stained with 
hematoxylin and eosin (H&E) at room temperature for investigation to confirm 
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histopathologically component by a pathologist and dehydrated for 5 sec each with 70, 80, 
95 and then 100% ethanol. The breast cancer sections which included in this study will be 
consisted of at least 80 percent of tumor cells. After being air-dried, the sections will be 
microdissected using the LMD system with a 337-nm nitrogen ultraviolet (UV) laser (Zeiss 
PALM Microbeam LCM System, Carl Zeiss MicrosystemsTM). The target cells dissected 
from a section will be dropped immediately into a microcentrifuge tube cap filled with 30 μl 
of RLT lysis buffer (Qiagen®, Hiden, Germany). The samples of noncancerous tissues will 
be selected from at least 5 cm away from cancer tissue, and pathologically composed of 
>80% normal breast tissue without cancerous and dysplastic cells. Laser capture 
microdissection will be used to collect approximately 1,500 cells for further experiment. 
 
PBMCs preparation 

PBMCs were purified using standard Ficoll-Paque gradient centrifugation according 
to the instructions of the manufacturer (Amersham Pharmacia, Uppsala, Sweden). Briefly, 
4 ml of Ficoll-Paque gradient was pipetted into two 15-ml centrifuge tubes. The heparinized 
blood was diluted 1:1 in phosphate-buffered saline (PBS) and carefully layered over the 
Ficoll-Paque gradient (9 to 10 ml/tube). The tubes were centrifuged for 20 min at 1,020 g. 
The cell interface layer was harvested carefully, and the cells were washed twice in PBS 
(for 10 min at 640 g followed by 10 min at 470 g) and resuspended in RPMI 1640 medium 
with Glutamax supplemented with penicillin (50 U/ml)-streptomycin (50 g/ml) and 10 mM 
HEPES (complete RPMI medium) before counting. 

 
Cells and co-culture conditions 

The established human carcinoma cell lines which obtain from American Type 
Culture Collection (Rockville, MD) are including mammary carcinoma (MCF-7, ATCC-
HBT22), head and neck squamous cell carcinoma (WSU-HN17) and cervical carcinoma 
(HeLa, ATCC-CCL-2). Normal human fibroblasts were isolated from normal breast tissue in 
the absence of tumoral lesion and retained a fibroblastic morphology more than 10 
passages. All of them were grown up with DMEM medium supplemented with 10% FBS 
(Gibco BRL, Life Technologies) at 37 oC in a humidified atmosphere (95% air: 5% CO2). 
The cell lines will be passaged twice a week, and the medium will be changed every other 
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day. All cell lines will be performed mycoplasma-free test with the Boehringer Mannheim 
BM-Cyclin test (F. Hoffmann-La Roche Ltd.). The cells, grown in culture flasks (CytoOne 
T225 flask, USA Scientific®.Inc), will be harvested at 60-65% confluence using 0.05% 
Trypsin, 0.5 mM EDTA, and washed in a phosphate buffer saline (PBS).  

Indirect co culture experiments associating cancer cells with PBMCs or fibroblast 
were performed in Transwell® culture plates (Costar, Dutscher, Brumath, France) allowing 
paracrine exchanges between both cell types. The cancer cells were seeded in 24-well 
culture plates (5x104 cells/well) and allowed to attach overnight in DMEM serum-free 
medium, whereas PBMCs or fibroblasts were plated in permanent membrane culture 
inserts which is 6.5-mm diameter; tissue culture treated polycarbonate membranes, 0.4-mm 
pore size (1x105 cells/well). Culture inserts containing PBMCs or fibroblasts were then 
placed in the wells containing cancer cells. Both PBMCs and fibroblasts were co-cultivated 
for 4 and 8 hours to harvest and determine DNA methylation.  
DNA extraction 

Cells from the tissue culture and breast biopsy tissue were centrifuged at 4 oC 
2,500 rpm, 15 minutes. Cell pellet were collected and discarded supernatant. Wash cell 
pellet in sterile phosphate buffer saline solution and centrifuged at 4 oC 2,500 rpm, 15 
minutes. Cell pellet were added with 1 ml of extraction buffer with 10% SDS and proteinase 
K 0.5 mg/ml. The mixture were incubated at 50 oC, 72 hours. Phenol-chloroform solution 
were added into the digest cell pellets or tissues mixture. After that, the mixtures were 
centrifuged at 4 oC 14000 g for 15 minutes. Collect the upper phase and add 10 M 
ammonium acetate, absolute ethanol for DNA precipitation. The air-dry DNA were 
suspended in distill water and applied for COBRA LINE-1 to measure the LINE-1 
methylation.  

 
Quantitaive Combine Bisulfite Restriction Analysis for LINE-1 (qCOBRA LINE-1) 

All DNA samples were converted by bisulfite reaction using sodium bisulfate as 
previously described. Unmethylated cytosine at CpG island were changed into uracil while 
methylated cytosine were not be changed. A total of 1 μg DNA samples were denatured in 
0.22 M NaOH at 37 oC, 10 minutes and added 10 mM hydroquinone (Sigma-Aldrich, 
Singapore) with 3 M sodium bisulfited (pH 5.0) incubated at 50 oC, 16-20 hours. After that, 
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DNA was recovered using the Wizard DNA Clean-Up Kit (Promega, Madison, WI) follow by 
the manufacturer’s protocol. DNA samples were eluted by warm water and precipitated with 
sodium acetate in ethanol. Then, Bisulfited DNA pellets were resuspended in distills water. 
One microliter of bisulfited DNA were subjected into 45 cycles of PCR process using LINE-
1 forward primer (5′-CCGTAAGGGGTTAGGGAGTTTTT-3′) and LINE-1 reverse primer (5′-
RTAAAACCCTCCRAACCAAATATAAA-3) with annealing temperature 50 oC. The amplified 
products were digested with 2 U of TaqI and TasI restriction endonuclease in buffer III (MBI 
Fermentas®, Glen Burnie, MD) at 65 oC, overnight. The digested products were identified 
by 8% non-denaturing polyacrylamide gel electrophoresis and stained with SYBR green 
(SYBR® Green JumpStart™ Taq ReadyMix™, Sigma-Aldrich® .Co.LLC). All samples will be 
process in duplicate.  

According to LINE-1 analysis and calculation, the amplified products were classified 
into 3 types depended on the methylation pattern of the 2 CpG dinucleotides. There are 
hypermethylated loci (mCmC), partial methylated loci (uCmC and mCuC) and 
hypomethylated loci (uCuC). After enzyme digestion, four sizes of products were detected 
for COBRA LINE-1 (160 bp, 98 bp, 80 bp and 62 bp). Then, the band intensities were 
measured by a phosphoimager using ImageQuant Software (Molecular Dynamics, GE 
Healthcare®, Slough, UK).  

Next, the percentage of LINE-1 methylation pattern will be calculated as follow; 
First, the intensity of each band were divided by bp of DNA length; %160/160 = A, %98/94 
= B, %80/78 = C, and %62/62 = D. After that, the percentage of methylation were 
calculated as following formula; mC = 100×(C+A)/(C+A+A+B+D), mCuC = 100×(A)/(((C–D 
+B)/2)+A+D), uCmC = 100×(D-B)/(((C–D+B)/2)+A+D), uCuC = 100×B/(((C–D+B)/2)+ A+D) 
and mCmC = 100×((C–D+B)/2)/(((C–D+B)/2)+D+A). The same DNA preparations from 
HeLa (Cervical cancer), DauDi (B-cell lymphoma) and JurKat (T-cell lymphoma) cell lines 
were used as a positive control in the experiment and for inter-assay adjustments. 
Bioinformatics (CU-DREAMX) 
 GEO dataset were selected from NCBI microarray database including GSE10797, 
GSE9014, GSE5364 and GSE10810. GSE10797 and GSE9014 comparing gene 
expression between stromal cell from invasive breast cancer and stromal from normal 
adjacent tissue. GSE 5364 and GSE10810 reveal expression data from breast cancer cell 
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and normal adjacent tissue. All GEO datasets were analyzed expression level of gene 
containing LINE-1 with CU-DREAMX program which calculated p-value and odd ratio.  
 
Immunohistochemistry 

Three-micrometer-thick sections of formalin-fixed, paraffin-embedded tissue 
specimens will be deparaffinized and dehydrated. After antigen retrieval by heating in an 
autoclave for 10 min at 120°C, the sections will be incubated with 2% normal bovine serum 
to block any non-specfic reaction. Then the sections will be incubated with an antihuman 
monoclonal antibody against specific candidate gene (Dilution 1:1000) at 4°C overnight and 
followed by incubation with a biotinylated secondary antibody (antigoat IgG, 1:200; Vector® 
Laboratories, Burlingame, CA) and Vectastain Elite ABC reagent (Vector® Laboratories) at 
room temperature for 30 min each. The sections will be treated with 3,3′-diaminobenzidine 
tetrahydrochloride, followed by counterstaining with hematoxylin. Tissue specimens which 
had detected positive immunoreactivity for candidate gene will be used as a positive control 
at staining. 
 
Statistical analysis 

Statistical analyses were determined by using SPSS (Statistical Package for the 
Social Sciences) software for Windows version 17.0.1 (SPSS Inc., Chicago, IL). The data 
were expressed in mean ± SEM and independent sample t-test were performed to calculate 
significant differences among normal, breast cancer adjacent tissue, PBMCs control and 
PBMCs after co-culture. All p-values were obtained by two sided and p-values less than 
0.05 were observed to statistical significant.  
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4. Results 
The results from CU-DREAM Ex program show significantly p-value in all selected 

GEO datasets. When comparing between stromal cell from invasive breast cancer and 
normal, upregulated gene containing LINE-1 are significant different (GSE10797; p = 3.08 x 
10-8, GSE9014; p = 1.34 x 10-8). However, downregulated gene containing LINE-1 are 
significant only comparing between breast cancer cell and adjacent normal tissue 
(GSE5364; p = 1.11 x 10-7, GSE10810; p = 8.09 x 10-10). From strategic of LINE-1, 
intragenic LINE-1 can regulate gene expression when the CpG methylations of LINE-1 
were change. Intragenic LINE-1 hypermethylation can cause gene up regulation and 
hypomethylation condition lead to gene down regulation. Consequently, the result of GEO 
dataset (shown in figure 3.) implied that LINE-1 methylation occurred in stromal cell 
surrounded by cancer cell was higher than normal stromal cell. Moreover, the methylation 
in cancer cell might be lower than adjacent normal tissue.  
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Figure 3. The results from CU-DREAM Ex program show genes containing LINE-1 
expression are up regulate in stromal cells from invasive breast cancer. All of up regulated 
gene containing LINE-1 can classified into 3 major groups including angiogenesis, 
inflammation and immunological process. 

When we observed LINE-1 methylation level in breast cancer lymph node as shown 
in Figure 4 and Table 1, we found that the methylation level were different between breast 
cancer cell and adjacent tissue (p-value = 0.0148). The LINE-1 methylation were increased 
from No metas, Metas LN- and Matas LN+ group, respectively. The P-value in each group 
were observed (No metas: Metas LN+ = 0.002, No metas: Metas LN- =0.106, Metas LN- : 
Metas LN+ =0.008) 
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Figure 4. Show the results of LINE-1 methylation in lymph node. a) demonstrated figure in 
each group. b) The percentage of LINE-1 methylation in lymph node show increasing level 
from no metas, metas LN- and metas LN+, respectively. c) The percentage of Alu 
methylation in the same group of lymph node which not found significant result.  

 We also measured LINE-1 methylation level in surrounding adipose tissue of breast 
cancer. The results showed higher level of LINE-1 methylation along the distance from the 
cancer tissue (Figure 5). 
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Figure 5. LINE-1 methylation in surrounding adipose tissue of breast cancer.  a) Illustration 
of surrounding adipose tissue separation in different distances from tumor tissue. b and c) 
LINE-1 hypermethylation in the adjacent stromal tissue. 

 

Next, we observed LINE-1 methylation change (%mC) with indirect co-culture. 
PBMCs after co-culture in 4 and 8 hours with MCF-7 were shown LINE-1 hypermethylation 
when compare with control (p-value =0.0044 and 0.0240). This hypermethylation evidence 
was found in the indirect co-culture between MCF-7 and primary fibroblast (p-value =0.0288 
and 0.8624). In Figure 6 and Table 1 show LINE-1 hypermethylation only occurred in co-
culture with breast cancer cell line. 
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Figure 6. The percentage of LINE-1 methylation from PBMcs when performed indirect co-
culture including a) Schematic of indirect co-culture composed of lower layer which is 
breast cancer cell lines and upper layer which is PBMCs or fibroblast. b) The results of 
LINE-1 methylation from 4 hr. indirect co-culture PBMCs found LINE-1 hypermethylation 
only female PBMCs indirect co-culture with breast cancer cell lines. c) Show Alu 
methylation of 4hr. indirect co-culture PBMCs with breast cancer cell line which found no 
significant. d) LINE-1 hypermethylation also occurred in 4hr indirect co-culture fibroblast 
with breast cancer cell line.  
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Table 1. Detail data of LINE-1 and Alu methylation levels 

 

Afterthat, we used the CU-DREAM Ex data of GSE 9014 and selected candidate 
genes from the up-regulation criteria. We selected from gene function including 
inflammation, angiogenesis and immunological process. Five of them with high p-value 
were select as candidate genes to performed immunohistochemistry including ALK-1, MUC-
1, Prolactin, Collagen type IV and Ubiquitin. However, the positive result was found only in 
MUC-1 immunohistochemistry staining (shown in figure 7). The MUC-1 positive cells were 
found only in Metas LN- which not found in No metas. Both group show negative for breast 
cancer cells when performed pan-cytokeratin staining. CD138+ were used as a marker for 
plasma cells and the result found CD138+ positive in both group. Moreover, some of 
positive cells are MUC-1 positive and CD138+ positive which implied that positive cells is 
MUC-1 positive plasma cells. 
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Figure 7. Immunohistochemistry of No metas and Metas LN- lymph node. MUC-1 positive 
cells were found only in metas LN-. CD138+ is a maker for plasma cells which found in 
both group and some of them are MUC-1 positive cells. Pan-cytokeratin is marker for 
breast cancer which negative in both group.  

Finally, MUC-1 positive cells were calculated in percentage of positive cells per 
lymph node. The results displayed the capacity of MUC-1 positive plasma cell in 
discrimination between no metas lymph node between and metas LN- group. (Table 2)  

 

Table 2.  Immunohistochemistry staining MUC-1 positive plasma cells in three lymph node 
groups. 
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5. Discussion and conclusion  
In general, cancer cells composes of multiple components from both tumor cells 

and host stromal cells. Recently, many researches notify that tumor stromal cells play 
important roles in tumor initiation, progression, and metastasis (15). There are some 
stromal cells which can involve in breast cancer progression such as T lymphocyte 
(infiltrating lymphocyte) and macrophage (tumor-associated macrophage) (16) and cancer-
associated fibroblasts (15, 17). However the mechanism of stromal cell induction by cancer 
cells still unknown.  Here, we found the epigenetic change, the LINE-1 hypermethylation 
which specific to breast cancer stromal tissue.  

In case of hypermethylation of CpG island, genes can causes inactivation of tumor-
associated genes early in carcinogenesis. Early studies suggest that this could be a 
consequence of deregulation of the methylation mechanism such as over expression of 
DNMT1, 3A and 3B in cancer cell lines, which cause an increase in CpG island methylation 
(18, 19). Recently, demethylation of CpG island genes leads to the implication of alternative 
transcripts and overexpression of oncogenes (20). 

Normally, LINE-1 hypomethylation is responsible for genome-wide hypomethylation. 
LINE-1 methylation change can regulate gene expression especially for intragenic LINE-1 
(9). When LINE-1 methylation levels were reduced in some conditions (chemical treatment 
or carcinogenesis), a significant number of LINE-1 RNA were increase (Figure 9). The 
LINE-1 RNA-genomic mRNA complex will bind to AGO2 which lead to RNA degradation 
process. Afterthat, gene containing LINE-1 will down-regulate. The degree of this 
repression correlated with the intragenic LINE-1 methylation level (partial-, complete- 
methylation). During cancerous tissue development, the system interaction as 
microenvironment between cancer cells and surrounding stromal cells is occurred.  
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Figure 9. Intragenic LINE-1 can regulate gene expression. The LINE-1 RNA-genomic 
mRNA complex was bound to AGO2 which lead to RNA degradation process and mRNA 
production is not occurred a) upregulated gene expression occurred by hypermethylation of 
intragenic LINE-1 b) partial methylation of intragenic LINE-1 can transcript LINE-1 RNA 
which complementary to genomic mRNA c) LINE-1 RNA were increase in hypomethylation 
of intragenic LINE-1 which lead to down regulated gene expression. 
   

We observed that breast cancer cells can promote LINE-1 methylation of normal 
surrounding cells including fibroblast, PBMC and adipose tissue. This event not occurred in 
both H&N cancer and cervical cancer. Therefore, there should be some mechanisms that 
need further investigation for the breast cancer- microenvironment interaction especially, 
focus to gene-containing LINE-1 and LINE-1 methylation. Interestingly, we were not found 
any LINE-1 methylation change of normal surrounding cells in male. That should be 
explanation by female hormone impaction such as estrogen. In this point, our ongoing 
study will approve the influence of estrogen to gene-containing LINE-1 transcription.  In this 
study we also found some application. The Muc-1 which is one of gene-containing LINE-1 
was observed to be overexpression in breast cancer surrounding plasma cells. Although, 
we stilled not know the definite mechanism, but this first evidence may help us to gain 
questions for our further study. Finally, we expect to apply Muc-1 positive plasma cells as a 
prognosis prediction in histologically negative lymph node of breast cancer.  

A. B. C.
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In conclusion, our studies demonstrated 
 Breast cancer cells can promote LINE-1 methylation of normal surrounding cells 

in female. 
 Breast cancer cells cannot promote LINE-1 methylation of normal surrounding 

cells in male. 
 H&NSCC and cervical cancer cannot promote LINE-1 hypermethylation in 

normal surrounding cells.   
 Upregulated gene containing LINE-1 of breast cancer surrounding cells involve 

in carcinogenesis including angiogenesis, inflammation and immunological 
process 

 Plasma cells in metastatic cancer express MUC-1 has a potential application for 
micrometastatic cancer detection in lymph node. 
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Introduction

	 DNA methylation of the human cancer genome is 
usually lower (hypomethylation) than in representative 
normal cells (Chalitchagorn, 2004; Hoffmann, 2005; 
Esteller, 2011; Kitkumthorn, 2011). The methylated 
CpG dinucleotides in 5’UTR of the two most abundant 
interspersed repetitive sequences, Long INterspersed 
Element-1 (LINE-1 or L1) and Alu elements, are 
frequently evaluated as representative of the genome-
wide methylation levels. Genome-wide hypomethylation, 
which is characterized by reduced methylation levels of 
LINE-1 and Alu, is often present in many malignancies 
(Kitkumthorn, 2011). The epigenomic changes are 
associated with genomic instability and altered gene 
expression (Hoffmann, 2005; Kongruttanachok, 
2010; Aporntewan, 2011). Both LINE-1 and Alu 
hypomethylation are also associated with advanced tumor 
stage, higher histological grade, poorer prognosis and 
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Abstract

	 Background: The potential use of hypomethylation of Long INterspersed Element 1 (LINE-1) and Alu elements 
(Alu) as a biomarker has been comprehensively assessed in several cancers, including head and neck squamous 
cell carcinoma (HNSCC). Failure to detect occult metastatic head and neck tumors on radical neck lymph node 
dissection can affect the therapeutic measures taken. Objective: The aim of this study was to investigate the 
LINE-1 and Alu methylation status and determine whether it can be applied for detection of occult metastatic 
tumors in HNSCC cases. Methods: We used the Combine Bisulfite Restriction Analysis (COBRA) technique 
to analyse LINE-1 and Alu methylation status. In addition to the methylation level, LINE-1 and Alu loci were 
classified based on the methylation statuses of two CpG dinucleotides in each allele as follows: hypermethylation 
(mCmC), hypomethylation (uCuC), and 2 forms of partial methylation (mCuC and uCmC). Sixty-one lymph nodes 
were divided into 3 groups: 1) non-metastatic head and neck cancer (NM), 2) histologically negative for tumor cells 
of cases with metastatic head and neck cancer (LN), and 3) histologically positive for tumor cells (LP). Results: 
Alu methylation change was not significant. However, LINE-1 methylation of both LN and LP was altered, as 
demonstrated by the lower LINE-1 methylation levels (p<0.001), higher percentage of mCuC (p<0.01), lower 
percentage of uCmC (p<0.001) and higher percentage of uCuC (p<0.001). Using receiver operating characteristic 
(ROC) curve analysis, %uCmC and %mCuC values revealed a high level of AUC at 0.806 and 0.716, respectively, 
in distinguishing LN from NM. Conclusion: The LINE-1 methylation changes in LN have the same pattern as 
that in LP. This epigenomic change may be due to the presence of occult metastatic tumor in LN cases. 
Keywords: Long INterspersed element-1s (LINE-1s) - Alu elements - DNA methylation - lymph nodes - occult tumor 
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tumor metastasis (Cho, 2007; Choi, 2007; Shuangshoti, 
2007; Tangkijvanich, 2007; Pattamadilok, 2008; 
Iramaneerat, 2011; Kitkumthorn, 2011; Nopavichai, 
2012).
	 Each LINE-1 locus has a distinct methylation level 
and pattern (Phokaew, 2008; Singer, 2012). To improve 
the efficiency of detecting cancer DNA and to measure 
the overall methylation level, we recently classified LINE-
1s into 4 groups based on the methylation statuses of 2 
CpG dinucleotides in each LINE-1 sequence. These 4 
classes were hypermethylation (mCmC), hypomethylation 
(uCuC), and 2 forms of partial methylation (mCuC and 
uCmC) (Pobsook, 2011; Kitkumthorn, 2012). We found 
that differences in the LINE-1 methylation pattern 
could be observed even if the overall levels were 
unchanged. Furthermore, partial methylation contributed 
to differences in the overall methylation levels between 
various normal tissue types, oral epithelium and white 
blood cells (Pobsook, 2011). Finally, for cancer DNA 
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detection, %uCuC is more sensitive and specific than the 
methylation level (Pobsook, 2011; Kitkumthorn, 2012). 
	 Head and neck squamous cell carcinoma (HNSCC) is 
one of the most serious health problems, ranking as the 
sixth most common cancer worldwide (Bennett, 2008).  
Metastasis from these cancers can be fatal (Manikantan, 
2012). The 5-year survival rate is less than 50% for patients 
with a single unilateral lymph node metastasis and less 
than 25% for patients with bilateral metastases (Zhang, 
2007). Genome-wide hypomethylation has also been found 
to be involved in the carcinogenesis of these cancers. In 
a limited cohort of 6 tumor samples, we demonstrated 
LINE-1 hypomethylation in HNSCC versus histologically 
normal mucosal tissues (Chalitchagorn, 2004). This result 
has been confirmed by Smith et al., who determined that 
67% of HNSCCs are hypomethylated compared to normal 
mucosal specimens (Smith, 2007). Furthermore, the latter 
study also demonstrated a relationship between increasing 
tumor stage and the degree of hypomethylation-that is, the 
mean levels of genome-wide methylation are reduced in 
the Stage IV lesions compared to the Stage I-III diseases 
(Smith, 2007). Moreover, in a recent study, we found that 
tumors at metastatic sites presented significant decreases 
in methylation compared with the primary lesions 
(Nopavichai, 2012).  
	 Despite the important role of pathologists in cancer-
staging evaluations (one of which is the diagnosis of 
lymph node metastasis), there are some limitations of 
the routine histological examination for identifying 
occult metastatic tumor cells. Failure to detect occult 
tumor cells may be due to inadequate tissue sampling or 
the inattention of pathologists to minuscule tumor-cell 
groups. These actions can cause inaccurate tumor staging 
and lead to improper therapeutic management (Gu, 2002; 
Coello, 2004; Imoto, 2006; Broglie, 2011; Rahbari, 2012). 
Many studies have developed methods for detecting 
occult tumor cells or DNA, including serial section 
staining, immunohistochemistry, PCR and RT-PCR-based 
methods (Tsavellas, 2001; Riethdorf, 2008; Wada, 2008; 
Shimizu, 2012); however, their conclusions have been less 
satisfactory. In this study, we aimed to determine whether 
LINE-1 and Alu methylation measurements are effective 
biomarkers for the detection of occult metastatic HNSCC 
and whether these measurements can provide a supportive 
method for diagnosing nodal metastases from HNSCC as 
an alternative to routine pathological examination.
 
Materials and Methods

Recruited subjects
	 Sixty-one lymph nodes were included in this study.  
All specimens were retrieved from the Department of 
Pathology, Faculty of Medicine, Chulalongkorn Hospital. 
All of the primary cancer tissue was collected from patients 
with diagnosed squamous cell carcinoma. Lymph node 
samples were derived from radical neck dissections and 
were classified into 3 groups: 1) lymph nodes from cases 
with non-metastatic head and neck cancer (NM, n=15), 
2) lymph nodes from cases with metastatic head and neck 
cancer but histologically negative for tumor cells (LN, 

n=23), and 3) lymph nodes from cases with metastatic 
head and neck cancer and histologically positive for tumor 
cells (LP, n=23). The NM and LN groups were confirmed 
to be histologically free of cancer cells, whereas the LM 
group was diagnosed as having metastatic malignant cells 
by two pathologists (NK and SK). The lymph nodes in 
groups 2 and 3 (LN and LM) belonged to the same group 
of patients. The patients’ demographic data, clinical stages 
and histological grades were reviewed from each patient’s 
chart and are presented.

DNA extraction and bisulfite modification
	 Formalin-fixed, paraffin-embedded lymph node tissues 
were sliced into 3-5 sections (each of them 5 µm thick) 
and were then left unstained. Another section was stained 
with hematoxylin and eosin for pathological confirmation.  
After deparaffinization with xylene, the DNA was 
isolated using Tris/SDS and proteinase K and left at 50°C 
overnight, followed by phenol/chloroform extraction 
and ethanol precipitation. The isolated genomic DNA 
was eluted and then used for bisulfite treatment. Bisulfite 
modification of the genomic DNA was performed using 
previously published methods (Chalitchagorn, 2004). In 
brief, 200 ng of DNA was dissolved in 50 µl of distilled 
water, followed by denaturation in 5.5 µl of 2 M NaOH 
for 10 min at 37°C. Then, 30 µl of 10 mM hydroquinone 
(Sigma-Aldrich, Singapore) and 520 µl of 3 M sodium 
bisulfite (pH 5.0) were added, mixed and incubated at 
50°C for 16 h. The bisulfite-treated DNA was purified 
using the Wizard DNA clean-up kit (Promega, Madison, 
WI) according to the manufacturer’s protocols.  After 
this step, the DNA was eluted with 50 µl of warm water, 
desulfonated with 5.5 µl of 3 M NaOH for 5 min and 
precipitated (with NH4OAC- EtOH) using glycogen as a 
carrier. Finally, the bisulfite-treated DNA was resuspended 
in 20 µl of water and stored at -20°C until needed for use.

Combined Bisulfite Restriction Analysis (COBRA) of 
LINE-1 and Alu
	 For COBRALINE-1, the bisulfate-treated DNA 
was subjected to 40 PCR cycles with LINE-1-F 
(5’-CCGTAAGGGGTTAGGGAGTTTTT-3’) and LINE-
1-R (5’-RTAAAACCCTCCRAACCAAATATAAA-3’) 
primers at an annealing temperature of 50°C. For 
COBRAAlu, the bisulfite-treated DNA was subjected 
to 40 cycles of PCR with two primers, Alu-F 
(5’-GGCGCGGTGGTTTACGTTTGTAA-3’) and Alu-R
( 5 ’ - T T A A T A A A A A C G A A A 
TTTCACCATATTAACCAAAC-3’) at an annealing 
temperature of 53°C. After PCR amplification, the LINE-1 
amplicons (160 bp) were digested with TaqIand TasI in 
NEB buffer 3 (New England Biolabs, Ontario, Canada) 
while the Aluamplicons (117 bp) were digested with TaqI 
in TaqI buffer (MBI Fermentas, Burlington, Canada). Both 
digestion reactions were incubated at 65°C overnight. 
The LINE-1- and Alu-digested products were then 
electrophoresed on an 8% non-denaturing polyacrylamide 
gel and stained with the SYBR green nucleic-acid gel stain 
(Gelstar, Lonza, USA). The intensities of both COBRA 
PCR fragments were measured using a phosphoimager 
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Alu methylation level of each pattern was calculated to 
obtain the exact percentage number. 
	 The calculation was performed as follows: Initially, 
the intensity of each band was divided by the length 
(bp) of the double-stranded DNA: %117/117=A, %74 
and 75/74.5=B, %42 and 43/43.5=D, and D-B=C 
(C=hypermethylated loci,mCmC). Then, the Alu 
methylation level in each pattern was calculated as follows: 
%mC=100x(2C+2B)/(2A+2B+2C)=100x(2D)/(2A+2D), 
%mCmC=100xC(A+B+C), %uCuC=100xA(A+B+C) and 
percentage of partially methylated loci (%uCmC+%mCuC) 
=100xB/(A+B+C). 

Statistical Analysis
	 All statistical analyses were conducted using SPSS 
software for Windows version 17.0 (SPSS Inc., Chicago, 
IL). An independent sample t-test was performed to 
determine the difference between the NM and LN groups 
and between the NM and LM groups, whereas the paired 
t-test was used to evaluate the LN and LM groups. All 
p-values were two sided. The p-values that were less than 
0.05 were considered statistically significant. A receiver 
operating characteristic (ROC) analysis was performed to 
verifythe ability of the COBRALINE-1 and COBRAAlu 
methylation status to differentiate between lymph nodes 
with or without occult metastatic tumor.

Results

Overall LINE-1 and Alu methylation
	 As shown in Table 1, Table 1 and Figure 2, the 
percentage of overall LINE-1 methylation (mC) among 

Table 1. Each Pattern and p-value
	 %mC	 %mCmC	 %mCuC	 %uCmC	 %uCuC

LINE-1 methylation levels (mean%±S.D.) and p-value:
	 NM (N=15)	 46.42±5.38	 22.86±9.22	 20.03±6.44	 27.10±11.57	30.01±9.21
	 LN (N=23)	 46.01±5.13	 22.89±6.70	 27.17±5.70	 19.08±  7.78	30.86±5.65
	 LP (N=23)	 40.21±4.31	 19.88±5.81	 32.09±6.38	   9.21±  8.10	39.47±6.78
p-value:
	 NM vs. LN	 0.817	 0.991	 0.001	 0.016	 0.728
	 NM vs. LP	 <0.001	 0.278	 <0.001	 <0.001	 0.001
	 LN vs. LP	 <0.001	 0.136	 0.007	 <0.001	 <0.001 

	 %mC	 %mCmC	 %mCuC+%uCmC	 %uCuC

Alu methylation levels (mean%±S.D.) and p-value:
	 NM (N=15)	 57.09±3.42	 22.74±5.67	 34.35±6.53	 42.91±3.42
	 LN (N=23)	 56.01±5.49	 18.45±6.43	 37.56±5.62	 43.99±5.49
	 LP (N=23)	 53.08±5.56	 15.13±9.83	 38.36±7.42	 46.92±5.56
p-value 
	 NM vs. LN	 0.498	 0.042	 0.116	 0.498
	 NM vs. LP	 0.017	 0.010	 0.097	 0.017
	 LN vs. LP	 0.073	 0.112	 0.636	 0.073

with ImageQuant Software (Molecular Dynamics, GE 
Healthcare, Slough, UK). Distilled water was used as a 
negative control. DNA samples from HeLa, Jurkat, and 
Daudi cell lines were used as positive controls in every 
experiment to standardize the interassay variation. All 
experiments were performed in duplicate.

LINE-1 methylation analysis
	 The COBRALINE-1 amplicons generated 4 bands 
based on the methylation status of the 2 CpG dinucleotides 
as follows: mCuC, 160 bp; uCuC, 98 bp; 1 methylated CpG 
(mC, 80 bp); and 1 unmethylatedCpG (uC, 62 bp) (Figure 
1A). The LINE-1 methylation level of each pattern was 
calculated according to previous methods (Kitkumthorn, 
2012) to determine the precise percentage of CpG 
dinucleotides. 
	 Briefly, the calculation was performed using the 
following steps. First, the intensity of each band was 
separated by the length (bp) of the double-stranded DNA 
as follows: %160/160=A, %98/94=B, %80/78=C and 
%62/62 =D. Second, the LINE-1 methylation levels were 
computed using the following formulas: percentage of 
overall methylated loci (%mC)=100×(C+A)/(C+2A+B+D), 
%mCmC=100×((C-D+B)/2)/(((C-D+B)/2)+D+A), 
%uCuC=100×B/(((C-D+B)/2)+A+D), %mCuC=100×(A)/
(( (C-D+B)/2)+A+D) and %uC mC=100×(D-B)/
((C-D+B)/2)+A+D).

Alu methylation analysis
	 The COBRAAlu produced 3 bands according to the 
methylation status: uCuC, 117 bp; two partially methylated 
sequences, mCuC and uCmC (74 and 75 bp, respectively); 
and methylated loci (mC, 42 and 43 bp) (Figure 1B). The 

Figure 1. LINE-1 and Alu Methylation Patterns. 
COBRALINE-1 and COBRAAlu possess four possible 
methylation patterns: hypermethylated loci (mCmC), 
hypomethylated loci (uCuC), and 2 partially methylated loci 
(mCuC and uCmC). TaqI is a restriction enzyme that is specific to 
methylated cytosine, whereas TasIis specific to unmethylated 
cytosine. a) The various methylation patterns of the digested 
LINE-1 PCR product yielded four differently sized digested 
products of 160 bp, 98 bp, 80 bp and 62 bp. b) The various 
methylation patterns of the Alu PCR products yielded four 
differently sized digested products of 117 bp, 74/75 bp, 42/43 
bp and 32 bp.

	 LINE-1	 Alu

Figure 2. Comparison between the Percentages of the 
Overall LINE-1 and Alu Methylation Levels Among 
the NM, LN and LP Groups. Black horizontal bars represent 
the mean. ‘mC’ represents the overall levels of methylation.

                                    A   mC, LINE-1	 B   mC, Alu
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Figure 4. Comparison between the Percentages of Alu 
Methylation Levels Among the NM, LN and LP Groups. 
Black horizontal bars represent the mean. ‘mCmC’ and ‘uCuC’ 
represent the hyper- and hypomethylated Alu loci, respectively; 
‘mCuC+uCmC’ represents the total partially methylated Alu loci. 

	 A   mC mC, Alu	 B   uCuC, Alu	 C   CmCu+uCmC, Alu

Figure 3. Comparison between the Percentages of 
LINE-1 Methylation Levels in Each Pattern Among 
the NM, LN and LP Groups. Black Horizontal bars 
Represent the Mean. ‘mCmC’ and ‘uCuC’ Represent the Hyper- and 
Hypomethylated LINE-1 Loci, Respectively; ‘mCuC’ and ‘uCmC’ 
Represent the Partially Methylated LINE-1 Loci.

	                         A   mCmC, LINE-1	 B   uCuC, LINE-1

	                          C   mCuC, LINE-1	 D   uCmC, LINE-1

Figure 5. LINE-1 Methylation Patterns can Distinguish 
the LN Group From the NM Group. A) %mCuC between 
the NM and LN groups. B) ROC curve analysis of %mCuC of 
LINE-1 methylation and cancer detection. C) %uCmC between 
the NM and LN groups. D) ROC curve analysis of %uCmC of 
LINE-1 methylation and cancer detection.

	 A	 B   mCuC, LINE-1

	 C	 D   uCmC, LINE-1

the 3 groups demonstrated a stepwise decrease from NM 
to LN to LP, respectively. The p-values of the differences 
between NM and LP and between LN and LP were <0.001. 
However, when compared between NM and LN, the 
p-value was insignificant (p=0.817). The same trend was 
also found in Alu, i.e., the overall methylation level (mC) 
among the 3 groups tended to decline from NM to LN to 
LP, respectively, though a significant difference was only 
observed between NM and LP (p=0.017).

Percentage of LINE-1 methylation in each pattern
	 The level of each LINE-1 methylation pattern and its 
p-value are presented in Table 1 and Figure 3. The value 
of %mCmC did not reveal significant differences among 
the 3 groups. However, %uCuC increased stepwise from 
NM to LN to LP; significant differences were found 
between NM and LP (p=0.001) and between LN and LP 
(p<0.001). Interestingly, the levels of partial methylation 
were significantly different among the 3 groups. The value 
of %mCuC progressively increased from NM to LN to LP. 
The predictive value of the differences between each pair 
was as follows: NM:LN (p=0.001), NM:LP (p<0.001) and 
LN:LP (p=0.007). In contrast, %uCmC decreased stepwise 
from NM to LN to LP, with significant differences between 
NM and LN (p=0.016), NM and LP (p<0.001), and LN 
and LP (p<0.001). 

Alu methylation in each pattern
	 The level of each Alu methylation pattern is presented 
in Table 3 and Figure 4. Similar to LINE-1, the percentage 
of mCmC decreased stepwise from NM to LN to LP. The 
difference was statistically significant between NM and 
LN (p=0.042) and between NM and LP (p=0.010), but 
the methylation rate between LN and LP was insignificant 
(p=0.112). In contrast, although the percentage of uCuC 
seemed to gradually increase from NM to LN to LP, the 
difference was only significant between NM and LP 
(p=0.017). Furthermore, no significant differences in the 
percentage of partially methylated Alu loci were observed.

Application of the levels of partially methylated LINE-1 
loci to differentiate between the LN and NM groups
	 Next, we evaluated the benefit of this test for the 
detection of occult tumor. We selected some significant 
data points to develop a test by setting an optimal cut-off 
value and using it for the calculation of the sensitivity, 
specificity and area under the curve (AUC). Among the 
various patterns of LINE-1 and Alu methylation, %mCuC 
and % uCmC values of LINE-1 methylationhad the highest 
potential to distinguish the LN group from the NM group 
(Figures 5A, 5C). The %mCuC value yielded the maximal 
AUC at 0.716. This pattern could detect the occult tumor 
with a cut-off value of 22.94%, sensitivity of 78.26% 
and specificity of 66.67% (Figure 5B). Whereas, %uCmC 
yielded the highest AUC at 0.806, with a cut-off value, 
sensitivity and specificity of 23.98%, 78.80% and 80.00%, 
respectively (Figure 5D). We also determined whether 
the combination of these two markers could improve the 
diagnostic power for the detection of occult tumor. In 
the case of screening tests such as fine needle aspiration 
(FNA), the test criteria of higher %mCuC or lower 

%uCmC exhibited a higher sensitivity (95.30%) but lower 
specificity (53.30%). In contrast, using the combination 
of higher %mCuC and lower%uCmC for the detection of 
occult tumor made the test more specific (93.30%) but 
less sensitive (61.28%).
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Discussion

	 DNA methylation is one of the most commonly 
occurring epigenetic events in the mammalian genome and 
has demonstrated an important role in tumor progression 
(Kitkumthorn, 2011). These changes affect different types 
of repetitive DNA sequences, such as retrotransposons, 
endogenous retroviruses and satellites, in which the 
majority of the methylcytosines in the genome are found 
(Bird, 2002; Fazzari, 2004). Among these repetitive 
elements, LINE-1 retrotransposons comprise the largest 
component. They account for 20.1% of the entire human 
genome (Levy, 2007). Another example is the Alu-
repetitive element, which makes up 13.1% of the human 
genome (Levy, 2007). Therefore, it is estimated that 
these two types of repetitive sequences together account 
for approximately one-third of DNA methylation and are 
suitable as surrogate markers for the genome-wide DNA 
methylation changes that are associated with multistep 
tumorigenesis in many types of cancers (Watanabe, 2010).
	 We used modified COBRALINE-1 and COBRAAlu 
techniques to conduct this study. These techniques were 
designed to detect 2 CpG dinucleotide sites, allowing 
us to determine not only the methylation level but also 
the methylation patterns of LINE-1 and Alu (Pobsook, 
2011). At present, most quantitative methylation 
techniques, including pyrosequencing, can only measure 
the methylation level (usually from 3 CpG) and cannot 
distinguish specific LINE-1 and Alu methylation patterns. 
Moreover, overall methylation levels from this COBRA 
technique are proven to have linear correlations with 
the pyrosequencing technique (Jintaridth, 2010). Taken 
together, COBRALINE-1 and COBRAAlu are advanced 
and useful techniques for quantifying the methylation 
status of LINE-1 and Alu in genomic DNA.
	 Various molecular markers have been proposed for 
investigating the presence of occult tumor metastases 
in histologically negative lymph nodes; these markers 
include P53 mutations (Ahrendt, 2002), K-ras mutations 
(Ahrendt, 2002), mRNAs of specific genes (Riethdorf, 
2008) and the methylation of specific gene promoters 
(Harden, 2003). However, the targets for amplification 
of these markers exist as only 2 copies per cell and 
provided low efficacy when evaluating DNA from paraffin 
embedded tissues. In our study, we used interspersed 
repetitive sequences, including LINE-1 and Alu, as targets. 
The measurement of these markers has the advantage of 
increasing the sensitivity of detection of occult tumor 
metastases. 
	 Our results confirmed that both LINE-1 and Alu 
demonstrated decreased methylation levels in the lymph 
nodes that contained metastatic disease compared to the 
cases without lymph node metastasis (N0). We also found 
that in the same group of patients with positive nodal 
status, negative nodes also demonstrated some evidence 
of hypomethylation, the level of which was intermediate 
between the cases with negative nodal status and the 
matched cases with true positive nodes. This phenomenon 
may be due to the effect of occult metastatic tumor, 
which is possibly not detected in routine pathological 
examination.

Figure 6. Proposed Algorithm for the Diagnosis 
and Management of Radical Neck Dissection with 
Integration of mCuC and uCmC into the Approach. 
*met SCC, metastatic squamous cell carcinoma; IHC, 
immunohistochemistry, **Test positive =%mCuC higher than 
22.94% and %uCmC lower than 23.98%, Test negative =%mCuC 
lower than 22.94% or %uCmC higher than 23.98%.

	 In this study, neither LINE-1 nor Alu methylation 
levels were correlated with the clinical stage or histological 
grade (data not shown), which was in agreement with the 
previous study (Smith, 2007). This finding may have 
been because our tumor samples were not retrieved using 
a microdissection procedure; therefore, the mixed cell 
types of the tumor and adjacent lymph node affected these 
results. 
	 We also observed that the percentages of the mCuC 
and uCmC loci of LINE-1 were potentially suitable as 
supplement measures to detect lymph node metastasis 
because these measurements yielded the strongest 
differentiation power between the 3 groups of lymph 
nodes. By setting cut-off values for these two loci and 
applying them in combination, we can develop a test useful 
for distinguishing the lymph nodes that are positive for 
metastatic tumor. To obtain high sensitivity (as is yielded 
by FNA for screening metastatic lymph nodes), the test 
criteria of %mCuC higher than 22.94% or %uCmC lower 
than 23.98% is proposed. In contrast, if the test requires 
high specificity (i.e., to support a definitive diagnosis), the 
criteria of %mCuC higher than 22.94% and %uCmC lower 
than 23.98% should be applied. We do not recommend 
that this test be used for confirmation because, in our 
opinion, the histopathological examination should remain 
the gold standard for a definitive diagnosis. To integrate 
this test into clinical practice, an algorithm is proposed 
for the management approach in the routine radical neck 
dissection of lymph nodes (Figure 6).
	 In conclusion, our study clearly demonstrated the 
difference in the hypomethylation of both LINE-1 and 
Alu between the lymph nodes with metastatic HNSCC 
and the cases with negative nodes. We also found that the 
negative nodes from cases with metastatic nodal status 
demonstrated some tendency toward hypomethylation, 
which, in our opinion, implied occult metastatic tumor. 
Apart from confirming the occurrence of hypomethylation 
in HNSCC that has been reported in previous studies 
(Smith, 2007), our findings also suggest the potential use 
of this technology as an ancillary tool for detecting occult 
metastatic tumor in lymph node metastases; however, 
tumor cells are not detected by routine pathological 
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Introduction

	 Oral squamous cell carcinoma (OSCC) is the most 
frequent malignant neoplasm of the oral cavity which 
represents approximately 3% of all malignancies affecting 
humans (Yasusei et al., 2004; Song et al., 2011). OSCC 
accounts for more than five hundred thousand newly 
diagnosed cases every year worldwide (Massimo et 
al., 1995; Massimo et al., 2012). Generally, the highest 
incidence rates of oral cancer are found in South-East Asia, 
and Central and Eastern Europe for both males and females 
(Ahmedin et al., 2011). Because of its high mortality and 
low cure rate, OSCC represents a major global public 
health and socioeconomic problem (Massimo et al., 
2012). At present, OSCC still lacks reliable diagnostic 
and prognostic molecular markers. 
	 Cancers including OSCC are now known to develop 
and progress through a series of genetic and epigenetic 
alterations (Lingen et al., 2011; Saintingny et al., 2011). 
While on one hand genetic aberrations constitute 
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Abstract

	 Background: Alu elements are one of the most common repetitive sequences that now constitute more than 
10% of the human genome and potential targets for epigenetic alterations. Correspondingly, methylation of these 
elements can result in a genome-wide event that may have an impact in cancer. However, studies investigating 
the genome-wide status of Alu methylation in cancer remain limited. Objectives: Oral squamous cell carcinoma 
(OSCC) presents with high incidence in South-East Asia and thus the aim of this study was to evaluate the Alu 
methylation status in OSCCs and explore with the possibility of using this information for diagnostic screening. 
We evaluated Alu methylation status in a) normal oral mucosa compared to OSCC; b) peripheral blood 
mononuclear cells (PBMCs) of normal controls comparing to oral cancer patients; c) among oral epithelium of 
normal controls, smokers and oral cancer patients. Materials and Methods: Alu methylation was detected by 
combined bisulfite restriction analysis (COBRA) at 2 CpG sites. The amplified products were classified into three 
patterns; hypermethylation (mCmC), partial methylation (uCmC+mCuC), and hypomethylation (uCuC). Results: 
The results demonstrate that the %mCmC value is suitable for differentiating normal and cancer in oral tissues 
(p=0.0002), but is not significantly observe in PBMCs. In addition, a stepwise decrease in this value was observed 
in the oral epithelium from normal, light smoker, heavy smoker, low stage and high stage OSCC (p=0.0003). 
Furthermore, receiver operating characteristic (ROC) curve analyses demonstrated the potential of combined 
%mC or %mCmC values as markers for oral cancer detection with sensitivity and specificity of 86.7% and 56.7%, 
respectively. Conclusions: Alu hypomethylation is likely to be associated with multistep oral carcinogenesis, and 
might be developed as a screening tool for oral cancer detection. 
Keywords: Alu element - hypomethylation - oral cancer - smoke-exposed epithelia
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irreversible changes (increased copy number) or mutations 
in the DNA coding sequences resulting in overexpression/
increased activity or inactivation, of key oncogenes 
and tumor suppressor genes, respectively (Lingen et 
al., 2011; Saintigny et al., 2011). On the other hand, 
promoter hypermethylation of tumor suppressor gene 
and genome-wide hypomethylation are the main features 
commonly associated epigenetics events (Chalitchagorn 
et al., 2004; Kitkumthorn and Mutirangura, 2011; Song 
et al., 2011). Of interest though, both types of alterations 
are now thought to occur in the transition of normal oral 
epithelium to premalignant lesion and to overt carcinomas 
(Diez-Perez et al., 2011; Lingen et al., 2011). Furthermore, 
with recent data suggesting that smoking related oral 
premalignant conditions might be associated with genome-
wide hypomethylation (Demarini, 2004; Ian et al., 2007; 
Subbalekha et al., 2009) further investigation can likely 
afford the possibility of identifying novel molecular 
markers of OSCC.
	 Genome-wide hypomethylation can occur on 
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interspersed repetitive sequences (IRS) and are dispersed 
throughout the genome. Long Interspersed Element 
1 (LINE-1) and Alu accounting for the majority of 
IRS can likely represent key targets for genome-wide 
methylation that can lead to abnormal epigenetic events 
and consequently cancer. However, while the methylation 
status of LINE-1 is now reported to be widespread in 
many cancers, corresponding analysis of Alu methylation 
remains sparse and unclear (Debra et al., 2007; Moore et 
al., 2008; Hou et al., 2010; Wilhelm et al., 2010; Pobsook 
et al., 2011). 
	 Fundamentally, Alu elements are Short Interspersed 
Elements (SINEs), widely dispersed with a notably high 
copy number (~500,000 copies) and accounting for ~10% 
of the human genome (Rubin et al., 1980). Thus, Alu 
elements can represent likely targets for genome-wide 
methylation (Xiang et al., 2010; Nakkuntod et al., 2011). 
In general though, Alu elements are normally methylated 
and transcriptionally inactive, but in certain stress-induced 
conditions, for example cellular heat shock, can lead to 
demethylation (hypomethylation) of CpG islands and 
activate Alu transcription (Peter et al., 2008). Although Alu 
transcripts are not protein encoding, nonetheless they can 
regulate associated gene expression, affecting processes 
such gene recombination, chromosome translocation, 
nucleosome formation and genome evolution that impacts 
genomic instability (Alexandros et al., 2008; Ana et al., 
2009; Kristy et al., 2009). 
	 While reduction in Alu methylation levels have been 
observed in several cancers (breast, colon, stomach, liver, 
lung, ovarian, urinary bladder, prostate gland) (Choi et al., 
2007; 2009; Rodriguez et al., 2008; Watts et al., 2008; Yoo 
et al., 2008; Bollati et al., 2009; Daskalos et al., 2009; Lee 
et al., 2009; Park et al., 2009; Cho et al., 2010; Hehuang 
et al., 2010; Hou et al., 2010; Kwon et al., 2010; Xiang 
et al., 2010; Yoshida et al., 2011), those occurring in 
OSCC have not been reported. Here, we evaluated and 
compared levels and pattern of Alu methylation levels in 
formalin-fixed and paraffin-embedded (FFPE) specimens 
of normal and OSCC,and in peripheral blood mononuclear 
cells (PBMCs). Furthermore, we compared this emerging 
data with that of oral rinse samples from control patients 
and those with OSCC with known smoking habit that 
may provide new knowledge of Alu methylation in the 
pathogenesis of oral cancer. 

Materials and Methods

Samples
	 In this study, samples were retrieved from 3 patient 
cohorts collected during January-December 2011. The 
demographics of these patient samples were collected 
from the available answer from questionnaires and records 
(Table 1). The patient cohorts that were used in this study 
include:

Cohort 1
	 FFPE archived cases (9 OSCC and 22 normal oral 
mucosa) were derived from the Faculty of Dentistry, 
Chulalongkorn University. From each retrieved case, 
3-5 sections of approximately 5 µm-thickness, were 

prepared onto clean microscopic glass slides. One section 
underwent haematoxylin and eosin (H&E) staining, which 
than used for confirmatory histopathological evaluation 
by a pathologist (NK). All oral cancer samples consisting 
of at least 80% tumor cells were included for analysis. 

Cohort 2
	 The PBMCs were derived from 36 patients with OSCC 
(36) and normal controls (31) and patients. The collection 
was carried out at three centers (Rajavithi Hospital, 
Bangkok; Buddhachinaraj Hospital, Bangkok; Faculty 
of Dentistry, Chulalongkorn University, Bangkok). 
Patients who had prior chemotherapy or radiotherapy 
were excluded. From each patient, six mL of blood was 
collected in heparinized tube, which than after underwent 
Ficoll-Hypaque centrifugation to separate the PBMCs 
which were used as source for DNA extraction.

Cohort 3
	 A total of 153 oral rinse samples were collected. 
Sample groups included normal, which was essentially 
sub-divided into non-smoker (42) and light to heavy 
smokers (66). The remaining group constituted samples 
from patients with histopathologically confirmed OSCC 
(43). Oral rinse from OSCC patients was collected prior 
to any treatment. All oral rises was done with 10 mL of 
sterile 0.9% normal saline solution and after gargling 
for 15 sec, solutions underwent centrifugation, and the 
cell pellet underwent DNA extraction within 24 hours of 
collection (see below). Total oral cancers were classified 
into 2 groups depended on patient pathological status 
including low and high stage oral cancer.
	 All participating subjects in cohorts 2 and 3 were 
given a self-administered questionnaire to collect 
medical history and information on smoking, prior to 
sample collection. Smoking consumption as number of 
years smoked, number of cigarettes smoked daily, age 
at which patient started smoking and the numbers of 
years since quitting, were carefully recorded. However, 
total smokers were divided into light and heavy smoker 
groups base on the average mean of pack/year value as 
previously described (Godtfredsen et al., 2004). After 
completing the questionnaire, patients underwent clinical 
examination by an oral surgeon (KS) and confirmation of 
patient histopathology by a pathologist (NK), prior to oral 

Table 1. Demographic Data of All Sample Groups
Sample groups	 N	 Male:Female	 Age 
			   (Average±SD)

Paraffin-embedded tissue			 
	 Normal	 22	 6:16	 47.59±13.87
	 Oral cancer	 9	 5:4	 64.33±14.76
PBMCs			 
	 Normal	 31	 14:17	 48.28±11.78
	 Oral cancer	 36	 16:20	 63.03±11.58
Oral rinse			 
	 Normal (Non-smoker) 	 42	 12:31	 48.37±11.65
	 Light smoker	 42	 36:6	 41.09±8.06
	 Heavy smoker	 24	 19:5	 55.21±9.66
	 Oral cancer	 43	 21:22	 60.40±12.95
	   Low stage (I+II)	 14	 5:9	 63.79±11.68
	   High stage (III+IV)	 29	 16:13	 58.76±13.41
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rinse was collection. All samples were obtained under a 
protocol approved by the Ethics Committee, Faculty of 
Dentistry, Chulalongkorn University, Thailand (approval 
number: 7/2010) and signed informed consent.

DNA extraction
	 Cells from oral rinses and PBMCs were centrifuged 
at 4oC at 2500 rpm for 15 min. Next, the supernatant 
from oral rinse samples was discarded and the resulting 
cell pellets resuspended in sterile PBS. For PBMCs, 
after standard Ficoll-Hypaque centrifugation, the layer 
corresponding to PBMCs was removed and placed in PBS 
for washing. Washed cells were centrifuged at 4oC at 2,500 
rpm for 15 min and the resulting pellet underwent DNA 
extraction with 1 mL of extraction buffer supplemented 
with 10% SDS and proteinase K 0.5 mg/mL. For FFPE 
tissue sections, these first underwent de-paraffination in 
xylene prior to lysing the tissue off the slide with 1 mL 
of extraction buffer and than transferring the extracts to 
a clean eppendorf tube. All the lysed extracts were first 
incubated at 50oC for 72h, and then 0.5 mL of phenol-
chloroform solution was added to each before mixing 
thoroughly. After, the mixtures were centrifuged at 4oC 
at 14000g for 15 min and for each sample, the resulting 
clear upper phase was carefully removed and transferred 
to a clean eppendorff tube and the DNA precipitated by 
adding 10M ammonium acetate and absolute ethanol. 

The precipitated DNA was than centrifuged at 14000g, 
washed with 70% ethanol and after air drying, the pellet 
was re-suspended in distill water and used for COBRA 
Alu anaysis. 

Combined bisulfite restriction analysis of Alu (COBRA 
Alu) 
	 All DNA samples were converted to bisulfite DNA 
by using sodium bisulfate as previously described 
(Chalitchagorn et al., 2004). Briefly, a total of 1 µg of 
DNA of each sample first underwent denaturation in 
0.22 M NaOH at 37oC for 10 min and after the addition 
of 10 mM hydroquinone (Sigma-Aldrich, Singapore) 
and 3M sodium bisulfite (pH 5.0) samples underwent 
an additional incubation at 50oC for 16-20h. After, DNA 
was recovered using the Wizard DNA Clean-Up Kit 
(Promega, Madison, WI) following the manufacturer’s 
protocol. DNA samples were eluted from the columns by 
distilled water and precipitated with sodium acetate and 
100% ethanol as indicated previously. Then, COBRA Alu 
was performed as previously described (Kitkumthorn et 
al., 2012; Sirivanichsunthorn et al., 2013). Briefly, the 
modified DNA pellets were resuspended in distilled water 
1 µL of this was subject to 45 cycles of PCR using forward 
(GGCGCGGTGGTTTACGTTTGTAA) and reverse (TTA 
ATAAAAACGAAATTTCACCATATTAACCAAAC) 
primers with an annealing temperature of 53oC. After, all 
amplified products were than digested with 2U of TaqI in 
TaqI buffer (MBI Fermentas, Glen Burnie, MD) overnight 
at 65oC. The digested products were identified by 8% 
non-denaturing polyacrylamide gel electrophoresis and 
visualized with SYBR green.

Alu methylation analysis and calculation
	 The amplified products of DNA samples from the 
3 patient cohorts were classified into 3 types depended 
on the methylation pattern of the 2 CpG dinucleotides. 
These are the hypermethylated (mCmC), partial methylated 
(uCmC and mCuC) and hypomethylated loci (uCuC). 
After enzyme digestion, three product size (117bp, 
75bp, 43bp) depending on the methylation status of 
the loci are generally detected as shown in Figure 1. 
Then, band intensities can be measured and quantitated 
by a phosphoimager using ImageQuant Software 
(Molecular Dynamics, GE Healthcare, Slough, UK). 
Next, the percentage of each methylation pattern can 
be calculated using the following; First, the intensity of 
each band is divided by bp of DNA length; %117/117=A, 
%75(74)/74.5=B, %42(43)/42.5=D and C (represent of 
mCmC)=D-B. After that, the percentage of methylation was 
calculated as following formula; mC=1005(2D)/(2A+2D), 
mCmC=1005C/(A+B+C), uCmC+mCuC=1005B/(A+B+C) 
and uCuC=1005A/(A+B+C).
	 DNA extracted from HeLa, DauDi and JurKat cell 
lines were used as positive controls in the experiments 
and for inter-assay adjustments. 

Statistical analysis
	 Statistical analysis was performed using SPSS 
software for Windows version 17.0 (SPSS Inc., Chicago, 
IL). Analysis of variance (ANOVA) and independent 

Figure 1. Alu Methylation Pattern in COBRA Alu 
Method. Amplified products digested with TaqI are represented 
in 3 patterns; hypermethylation (mCmC) 42/43 base pair (bp), 
partial methylation (mCuC+uCmC) 74/75 bp and hypomethylation 
(uCuC) 117 bp. A) TaqI can digest only methylated CpG; B) 
different pattern of amplified product after TaqI digestion 
including A, B, C, and D which used calculate % methylation; 
and C) Gel electrophoresis showing 3 size of TaqI digested 
amplified product (117bp, 75 bp and 43 bp) in the indicated 
groups of oral rinse samples
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sample t-test was performed to calculate significant 
differences in normal oral epithelium and oral cancer 
epithelium. All p values were obtained by two sided and 
values <0.05 were considered to be statistically significant. 
A receiver-operating characteristic (ROC) curve was used 
to test the feasibility of the COBRA Alu method of analysis 
of methylation status could distinguish between normal 
oral mucosa and oral cancer.

Results 

Alu methylation status comparing normal oral mucosa 
and oral cancer tissues
	 In this analysis, we observed the frequency of each 
Alu methylation pattern compare between normal oral 
mucosa and oral cancer FPPE tissue samples. The results 
as shown in Table 1 and Figure 2 (A-D), indicate that 
overall methylation levels (mC) in oral cancer, was lower 

than normal oral mucosa (p=0.0584). Moreover, when 
same comparison was done using %mCmC values, this 
difference was significantly lower in oral cancer tissue 
(p<0.0002). In contrast, the partial methylation levels and 
the %uCuC values in oral cancer tissues was higher than 
normal oral mucosa with p value=0.0014 and 0.0584. 
Overall, the data suggest that Alu hypomethylation were 
found in oral cancer tissue especially when observed in 
%mCmC value. 

Comparisons of Alu methylation status between PBMCs 
from normal and oral cancer patients
	 As our previous analysis indicated that there was a 
clear difference in the methylation levels between normal 
oral mucosa and oral cancer tissue, we questioned if 
we would find a similar trend in PBMCs isolated from 
independent groups of normal and oral cancer patients. 
As shown when performing this analysis, Alu methylation 
levels and pattern were found to be only different between 
the two groups of PBMCs (p=0.2094; Figure 3). However, 
the decrease of methylation level was not found in the 
comparison of %mCmC and %uCmC+mCuC. 

Comparison of Alu methylation status in oral rinse 
samples from normal, light smoker, heavy smoker and 
oral cancer patients
	 Since our analysis using PBMCs showed only a 
marginal difference between normal and oral cancer 
patients, we sought to address if DNA from oral rinse may 
hold value. Cellular material from oral rinse from normal, 
smokers (light and heavy) and oral cancer patients was 
used to extract DNA and perform methylation analysis. 
The overall methylation level and the p value decreased 
respectively, from normal oral epithelium, light smoker 
(p=0.2129), heavy smoker (p=0.0017) and oral cancer 
(p<0.0001). Moreover, the mC level decreased from low 
stage (stage I and II) to high stage (stage III and IV) oral 
cancer (p=0.0150 and p=0.0008), respectively (Table 
2). Conversly, hypomethylation pattern is observed to 
be highly elevated in patients with oral cancer and those 
who exposed smoking related carcinogens than in normal 
oral epithelium. However, no significant difference in 
the analysis of partial methylation pattern was observed. 
(Figure 4). 

Figure 4. Comparisons of Alu Methylation Levels in 
Oral Rinses from Normal Controls, Light Smokers, 
Heavy Smokers, Total Oral Cancer, Low Stage Oral 
Cancer and High Stage Oral Cancer

Figure 2. Comparisons of COBRA Alu Methylation 
Levels in FFPE Derived Normal Oral Mucosa and 
Oral Cancer Tissue

Figure 3. Comparison of Alu Methylation Levels in 
PBMCs from Normal and Oral Cancer Patients
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Table 2. Percentage of Alu Methylation Levels in All Sample Groups
Sample groups	 Level (Average±SD)
	 mC	 mCmC	 uCmC+mCuC	 uCuC

Paraffin-embedded tissue	 Normal	 60.62±5.65	 24.63±6.79	 35.99±3.04	 39.38±5.65
	 Oral cancer	 56.46±4.77	 13.65±4.57	 42.81±5.16	 43.54±4.77
PBMCs	 Normal	 66.68±3.52	 16.25±6.11	 50.43±5.26	 33.32±3.52
	 Oral cancer	 65.56±3.67	 16.48±7.89	 49.08±6.16	 34.44±3.67
Oral rinse	 Normal (Non-smoker) 	 60.41±3.37	 16.44±3.93	 43.97±4.30	 39.59±3.37
	 Light smoker	 59.48±3.39	 15.26±5.40	 44.22±3.73	 40.52±3.39
	 Heavy smoker	 57.81±2.52	 13.53±3.80	 44.28±3.13	 42.19±2.52
	 Oral cancer	 56.58±4.84	 11.08±5.27	 45.50±3.43	 43.42±4.84
	       Low stage (I+II)	 57.42±3.69	 11.56±5.63	 45.86±3.59	 42.58±3.69
	       High stage (III+IV)	 56.17±5.31	 10.84±5.18	 45.33±3.40	 43.83±5.31

Figure 5. ROC Curve Analysis of Pair Data between 
Normal and Oral Cancer. Combined sensitivity (mC or 
mCmC) calculated by 100%-[false negative mC5false negative 
mCmC] and combined specificity (mC or mCmC) calculated by 
Specificity mC5Specificity mCmC. (AUC represent for Area 
under curve)

Receiver Operating Characteristic (ROC) curve analysis 
of mC and mCmC methylation pattern
	 Since our data suggested that mC and mCmC show the 
highest significant value, we chose to further analysis this 
sub-set. We selected methylation and hypermethylation 
results to perform ROC curve to assess if this was able 
to discriminate normal and oral cancer tissues. As shown 
in Figure 5, mC pattern demonstrated a sensitivity and 
specificity of 60.0% and 78.6%, respectively. In the same 
way, 66.7% sensitivity and 73.8% specificity was observed 
for the mCmC pattern. However, sensitivity and specificity 
determined individually for mC and mCmC are not suitable 
for use as tool for oral cancer detection. Fortunately, 
the combination of these two markers did improve the 
diagnostic power of the oral cancer detection (86.68% 
sensitivity and 56.68% specificity). With a high percentage 
of sensitivity, the methylation level of mC or mCmC in oral 
rinse sample has high potential for use as a screening tool 
for oral cancer detection from the oral rinse specimen.

Discussion

In this study, we have used COBRA Alu analysis, 
which is highly capable of detecting methylation levels 
of Alu elements at 2 CpG loci. This alone is the key 
advantage of this technique, providing information on 
multiple CpG loci rather than 1. For example, in the FFPE 

derived tissue, we not only found hypomethylation in both 
of the CpG loci (mCmC), we were also able to examine 
the increase in uCuC pattern which we determined to hold 
grater significance. 

Since a  previous s tudy reported that  Alu 
hypomethylation was correlated with aging when assessed 
in PBMCs (Jintaridth and Mutirangura, 2010), we chose 
to follow this approach for oral cancer, since it is not as 
invasive as tissue biopsy. Although our data did show that 
methylation was datable, the result of methylation patterns 
showed no significant changes. Nonetheless, decreasing 
trend in methylation level and increasing hypomethylation 
loci same as paraffined-embeded tissue were noted. 
The results are far from conclusive and this might have 
occurred by the possibility that the PBMCs could be with 
a high proportion of normal PBMCs and with very few 
circulating cancer cell DNA in the patient sample. 

Finally, we observed notable differences in oral 
rinse samples which its self represents an excellent 
cost-effective and non-invasive technique for sample 
collection. We also investigated the component of 
potentially malignant condition arising from a smoking 
habit. Our results demonstrate a significant reduction in 
Alu methylation level in oral rinse samples from non-
smoker, light smoker, heavy smoker and cancer patients 
(Figure 4). The level of Alu methylation is noted to 
be stepwise decrease concordant with the potentially 
malignant changes of the oral epithelium. Although the 
majority of the oral rinse contains cells from the normal 
oral epithelium, in smokers and cancer patients the oral 
rinse can likely include dysplastic/cancer squamous cells 
(Subbalekha et al., 2009; Wangsri et al., 2012). The DNA 
from dysplastic/cancer cells is capable to show reduced 
the Alu methylation level. This observation is confirmed 
by the Alu methylation level in high stage cancer is lower 
than low stage cancer, and collectively demonstrating the 
sensitivity of the COBRA Alu method of analysis.

The association between smoking status and Alu 
hypomethylation in tumors suggest that tobacco exposure 
may be causing genome-wide damage and contributing 
in epigenetic events including Alu methylation status. 
Smoking has been associated to promote methylation 
of several genes in different cancer, for example, SFRP 
in head and neck squamous cell carcinoma (HNSCC) 
(Marsit et al., 2006) and TSLC1/IGSF4 in non-small cell 
lung cancer (Kikuchi et al., 2006). Although smoking 
has not been previously shown directly to cause genome-
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wide hypomethylation, there are reports suggesting that 
smoking can be associated with vitamin B12 reduction, 
which is required for the normal synthesis of S-adenyl-
methionine (Gabriel et al., 2006), an important protein 
involved in methyl-transferase pathway. This may provide 
a clue in better understanding the association between Alu 
hypomethylation and smoking. 

 The result of this study clearly demonstrates that Alu 
methylation level and pattern in oral cancer was readily 
datable in oral rinse sample than in tissues or PBMCs. 
Here, we proposed to use the sample from oral rinse 
technique for developing a test for oral cancer detection. 
Supporting this is that when we performed ROC curve 
to evaluate the sensitivity and specificity for this test, 
we observe high sensitivity in combined mC or mCmC 
methylation pattern, implying that, this technique may 
be suitable for oral cancer screening. However, some 
limitations of this study could be concerned. Firstly, in case 
of OSCC with ulcer, the results may disturbed by some 
blood cells contamination. Secondly, our experiment had 
limited sample size and unmatched age of the participants 
among normal, smoker and oral cancer patients. Therefore, 
further investigation should be age consideration 
and larger sample size evaluation. In conclusion, Alu 
methylation might be beneficial method for screening oral 
cancer in oral rinse sample. 
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Differences in LINE-1 Methylation Between Endometriotic
Ovarian Cyst and Endometriosis-Associated

Ovarian Cancer

Ajaree Senthong, MD,* Nakarin Kitkumthorn, PhD,Þ Prakasit Rattanatanyong, BSc,þ
Nipon Khemapech, MD,* Surang Triratanachart, MD,§ and Apiwat Mutirangura, MD, PhDþ

Background: Endometriosis in endometriosis-associated ovarian cancer (EAOC) refers to
lesions that can derive from endometriotic ovarian cysts (ECs) that form in the ovarian en-
dometrium with the potential to transform into full-blown ovarian cancer. Hypomethylation
of long interspersed element-1 (LINE-1 or L1) is a common epigenomic event in several
cancers and is strongly associated with ovarian cancer progression.
Objectives: To evaluated alterations in LINE-1 methylation between EC, ovarian endome-
trioid adenocarcinoma (OEA), EAOC, and ovarian clear cell carcinoma (OCC).
Methods/ Materials: First, LINE-1 methylation status in 19 normal endometrium, 29 EC,
35 OCC, and 22 OEA tissues from unrelated samples were compared. Then, specific areas
of eutopic endometrium, contiguous endometriosis, and cancer arising from 16 EAOCs
were collected by microdissection and analyzed for LINE-1 methylation status.
Results: The total LINE-1 methylation levels were significantly different among the en-
dometrium, endometriosis, and ovarian cancer (P G 0.001). A stepwise decrease in LINE-1
methylation was observed in the following order: normal endometrium, EC, OEA, and
OCC. Interestingly, endometriosis in EAOC of both OEA (P = 0.016) and OCC (P = 0.003)
possessed a higher percentage of LINE-1 unmethylated loci than EC.
Conclusion: Our data implicate that LINE-1 hypomethylation is an early molecular event
involved in OEA and OCC malignant transformation. Precise measurements of LINE-1
methylation may help to distinguish EC and endometriosis in EAOC.

Key Words: Endometriosis-associated ovarian cancer (EAOC), Methylation, Long
interspersed element-1s (LINE-1s)
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Endometriosis is a common gynecological disease that is an
estrogen-dependent chronic disorder and is classically

defined based on the presence of endometrial glands and
stroma located outside the uterine cavity and musculature.
The incidence of endometriosis is 7% to 15% in women
of reproductive age and less than 2% in postmenopausal
women.1 The etiology of endometriosis is largely unclear,
but one accepted mechanism for its development is retro-
grade menstruation.2 Although endometriosis is considered
a benign disease, endometriosis displays several common
malignantlike features, including local and distant metasta-
ses, which can attach to adjacent tissues and consequently
invade and damage them. The histopathological evidence of
malignant transformation was first documented in 1925 by
Sampson3 who suggested 3 criteria for the diagnosis of
endometriosis-associated ovarian carcinoma (EAOC). These
criteria include evidence of endometriosis near the tumor,
origination of the carcinoma in the endometriosis and not
by invasion of tumor cells from an unknown source, and the
presence of tissue resembling endometrial stroma surrounding
characteristic glands. However, Scott et al4 added a stricter
criterion to better define EAOC that included the presence of
an area demonstrating a transition frombenign endometriosis to
cancer by histopathological evaluation. In this regard, endo-
metrioid and clear cell carcinomas are now the predominant
histological subtypes of EAOC.5Y7 Other subtypes of malig-
nant tumors also arise in association with endometriosis, and
these are known as borderline serous or serous carcinomas;
but the incidence is less frequent. Stern et al8 collected cases
of malignant ovarian and extraovarian endometriosis, and 63%
of ovarian endometriotic cases were found to be clear cell or
endometrioid carcinomas. Similarly, a study by Modesitt et al9

reported thatmore than 52%of cancers arising in endometriotic
ovarian cysts (ECs) were endometrioid and clear cell subtypes.

Epidemiologic studies also demonstrated a strong cor-
relation between endometriosis and EAOC. A retrospective
study of patients with a diagnosis of endometriosis approxi-
mately 11 years prior found that the rate of ovarian cancer
was 1.8, and this risk increased to 4.2 for those with a long
history of ovarian endometriosis exceeding 10 years or greater.2

A recent study by Wiegand et al10 identified mutations
in ARID1A gene in ovarian clear cell and endometrioid car-
cinomas. The authors also noted mutations in ARID1A and
BAF250a, a chromatin remodeling complex, in both tumor
types and contiguous atypical endometriosis but not in distant
endometriotic lesions. These observations represent com-
pelling molecular evidence that mutations in ARID1A are an
early event in the transformation of endometriosis into cancer.

Long interspersed element-1 (LINE-1 or L1) is a nonY
retroviral-like retrotransposon that is dispersed in many loci
throughout the human genome, and these elements are usually
heavily methylated in normal tissues.11 A reduction in LINE-1
methylation is a common epigenetic change in several key
cancers12,13 including advanced ovarian cancer.14,15 The un-
derlying causes of LINE-1 hypomethylation are essentially
unknown, but recent data are now suggesting the influence
of carcinogen and oxidative stress on this process.16,17 None-
theless, LINE-1 hypomethylation can promote cancer by al-
tering gene expression and promoting genomic instability.18Y20

Crucial, however, LINE-1 hypomethylation in key cancers is
detected not only in a progressive multistep carcinogenetic
manner; this effect is also detectable in premalignant le-
sions.16,21,22 Therefore, LINE-1 hypomethylation can be con-
sidered a potential biomarker for early cancer detection.

From our previous study, we found that LINE-1 meth-
ylation has different levels in each locus of genome.23 For this
reason, we classified the methylation statuses of LINE-1 loci
using combined bisulfite restriction analysis (COBRA) to
differentiate LINE-1 loci into 4 classes depending on the
methylation status of two 5¶ and 3¶ CpG dinucleotides in the
LINE-1 amplicon. These loci are hypermethylated (mCmC),
hypomethylated (uCuC), or partially methylated (mCuC and
uCmC). Unlike the overall LINE-1 methylation levels, we had
shown that the uCuC loci (percent uCuC) is potentially more
sensitive and specific in cancer DNA detection.24Y26 Further-
more, we have found that smoking, a premalignant condition,
can alter methylation levels of partial methylated loci, thereby
increasing the amount of hypomethylated and hypermethylated
loci in oral carcinogenesis.27

In this current study, we evaluated LINE-1 methyla-
tion status in endometriosis from EAOC in ovarian clear cell
carcinoma (OCC) and ovarian endometrioid adenocarcinoma
(OEA) and compared the status to EC.

MATERIALS AND METHODS
Formalin-fixed, paraffin-embedded tissue specimens

were obtained from patients who had undergone total hys-
terectomy or salpingo-oophorectomy and surgical staging of
ovarian cancer with endometriosis-associated ipsilateral
ovarian cancer (15 endometrioid and 15 clear cell cancers).
Histopathological examination revealed the coexistence and
continuity of the endometriosis and cancer in the patients with
EAOC, fulfilling the criteria proposed by Sampson.3 The pa-
tients were treated at King Chulalongkorn Memorial Hospital
between January 2001 and January 2012. Additional tissues
were obtained from 22 cases of OEA, 35 cases of OCC, and
29 cases of EC. Endometrial tissues from 19 cases diagnosed
with benign conditions of the uterus, including leiomyoma and
cervical intraepithelial neoplasia III without endometriosis,
were collected as normal endometrium; and before analysis,
all cases underwent histopathological evaluation by a gyneco-
logic pathologist to ensure that there was no pelvic endome-
triosis or endometriotic cyst. The exclusion criteria included
2 primary cancers, neoadjuvant chemotherapy, incomplete sur-
gical staging, and the lack of availability of paraffin-embedded
specimens. None of these patients received any Gonadotropin
releasing hormone (GnRH) analog or other hormonal medi-
cation or antibiotics during the 6 months before surgery. The
histological diagnosis of each patient was reviewed by a gy-
necological pathologist following the criteria of the World
Health Organization’s classification.28

Among the 30 patients who were histologically con-
firmed as having EAOC, 14 patients were excluded because of
inadequate tissue for DNA extraction. Finally, 16 remaining
patients (9 patients with endometrioid carcinomas and 7 pa-
tients with clear cell carcinomas) were included in the study
group. The demographic data of the patients included age,
clinical stage, histological grade, pretreatment CA-125 level,
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surgical outcome, and follow-up time; and these were re-
viewed for each patient. The ethics committee of the Faculty
of Medicine, Chulalongkorn University, Bangkok, Thailand,
approved this study (Institutional ReviewBoardNo. 018/55).

DNA Extraction and Bisulfite Modification
Formalin-fixed, paraffin-embedded tissues were sliced

into 3 to 5 sections (each one was 5-Km thick) and were left
unstained. Another section was stained with hematoxylin and
eosin for pathological confirmation. In the EAOC group, the
microdissection technique was performed for separation of
the 3 different tissues (normal endometrium, endometriosis,
and ovarian cancer) and collected from each EAOC specimen
(Fig. 1A). After deparaffinization with xylene, the DNAwas
extracted by proteinase K digestion and a standard phenol-
chloroform extraction protocol. The isolated genomic DNA
was next purified using distilled water and, after elution, used
for bisulfite treatment. Bisulfite modification of DNA was
performed by using the EZ DNA methylation kit (Zymo Re-
search, ZYMO RESEARCH CORP, Orange, CA) according
to the manufacturer’s instructions.

Combined Bisulfite Restriction Analysis
(COBRA) of LINE-1

The bisulfate-treated DNAwas amplified for 40 cycles
using primers with the following sequence: LINE-1 forward
5¶-GTTAAAGAAAGGGGTGACGGT-3¶ and LINE-1 re-
verse 5¶-TAGATCGGTTTAAGAAACGGCGTATT-3¶. Poly-
merase chain reaction (PCR) was performed at an annealing
temperature of 50-C. After PCR amplification, the LINE-1
amplicons (92 base pairs [bp]) were digested with 2 units
of TaqI and TasI in NEB buffer 3 (New England Biolabs,
Ontario, Canada) in a final volume of 10 HL. The reactions
were incubated overnight at 65-C and then electrophoresed on
an 8% nondenaturing polyacrylamide gel and stained with the
SYBRgreennucleic acidgel stain (Gelstar, Lonza,Allendale,NJ).
The intensities of both COBRA PCR fragments were mea-
sured using a phosphorimager with Image Quant Software
(Molecular Dynamics, GE Healthcare, Slough, UK). Distilled
water was used as a negative control. DNA samples from
HeLa, Jurkat, and Daudi cell lines were used as positive
controls in every experiment to standardize the interassay
variation. All experiments were performed in duplicate.

FIGURE 1. Methodology and graphical data of LINE-1 methylation levels. A, Demonstration of the microdissection
technique: upper picture, EAOC beforemicrodissection; lower picture, EAOC after microdissection. C, Cancer area; E,
contiguous endometriosis; N, eutopic endometrium. B, Examples of COBRA polyacrylamide gel. EC, endometriotic
ovarian cyst; M, 25-bp marker; NE, normal endometrium; OCC, ovarian clear cell carcinoma; OEA, ovarian
endometrioid adenocarcinoma. C, Bar graph shows percentages of each LINE-1 methylation pattern in NE, EC, OEA,
and OCC. mC represents the total methylation of the LINE-1s. mCmC and uCuC indicate hypermethylation and
hypomethylation in the amplified region. mCuC and uCmC represent 2 forms of partial methylation.
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LINE-1 Methylation Analysis
The COBRA LINE-1 amplicons generate 4 bands

based on the methylation status of the 2 CpG dinucleotides
as follows: partial methylation (mCuC, 92 bp; uCmC, 32 and
18 bp), hypomethylation (uCuC, 32 and 60 bp), and
hypermethylation (mCmC, 50 and 42 bp) as demonstrated in
Figure 1B. The LINE-1 methylation level of each pattern was
calculated to determine the precise percentage using the
following steps as described below.

First, the intensity of each band was divided by the
length (bp) of the double-stranded DNA as follows: 92/92 =
A, 60/56 = B, 50/48 = C, 42/40 = D, 32/28 = E, and [(D + E) Y
(B + C)] / 2 = F.

Next, the frequency of each methylation pattern was
calculated: % mC (total methylation) = [(A + 2C + F)� 100] /
(2A +2B + 2C + 2F); % mCmC (hypermethylated loci) = [(C/2)
� 100) / [(C / 2) +A +B + F];% uCmC (partial methylated loci)
= (F� 100) / [(C / 2) + A +B + F]; % mCuC (partial methylated
loci) = (A � 100) / [(C / 2) + A + B + F]; and % uCuC
(hypomethylated loci) = (B � 100) / [(C / 2) + A + B + F].

Statistical Analysis
Analysis of variance was used to compare the meth-

ylation patterns of LINE-1 among normal endometrium,
ovarian endometriosis, OCC, and OEA. A paired t test was
used to analyze the tissue subtypes in paired samples of EAOC.
An independent sample t test was performed to determine the
difference in LINE-1 patterns between OCC, OEA, EC, and
normal endometrium groups. All calculations were performed
using the SPSS software forWindows, version 17.0 (SPSS Inc,
Chicago, IL). The results were considered statistically signifi-
cant when the P G0.05.

RESULTS

LINE-1 Methylation in 4 Different Tissues
(Normal Endometrium, EC, OEA, and OCC)

In 19 normal endometrium samples containing 10 pro-
liferative and 9 secretory phases (depending on the menstrual
cycle), the percentage of LINE-1 methylation level did not
show any significant differences (Table 1). Next, we evaluated
differences in LINE-1 methylation levels and pattern among
the 19 normal, 29 EC, 35 OCC, and 22 OEA samples from
unrelated samples. The frequencyofLINE-1methylation in each
group is shown in Table 1 and Figure 1C. The loss of LINE-1
methylation is indicated to occur in a multistep manner (nor-
mal9EC9OEA9OCC).TheLINE-1methylation level (%mC)
decreased progressively from normal endometrium (80.12 T
2.60%) to EC (74.30 T 6.09), then to 2 types of cancers, OEA
(70.55 T 9.52) and OCC (67.10 T 7.80%) (P G 0.0001; Table 1;
Fig. 1C).

Key factors likely to affect the level of LINE-1 meth-
ylation include age and menstrual phase. However, in our
current study, the age and menstrual factors were not signif-
icantly associated with the level of LINE-1 methylation across
the different sample groups (data are not shown).TA
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LINE-1 Methylation in EAOC and EC
Sixteen patients with EAOC were enrolled in the study.

The mean age at the time of diagnosis was 48.3 years. Fourteen
patients (87.5%) had early-stage ovarian cancer (stages I and
II), and 2 patients (12.5%) had advanced stages of ovarian
cancer (1 case at stage III, and 1 case at stage IV). All patients
received optimal surgery (operative procedure is total abdom-
inal hysterectomy with bilateral salpingo-oophorectomy and
surgical staging; the macroscopic of gross tumor after surgery
documented no residual tumor). The mean level of pretreat-
ment CA 125 was 267.52 U/mL. The mean follow-up time
was3.5 years, andmost patientswere alive at this time; however,
the status was unknown for 1 patient. The clinical background
of the EAOC cases is shown in Table 2.

In a comparison study of subtypes with clear cell carci-
nomas and endometrioid adenocarcinomas, the frequency of
each LINE-1 pattern was evaluated and is shown in Table 3.
The percent of mC decreased from the eutopic endometrium
to the contiguous endometriosis and cancers (both OEA and
OCC). For OCC, a statistically significant difference was
found between the eutopic endometrium and contiguous en-
dometriosis (P G 0.05) and between the eutopic endometrium
and OCC (P G 0.01). For OEA, hypomethylation was observed
between eutopic endometrium and cancer (P G 0.05).

In OCC, in addition to percent mC, the percent uCuC
also increased among normal endometrium, contiguous en-
dometriosis, and clear cell carcinoma (6.76 T 2.03, 15.93 T
5.50, and 34.53 T 17.05, respectively) (P G 0.01). For OEA,
the increase in unmethylated LINE-1 was also observed
between the eutopic endometrium and cancer (P G 0.05).

Interestingly, LINE-1 methylation levels between EC
and EAOC were noted to be different. As shown in Figure 4,
the percent uCuC in EC, EAOC-OEA, and EAOC-OCC was
9.32 T 4.84, 14.23 T 9.66, and 15.93 T 5.50, respectively; and
these differences were statistically different (EC and EAOC-
OEA, P = 0.016; EC and EAOC-CL, P = 0.003).

DISCUSSION
Currently, LINE-1 hypomethylation has been detected

in many keys cancers.12,13 More importantly, this effect of
hypomethylation also present as an epigenomic change in
premalignant lesions of multistep carcinogenetic process of
cervical intraepithelial,16 biliary intraepithelial,21 and intes-
tinal metaplasia22 malignancies. Here, we report for the first
time the status of LINE-1 methylation in ovarian endometrio-
sis and EAOC. This study found an overall decrease in LINE-1
methylation when the endometrium undergoes transforma-
tion to endometriosis and to ovarian cancer corresponding with
an increase in unmethylated LINE-1 loci. Therefore, LINE-1
hypomethylation is an epigenomic process that evolves into
endometriosis-associated ovarian carcinogenesis in a multistep
manner.

A study in LINE-1 methylation in epithelial ovarian
cancer showed that uCuC may be associated with more ad-
vanced and aggressive phenotype.14 Our study also found
that the clear cell subtype (OCC) had a higher proportion of
uCuC loci than the endometrioid subtype, suggesting that
uCuC may be a promising biomarker for distinguishing be-
tween endometrioid and clear cell ovarian cancer. Basic

TABLE 2. Patients’ characteristics in 16 EAOC cases

EAOC Cell Type
Age

(Years)
FIGO
Stage

Pretreatment
CA 125 (U/mL)

Surgical
Outcome

Follow-Up Time
(Years)

Clinical
Outcome

1 Endometrioid 45 2C 165.1 Optimal 3 Alive
2 Endometrioid 50 1C 100.3 Optimal 3 Alive
3 Endometrioid 51 2C 187.5 Optimal 1 Alive
4 Endometrioid 41 1C 107.7 Optimal 1 Alive
5 Endometrioid 49 2C 50.2 Optimal 4 Alive
6 Endometrioid 43 1C 33.1 Optimal 1 Alive
7 Endometrioid 48 3C 2348.8 Optimal 3 Alive
8 Endometrioid 54 2C 140 Optimal 11 Alive
9 Endometrioid 50 1A 52.2 Optimal 8 Alive
10 Clear cell 38 1C 45.2 Optimal 6 Alive
11 Clear cell 50 1C 35.1 Optimal 5 Alive
12 Clear cell 37 4 397.3 Optimal 3 Alive
13 Clear cell 49 1A 205 Optimal 1 Alive
14 Clear cell 60 1C 310 Optimal 2 Not known
15 Clear cell 54 2C 44.1 Optimal 0.5 Alive
16 Clear cell 54 2C 58.7 Optimal 3 Alive

FIGO, International Federation of Gynecology and Obstetrics.
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knowledge suggests that clear cell carcinoma is a potentially
aggressive cancer type that is resistant to chemotherapy and
has a higher recurrence rate after treatment. Furthermore,
uCuC was significantly associated with poor progression and
a lower overall survival rate.14,15 Therefore, differentiating
between these different subtypes of lesion may be useful for
predicting treatment response and prognosis.

Moreover, this study showed that LINE-1 hypomethy-
lation occurred in EC, and it may occur in EAOC before its
transformation into cancer. Most EAOC studies have found
that endometriosis is a neoplastic disease that serves as a pre-
cursor to ovarian cancer.29 Additionally, our study found a sig-
nificant difference in LINE-1 methylation between EC and
EAOC. Because LINE-1 hypomethylation can promote carci-
nogenesis (by several mechanisms),13,18Y20 our data support
the idea that the carcinogenic potential of EAOC likely out-
weighs that of EC.

In this study, we did not find any influence to LINE-1
methylation level when we evaluated the data by age and
menstrual phase, suggesting that these confounding factors
are likely not associated with the LINE-1 methylation levels.

Oxidative stress is another important factor that may
associated to the ovarian carcinogenesis. The high concen-
tration of the free iron was proved to associate with the in-
duction of oxidative stress and may play a major role in
malignant change of endometriotic cyst.30 In addition, the
increase of oxidative stress is associated with LINE-1 hypo-
methylation in the bladder cancer development.17 Therefore,
in EC and EAOC, the high level of oxidative stress could be
associated with LINE-1 hypomethylation and involved in
ovarian cancer development. This hypothesis should be con-
firmed in further studies.

In conclusion, LINE-1 hypomethylation occurs early in
EAOC development. This finding indicates that epigenomic
alterations might precede the development of ovarian cancer
phenotypes. The precise measurement of LINE-1 methyla-
tion patterns may be useful in distinguishing EC and endo-
metriosis from EAOC and as basis for development as a
diagnostic biomarker. Finally, a better understanding of the
epigenetic events in the multistep progression of EAOC may
be crucial for further understanding of the molecular mech-
anisms of ovarian carcinogenesis.
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The role of humanDNAmethylation has been extensively studied in genomic imprinting, X-inactivation, and dis-
ease. However, studies of tissue-specific methylation remain limited. In this study, we use bioinformatics
methods to analyzemethylation data and reveal loci that are exclusivelymethylated or unmethylated in individ-
ual tissues.We collect 39 previously published DNAmethylation profiles using an Illumina®HumanMethylation
27 BeadChip Kit containing 22 common tissues and involving 27,578 CpG loci across the human genome. We
found 86 positions of tissue specific methylation CpG (TSM) that encompass 34 hypermethylated TSMs (31
genes) and 52 hypomethylated TSMs (47 genes). Tissueswere found to contain 1 to 25 TSM loci, with themajor-
ity in the liver (25), testis (18), and brain (16). Fewer TSM loci were found in the muscle (8), ovary (7), adrenal
gland (3), pancreas (2–4), kidney, spleen, and stomach (1 each). TSMs are predominantly located 0–300 base
pairs in the 3′ direction after the transcription start site. Similar to known promoters of methylation,
hypermethylated TSM genes suppress transcription, while hypomethylated TSMs allow gene transcription. The
majority of hypermethylated TSM genes encode membrane proteins and receptors, while hypomethylated
TSM genes primarily encode signal peptides and tissue-specific proteins. In summary, the database of TSM loci
produced herein is useful for the selection of tissue-specific DNA markers as diagnostic tools, as well as for the
further study of the mechanisms and roles of TSM.

© 2014 Elsevier B.V. All rights reserved.
1. Introduction

The objective of this study is to identify gene promoters that are ex-
clusively methylated or unmethylated in particular tissues. This infor-
mation is beneficial for molecular diagnostic applications, and a better
understanding of tissue-specific DNA methylation is important to the
understanding of cellular differentiation and organ developmental
processes.

Although currently only limited information is available, identifying
the sources of DNA has been useful for diagnostic purposes. For exam-
ple, the quantitative measurement of Epstein Bar viral (EBV) DNA in
nasopharyngeal carcinoma (NPC) patients' plasma is a useful tumor
marker for monitoring treatment (Lin et al., 2004). The success of this
method is a result of the discovery of EBV DNA in NPC patients'
pstein Bar virus; SHP1, SH2 do-
nibus; CU-DREAM, Connection
arrays; TSS, transcription start

xillofacial Pathology, Faculty of
awee District, Bangkok 10400,

rn).
circulation and the conclusion that EBV DNA present in serum was
derived from the tumor (Mutirangura et al., 1998). A second example
is the use of SHP1 (SH2 domain containing phosphatase) promoter 2
epithelial specific methylation to detect and quantify lung cancer DNA
in plasma and lymph nodes (Vinayanuwattikun et al., 2011, 2013).
SHP1P2 exclusively methylates in epithelial tissue (Ruchusatsawat
et al., 2006); therefore, methylated SHP1P2 DNA is scarcely presented
in lymph nodes and plasma. Consequently, the presence of methylated
SHP1P2 DNA in the lymph nodes or plasma of lung cancer patients is
indicative of lung cancer, and the quantitative measurement of methyl-
ated SHP1P2 DNA has proven to be useful in determining patient prog-
noses (Vinayanuwattikun et al., 2011, 2013). In addition to cancer,
many disease-associated conditions such as tissue damage and viral in-
fection can lead to the leakage of DNA into bodily fluids. Therefore,
tissue-specific methylation DNA should be broadly useful for the identi-
fication of the tissue sources of diseases and for monitoring disease
severity.

CpG methylation is a crucial epigenetic modification that controls
gene expression and maintains genomic integrity (Aporntewan et al.,
2011; Kitkumthorn andMutirangura, 2011). The position ofmethylated
CpGs is important for controlling gene expression. Promoter methyla-
tion, methylation 5′ to the transcriptional start site, usually leads to

http://crossmark.crossref.org/dialog/?doi=10.1016/j.gene.2014.09.060&domain=pdf
http://dx.doi.org/10.1016/j.gene.2014.09.060
mailto:Nakarinkit@gmail.com
http://dx.doi.org/10.1016/j.gene.2014.09.060
http://www.sciencedirect.com/science/journal/03781119
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heterochromatin formation and the suppression of gene expression
(Jones and Takai, 2001; Cedar and Bergman, 2012). In contrast, gene
bodymethylation is commonly associated with up-regulation of the as-
sociated gene through the down-regulation of intragenic small RNA
(Maunakea et al., 2010; Aporntewan et al., 2011). However, the loca-
tions and roles of tissue specific methylation have not been intensively
characterized.

The roles and mechanisms of CpG methylation in genomic imprint-
ing, X-inactivation, and tumor suppressor gene promotion in cancer
have been extensively studied (Jones and Takai, 2001; Phutikanit
et al., 2010; Cedar and Bergman, 2012; Weisenberger, 2014). Although
there have been several reports of the discovery of tissue specific meth-
ylation CpG (TSM) loci (Shiota et al., 2002; Ohgane et al., 2008; Yagi
et al., 2008; Byun et al., 2009; Frumkin et al., 2011; How Kit et al.,
2012), our understanding of the mechanisms and roles of TSM is still
limited. Tissue development and cell differentiation can be considered
multistep processes. Each organ changes as an individual develops
froman embryo, to a fetus, an adolescent, an adult, and an aging individ-
ual. Furthermore, cell differentiation is an active process during each
stage of development (Rakyan et al., 2010; Cedar and Bergman, 2012).
Identifying tissue specific methylation will aid future studies in explor-
ing the mechanisms and roles of this epigenetic modification.

Many technologies to detect DNA methylation in the genome have
been developed recently (Sulewska et al., 2007; Bibikova et al., 2009;
Jin et al., 2010; Phutikanit et al., 2010). The methylation microarray is
one such technique. This technique was designed for the large-scale de-
tection of methylation with high throughput and rapid results for DNA
methylation profiling across the whole genome. A widely used com-
mercial microarray for DNA methylation profiling is the Infinium
HumanMethylation27 BeadChip from Illumina Inc. (Sun et al., 2011;
Wang et al., 2012). This microarray quantitatively targets 27,578 CpG
sites targeting approximately 14,000 genes in the human genome
with the capacity to analyze 12 simultaneous samples (Bibikova et al.,
2009). In this study, we analyzed Infinium HumanMethylation27 data
that was reported in the NCBI Gene Expression Omnibus (GEO, http://
www.ncbi.nlm. nih.gov/geo/) (Zhu et al., 2008) and in Bibikova et al.
(Bibikova et al., 2009). We collected methylation data from each
human tissue and organized this data into a methylation database. We
then analyzed the methylation sites for their distribution, locations,
and association with gene expression.

2. Materials and methods

2.1. DNA methylation database

The strategy of this experiment is summarized in Fig. S1. DNAmeth-
ylation microarray data was collected from the GEO dataset in NCBI's
database (http://www.ncbi.nlm.nih.gov/gds/) and a previous publica-
tion, Bibikova et al. (Bibikova et al., 2009). These data are presented in
a GEO format that contains: GSE (series or experiment), GPL (platform
or microarray), and GSM (sample or population). The NCBI's GEO
dataset is the largest public database for microarray experiment data.
The accessed keyword GPL8490 (Illumina® HumanMethylation27
BeadChip Kit, Illumina Inc., San Diego, CA, USA) from this platform
was used for a methylation microarray. Ending on the 31st of Dec
2012, 172 GSE series were archived. Subsequently, we have considered
normal human tissue data which have available and complete microar-
ray data and excluded data from cell lines, stem cells, cancer, infected
tissue, and non-human tissue. Finally, normal tissue data from 39 GSE
series were included in this study.

The 39 GSE series used consisted of: GSE19711 (Teschendorff et al.,
2010), GSE20067 (Teschendorff et al., 2010), GSE20080 (Teschendorff
et al., 2010), GSE20712 (Dedeurwaerder et al., 2011), GSE21232
(Volkmar et al., 2012), GSE22249 (Dedeurwaerder et al., 2011),
GSE22595 (Koch et al., 2011), GSE22867 (Etcheverry et al., 2010),
GSE25062 (Hinoue et al., 2012), GSE25706 (Ko et al., 2010), GSE25869
(Kwon et al., 2011), GSE26033 (Pai et al., 2011), GSE26126 (Kobayashi
et al., 2011), GSE26989 (Campan et al., 2011), GSE27130 (Kim et al.,
2011), GSE27284 (Navab et al., 2011), GSE27899 (Hasler et al., 2012),
GSE28746 (Bocklandt et al., 2011), GSE29490 (Kibriya et al., 2011),
GSE30229 (Langevin et al., 2012), GSE30601 (Zouridis et al., 2012),
GSE30760 (Teschendorff et al., 2012; Zhuang et al., 2012), GSE31788
(Matsusaka et al., 2011), GSE31835 (Roberson et al., 2012), GSE31979
(Fackler et al., 2011), GSE32867 (Selamat et al., 2012), GSE33065 (Hill
et al., 2011), GSE33510 (Lauss et al., 2012), GSE34008 (Volkmar et al.,
2012), GSE34355 (Wu et al., 2012), GSE35146 (Sanders et al., 2012),
GSE36002 (Kresse et al., 2012), GSE36166 (Jacobsen et al., 2012),
GSE36194 (Gibbs et al., 2010; Hernandez et al., 2011, 2012),
GSE36353 (Fonseca et al., 2012), GSE36637 (Guenin et al., 2012),
GSE37988 (Shen et al., 2012), GSE41037 (Horvath et al., 2012), and
GSE42510 (Haas et al., 2013). The meanmethylation level of each pop-
ulation sample from each selected GSE series and from the data from
Bibikova et al. (Bibikova et al., 2009) was calculated by the Connection
Up- and Down-Regulation Expression Analysis of Microarrays (CU-
DREAM) program (Aporntewan and A., 2011). These calculatedmethyl-
ation values were collected in Microsoft Excel to produce a human
organ DNA methylation database (Table S1 and S2).

2.2. Bioinformatics analysis

Since the GPL8490 platform observed 27,578 CpG loci, we were able
to create 27,578 graphs of CpG loci by using an in-house R script
(Fig. S2). We calculated the difference between theminimummethyla-
tion level of a particular organ and the maximum methylation level of
the remaining organs for hypermethylation pattern. On the contrary,
the difference between the maximum methylation level of a particular
organ and the minimum methylation level of the remaining organs
was calculated for hypomethylation pattern. Initially, the cut-off values
for the difference in methylation level used were 0.6 and 0.5. However,
only 6 and 20 graphs (CpG loci) passed the 0.6 and 0.5 cut-off values, re-
spectively. Later, we used a less stringent cut-off at 0.4, resulting in 86
graphs (CpG loci) that were suitable for further analysis.

The details of each CpG locuswere retrieved from the Illumina probe
ID in the GPL8490-65 platform database available in http://www.ncbi.
nlm.nih.gov/geo/query/acc.cgi?acc=GPL8490. We organized and re-
corded these data in Microsoft Excel, and analyzed the locations of
these loci in the genome by descriptive analysis. The distribution of
each loci are retrieved form GPL8490-65 platform database, including
analysis of intra/intergenic, exon/intron, CpG island ((CGI)/non-CGI)
and their distances from the transcription start site (TSS). The function
of each TSM gene, except for TUBA6, C10orf59, and ELA1, was investigat-
ed by DAVID bioinformatics (http://david.niaid.nih.gov).

An association betweenmethylation level and expression value was
observed. The expression data used were imported from GSE7307
(normal and diseased human tissues were profiled for gene expression
using theAffymetrix U133 plus 2.0 array: http://www.ncbi.nlm.nih.gov/
geo/query/acc.cgi?acc=GSE7307). As with the methylation database,
we collected data from normal human organs including the adrenal
gland, brain, cervix, heart, kidney, liver, lung, muscle, ovary, pancreas,
prostate gland, spleen, stomach, and testis.

2.3. Comparison of TSM gene expression values between specific tissues

Using a student's T-test, we compared the expression values of each
TSM gene in each tissue. The p-values were recorded as follows: ≤0.5,
≤0.1 and ≤0.01.

2.4. Validation in autopsy samples

Methylation level of Cg03096975 of EML2which is methylated only
in the brain tissue was selected to validate in two autopsy cases. Fifteen
organs including the brain, kidney, lung, liver, spleen, pancreas, heart,
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Fig. 1. Five graph patterns of CpG loci. All Y-axes representmethylation levels, and all X-axes represent the61 codes of each tissue fromeachGSE in themethylation database as follows: 1—
GSE36002 bone (Kresse et al., 2012), 2—GSE25706 bonemarrow (Ko et al., 2010), 3—GSE19711peripheral bloodmononuclear cell (PBMC) (Teschendorff et al., 2010), 4—GSE20067 PBMC
(Teschendorff et al., 2010), 5—GSE26989 PBMC (Campan et al., 2011), 6—GSE34008 PBMC (Volkmar et al., 2012), 7—GSE30229 PBMC (Langevin et al., 2012), 8—GSE41037 PBMC (Horvath
et al., 2012), 9—BibikovaM. et al., brain (Bibikova et al., 2009), 10—GSE22867 brain (Etcheverry et al., 2010), 11—GSE34355 brain (Wuet al., 2012), 12—GSE36194 brain cerebellum (Gibbs
et al., 2010; Hernandez et al., 2011, 2012), 13—GSE36194 brain frontal cortex (Gibbs et al., 2010; Hernandez et al., 2011, 2012), 14—Bibikova M. et al., lung (Bibikova et al., 2009), 15—
GSE32867 lung (Selamat et al., 2012), 16—GSE35146 lung (Sanders et al., 2012), 17—Bibikova M., et al. breast (Bibikova et al., 2009), 18—GSE20712 breast (Dedeurwaerder et al.,
2011), 19—GSE22249 breast (Dedeurwaerder et al., 2011), 20—GSE31979 breast, microdissected (Fackler et al., 2011), 21—GSE31979 breast, organoid (Fackler et al., 2011), 22—
GSE33065 breast (Hill et al., 2011), 23—Bibikova M. et al., heart (Bibikova et al., 2009), 24—GSE26033 heart (Pai et al., 2011), 25—GSE42510 heart (Haas et al., 2013), 26—Bibikova M.
et al., liver (Bibikova et al., 2009), 27—GSE26033 liver (Pai et al., 2011), 28—GSE37988 liver (Shen et al., 2012), 29—Bibikova M. et al., spleen (Bibikova et al., 2009), 30—Bibikova M.
et al., stomach (Bibikova et al., 2009), 31—GSE25869 stomach (Kwon et al., 2011), 32—GSE30601 stomach (Zouridis et al., 2012), 33—GSE31788 stomach (Matsusaka et al., 2011), 34—
Bibikova M. et al., colon (Bibikova et al., 2009), 35—GSE25062 colon (Hinoue et al., 2012), 36—GSE27130 colon (Kim et al., 2011), 37—GSE27899 colon (Hasler et al., 2012), 38—
GSE29490 colon (Kibriya et al., 2011), 39—Bibikova M. et al., kidney (Bibikova et al., 2009), 40—GSE26033 kidney (Pai et al., 2011), 41—Bibikova M. et al., pancreas (Bibikova et al.,
2009), 42—GSE21232 pancreatic islet cells (Volkmar et al., 2012), 43—GSE36353 adrenal gland (Fonseca et al., 2012), 44—Bibikova M. et al., prostate gland (Bibikova et al., 2009), 45—
GSE26126 prostate gland (Kobayashi et al., 2011), 46—GSE20080 cervix (Teschendorff et al., 2010), 47—GSE30760 cervix (Teschendorff et al., 2012; Zhuang et al., 2012), 48—
GSE36637 cervix (Guenin et al., 2012), 49—Bibikova M. et al., ovary (Bibikova et al., 2009), 50—Bibikova M. et al., testis (Bibikova et al., 2009), 51—GSE31835 skin (Roberson et al.,
2012), 52—Bibikova M. et al., skeletal muscle (Bibikova et al., 2009), 53—GSE36166 muscle (Jacobsen et al., 2012), 54—GSE28746 oral epithelium (Bocklandt et al., 2011), 55—
GSE33510 urothelium (Lauss et al., 2012), 56—GSE22595 fibroblast, arm (Koch et al., 2011), 57—GSE22595 fibroblast, abdomen (Koch et al., 2011), 58—GSE22595 fibroblast leg (Koch
et al., 2011), 59—GSE22595 fibroblast, ear (Koch et al., 2011), 60—GSE22595 fibroblast, breast (Koch et al., 2011), and 61—GSE27284 fibroblast, lung (Navab et al., 2011). An example
of each type is shown as (A) a single organ hypermethylated locus, (B) a single organ hypomethylated locus, (C) a universal hypomethylated locus, (D) a universal hypermethylated
locus, or (E) a miscellaneous methylated pattern locus.
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stomach, skin, gall bladder, small intestine, bone marrow, muscle,
aorta and nerve were collected and approved for both macroscopic
and microscopic appearances. After DNA extraction and bisulfite
modification as previously described (Chalitchagorn et al., 2004),
DNA from each case was sequenced at this position. The study pro-
tocol in autopsy cases was proved by the ethic committee of The
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Table 1
Tissue specific methylation (TSM) loci.

Organs Tissue specific methylation loci

Hypermethylated Hypomethylated Total

Adrenal gland 2 1 3
Brain 5 11 16
Kidney 0 1 1
Liver 7 18 25
Muscle 0 8 8
Ovary 0 7 7
Pancreas 2 0 2
Pancreas & Langerhans cell 3 1 4
Spleen 0 1 1
Stomach 1 0 1
Testis 14 4 18
Total 34 52 86
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3. Results

We collected and analyzed published TSMdatabases to identify TSM
loci that are hypermethylated or hypomethylated in a single organ.
Positions of TSM loci were analyzed in relation to transcriptional start
sites (TSSs) and CpG Islands (CGIs). Finally, the expression patterns
and functions of these TSM genes were studied (Fig. S1).

3.1. TSM database

The TSM database used contains data from 22 normal human
organs: bone, bone marrow, blood, brain, lung, breast, heart, liver,
Table 2
Hypermethylated TSM loci.

Tissue Gene Probe ID

Adrenal gland CTSZ cg13021192
Adrenal gland TNFRSF10C cg27090216
Brain EML2 cg03096975
Brain SP100 cg05091653
Brain TUBA6 cg12073537
Brain IL10RB cg17506742
Brain TRIM38 cg21844956
Liver ESR1 cg02720618
Liver ESR1 cg20253551
Liver DSU cg12620499
Liver IGF2AS cg04112019
Liver IGF2AS cg10501065
Liver TIAM1 cg04807655
Liver PTK7 cg21663580
Pancreas MXD3 cg02693857
Pancreas ZNF681 cg05520656
Pancreas & islet ACE cg02131967
Pancreas & islet FRY cg16941656
Pancreas & islet BTBD6 cg23034818
Stomach C10orf59 cg06812977
Testis SLC25A22 cg02973416
Testis WFDC1 cg04195127
Testis FAM63A cg06433658
Testis P2RX7 cg07602200
Testis OASL cg11301598
Testis GRIN2D cg11953334
Testis BAK1 cg14666892
Testis MC1R cg14696348
Testis MC1R cg16790239
Testis FAM57B cg16152813
Testis PTK6 cg18248891
Testis GPR162 cg19286986
Testis IKBKE cg22577136
Testis GNG13 cg24889366
spleen, stomach, colon, kidney, pancreas, adrenal gland, prostate
gland, cervix, skin,muscle, oral epithelium, urothelium, ovary and testis.
After the construction of 27,578 graphs of CpG loci, we classified the
graphs into 5 TSM patterns dependent on the observed differences
between organs (Fig. 1). A locus that was heavily methylated in one
organ would be classified as a single organ hypermethylated locus. A sin-
gle organ hypomethylated locus is a locus that is hypomethylated in only
one organ. Other loci were classified as all-organ hypermethylated, all-
organ hypomethylated, and miscellaneous methylated pattern loci. An
example of each type was demonstrated in Fig. 1 as follows: (1) Fig. 1A:
Cg12620499 of DSU represented a single organ hypermethylated locus,
(2) Fig. 1B: Cg00881370 of LOC55908 represented a single organ
hypomethylated locus, (3) Fig. 1C: Cg23881601 of C1orf66C represented
a universal hypomethylated locus, (4) Fig. 1D: Cg07883333 of F11R repre-
sented a universal hypermethylated locus, and (5) Fig. 1E: Cg00000292 of
ATP2A1 represented a miscellaneous methylated pattern locus. We used
only single organ hypermethylated and single organ hypomethylated
loci for further analyses. Both Cg sites in Fig. 1A and B were specific to
liver tissue with the difference value of 0.48 and 0.42, which passed our
criteria, respectively.

Finally, we had 86 TSM loci consisting of 34 single organ hyper-
methylated loci and 52 hypomethylated loci (Tables 1, S1 and S2).
3.2. Distribution of single organ TSM loci

Weanalyzed loci from the adrenal gland, brain, kidney, liver, muscle,
ovary, pancreas and Langerhans cells, spleen, stomach, and testis. The
three organs with the highest frequencies of loci were the liver (25
CpG loci), testis (18 CpG loci), and brain (16 CpG loci). Fewer TSM loci
were found in the muscle (8 CpG loci), ovary (7 CpG loci), adrenal
gland (3CpG loci), pancreas (2–4 CpG loci), kidney, spleen, and stomach
(1 each) (Tables 1–3).
SourceSeq

GGATCCAGAGCGGGAGCCGGCGCGGGATCTGGGACTCGGAGCGGGATCCG
CGCGCACGAACTCAGCCAACGATTTCTGATAGATTTTTGGGAGTTTGACC
GTCTGGGTCCCAGGGGTTGGGTGAAACCTGAGATCTAAGCCCCGGGAGCG
AAAATAAACACTCCAGGGTAAACACCTGGCTTACTTTTAAACATCAGACG
CGGACTCCTTGGTAGTCTGTTAGTGGGAGATCCTTGTTGCCGTCCCTTCG
CGCAACTAGGCTGCTGCTGCCGTCGATTCTGTAACAGGAGAAAGCCCCAT
CGTCTTCAGAAGAAATTCTGTGTGGCTTCAAGAGACTGATCAAATTGTGA
GGAGGTGTTTTCCCCCACAAATAACTGCTGCTTTGTCTGGTTTTCCAACG
CGCCTTTCCTGCAGCCCCACGGCCAGCAGGTGCCCTACTACCTGGAGAAC
GCTGAGAACCGTGTGCTGCTGCTGCGGGTGCGAGTGCTTGGAGGAGCGCG
ATTGGAATCCCCCGAGGATCAAGGGCTAATTGTTGAGCTCAAGCTTCCCG
CGGGTCACAATAATTTTCTTGGACGTTAATTTCCGGGGACGTCAAAACAC
CTAAGTCAGGGACCGAGACGCAAACATAGACACAAGGATGCACAAGCACG
CGCGCCGCAGGTCTGTCCGGCATCGGGCCCCAAACCAGCAACTCTTACCT
GCACTTTTGTTACAAAGTAACTGACACGGTGCAACAAACACAGGGGCCCG
TCTCACCATTTCTAGGTTTCCGGGGGACCTGGCGTCTTAGCTATGGATCG
CGGCCTCCGGCTCGATCTTCCCAGCCCGACCCCCCGGAGCCTCCCGCCTC
GGTGGGGTCTTCCTCGGTTGCGTACCTGGCTGGAGCCGAGCTGGTGGGCG
GGTGGACCTGCTTGTTTGGCCATTTGCATTCCGGAGTCTGCCTCTGGCCG
CGCTCTTTGGTTCCGTGCTCCCTGGGCCGACCTGGGCCCTGAGCTTTCCT
CCGAGGTGAAGGTTACGAGTCCCTGAGGATCTGTGGGTGTGAGCCAGCCG
CGGGATTTCTCGGCCAGCCTCGCAGGCAATGCCCGTTTCCAGATATTCTT
CGCTCCGGGCCCTGACTACAAGCTGGTTTTCAAAGGAAGTTTGTGGTTTT
CGTGGAAGAACCACTTAATGGTGCCATAATTCATGCTCTGGATCCGAGTG
GTGTGCTATACAGTTCCTGCATCAGTGCCATCTCTGTCCCGAGAGTACCG
GGAAGTTGGGCCCCGGACATTGCAGAGGCTGTCGGGGTGTCCTCTTGCCG
GCTGATTGGAGCCGGGTGCCGCTGGCACCTCTATGATCACTGGAGTCTCG
GTGGCTGTTGGTGCAGGGCCTGTGGTGCCTTCCGCAGCGGAAATGGCGCG
CATGTGGCCGCCCTCAGTGGGAGGGGCTCTGAGAACGACTTTTTAAAACG
GGGCTGGGCACGGAGTCTCTATGATGATGCCATGTGCGGTGTCTGTGCCG
CGCCCATGGCGCTGGGGCCCAAGGCCACAGGTCCCTCCCAGGCAGCCCCT
GGAGGGCGGGCGAGCTGGAGCCGGCAGGCAGCGGGAGCCCGAGAGAGCCG
CGCTCTATGTGAGAGCACCGCTGCCAACAAGCCCACACCCCTGCACCCGG
TCATTGTCCCTCCGCTGTCACCTTTTCAAGGTAGGTCCGATGAACAGGCG



Table 3
Hypomethylated TSM loci.

Tissue Gene Probe ID SourceSeq

Adrenal gland ELA1 cg27114026 AAATTTTCCCTAAGTCCAGGCCAGCACCCTGTCCCAGGGCAGGTGGGACG
Brain STMN4 cg02130905 ATTTAAAGGACCTAAAGATCCTGGAAATCATTCATTATACCCCCAGCTCG
Brain NLGN2 cg03169180 CGCTAAAAGCCCTGCCTGTTGGCCAATCAAAGCCTAGCCTTAGTGACCAG
Brain BLK cg03860768 ACCTCCATGCTGACTCTACAAGGTAATTTGCCCTGCCGTGTGGACAAACG
Brain RIT2 cg04711324 TTTAGTACGAGGTAAGAACCATCAGCGTCGGGCTGGCTGCTGGTCCTCCG
Brain 40148 cg04761824 CCCAAAGAGGCAGTCCTCAATAATGCCATCTTTGTTGCAGCAGAACATCG
Brain FLJ37538 cg08626653 CGCAAGTAGGCCCTGGGCATAACTCTGCCTGTAGGTGTGTCCAGTTCTGT
Brain MYT1 cg10071275 TGGAGCCCCAAGGGTTCATGGGTAGCGTATTTACAAAGGAGCCTCCTCCG
Brain MYT1 cg16772207 CATTAGCAGCGGTGGCACGGGCTGGCGGAGGAGGCTCCTTTGTAAATACG
Brain MGC27121 cg20189782 TTTCTTCAGATCAGCATCATTCACCATGGCAACCAGCAGGCATCTGTACG
Brain ANK3 cg22150335 CATGTCATGGAAACATGCCCATGCCTATATAAAGTGAAGCACACTTTCCG
Brain AKAP6 cg24812523 CTACATATTTTAATTCCTATATGACTCTTACAGGCCTTTGTCTTAACCCG
Kidney B3GALT7 cg19201019 TGTTGGATCCAAGTTCCGGTTAGGCACCCAAGCAAGCTATTAGAACTACG
Liver LOC55908 cg00881370 CGAGGAGTTCAAGCTGCATCTTCCAGCCTGCGTGACAGAGAACCATCACC
Liver LOC55908 cg05718253 CGTCCAAGGCCTGAGGCCAGACCTCCCCGGCCATCGGCAACTGTTACTCA
Liver INHBC cg03399971 CGCCCAACACTGAACCGCCCTGTGTCCAGAGCTGCTTTGAGGACTGCACT
Liver DAK cg03483654 AAGGCGTGATTGTGCCAGTCGACTGCGAGTTCCTTCCGCAGCTTGTATCG
Liver SLC10A1 cg05633152 CGCCCCACAGACCTGGCACTGAGCGTCATCCTGGTGTTCATGTTGTTCTT
Liver CCL16 cg05766474 CGTGAAGAAATGGGCGAATGTGTGTCAGCTACCTTACATGCCCTATCTTA
Liver SERPINA10 cg05788638 AGTCTGCAGTGGTAGCCCAGTAATTCCTGGGTGCTCCTGGACATATATCG
Liver THPO cg09736922 CGCCTGCCTGGGCCACTTCTGCCCAATCAGAGAAGGGAGCCACCAGACAC
Liver ITIH1 cg10356463 CGCAGTTCTACACAGAGGGACATGGTCTGGAGCCCCATCAGTAGTTTAAC
Liver CA5A cg11667117 CAAGTGTTATTGCTGGTTTGCCATGCACAGGAACGCTGAGAACACCATCG
Liver CA5A cg12343082 CGCCAGTCCACAGTGGTCCTGATCAAAGTGAGAACAGACAGCAGGGAACA
Liver MASP2 cg12888113 CGGCGCTGGACCCTGACTGCACCCCCCGGCTACCGCCTGCGCCTCTACTT
Liver AGXT2 cg16297030 GACTCTAATCTGGAGACATTTGCTGAGACCCTTGTGCCTGGTCACTTCCG
Liver AGXT cg16358738 TGAGTGGGTTCCTGGTCTGGAACACGTACTGGATGCCTTCCTTGATCTCG
Liver PGLYRP2 cg17915429 CGCCTTCTGCAGAGCCAAGAGGTTTGGTCCCAGGACTCTGCCCCCTGACT
Liver HPR cg20672044 CGTAGCTGTGAGCATAGGATGGGGCATACAGCAGGCACTTAACAAATACT
Liver ITIH3 cg26099316 CGCTCCTTATATGAGCAAGCCTGGTGTTTTCCAAGCAGGGTCAGTGACCT
Liver APOC2 cg27436184 GCGTGGGTGGAGTCAGCAGGTCCCCATGATGGCCCTCACTGAGAGCTTCG
Muscle CASQ1 cg00327483 TCCATGAGTGCTACAGACAGGATGGGGCCCAGAGCTGTGCCGGGTCTGCG
Muscle TNNC2 cg08201421 GGGCCCTTGCAGAGAAATTTAAGCCTCCAAGCAGGTGGCAGGCCTTGACG
Muscle ZNF537 cg03555203 TAGCAGCAGCAGCAGCTGTGGCAGCGGGAGCTTCGACTGGCACCAGAGCG
Muscle CHRND cg11695684 CGGCTGATCCGGCACCTGTTTCAAGAGAAGGGCTACAACAAGGAGCTCCG
Muscle MYOZ3 cg13214422 CGGAAGCTACCAGCAGCTGACCCTCAACATTTCCAGGTGACTTTGGTGTG
Muscle STAC3 cg14747072 CATGAACAGAAACTGTCCCTTCCTGAATTCAGCCATTATTCACCTGTTCG
Muscle STAC3 cg25189085 CGCCTAAAACCCAAAAGACTCACAGACAAGGAGAGAAATGAAGAAGCTGA
Muscle CLCN1 cg26756862 ACCAGTAGTAGGCTTCCAGCTCCATGTCACTGGTCCCTCTATAAATATCG
Ovary NR5A1 cg00691625 TGACTCTGCAGGCCTCTCGCCTTCTTTGTTGGTGTTTCTCTTCATTTACG
Ovary NR5A1 cg16666160 CGCACCCACAGTCGCCACCGTCCCACCTGGGCTGCCGGAGCCTCCCCCTG
Ovary BPESC1 cg03552688 CGCAATTAAAAAGGCATGAAGTGCCAGACAGCAAGGTTCAGTTCTAGAAT
Ovary FLJ25102 cg06785822 TTCTGTCCAAAGAGGTCGGCCAATGGGGGCCATTCTGAGTTCAGAAACCG
Ovary FASLG cg10161121 TTCCGCCCACAATTTTCTGATAACAGCCTTCAAGGCCTCAGTTGCTGTCG
Ovary SSTR3 cg14297029 GTGACCTCCCGGTCGGCTGCAGGGGCAGGGGCGTTAGTCTCAGAATCTCG
Ovary GMEB2 cg24674220 CGTGGTCCTGACCCTAAAGGGCAAAGGGAAGAAAACTGACCTACAGGATA
Pancreas & islet RBPSUHL cg16757724 GGGGTGTGCAGGGTTCCAGCGACAGCAGCACTGGACTCGTCCAGAGGGCG
Spleen C1orf54 cg15120247 CTTTTATGTTTCCCATGTTCATTCAATTCAGAAACCCTTAGCAACATACG
Testis C3orf24 cg05291178 CGCTCTCGTCCCATGTTGGTTCTGCCGAATATTTAGGCTGACTCCTGACC
Testis ANKRD7 cg16192029 TACGGCCGTTATGGCTGTTAAGGTCGTTATGGTCCGGTCCTAGGGGCTCG
Testis SLC25A2 cg19215261 CGGCGTCTAGAGTTCCCGGCCATAATTGCAAGAATTTATCGAAAAGCTTT
Testis HIST1H4G cg19801560 TGATAAACAAGTCAGAACTATCTCTAAACAAAACGATTACTCGCTTTCCG

Table 4
Characteristics of TSM loci. Positions of TSM loci in the human genome.

Organs Tissue specific CpG sites

Intragenic Intergenic Total

Exon Intron

Adrenal gland 2 1 0 3
Brain 7 9 0 16
Kidney 0 1 0 1
Liver 13 11 1 25
Muscle 4 4 0 8
Ovary 1 5 1 7
Pancreas 2 0 0 2
Pancreas & Langerhans cell 3 1 0 4
Spleen 0 1 0 1
Stomach 1 0 0 1
Testis 11 6 1 18
Total 44 39 3 86

Table 5
TSM loci (CGI and non-CGI).

Organs Tissue specific methylation sites

Hypermethylation Hypomethylation Total

CGI Non-CGI Total CGI Non-CGI Total

Adrenal gland 2 0 2 0 1 1 3
Brain 3 2 5 3 8 11 16
Kidney 0 0 0 0 1 1 1
Liver 7 0 7 2 16 18 25
Muscle 0 0 0 1 7 8 8
Ovary 0 0 0 3 4 7 7
Pancreas 2 0 2 0 0 0 2
Pancreas & Langerhans cell 3 0 3 1 0 1 4
Spleen 0 0 0 0 1 1 1
Stomach 1 0 1 0 0 0 1
Testis 7 7 14 4 0 4 18
Total 25 9 34 14 38 52 86
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Fig. 2. TSM loci according to CGI. The Y-axis represents the number of CpG loci. The white
bar shows the CGI and the black bar shows the non-CGI.
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3.3. Positions of TSM loci according to CGI and TSS

The locations of TSM loci were evaluated, andwe found that thema-
jority of TSM loci are intragenic, but their locationswithin exons/introns
were not clearly differentiable (Table 4).Wealso analyzed TSM loci con-
sidered to be hypermethylated and hypomethylated, and found that
more hypermethylated TSM loci were located in CGI regions than in
non-CGI regions, whereas more hypomethylated TSM loci were located
in non-CGI regions than in CGI regions (Table 5 and Fig. 2).

The majority of TSM loci (both hyper- and hypomethylated) were
found in gene bodies (83 of 86 CpG loci). Interestingly, the majority of
TSM loci are located immediately after the TSS. The presence of both
hypermethylated and hypomethylated TSM loci sharply declines
300 bp downstream (3′) from the TSS, and then gradually declines
up to 1000 bp away from the TSS (Fig. 3).

3.4. The association between methylation levels and expression values of
TSM genes

We compared the mRNA levels of TSM genes from CpG methylation
modified organs with other organs. The mRNA levels of 19 out of 31
hypermethylated TSMgeneswere significantly low (Fig. 4A). On the con-
trary, the expression values of 41 of 46 hypomethylated TSM genes were
significantly high (Fig. 4B). Therefore, the methylation of TSM genes may
play a role in down-regulating gene transcription.

3.5. TSM gene function

TSM genes' functions were investigated using the DAVID bioinfor-
matics program. A total of 75 genes (29 hypermethylated genes and
Fig. 3.Distance from each TSM locus to the transcription start site (TSS). The Y-axis represents
dotted line represents hypermethylated TSM loci and the black line represents hypomethylate
46 hypomethylated genes) from 78 TSM genes were available in the pro-
gram. Most hypermethylated gene functions are associated with mem-
branes, receptors, and signal transduction, while most hypomethylated
genes encode signal peptides, extracellular space proteins, andmetabolic
process proteins (Fig. 5). Interestingly, some hypomethylated TSM genes
encode known tissue-specific proteins (Table 6).

3.6. Validation test at Cg03096975 of EML2

Sequencing analysis of Cg03096975 of EML2 was performed. From
two autopsy cases only two brains have methylated sequence, the
other 18 samples (fifteen organs; 2 kidneys, 2 lungs, 2 livers and each
of the spleen, pancreas, heart, stomach, skin, gall bladder, small intes-
tine, bone marrow, muscle, aorta and nerve) are totally unmethylated.
The TSM graph, sequence of primers and example of DNA sequencing
are illustrated in Fig. 6.

4. Discussion

We evaluated methylation in an array of 22 organs and found 86
TSM loci that were hypermethylated (34) or hypomethylated (52) ex-
clusively in one organ. Interestingly, the liver, testis, and brain possess
many TSM loci while the kidney, spleen, and stomach possess only 1
locus each. This suggests that TSM loci are commonly found in multi-
functional organs such as the liver or in organs with unique physiolog-
ical functions such as the brain and testis.

TSMs are primarily located directly 3′ from the TSS. This differs from
the locations of other methylation promoters, such as the CpG methyl-
ation of tumor suppressor genes, which is located 5′ to the TSS (Jones
and Takai, 2001; Eckhardt et al., 2006). Several studies by ChIP-Seq re-
ported that RNA polymerase II (Pol II) occupied a 200-bp-wide peak
centered on 50 bp downstream of the TSS (Zeitlinger et al., 2007;
Sultan et al., 2008; Gilchrist et al., 2010; Fenouil et al., 2012; Le
Martelot et al., 2012; Quinodoz et al., 2014). This characteristic has
been accepted as one of the major checkpoints in gene transcription
(Levine, 2011; Smith and Shilatifard, 2013). Moreover, promoter meth-
ylation of tumor suppressor gene, the formation of methylation-
initiated heterochromatin may prevent the formation of an initiation
complex. Consequently, the binding of RNA polymerase II to a gene
promoter is inhibited (Jones, 2012). The mechanism by which the
hypermethylated TSM reduces mRNA levels should be investigated fur-
ther. Nevertheless, due to its location 3′ to the TSS, we hypothesize that
methylation of TSM loci promotes heterochromatin formation, which
blocks the transcription process of RNA polymerase.

Previously, we reported that SHP1P2 is heavily methylated in ep-
ithelial tissue but exhibits reduced methylation in psoriatic skin
(Ruchusatsawat et al., 2006). Many silenced hypermethylated TSM
genes aremembrane proteins and receptors. These proteins, if expressed,
the number of CpG loci. The X-axis represents the distance to the TSS (base pairs: bp). The
d TSM loci.

image of Fig.�3
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Fig. 4. Expression values of TSM genes. The Y-axis represents the log of the expression value and the X-axis represents each TSM gene. Thewhite bar indicates the expression value of each
gene in a specific tissue, and the black bar indicates the expression values of that gene from a collective average of the other tissues. The number of stars indicates the p-value of a com-
parison of the two bars. One star indicates a p-value lower than 0.5, two stars indicate a p-value lower than 0.1, and three stars indicate p-value lower than 0.01. (A) Histogram of
hypermethylated TSM genes. (B) Histogram of hypomethylated TSM genes.
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would be harmful to the particular organ in which they reside. Therefore,
the organ suppresses the expression of these genes through CpGmethyl-
ation. In contrast, hypomethylated TSM genes primarily encode signal
peptides and tissue-specific proteins. Therefore, demethylation of these
Fig. 5. Gene function analysis from DAVID bioinformatics. The nu
CpGdinucleotidesmay be a key process of organdevelopment. Specificity
in methylated or demethylated TSM loci is crucial to the maintenance of
normal organ function and the prevention of unexpected organ damage.
Therefore, the locations of TSM loci may be useful for future research in
mber below the histogram represents the number of genes.
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Table 6
Gene function influences from specific TSM.

Organ Gene Probe ID Function

Brain NLGN2 cg03169180 Neuronal cell surface proteins.
Brain FLJ37538 cg08626653 Neuronal tyrosine-phosphorylated phosphoinositide-3-kinase adaptor.
Brain MYT1 cg10071275 Member of a family of neural specific.
Brain MYT1 cg16772207 Member of a family of neural specific.
Liver SLC10A1 cg05633152 Glycoproteins that participate in the enterohepatic circulation of bile acids.
Liver SERPINA10 cg05788638 Serpin family, predominantly expressed in the liver and secreted in plasma.
Liver CA5A cg11667117 Localized in the mitochondria and expressed primarily in the liver.
Liver CA5A cg12343082 Localized in the mitochondria and expressed primarily in the liver.
Liver AGXT cg16358738 Protein is localized mostly in the peroxisomes, expressed only in liver.
Liver HPR cg20672044 Haptoglobin-related protein.
Muscle CASQ1 cg00327483 Skeletal muscle specific member of the calsequestrin protein family.
Muscle TNNC2 cg08201421 Troponin (Tn), protein complex in the regulation of striated muscle contraction.
Muscle CHRND cg11695684 Cholinergic receptor, nicotinic, delta (muscle).
Muscle MYOZ3 cg13214422 Specifically expressed in the skeletal muscle, and belongs to the myozenin family.
Muscle CLCN1 cg26756862 Regulates the electric excitability of the skeletal muscle membrane.
Ovary NR5A1 cg00691625 Transcriptional activator involved in sex determination.
Ovary NR5A1 cg16666160 Transcriptional activator involved in sex determination.
Testis ANKRD7 cg16192029 Ankyrin repeat domain 7, testis specific.
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tissue and stem cell engineering. Similar to SHP1P2 hypomethylation in
psoriatic skin (Ruchusatsawat et al., 2006), the methylation of TSM loci
may be altered by disease involvement.
5. Conclusions

We reported the sequences of 86 TSM loci from 11 human organs.
Most TSM loci locate immediately after TSS and regulate gene expres-
sion. These sequences are essential in the further exploration of the
role of TSM on cellular differentiation, organ development and function.
Moreover, these sequences can be used to develop PCR tests for the tis-
sue sources of DNA. These PCR tests may be useful for the diagnosis of
several human diseases.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.gene.2014.09.060.
Fig. 6. Validation test at Cg03096975 of EML2. (A) TSM graph at cg03096975 of EML2 demons
(C) Example of sequence at Cg03096975.
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