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ABSTRACT 

 
Cancer is caused by the accumulation of both genetic and epigenetic changes. Promoter 

hypermethylation is one of the major epigenetic changes that cause gene inactivation. Aberrant promoter 
hypermethylation of CpG islands associated with tumor suppressor genes (TSGs) can lead to 
transcriptional silencing and result in tumorigenesis. The genomic regions with hypermethylation status 
may possess novel candidate TSGs. We used a microarray-based epigenome-wide methylation analysis 
called differential methylation hybridization (DMH) to identify the regions of hypermethylation and a 
chromatin immunoprecipitation (ChIP)-on-chip analysis to identify the regions of condensed or open 
chromatin in 20 non-small cell lung cancer (NSCLC) patients and several lung cell lines, and have 
successfully detected several cancer subtype- and stage-specific hypermethylated genes. They may serve 
as biomarkers for the early detection or prognosis prediction of lung cancer. Using DMH, we identified 
promoter hypermethylation of the COL14A1 (collagen, type XIV, alpha 1) gene, which has cell 
anti-proliferative activity and plays a role in cell quiescence and differentiation. Using ChIP-on-chip, 
COL14A1 promoter region was shown to be in compact chromatin structure in cancer cell lines. In 
addition, we found that 60.4% of 48 NSCLC patients showed COL14A1 promoter hypermethylation and 
coincided with low mRNA and protein expression. Moreover, COL14A1 promoter hypermethylation was 
significantly associated with late stage lung cancer patients. In conclusion, our study provides the 
evidence that hypermethylation of specific genes are involved in lung tumor initiation or progression and 
may serve as tumor biomarkers. 
 
Key words: tumor suppressor gene, differential methylation hybridization, promoter hypermethylation, 
prognosis, NSCLC 
 

Introduction 
 

Cancer is caused by the accumulation of both 
genetic and epigenetic changes.  However, 
epigenetic changes remain less well examined. In 
mammals, DNA methylation usually occurs at 

cytosines located 5’ of guanines, known as CpG 
dinucleotides. The CpG islands contain cluster of 
CpG dinucleotides that are about 1-2 kb in length in 
or near the promoter and first exon regions of genes 
(Antequera et al., 1993). In cancer, methylation of 
CpG islands in promoter is considered to be one of 
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the major epigenetic aberrations that causes gene 
inactivation (Baylin et al., 1998; De Smet et al., 
1999; Jones et al., 1999). Promoter methylation 
may block the binding of transcription factors, or 
modify chromatin structure, which in turn blocks 
access by transcription factors (Antequera et al., 
1990; Brandeis et al., 1994; Mummaneni et al., 
1995). 

Traditionally, methylation analysis has been 
carried out using Southern hybridization, which 
assesses a few methylation-sensitive restriction sites 
within CpG islands of known genes (Gonzalgo et 
al., 1997). Further development of sensitive assays, 
such as bisulfite DNA sequencing (Frommer et al., 
1992) and methylation-specific PCR (MSP) 
(Herman et al., 1996), has allowed a detailed 
analysis of multiple CpG sites across a CpG island 
of interest. For example, hypermethylation of 
promoter has been demonstrated in certain TSGs 
and repair genes such as cyclin-dependent kinase 
inhibitor p16INK4a, p53, hMLH1, von 
Hippppel-Lindau (VHL) (Cunningham et al., 1998; 
Gonzalez-Zulueta et al., 1995; Herman et al., 1994; 
Herman et al., 1995; Sakai et al., 1991). Until 
recently, several high-throughput technologies have 
been developed to determine the methylation 
profiles of thousands of CpG islands in several 
tumors (Eng et al., 2000; Huang et al., 1997; 
Ushijima et al., 1997). The DNA array-based 
method, called differential methylation 
hybridization (DMH), provides a tool that can 
efficiently scan the tumor genome for methylation 
alterations (Huang et al., 1999). The first part of 
DMH is the generation of CG-rich tags derived 
from a human CpG island genomic library, CGI 
(Cross et al., 1994). These tags are then arrayed 
onto solid supports (e.g., nylon membranes). The 
second part involves the preparation of amplicons, 
representing a pool of methylated CpG DNA from 
tumor or reference samples. These amplicons are 
used as probes for CpG island array hybridization. 
The differences in tumor and reference signal 
intensities on CpG island arrays tested reflect 
methylation alterations of corresponding sequences 
in the tumor DNA. Until now, genome-scanning 
approach of methylation profiles is only studied in 
ICF syndrome (Kondo et al., 2000), breast (Huang 
et al., 1997; Yan et al., 2000), and liver cancers 
(Ushijima et al., 1997). In breast cancer, close to 
9% of the genomic tags of CGI exhibit extensive 
hypermethylation and a subset of CpG island 

methylation is associated with histological grades 
(Huang et al., 1997; Yan et al., 2000). Therefore, an 
essential next step toward a more comprehensive 
understanding of the underlying mechanisms of 
lung tumorigenesis would be a genome-wide 
analysis of hypermethylation in lung cancer. Such 
analyses can lead to the identification of previously 
uncharacterized CpG islands associated with gene 
silencing and shed light on other yet unidentified 
factors governing aberrant methylation. 

In the present study, we made use of two 
epigenomic analyses in lung tumor. First, we used 
DMH to analyze the genome-wide CpG islands 
methylation profile in pairs of matched tumor and 
normal lung tissues from 20 non-small cell lung 
cancer (NSCLC) patients, a major subtype of lung 
cancer in Taiwan. Second, we performed 
chromatin-immunoprecipitation-on-chip (ChIP-on- 
chip) assay using anti-acetylated histone H3, which 
recognizes open chromatin structure, in IMR90 
normal lung cell line and three lung cancer cell 
lines (A549, H1299, and CL1-1) to detect the 
genome-wide chromatin status. Many methylated 
genes were specifically associated with 
adenocarcinoma (AD), squamous cell carcinoma 
(SQ), and specific stages. Among the genes 
validated in more patients and cell lines, we 
identified promoter hypermethylation of COL14A1 
(collagen, type XIV, alpha 1 (undulin)) gene, which 
encodes a fibril-associated collagen, collagen XIV 
(CXIV). Our study is the first report on promoter 
hypermethylation, favoring the compact chromatin 
structure formation and reduction in mRNA and 
protein expression in COL14A1 gene in lung cancer 
patients. 
 
Materials and Methods 
 
Tumor specimens and clinical characterizations of 
patients 

Tissues were collected after obtaining 
permission from the appropriate institutional review 
board and informed consents from the recruited 
patients. The cases include 48 surgically resected 
NSCLC patients admitted to Veterans General 
Hospital-Taipei, Taiwan between 1993 and 2004. 
The histologies of tumor types and stages are 
determined according to the WHO classification 
method and TNM system, respectively. There were 
24 AD patients and 24 SQ patients. The patients 
consisted of 24 early stage patients (stages I and II) 
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and 24 late stage patients (stages III and IV). 
 

Cell lines and culture conditions 
Human normal lung cell line IMR90 (obtained 

from the American Type Culture Collection, ATCC), 
human NSCLC carcinoma A549 and H1299 
(obtained from ATCC), and CL1-0, CL1-1, CL1-3 
and CL1-5 (obtained from Dr. Pan-Chyr Yang, 
Department of Internal Medicine, National Taiwan 
University Hospital, Taipei, Taiwan) cell lines were 
cultured in DMEM (IMR90, MRC5, A549, and 
CL1-1) and RPMI 1640 (H1299) medium (GIBCO, 
Grand Island, N.Y.) containing 10% fetal bovine 
serum (BIOCHROM AG, Leonorenstr, Berlin) and 
1% penicillin-streptomycin (GIBCO), and 
incubated at 37°C in 5% CO2 atmosphere. 
 
Fractionation of DNA using an MBD column and 
preparation of a CpG island library 

DNA encoding the methyl-CpG binding 
domain (MBD) from MeCP2 was amplified by 
PCR and cloned into a bacterial expression vector 
containing a His-tag. The fusion histidine-MBD 
protein was attached to a nickel-agarose matrix 
column. Human DNA digested with MseI 
(recognition site TTAA), which cuts bulk DNA into 
small fragments but leaves CpG island relatively 
intact, was loaded onto the MBD protein column. 
The DNA eluted in high salt fractions contained 
genomic regions of CpG islands, this DNA was 
collected for the CpG island DNA and construction 
of the CpG island library (CGI). 
 
Preparation of CpG island array slides 

A total of ~8000 CGI clones were individually 
organized in 96-well culture chambers as master 
plates. Clones of CGI were picked and placed into 
96-well PCR microplates by MULTI-PRINT 
replicator. The insert from each clone was amplified 
by PCR. Prior to printing, spotting solution 
(Genetix, Hampshire, UK) was added to the PCR 
products for uniform dot morphology. The QArray2 
arrayer (Genetix) was used to print PCR product on 
UltraGAPS coated slides (Corning, NY, USA). 
Printed slides were crosslinked by UV, 
post-processed, and stored in a desiccated chamber. 
 
Amplicon generation 

DMH method was performed as described 
previously (Yan et al., 2002). Briefly, DNA (2 μg) 
was extracted from surgically resected tumors and 

their matched normal tissues and then digested with 
MseI, which restricted DNA into small fragment 
but leaves CpG islands relatively intact. The 
cleaved ends were ligated with linkers, H-12/H-24 
(H-12, 5’-TAATCCCTCGGA-3’; H-24, 5’-AGGC 
AACTGTGCTATCCGAGGGAT-3’), in a buffer 
containing Fast Link Ligase (Epicentre, Madison, 
Wisconsin) at room temperature for 1 hour. After 
ligation, the subtracted DNA was digested with 
BstUI and HpaII (New England Biolabs, Beverly, 
MA) methylation sensitive endonucleases. The 
restricted DNA was purified in a QIAquick column 
(Qiagen, Valencia, CA) Linker-PCR reactions were 
performed with the BstUI and HpaII-resistant DNA. 
Reactions were carried out in a volume of 300μl 
with digested DNA, 10 μM H-24 primers, 10x PCR 
buffer, 10 mM dNTP, and Deep Vent (exo-) DNA 
polymerase (New England Biolabs) on a DNA 
thermal cycler. PCR reaction condition was 5 min 
at 72oC, followed by 20 cycles of 1 min at 97oC, 3 
min at 72oC, with a final extension of 10 min at 
72oC. The amplified product was purified in a 
QIAquick column. At least 5-6μg of normal or 
tumor amplicons was used for fluorescence labeling 
to produce a strong array hybridization image. 
 
Cy dye coupling and array hybridization 

Incorporation of aminoallyl dUTP (Sigma, St. 
Louis, MO) into amplicons was performed using 
the BioPrime DNA labeling system (Invitrogen, 
Carlsbad, CA). Cy3 and Cy5 fluorescent dyes 
(Amersham, Buckinghamshire, UK) were coupled 
to aminoallyl dUTP-labeled normal and tumor 
amplicons, respectively. Both the Cy3-coupled 
normal and Cy5-coupled tumor amplicons were 
mixed with 20μg of human Cot-1 DNA (Invitrogen) 
and cohybridized to the CpG island array slide. 
Hybridization and post-hybridization washing 
protocols were according to previous study (Yan et 
al., 2002). Images of fluorescence intensities were 
generated by scanning array using Axon GenePix 
4000B scanner (Molecular Devices, Sunnyvale, 
CA). 
 
Data analysis 

The fluorescence intensities of each spots were 
quantified by GenePix Pro 6.0 microarray analysis 
software (Molecular Devices) and the ratio was 
then determined as the intensity of the tumor 
sample vs. the normal sample (Cy5/Cy3). Raw 
intensity data of the ratio of the 20 arrays were 
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normalized by LOWESS (limmaGUI package) 
(Wettenhall et al., 2004). After normalization, each 
array intensity data was ranked and selected for the 
top 200 spots, which were clustered and intersected 
with patients’ data by tumor type and tumor stage. 
 
Cell lines chromatin immunoprecipitation (ChIP)- 
on-chip assay 

Cells grown on a 100 x 20-mm culture dish to 
approximately 80–90% confluency were 
cross-linked with 1% formaldehyde for 10 min at 
37oC and stopped by the addition of glycine to a 
final concentration of 0.125 M. Lysates were 
sonicated by BioruptorTM system (Diagenode, 
Liège, Belgium) to shear DNA to lengths between 
200 and 800 bp. Subsequent steps were performed 
with the ChIP assay kit (Upstate Biotechnology, 
Lake Placid, NY, USA) according to the 
manufacturer’s instructions. Immunoprecipitation 
for 16 h at 4oC was performed using anti-acetylated 
histone H3 (1:400; Upstate Biotechnology) in 
IMR90 normal lung cell line and 3 lung cancer cell 
lines (A549, H1299, and CL1-5). After 
de-crosslinking and purification of DNA, the 
immunoprecipitated and whole-cell extract DNA 
were amplified and labeled by ligation-mediated 
PCR with Cy5 and Cy3 fluorescent dyes, 
respectively. Both pools of labeled DNA were 
hybridized to the Agilent human CpG island 244k 
microarray chip (Agilent Technologies, Foster City, 
CA). Images of fluorescence intensities were 
generated by scanning array using GenePix 4000B 
scanner (Axon Instruments), and then data were 
extracted and normalized ChIP signals using 
Agilent Feature Extraction program. 
 
Analysis of mRNA expression of the COL14A1 -- 
Multiplex RT-PCR analysis   

cDNA was synthesized from the isolated RNA 
by reverse transcription. COL14A1 mRNA 
expression was assayed in a multiplex RT-PCR 
analysis using the GAPDH gene as an internal 
control. The primer nucleotide sequences were as 
following: COL14A1 (forward, 5’-CAGGCATGGT 
GAAAACATTG-3’; reverse, 5’-AGGAAAAGTTG 
GTGGTCGTG-3’; PCR product, 314 bp), and 
GAPDH (forward, 5’-AATCCCATCACCATCTTC 
CA-3’; reverse, 5’-CCTGCTTCACCACCTTCTTG 
-3’; PCR product, 580 bp). Reactions were carried 
out in a volume of 25μl with 1μl cDNA, and 10 
pmol COL14A1 and 5 pmol GAPDH primers in a 

DNA thermal cycler. PCR reaction condition was 5 
min at 95oC, followed by 32 cycles of 1 min at 95oC, 
1 min at 65oC and 1 min at 72oC, with a final 
extension of 10 min at 72oC. PCR products were 
separated in 1.5% agarose gels and visualized under 
UV illumination. To quantify the relative levels of 
mRNA expression in the multiplex RT-PCR assay, 
the value of the GAPDH in each reaction was used 
as the baseline gene expression of that sample and 
the relative value was calculated for the COL14A1 
gene for each tumor and matched normal samples. 
Tumor cells that exhibited a lower expression level 
than the normal cells were deemed to have an 
abnormal pattern. 
 
Promoter methylation assay of the COL14A1 -- 
Methylation specific PCR (MSP) assay 

MSP assay takes advantage of the fact that 
unmethylated cytosines are efficiently converted to 
uracil after sodium bisulfite treatment, whereas 
methylated cytosines remain unchanged. EZ DNA 
Methylation-Gold™ Kit (Zymo Research, Orange, 
CA) was used for bisulfite conversion of DNA. 
After treatment, COL14A1 MSP analyses were 
conducted using the following primers: 
unmethylated sequences (forward, 5’-TATTTTTTT 
ATTTTTTGTTTTTGTG-3’; reverse, 5’-TCCACC 
ACTAATTAATCCTTAACAAC-3’; PCR product, 
246 bp); methylated sequences (forward, 5’-TTATT 
TTTTTATTTTTCGTTTTCGC-3’; reverse, 5’-GCC 
GCTAATTAATCCTTAACGA-3’; PCR product, 
244 bp). PCR reaction condition was 5 min at 95oC, 
followed by 32 cycles of 1 min at 95oC, 1 min at 
61oC and 1 min at 72oC, with a final extension of 10 
min at 72oC. Positive control samples of 
unmethylated IMR90 normal lung cell DNA and 
SssI methyltransferase treated methylated DNA 
were also included for each set of PCR. 
 
Immunohistochemistry (IHC) assay 

Paraffin blocks of tumors were cut into 5-μm 
slices and then processed using standard 
deparaffinization and rehydration techniques. 
Polyclonal antibody for anti-COL14A1 (1:200; 
Abnova, Taipei, Taiwan) was used as the primary 
antibodies to detect COL14A1 protein expression. 
The evaluation of the immunohistochemistry was 
conducted blindly without knowledge of the clinical 
and pathologic characteristics of the cases. Positive 
immunoreactivity was visible as a brown precipitate 
in extracellular matrix. The surrounding normal 
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stroma and epithelial cells served as an internal 
positive control for each slide. 
Statistical analysis 

The statistical analyses of promoter 
methylation, RNA/protein expression, and patient 
tumor characteristics were performed using SPSS 
program (SPSS Inc., Headquarters Chicago, IL, 
USA). Comparisons were made using Chi-square 
test. P≤0.05 was taken as statistically significant. 

 
Results 
 
Epigenomic detection of hypermethylated CpG 
islands and their clinical association in lung cancer 
patients 

To search for the genomic regions containing 
high frequency of hypermethylation, which may 
possess cancer related genes or novel candidate 
TSGs, we established an epigenomic hypermethy- 
lation analysis using the microarray-based strategy 
called differential methylation hybridization (DMH) 
(Figure. 1A) and used it to identify the regions of 
hypermethylation in 20 lung cancer patients. 
Patients included 10 AD patients and 10 SQ 

patients consisting of 10 early stage patients (stages 
I and II) and 10 late stage patients (stages III and IV) 
(Table 1). Several cancer subtype- and stage- 
specific hypermethylated genes successfully 
identified by DMH are listed in Table 2. 

 
Chromatin status was involved in cancer related 
genes expressions in lung cancer cell lines  

To investigate whether compact chromatin 
structure in addition to promoter hypermethylation 
of cancer related loci caused the loss of their gene 
expression, IMR90 normal lung cell line and three 
lung cancer cell lines (A549, H1299, and CL1-1) 
were analyzed by chromatin immunoprecipitation 
(ChIP)-on-chip (Figure 1B). ChIP was performed 
using antibody against acetylated histone H3, which 
recognizes loose chromatin structure. The 
immnoprecipitated DNA was then hybridized to the 
array containing oligonucleotide probes designed 
for genes’ promoters. The value of each probe was 
calculated as the ratio between ChIP-pulled down 
DNA and total input DNA from the same cell line. 
The higher the ratio, the looser the chromatin 
structure is. Among the gene analyzed, a group of 

 

 
Figure 1. Schematic flowchart for (A) epigenome-wide hypermethylation analysis (differential methylation 
hybridization, DMH) in lung cancer patients, and (B) epigenome-wide chromatin structure analysis (chromatin 
immunoprecipitation (ChIP)-on-chip) in cell lines. Detailed descriptions of each step are given in Materials and 
Methods. 
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Table 1. Clinical characterizations of lung cancer patients for DMH analysis. 
 

No. Sex Age Tumor type TNM  Tumor stage 
1 M 78 adenocarcinoma T2N0M0 IB 
2 M 77 adenocarcinoma T2N0M0 IB 
3 M 69 adenocarcinoma T2N0M0 IB 
4 M 74 squamous cell carcinoma T2N0M0 IB 
5 M 69 squamous cell carcinoma T2N0M0 IB 
6 M 83 squamous cell carcinoma T2N0M0 IB 
7 M 86 adenocarcinoma T1N1M0 IIA 
8 M 77 squamous cell carcinoma T3N0M0 IIB 
9 M 72 adenocarcinoma T2N1M0 IIB 

10 M 77 squamous cell carcinoma T3N0M0 IIB 
11 M 69 squamous cell carcinoma T2N2M0 IIIA 
12 M 77 squamous cell carcinoma T2N2M0 IIIA 
13 M 76 adenocarcinoma T2N2M0 IIIA 
14 M 81 adenocarcinoma T1N2M0 IIIA 
15 M 66 squamous cell carcinoma T2N2M0 IIIA 
16 M 76 adenocarcinoma T2N2M0 IIIA 
17 M 65 squamous cell carcinoma T3N2M0 IIIA 
18 M 63 adenocarcinoma T2N2M1 IV 
19 M 79 squamous cell carcinoma T2N0M1 IV 
20 M 80 adenocarcinoma T2N2M1 IV 

 
10 oligonucleotide probes was designed to test 
chromatin status of COL14A1 gene within the CpG 
island (Figure 2A). We found that the CpG island of 
COL14A1 gene showed looser chromatin structure 
in IMR90 normal cell line than did all cancer cell 
lines (Figure 2B). To confirm the ChIP-on-chip data, 
expression of COL14A1 transcript was analyzed in 
IMR90 and seven lung cancer cell lines by RT-PCR. 
The results showed that the higher level of RNA 
expression was found in IMR90 than in other lung 
cancer cell lines (Figure. 3B). 
 
Validation of promoter hypermethylation and 
mRNA/protein expression of COL14A1 in more lung 
cancer patients and cell lines  

To validate the methylation status of the 
COL14A1 promoter, we used MSP to determine 
methylation pattern in lung cancer cell lines and 48 
NSCLC primary tumors (including 20 patients 
analyzed by DMH). As demonstrated in Figure 3A, 
four cancer cell lines (CL1-0, CL1-5, A549 and 
H1299) showed methylation in COL14A1 promoter, 
and 60.4% (29/48) of lung tumors showed promoter 
hypermethylation of the COL14A1 gene. In addition, 
to determine whether there were decreased mRNA 
and protein expressions in COL14A1, multiplex 
semiquantitative RT-PCR and immunohisto- 
chemistry assays were performed in lung cancer 
patients whose RNA and tissue slide were available 

 
Figure 2. Determination of chromatin status of 
COL14A1 CpG island by ChIP-on-chip. (A) Genomic 
map of the COL14A1 CpG island detected by DMH and 
ChIP-on-chip. The probe detected methylation status of 
COL14A1 by DMH is indicated by thick horizontal line. 
The bottom row of ten horizontal lines indicates the 
locations of COL14A1 fragments used for the 
ChIP-on-chip assay. (B) Chromatin was pulled down by 
anti-acetylated histone H3 in IMR90 normal cell and 
three cancer cell lines (A549, H1299, and CL1-1). 
ChIP-on-chip data were shown for 10 CpG sites of 
COL14A1 CpG island. Probes are spaced at every 
~100bp across the CpG Island. The higher the 
normalized ratio it is, the less compact chromatin 
structure it is for each CpG site. 
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(Figure 3B, 3C). Decreased or absence of COL14A1 
transcripts were shown by RT-PCR in 50.0% (23/46) 
tumors. Immunohistochemical staining data 
indicated that 43.9% (18/41) of tumors showed an 
absence or low expression of COL14A1 protein. 
The data indicated that COL14A1 had abnormal 
expression in lung cancer cell lines and patients. To 
investigate whether the COL14A1 promoter 
hypermethylation was associated with mRNA and 
protein expression, cross-tabulation analysis were 
done on the methylation, mRNA and protein 
expression data to examine their correlations, using 
the Pearson’s χ2 test. Aberrant promoter methylation 
was significantly associated with low mRNA 
transcript (P=0.012) (Table 3). However, there was 
no correlations of protein expression and DNA 
hypermethylation, and was no significantly 
associated with mRNA and low protein expression 
of COL14A1 in lung cancer patients. 

Correlation of COL14A1 alterations with the 
clinicopathological parameters in NSCLC patients 

To determine whether there were associations 
of COL14A1 alterations with the clinical 
characteristics of NSCLC patients, the DNA/RNA/ 
protein alterations were compared with patient’s 
smoking status, tumor type, tumor stage and age 
using the Fisher’s exact test. We found that there are 
no correlations in smoking status, tumor type and 
age in mRNA and protein level. However, the 
COL14A1 promoter hypermethylation was 
significantly correlated with tumor late stage 
(P=0.017) (Table 3). The data indicated that 
COL14A1 promoter hypermethylation was not only 
associated with low mRNA transcript, but also 
correlated with tumor late stage, suggesting that 
COL14A1 hypermethylation may be involved in 
lung tumor progression.  

 
Table 2. Selected genes from DMH methylation profiling of 20 NSCLC patients. 

Early stage SQ SQ, early stage AD, early stage AD, late stage 

Gene GeneID Gene GeneID Gene GeneID Gene GeneID Gene GeneID
STRBP 55342 STRBP 55342 EXOSC7 23016 STRBP 55342 RPL26 6154 
EXOSC7 23016 ZBP1 81030 ATP8A2 51761 RPS14 6208 HES2 54626 
GRIK2 2898 STK3 6788 ZNF420 147923 POM121L2 94026 ETV6 2120 
VDR 7421 GLT1D1 144423 FBXW11 23291 GRIK2 2898 BLNK 29760 
  COL14A1 7373 PTPRT 11122 VDR 7421 ATP7B 540 
      C1orf182 128229 EN2 2020 
      C8orf36 286053 HIST1H2BF 8343 
      SLC29A1 2030 SFRS1 6426 
        PSIP1 11168 

Late stage AD SQ, late stage   NBPF10 440673  
Gene GeneID Gene GeneID Gene GeneID   HIST1H4E 8367 

ETV6 2120 STRBP 55342 PLD1 5337   GRIA4 2893 
SFRS1 6426 HES2 54626 ETV6 2120   MFN2 9927 
NBPF10 440673 BLNK 29760 DCTN4 51164   SHFM1 7979 
SUSD5  26032 GRIK2 2898 STRBP 55342   CDKL1 8814 
XDH 7498 WIPI2 26100 SFRS1 6426   DPP10 57628 
PLD1 5337   NBPF10 440673    TKTL1 8277 
RPL26 6154   LTA4H 4048   PRDM8 56978 
PRDM8 56978   ZBP1 81030   FLJ12886 56006 
WIPI2 26100   SUSD5  26032   PRKD2 25865 
MDGA1 266727   STK3 6788   NTF3 4908 
SYT17 51760   COL14A1 7373   SUSD5  26032 
KIAA0182 23199   GLT1D1 144423   ATF1 466 
    XDH 7498   SPARC 6678 
    KIAA0182 23199   HOXA7 3204 
        WIPI2 26100 
        SCN2A2 6326 
        TMOD1 7111 
        XDH 7498 
        SYT17 51760 
        MDGA1 266727 
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Table 3. Correlation analyses of COL14A1 DNA methylation, low mRNA and low protein expression, and 
clinicopathological parameters of 48 NSCLC patients.＊ 

Characteristics  Total Methylation    Total Low mRNA Total Low protein 
  N† N (%)    N† N (%) N† N (%) 

Overall 48 29 (60.4) 46 23 (50.0) 41 18 (43.9) 
Clinicopathological parameters   
Smoking         

Yes 40 23 (57.5)   38 18 (47.4) 34 14 (41.2) 
No 2 1 (50.0)   2 0 (0.0) 2 0 (0.0) 

Tumor type       
AD 24 15 (62.5)   23 14 (60.9) 20 11 (55.0) 
SQ 24 14 (58.3)   23 9 (39.1) 21 7 (33.3) 

Tumor stage       
I+II 24 10 (41.7) 22 9 (40.9) 18 8 (44.4) 
III+IV 24  19 (79.2)0.017 24 14 (58.3) 23 10 (43.5) 

Age       
＜70 18 11 (61.1) 16 8 (50.0) 15 6 (40.0) 
≧70 30 18 (60.0) 30 15 (50.0) 26 12 (46.2) 

Methylation       
--   17 4 (23.5) 17 9 (52.9) 
+   27  18 (66.7)0.012 22 8 (36.4) 

* The P value with significance was shown as superscripts.  
† Total number of samples in some categories is less than the overall number analyzed because clinical data was not 
available for these samples. 
 
Discussion 
 

Down-regulation of cancer-related genes and 
TSGs by hypermethylation or chromatin alteration 
of promoter is one of the important events involved 
in tumor development. In this study, we have 
established DMH microarray for epigenome-wide 
hypermethylation analysis to identify the regions of 
hypermethylation and ChIP-on-chip analysis to 
identify the regions of condensed or open chromatin 
in 20 lung cancer patients and several lung cell lines. 
Some cancer subtype- and stage-specific hyper- 
methylated genes are shown in Table 2. These genes 
may serve as biomarkers for early detection (for 
example, those hypermethylated genes in 
early-staged patients) or prognosis prediction (for 
example, those hypermethylated genes only in 
late-staged patients). In addition, using an antibody 
to acetylated histone H3 lysine 9, which indicates 
an open chromatin structure, several chromosomal 
regions containing potential TSGs such as 
COL14A1 gene were revealed. 

We further confirmed the identified promoter, 
COL14A1 gene, for methylation, low mRNA/ 
protein expression, and chromatin structure status in 
more patients and cell lines. In the previous studies, 
Collagen XIV is a nonfibrillar extracellular matrix 
protein and related to fundamental cellular activities 
such as migration, proliferation, and metastasis 

(Ehnis et al., 1996). Ruehl et al. demonstrated 
antiproliferative, quiescence- and differentiation- 
inducing effects of human CXIV and its 
recombinant fragments on mesenchymal cells, 
human fibroblasts, and mouse 3T3 fibroblasts 
(Ruehl et al., 2005). In this study, we provided the 
first clinical evidence of hypermethylation and 
condensed chromatin at promoter region in 
COL14A1 gene and the reduction in mRNA and 
protein expressions of COL14A1 gene in lung 
cancer patients. Aberrant promoter methylation was 
significantly associated with low mRNA transcript. 
However, there was no correlation of protein 
expression and DNA hypermethylation. Other 
mechanisms such as mutations in promoter region 
of the gene or dysfunction of the regulatory proteins 
could be involved in these discordant patients. In 
addition, some patients with positive protein and 
mRNA expression showed promoter methylation. 
This could be explained by the presence of several 
distinct tumor subpopulations, one of them has 
methylation and does not express the gene, the 
others having no methylation and expressing the 
gene. Nevertheless, a significant concordance was 
observed between the DNA hypermethylation and 
lung tumor late stage, suggesting that COL14A1 
alterations may be involved in lung cancer cell 
metastasis. 
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Figure 3. Methylation and protein/mRNA expression assays for COL14A1 genes in lung cancer cell lines and patients. 
(A) Methylation status of COL14A1 promoter was assessed by methylation-specific PCR (MSP) in IMR90 normal cell 
and four cancer cell lines. MSP assay is also shown for 6 cancer patients. Primer sets used for amplification are 
designated as U for unmethylated or M for methylated gene. SssI methyltransferase untreated and treated IMR90 DNA 
was used as unmethylation-positive and methylation-positive controls. (B) Representative examples of 
semi-quantitative multiplex RT-PCR analysis of the COL14A1 genes in lung cancer cell lines and patients. GAPDH was 
used as the internal control for the analysis. N and T represent the paired normal and tumor lung cells from the same 
patient. (C) Immunohistochemical analysis of COL14A1 proteins in paraffin-embedded sections of tumor specimens of 
NSCLC patients. Positive immunoreactivity is visible as a brown precipitate in extracellular matrix. Original 
magnification x200. 
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Finally, we have shown that DMH and 
ChIP-on-chip methods are useful in identifying 
epigenetic alteration in cancer and have potential 
applications for cancer diagnostic and prognostic 
biomarkers. 
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摘    要 

 
癌症一般認為與基因體與外顯基因體發生變異有關，而在外顯基因體研究中，基因啟動子過度

甲基化是最主要造成基因不活化的原因。抑癌基因的啟動子過度甲基化，會造成抑癌基因不活化，

進而導致癌症的發生，所以在癌症基因體中過度甲基化的區域可能包含有新穎的抑癌基因。因此我

們利用差異甲基化雜交法（differential methylation hybridization）的微陣列分析及染色質免疫沈澱

晶片分析法（chromatin immunoprecipitation -on -chip），針對 20 位非小細胞肺癌病人及數個肺癌細

胞株進行基因體的過度甲基化區域及染色質鬆緊狀態研究。結果發現在不同的肺癌子類型及肺癌分

期，有特定的基因被過度甲基化，這些過度甲基化基因也許可以作為早期偵測及預測癌症發展的生

物指標。於肺癌病人的差異甲基化雜交法的結果中，我們發現一個與抗細胞增生、細胞靜止與細胞

分化的 COL14A1 基因啟動子有過度甲基化的情形，而且在染色質免疫沈澱晶片分析法中，COL14A1
啟動子的染色質區域相較於正常肺細胞，肺癌細胞呈現較為緊密的狀態。此外，我們發現有 60.4%
的非小細胞肺癌病人有 COL14A1 基因啟動子過度甲基化的情形，而且其 mRNA 及蛋白質分別有

50.0%及 43.9%的低表達情形。另外我們也發現 COL14A1 基因啟動子過度甲基化與晚期肺癌病人有

統計相關。總結，我們利用外顯基因體的分析實驗所找出的肺癌病人過度甲基化基因，可能參與肺

癌的形成與進程，未來也許可作為肺癌的生物指標。 
 
關鍵詞：抑癌基因、差異甲基化雜交法、啟動子過度甲基化、預後、非小細胞肺癌 
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