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Hypermethylation of collagen α2 (I) gene
(COL1A2) is an independent predictor of
survival in head and neck cancer
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Abstract. Objectives: Collagen production plays a role in the development of tumors from cancer cells. The aim of the present
study is to examine the involvement of epigenetic alteration of Collagen α2 (I) (COL1A2) gene expression in cases of head and
neck squamous cell carcinoma (HNSCC).
Methods: COL1A2 expression was examined in a panel of cell lines using RT-PCR. The methylation status of the COL1A2
promoter was studied using bisulfate sequencing and methylation-specific PCR (MSP).
Results: COL1A2 expression was absent in 6 of 11 (54.5%) UM-SCC cell lines, whereas three nonmalignant cell lines had stable
expressions. MSP analysis showed that 46/98 (46.9%) contained methylated alleles. COL1A2 methylation was significantly
correlated with tumor size (P = 0.041), lymph node status (P = 0.008), tumor stage (P = 0.011), H-cadherin methylation
(P = 0.039) and disease-free survival (P = 0.005). On multivariate Cox proportional hazard regression, which included age,
sex, smoking status, and alcohol exposure, both tumor stage and COL1A2 methylation remained independent prognostic factors.
Conclusions: This study suggests that CpG hypermethylation is a likely mechanism of COL1A2 gene inactivation, supporting
the hypothesis that the COL1A2 gene may play a role in the tumorigenesis of HNSCC and may serve as an important biomarker.
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1. Introduction

Squamous cell carcinoma of the head and neck re-
gion (HNSCC) is the sixth most frequent cancer and
affects∼500,000 patients per year worldwide [1]. Var-
ious factors are linked to the development of HNSCC;
sex, tobacco smoking, alcohol consumption, and HPV
infection are major risk factors for the disease [2]. The
prognosis for patients with HNSCC is still poor today
despite tremendous technical advances in surgical treat-
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ment, radiotherapy, and chemotherapy [3]. This dismal
survival could be improved through earlier detection
or through identification of prognostic markers, which
could identify subsets of patients with worse prognoses
who might benefit from a more aggressive treatment
strategy.

Epigenetics is one of the most promising and ex-
panding fields in the current biomedical research land-
scape [4]. Epigenetic silencing is involved in the initia-
tion and progression of several types of cancer. In HN-
SCC, some tumor suppressor genes, such as p16 [5],
E-cadherin [6], and RASSF1A [7], have been found to
harbor hypermethylationof CpG islandswithin the pro-
moter regions. Loss of gene function by transcriptional
silencing of selected genes may play a crucial role in
the development and progression of cancers [8]. The
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detection of methylated genes is an attractive biomark-
er for risk assessment, early detection, and monitoring
of prognosis, as well as the prevention of HNSCC.

Collagen is a large family of at least 28 extra-
cellular matrix proteins that play vital structural and
physiological roles in maintaining the integrity of
and contributing to the homeostasis of the human
body [9]. Type I collagen, the most abundant colla-
gen molecule, normally consists of a heterotrimer of
two α1 (I) (produced by the COL1A1) chains and one
α2 (I) (produced by the COL1A2) chain [10]. Struc-
tural integrity and coordinated biosynthesis of the two
chains are critically important for tissue morphogen-
esis, growth, homeostasis, and repair [11]. Hyper-
methylation of COL1A2 has been described in many
cancers, mainly adenocarcinomas, including colorec-
tal cancer [12], melanoma [13], bladder cancer [14],
neuroblastoma [15], medulloblastoma [16,17], breast
cancer [18], and hepatoma [19]. The investigation for
oncogenic mechanism by COL1A2 gene inactivation
was also recently progressing. Mori et al. reported that
COL1A2 gene inactivation through CpG hypermethy-
lation may contribute to proliferation and migration ac-
tivity of bladder cancer [14]. Despite of accumulated
knowledges in adenocarcinoma, hypermethylation of
COL1A2 in squamous cell carcinoma (SCC) such as
head and neck, esophagus, lung and cervix, is an area
that still remains to be explored.

The aim of the present study is to evaluate COL1A2
methylation in large panels of primary HNSCC (that is
typical SCC specimens). We demonstrate that loss of
COL1A2 expression is associated with hypermethyla-
tion of key CpG sites within transcription factor binding
domains and that expression can be restored after treat-
ment with the demethylating agent, 5-azacytidine, and
the histone deacetylase inhibitor, trichostatin A (TSA).
Furthermore, assessment of primary tumor specimens
confirm that hypermethylation is as common in patient
tumors and is directly associated with tumor size and
metastasis. This study suggests that hypermethylation
ofCOL1A2 gene in the primary tumor is an independent
predictor of survival in head and neck cancer.

2. Materials and methods

2.1. Tumor samples and cell lines

Tumor specimens were obtained at surgery from 98
primary HNSCC samples. All patients were treated at
the Department of Otolaryngology, Hamamatsu Uni-

versity School of Medicine. Clinical information in-
cluding age, sex, tumor site, smoking status, alcohol in-
take, tumor size, lymph node status, and stage grouping
were obtained from the clinical records. The average
patient age was 63.6 years (range, 39–93 years), and
the male: female ratio was 80:18. The primary tumor
was located in the oral cavity (n = 39), hypopharynx
(n = 25), larynx (n = 20), and oropharynx (n = 14).
DNA and cDNA from 11 UM-SCC cell lines and 2
fibroblasts cell lines established from patients at the
University of Michigan were kindly provided by Dr.
Thomas E. Carey of the University of Michigan. Nor-
mal human keratinocytes (NHK) were a gift from Dr.
No Hee Park of the UCLA School of Dentistry [20].

2.2. Bisulfite modification and MSP analysis

Bisulfite modification of genomic DNA was car-
ried out as described previously [21]. Bisulfite-treated
DNA was amplified by PCR with two designed pairs
of methylation-specific PCR (MSP/UMSP) primers for
the promoter region of the COL1A2 gene. The MSP
primer set was 5’-ACGGTAGTAGGAGGTTTCGG-3’
(forward) and 5’-CGCAAAACCCCTAAATCACCGA
CG-3’ (reverse). The UMSP primer set was 5’-ATG
GTAGTAGGAGGTTTTGG-3’ (forward) and 5’-CA
CAAAACCCCTAAATCACCAACA-3’ (reverse). The
PCR conditions were: 94◦C for 5 min; 39 cycles
at 94◦C for 30 s, 58◦C (for detection of methylated
DNA) or 54◦C (for detection of unmethylated DNA)
for 30 s, and 72◦C for 40 s; and a final extension at
72◦C for 5 min. The PCR products were 82 bp long.
To analyze the methylation status of the p16 gene [5],
E-cadherin gene [6], RASSF1A gene [7], H-cadherin
gene [22], DAPK gene [23], MGMT gene [23], and
DCC gene [24], primers and conditions as described
previously were used. The PCR products were sepa-
rated by electrophoresis through a 9% polyacrylamide
gel and stained with ethidium bromide.

2.3. Bisulfite sequencing analysis for COL1A2

Bisulfite-treated DNA was amplified by bisulfite
sequencing PCR (BSP) with primers that were spe-
cific for modified upper strand DNAs but did not
contain any CpG sites. The BSP primer set was
5’-GTGTTTTTAAATTTGGAAAGGG-3’ (forward)
and 5’-CTACAAACAACAACAAAATCC-3’ (reverse).
The PCR conditions were: 94◦C for 5 min; 45 cycles
at 94◦C for 30 s, 54◦C for 30 s and 72◦C for 40 s; and
a final extension at 72◦C for 5 min. The PCR products
were 504 bp long. Bisulfite sequencing analysis was
carried out as described previously [21].
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Fig. 1. COL1A2 expression by RT-PCR. (A) Representative examples of RT-PCR for COL1A2 expression in UM-SCC cell lines. Amplification
reactions were carried out for 35 cycles to identify cell lines with low or absent COL1A2 expression. The housekeeping gene GAPDH was run
as a control for RNA integrity. (B) Representative examples of RT-PCR for COL1A2 expression in nonmalignant samples. (C) The effect of
treatment with 5-azacytidine or trichostatin A or both on COL1A2 expression in six cell lines with densely methylated COL1A2 is shown using
RT-PCR. Controls were cells treated similarly but without 5-azacytidine and trichostatin A.

2.4. RT-PCR for COL1A2

The primer sequences designed from the coding re-
gion of the human COL1A2 cDNA have been described
previously [25]. The PCR products were separated
by electrophoresis through a 9% polyacrylamide gel.
Sense and antisense primers for the GAPDH gene used
as an internal control have been described previous-
ly [21].

2.5. Reactivation of COL1A2 expression

Twelve hours after plating, cultures were incubated
either for 48 h with 5-azacytidine (15 μg/ml, 30 μg/ml;
Sigma, St. Louis, MO), an inhibitor of DNA methyl-
transferase, for 24 h with 300 nM trichostatin A (TSA)
(Sigma), an inhibitor of histone deacetylase, or for 48 h
with 5-azacytidine followed by 24 h incubation with
TSA. Themediumwas then removed,and cultureswere
maintained in standard Dulbecco’s modified Eagle’s
medium, which was replaced every other day [21].

2.6. Statistical analysis

For frequency analysis in contingency tables, statis-
tical analyses of associations between variables were
performed by Fisher’s exact test. The disease-free in-
terval was measured from the date of the treatment to
the date when locoregional recurrence or distant metas-
tasis was diagnosed. Disease-free survival probabili-
ties were estimated by the Kaplan-Meier method, and
the log-rank test was applied to assess the significance

of differences among actuarial survival curves. Cox
proportional hazards multivariate regression analysis,
which involved age, sex, smoking status, alcohol in-
take, stage grouping, and COL1A2 methylation, was
used to identify the predictive value of the prognostic
factors [6,26]. A significant difference was identified
when the probability was less than 0.05. Statistical
analysis was done with StatMate IV (ATMS Co., Ltd.,
Tokyo, Japan).

3. Results

3.1. COL1A2 expressions and effect of treatment with
5-azacytidine and TSA

A total of 11 UM-SCC cell lines were analyzed
for COL1A2 expression using RT-PCR. COL1A2 ex-
pression was absent in 6 of 11 (54.5%) UM-SCC cell
lines (UM-SCC-6, 10A, 10B, 14B, 22A, and 54) af-
ter 35 cycles (Fig. 1A). RT-PCR amplification of RNA
from normal control cell lines (UM-81F, UM-99F and
NHK) as template yielded a good signal after 35 cy-
cles, indicating that COL1A2 is expressed in these
normal cells (Fig. 1B). To establish that methylation
was responsible for silencing COL1A2 gene expres-
sion, six cell lines (UM-SCC-6, 10A, 10B, 14B, 22A,
and 54) were treated. These cell lines, which showed
the absence of COL1A2 expression and hypermethy-
lation by bisulfite sequencing analysis, were cultured
with 5-azacytidine alone, TSA alone, or 5-azacytidine
plus TSA. This facilitated assessment of the effect of
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Fig. 2. Diagrammatic representation of the COL1A2 gene and methy-
lation analysis using the MSP assay. (A) The COL1A2 CpG sites
within expanded views of the promoter region relative to the tran-
scription start site are shown. Individual CpG sites are indicated as
vertical lines. The brackets enclose the 461-bp region that includes
the transcription start site and the 25 individual CpG sites that were
examined for frequency of methylation. The relative locations of
the primers used for MSP and bisulfite sequencing are shown with
black arrows. The transcription start site is represented by a bent
arrow. The translation start site is represented by an arrowhead. (B)
Representative examples of MSP of COL1A2 in UM-SCC cell lines,
showing samples that are fully methylated (UM-SCC-6, -10A, -10B,
-14B, -22A, -54) and partially methylated (UM-SCC-1, -2, -22B, -23,
-74B). (C) Representative examples of MSP of COL1A2 in primary
tumors from Hamamatsu University Hospital, showing samples that
are methylated (H-3, H-21, H-24, H-52, H-74) and unmethylated
(H-27, H-33, H-68, H-99).

demethylation induced by 5-azacytidine and inhibi-
tion of histone deacetylase by TSA. All six cell lines
demonstrated restored COL1A2 expression that corre-
lated with the demethylation and histone acetylating
signals (Fig. 1C).

3.2. MSP analysis for COL1A2

Each sample was tested with both sets of primers
(MSP and UMSP) for the COL1A2 promoter region.

These primers were designed based on the bisulfite se-
quencing data. Forward primers for MSP and UM-
SP contain #15 and 16 CpG dinucleotides. Reverse
primers for MSP and UMSP include #21-23 CpG din-
ucleotides (Fig. 2A). The MSP assay for COL1A2 cor-
related with the expression status. In all cell lines with
reduced expression (UM-SCC-6, 10A, 10B, 14B, 22A,
and 54), only methylated alleles were detected. In cell
lines with apparently normal COL1A2 mRNA levels
(UM-SCC-1, 2, 22B, 23, and 74B), both alleles were
detected (Fig. 2B). Among 98 primary HNSCC DNA
samples tested, the COL1A2 promoter was methylated
in 46 (46.9%) cases and unmethylated in 52 (53.1%).
Methylation of COL1A2 was significantly correlated
with tumor size (P = 0.041), lymph node status (P =
0.008), and tumor stage (P = 0.011) (Fig. 2C, Table 1).

3.3. Bisulfite sequencing analysis

These cell lines were analyzed for COL1A2 promot-
er region methylation status. Bisulfite sequencing was
used to more precisely map and determine the den-
sity of methylation throughout the COL1A2 promoter
(Fig. 3A). CpG sites #1 to 20 were located upstream of
TSS, and sites #21 to 25 were located downstream of
TSS. We sequenced at least seven clones for each of the
11 cell lines. Cell lines UM-SCC-6, 10A, 10B, 14B,
22A, and 54 had loss ofCOL1A2 expression, as demon-
strated by RT-PCR, and high methylation levels (62.9%
to 90.5%). Cell lines UM-SCC-2, 22B, and 74B had
stable COL1A2 expression by RT-PCR and moderate or
low methylation levels, ranging from 38.3% to 59.0%.
Methylation levels of UM-SCC-1 and 23 (68.0% and
78.0%) were higher than of UM-SCC-10B (62.9%), al-
though these cell lines had positive COL1A2 expres-
sions. For the six COL1A2-negative cell lines (UM-
SCC-6, 10A, 10B, 14B, 22A, and 54), CpG site #15
upstream of the transcription start site was methylated
in 91-100%. In contrast, for the cell lines with a more
readily detectable message (UM-SCC-1, 2, 22B, 23,
and 74B), the proportion of methylated alleles fell be-
low 90%, and the message level of COL1A2 expression
was stable (Fig. 3B).

3.4. Association of molecular markers and survival
with COL1A2 methylation status

Methylation of COL1A2 was significantly correlat-
ed with H-cadherin methylation (P = 0.039). No
other molecular markers showed a significant correla-
tion with COL1A2 methylation status (Table 1). On
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Table 1
COL1A2 Gene Methylation Status in HNSCC Primary Samples

Patient and tumor Methylation
characteristics (n = 98) Present (n = 46) Absent (n = 52) P -value

Age†
70 and older (27) 11 16 0.502
Under 70 (71) 35 36

Sex†
Male (80) 34 46 0.073
Female (18) 12 6

Smoking status†
Smoker (68) 33 35 0.666
Nonsmoker (30) 13 17

Alcohol exposure†
Ever (60) 27 33 1
Never (38) 19 19

Tumor size†
T1-2 (46) 21 35 0.041∗
T3-4 (52) 25 17

Lympho-node status†
N0 (42) 13 29 0.008∗∗
N+ (56) 33 23

Stage†
I-II (32) 9 23 0.011∗∗
III-IV (66) 37 29

p16 methylation†
Yes (50) 24 26 0.843
No (48) 22 26

RASSF1A methylation†
Yes (21) 12 9 0.331
No (77) 34 43

E-cadherin methylation†
Yes (39) 23 16 0.064
No (59) 23 36

H-cadherin methylation†
Yes (38) 23 15 0.039∗
No (60) 23 37

DAPK methylation†
Yes (27) 13 14 1
No (71) 33 38

MGMT methylation†
Yes (28) 12 16 0.659
No (70) 34 36

DCC methylation†
Yes (30) 13 17 0.666
No (68) 33 35

†Fisher’s exact probability test.

univariate analysis, methylation of the COL1A2 gene
was positively correlatedwith reduced disease-free sur-
vival (P = 0.005, log-rank test) (Fig. 4A). There was
no significant difference in the disease-free survival of
patients according to methylation patterns of the E-
cadherin gene alone, the H-cadherin gene alone, or
the combinations of the methylation changes of three
genes (concordant pattern) (Fig. 4B, C, D). Moreover,
results of multivariate Cox proportional hazard regres-
sion, which included age, sex, smoking status, al-
cohol exposure, and tumor stage, indicated that the
group with methylation of the COL1A2 gene had a

2.104 times greater hazard than the group without
methylation (P = 0.031) (Table 2). Thus, COL1A2
promoter methylation is a predictor of poor outcome in
patients with HNSCC.

4. Discussion

Differential DNA methylation at CpG islands has
been associated with regulation of gene expression and
is essential in normal development, X-chromosome in-
activation, imprinting, suppression of parasitic DNA
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Fig. 3. Summary of bisulfite sequencing analysis. (A) Sequencing chromatograms is demonstrated CpG island methylation after bisulfite
treatment in UM-SCC-14B. (B) The shading of each cell within the figure indicates the proportion of alleles that were found to be methylated
by methylation-specific sequencing. The key is shown below each panel. The numbers in the top row indicate the CpG dinucleotide positions
(labeled 1–25 in Fig. 1A) in the region amplified by the bisulfite sequencing analysis primers. The locations of the MSP primer binding sites
(MSP/UMSP-F and MSP/UMSP-R) used for the data in Fig. 3B are indicated by the black boxes above the figure. The cell line numbers are
shown in the left column. The numbers of clones sequenced (cl) are given in the second column. The column headed RT summarizes the RT-PCR
results; RT(+) signifies positive for COL1A2 expression by RT-PCR; RT(−) signifies negative for COL1A2 expression.

sequences, and cancer [27]. Methylation has prac-
tical benefits over other molecular biomarkers. First,
changes in methylation occur globally within a can-
cer’s DNA. Second, the abnormal result is a positive
signal, reducing the problem of normal cell contami-
nation [28]. There is increasing evidence showing that
gene silencing due to aberrant methylation of DNA is
an early event in carcinogenesis and is associated with
early recurrence in some cancers [29]. The establish-
ment of DNA methylation profiles of the primary tumor
specimen itself might be a valuable tool in determining
the prognosis and predicting the patient’s response to
therapies [30].

It is interesting that the region surrounding the
COL1A2 (7q22.1) transcription start site is not a typ-

ical CpG island. Therefore, this promoter may be-
come methylated more easily than a protected CpG is-
land promoter [12]. Sengupta et al. reported that the
sequence-specific DNA-binding protein RFX (regula-
tory factor for X-box) could mediate the transcription-
al activation of a methylated COL1A2 gene promot-
er that was repressed by methylation [31]. There is a
binding site for the RFX family within the promoter
region of the COL1A2 gene. Forward primers for MSP
and UMSP bind in the segment of the promoter that
contains CpG dinucleotide #15, which corresponds to
a consensus RFX-binding site [12]. RFX1 was asso-
ciated with distinct sets of co-repressors on the col-
lagen transcription start site [10]. The DNA methyl-
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Fig. 4. Kaplan-Meier Estimates of Disease-free Survival among 98 Case Patients. Data are reported for a three-gene panel consisting of COL1A2
(A), E-cadherin (B), and H-cadherin (C). Thirteen patients had methylation of all three genes, and 28 patients had no methylation of all three
genes (D).

transferase inhibitor, which inhibits DNA methylation,
reduces RFX1/histone deacetylase 1 (HDAC1) binding
to the collagen transcription start site. Trichostatin A
stimulates the acetylation of RFX proteins and activates
the collagen promoter [32]. In COL1A2 expression-
silenced cell lines, their expression could be restored by
demethylation with 5-azacytidine and TSA, inferring
that DNA methylation and deacetylation of histones are
major regulators of COL1A2 expression.

In this regard, it is worth noting that methylation of
COL1A2 and cadherin genes may not be related direct-
ly, because, to the best of our knowledge, this is the
first report to show a relation between the methylation
statuses of these genes in various tumors, including
HNSCC. Because the exact mechanisms of the func-
tions of COL1A2 andcadherin genes in tumorigenesis
are still unknown, it will be interesting to elucidate the
relationships between the expressions of COL1A2 and
cadherin genes. E-cadherin, encoded by CDH1, which
is one of the best-characterized cadherins, is the key

component for adherence junctions between epithelial
cells [33]. E-cadherin gene promoter methylation is
associated with increased pack years smoked in HN-
SCC [6]. E-cadherin hypermethylation is a prognostic
marker of better survival and better radiotherapy re-
sponse in HNSCC [34,35]. H-cadherin, encoded by
CDH13, has also been found to be epigenetically si-
lenced by promoter methylation in many types of tu-
mors, including lung cancer, breast cancer, and col-
orectal cancer [36]. Recently, Broch et al. reported
that methylation of p16 and H-cadherin was associat-
ed with early recurrence of stage I non-small cell lung
cancer [29]. In nasopharyngeal carcinoma, H-cadherin
was methylated in 89.7% of cases [37]. However, the
roles of the H-cadherin gene have not been elucidated
in other sites of primary HNSCC tumors. Methylation
of H-cadherin was significantly correlated with DAPK
methylation (P = 0.0009). (data not shown)

There is also evidence for COL1A2 aberrant pro-
moter methylation in genome-wide methylation stud-
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Table 2
Multivariate analysis of factors affecting survival using Cox
proportional hazards model

Disease-free survival
Variables HR (95% CI) P

Age
70 and older vs. < 70 1.370 (0.753–2.553) 0.322

Sex
Male vs. Female 0.826 (0.395–1.725) 0.610

Smoking status
Smoker ve. Non smoker 0.747 (0.343–1.627) 0.463

Alcohol exposure
Ever vs. Never 0.999 (0.493–2.023) 0.998

Stage
I, II vs. III, IV 2.142 (1.155–3.974) 0.016

COL1A2 methylation
Yes vs. No 2.104 (1.069–4.144) 0.031

HR: hazard ratio.
95% CI: 95% confidence interval.

ies of cancer cells, such as colorectal cancer [12],
melanoma [13], bladder cancer [14], neuroblas-
toma [15], medulloblastoma [16,17], breast can-
cer [18], and hepatoma [19]. The investigation for
oncogenic mechanism by COL1A2 gene inactivation
was also recently progressing. In melanoma, COL1A2
methylation was predominantly detected in advanced
stage tumors [13]. COL1A2 gene inactivation through
CpG hypermethylation may contribute to proliferation
and migration activity of bladder cancer [14]. The epi-
genetic status of COL1A2 may reflect the developmen-
tal biology of different medulloblastoma histological
and molecular subtypes [16,17]. COL1A2 hyperme-
thylation of CpG islands can be a promising marker of
many types of tumors.

In this study, COL1A2 expression was shown to be
frequently absent in HNSCC. The increased CpG din-
ucleotide #15 methylation of the COL1A2 gene is in-
versely correlated with COL1A2 mRNA levels. In a
survey of 98 tumor tissue samples usingMSP, hyperme-
thylation of the COL1A2 promoter occurredwith a high
frequency (46.9%) (p16, 51.0%;E-cadherin, 39.8%; H-
cadherin, 38.8%; DCC, 30.6%; MGMT, 28.6%; DAPK,
27.6%; and RASSF1A, 21.4%). Thus, COL1A2 resem-
bled other major tumor suppressor genes in the fre-
quency of aberrant promoter methylation. More im-
portantly, in the case of COL1A2, there was a clear
effect of methylation on clinical outcome. Disease-
free survival was significantly worse in patients with
methylation in COL1A2 (P = 0.005). On multivariate
analysis, only COL1A2 methylation and clinical stage
were significantly associated with poor survival when
age, sex, smoking status, and alcohol intake were also
considered. Thus, COL1A2 methylation appears im-

portant in disease progression and in the development
of high-risk HNSCC.

In conclusion, the present study showed that the
COL1A2 promoter methylation profile appears to be
an important marker predicting the clinical outcome of
HNSCC. This information can be used to identify pa-
tients with high-riskHNSCC who may benefit from ad-
juvant therapy and cautious observation after the resec-
tion of primary tumors. Finally, COL1A2 can be reacti-
vated by altering chromatin modifications with methyl-
transferase and histone deacetylase inhibitors, raising
the promise of selective small molecule inhibitors of
these enzymes as a potential therapeutic target for HN-
SCC.
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