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OBJECTIVE: Global hypomethylation is a common epi-

genetic event in cancer. Keratocystic odontogenic tumor

(KCOT) and ameloblastoma are different tumors but

posses the same tissue in origin. Here, we investigated

long interspersed nuclear element-1 (LINE-1 or L1)

methylation status between ameloblastoma and KCOT.

MATERIALS AND METHODS: We studied the methyl-

ation levels of the long interspersed nucleotide element-1

(LINE-1) in ameloblastoma and KCOT. After collecting

ameloblastoma cells and epithelium lining cells of KCOT

by laser capture microdissection from paraffin embedded

tissue, combined bisulfite restriction analysis of LINE-1

(COBRALINE-1) was performed to measure LINE-1

methylation levels.

RESULTS: The LINE-1 methylation level in KCOT

(53.16 ± 12.03%) was higher than that in ameloblastoma

(36.90 ± 16.52%), with a statistical significance of

P = 0.001. The ranges of LINE-1 methylation of both

lesions were not associated with either age or sex.

CONCLUSION: We found LINE-1 hypomethylation lev-

els between ameloblastoma and KCOT are different.

Therefore, global methylations between these tumors

are processed differently.
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Introduction

Ameloblastoma is one of the most common tumors
originating in the odontogenic epithelium, accounting
for 10% of odontogenic tumors and 1% of all oral and
maxillofacial tumors (Regezi et al, 1978). This type of
lesion has received attention because it is characterized
by a benign with locally aggressive behavior and a high
tendency to recur. Other clinical characteristics include

slow growth, no metastasis, and an 80% occurrence in
the mandible, with a marked predilection for the
posterior region (Regezi et al, 1978; Reichart et al,
1995; Melrose, 1999; Mendenhall et al, 2007).

Theoretically, ameloblastoma may arise from cell
rests of the enamel organ, the developing enamel, the
epithelial lining of an odontogenic cyst, or basal cells of
the oral mucosa. However, the actual cause is not
known. Molecular study of genetic changes in amelo-
blastoma has been limited. Heikinheimo et al, (2002)
demonstrated different gene expression in ameloblas-
toma compared with tooth germs using cDNA micro-
array. The genes for sonic hedgehog (SHH), TNF
receptor-associated factor 3 (TRAF3), Rho GTPase-
activating protein 4 (ARHGAP4), deleted in colorectal
carcinoma (DCC), cadherins 12 and 13 (CDH12 and
13), teratocarcinoma-derived growth factor-1 (TDGF1),
and transforming growth factor-b1 (TGFB1) were
underexpressed in all ameloblastoma samples. On the
other hand, the fos oncogene and tumor necrosis factor
receptor 1 (TNFRSF1A) were overexpressed genes.

Keratocystic odontogenic tumor (KCOT) is the
name now recommended by the WHO working group;
the tumor was formerly known as an �odontogenic
keratocyst’ (Reichart et al, 2006). The recent name
change is derived from the locally aggressive behavior
of this tumor. KCOT has specific histopathologic
features, particularly a thin friable wall which leads
to high recurrence rates. Multiple KCOTs are fre-
quently associated with nevoid basal cell carcinoma
syndrome, and the malignant transformation of
KCOTs has also been reported (Shear, 2002; Gonz-
alez-Alva et al, 2008).

Keratocystic odontogenic tumor arises from the
dental lamina or its remnants. It may be an extension
of the basal cells of the oral epithelial lining, as in the
case of ameloblastoma. A number of genetic studies
point to the role of the PTCH gene in the etiology of
KCOT. PTCH gene mutation has been shown to be an
important step in its pathogenesis, and is thought to be
involved in the development of KCOT (Barreto et al,
2000; Shear, 2002; Diniz et al, 2009). Recently, Moreira
et al reported 30% promoter methylation of P21 in
KCOT (Moreira et al, 2009).
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Ameloblastoma and KCOT invade locally and are
resorbed in the adjacent roots of teeth. They infiltrate
medullary spaces, erode cortical bone, and might extend
into adjacent tissue. Ameloblastoma is considered to be
more aggressive. The widely accepted treatment of
ameloblastoma is surgical resection, at least 1 cm past
the radiological margins. In the case of KCOT, the
treatment varies from marsupialization or enucleation
to en-bloc resection; but the ideal treatment should be
enucleation or curettage followed by applying Carnoy’s
solution (Schmidt and Pogrel, 2001).

Global hypomethylation is the most common epige-
netic change in cancer, occurring in the coding region of
genes and repetitive sequences (Piyathilake et al, 2001;
Chalitchagorn et al, 2004; Hoffmann and Schulz, 2005).
As about 80% of CpG dinucleotides are located in
repetitive sequences, global hypomethylation is consid-
ered to be responsible for the majority of the hypome-
thylation of repetitive sequences (Chalitchagorn et al,
2004; Yang et al, 2004, 2006; Weisenberger et al, 2005;
Phokaew et al, 2008). Long interspersed nuclear ele-
ment-1 (LINE-1 or L1) sequences are highly repeated,
interspersed retrotransposons, and constitute at least
17% of the human genome (Kazazian and Moran, 1998;
Lander et al, 2001). LINE-1 elements are normally
heavily methylated and contain much of the CpG
methylation found in tumor tissue. Therefore, hypome-
thylated DNA of these elements might determine as a
genome wide hypomethylation characterized of human
cancer (Chalitchagorn et al, 2004; Hoffmann and
Schulz, 2005).

Recently, we developed combined bisulfite restriction
analysis polymerase chain reaction (PCR) of LINE-1s
(COBRALINE-1), which represents the whole genome
methylation status (Chalitchagorn et al, 2004). We also
studied common cancer types, and found global
hypomethylation in cancers of the head and neck,
esophagus, stomach, liver, colon, cervix, bladder and
ovary. By contrast, thyroid cancer, renal cell carcinoma
and lymphoma did not show global hypomethylation.
Importantly, LINE-1 hypomethylation level is associ-
ated with the degree of cancer advancement, and can be
used as a prognostic marker for several cancers: non-
small cell lung cancer (Daskalos et al, 2009), chronic
myeloid leukemia (Roman-Gomez et al, 2005), epithe-
lial ovarian cancer (Pattamadilok et al, 2008), cervical
cancer (Shuangshoti et al, 2007), hepatocellular carci-
noma (Tangkijvanich et al, 2007), prostate adenocarci-
noma (Cho et al, 2007) and oral squamous cell
carcinoma (Subbalekha et al, 2009). We are the first
group to study LINE-1 in ameloblastoma, comparing
with KCOT. the epigenetic research of ameloblastoma
and KCOT are limited. (Moreira et al, 2009); therefore,
this work provides additional molecular information
and also global methylation status.

Materials and methods

All tissue samples, prepared from January 1, 2007 to
December 31, 2008, were retrieved at the Department of
Oral Pathology at Mahidol University. Histopathologic

review was performed by an oral pathologist to confirm
the diagnosis. After fixation of 4-lm-thick sections and
hematoxylin and eosin (H&E) staining, laser capture
microdissection was used to collect approximately 1500
tumor cells of ameloblastoma and epithelium lining cells
of KCOT (Figure 1). DNA was extracted from the
microdissected tissue fragments using proteinase K
digestion and phenol–chloroform extraction protocols.

Combined Bisulfite Restriction Analysis of LINE-1
was performed as previously described (Chalitchagorn
et al, 2004), with some modifications. Briefly, denatur-
ing of genomic DNA was performed in 0.22 M NaOH
at 37�C for 10 min; then 30 ll of 10 mM hydroquinone
and 520 ll of 3 M sodium bisulfite were added for 16–
20 h at 50�C. After that, the DNA was purified and
incubated in 0.33 M NaOH at 25�C for 3 min, ethanol
precipitated, and then washed with 70% ethanol and
resuspended in 20 ll of H2O. Bisulfited DNA (2 ll)
was subjected to 40 cycles of PCR with two
primers (5¢-CCGTAAGGGGTTAGGGAGTTTTT-3¢
and 5¢-RTAAAACCCTCCRAACCAAATATAAA-3¢)
at an annealing temperature of 50�C. The amplicons
were digested with TaqI or TasI in TaqI buffer (MBI
Fermentas, Burlington, ON, Canada) at 65�C overnight,
and then electrophoresed in 8% non-denaturing poly-
acrylamide gel. Later, the intensities of the bands were
measured by a PhosphorImager, using ImageQuant
software (Molecular Dynamics, Amersham Pharmacia
Biotech, and Piscataway, NJ, USA) (Figure 2). The
LINE-1 amplicon size was 160 bp. The methylated
amplicons, TaqI positive, yielded two 80 bp DNA
fragments; whereas the unmethylated amplicons, TasI
positive, yielded 63 and 97 bp fragments. The percent-
age of LINE-1 methylation level was calculated by the
formula; the intensity of methylated LINE-1 cut by
TaqI, divided by the amount of the unmethylated LINE-
1 cut by TasI- and the TaqI-positive amplicons DNA
from the same stocks of HeLa, Daudi, and Jurkat cell
lines were included in all experiments. They were used as
control to validate the inter-assay variation. There were
limited variations of methylation levels of these cell
lines. All experiments were adjusted so all controls
demonstrated the same methylation levels.

Statistical significance was determined using one-way
ANOVA, t-test, and Pearson’s correlation using SPSS
software, version 11.5 (SPSS Inc., Chicago, IL, USA).
A correlation was designated as statistically significant
at P < 0.05.

Results

Laser capture microdissection was performed in 20 cases
of ameloblastoma and KCOT, as shown in Figure 1.
The ameloblastoma group was divided by histological
appearance: as a plexiform pattern (four cases) and a
follicular pattern (16 cases). The histological pattern was
not analyzed as a result of the low number of plexiform
pattern ameloblastoma.

As shown in Table 1, the average age range (year) of
the ameloblastoma group was 41 (19–81) years, while
the KCOT group was 25 (12–62) years. The gender ratio
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(male:female) in the ameloblastoma and KCOT groups
were 13:7 and 8:12, respectively. The average age ranges
(year) of the male ameloblastoma group, female amelo-
blastoma group, male KCOT group and female KCOT
group were 38 (19–81), 50 (41–70), 31 (12–62) and 25
(14–45), respectively.

The percentage of LINE-1 methylation in ameloblas-
toma and KCOT was 36.90 ± 16.52% and 53.16 ±
12.02%, respectively. The LINE-1 methylation level in

KCOT was higher than that in ameloblastoma, with a
statistical significance at P = 0.001 (95% CI; 6.67–
25.84) (Figure 3a). For gender distribution, a lower
LINE-1 methylation level was found in the female
ameloblastoma group (26.12 ± 12.17%) compared with
the male ameloblastoma group (42.71 ± 15.93%), with
statistical significance at P = 0.028 (95% CI; 2.03–
31.14). By contrast, the male KCOT group was found to
have a lower methylation level (49.01 ± 11.08%) com-
pared with the female group (55.92 ± 12.29%) without
statistical significance (P = 0.209) (95% CI; )18.09 to
4.28) (Figure 3b). The LINE-1 methylation level was not
correlated with age distribution in either the ameloblas-
toma or the KCOT group (R = 0.08674, P = 0.2075

(a) (b) (c)

(d) (e) (f)

200 µm

200 µm

200 µm

200 µm200 µm
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Figure 1 Laser capture microdissection. Formalin-fixed, paraffin-wax-embedded sections of ameloblastoma and keratocystic odontogenic tumor
(KCOT), stained with hematoxylin and eosin, before laser capture microdissection (a, d), after microdissection (b, e), and the captured tumor cells
(c, f)
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Figure 2 An example of combined bisulfite restriction analysis of long
interspersed nucleotide element-1 (LINE-1) (COBRALINE-1). M, 10-
bp DNA size marker; HeLa, Daudi and Jurkat are positive controls
for adjusting inter-assay variation of ameloblastoma and keratocystic
odontogenic tumor (KCOT) as follows: TasI 63 and 97, unmethylated
amplicons; TaqI 80, methylated amplicons

Table 1 Percentage of long interspersed nucleotide element-1 (LINE-1)
methylation in ameloblastoma and keratocystic odontogenic tumor
(KCOT)

n
Mean age,

years (range)
% Methylation

(±s.d.)

Ameloblastoma 20 41 (19–81) 36.90 (±16.52)
Male 13 38 (19–81) 42.71 (±15.93)
Female 7 50 (41–70) 26.12 (±12.17)

Keratocystic
odontogenic
tumor (KCOT)

20 25 (12–62) 53.16 (±12.03)

Male 8 31 (12–62) 49.01 (±11.08)
Female 12 25 (14–45) 55.92 (±12.29)
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[95% CI; )0.6521 to 0.1703] and R = 0.07014,
P = 0.2591 [95% CI; )0.6332 to 0.2014], respectively)
(Figure 3c, d).

Discussion

Ameloblastoma and KCOT are common tumors of
odontogenic epithelial origin which have different
degrees of aggressive behavior as well as recurrence
rates. At present, the etiologic factors of both lesions
have not yet been precisely recognized. Our work
represents additional molecular data of the global
methylation status of ameloblastoma and KCOT.
Besides the pathological features of these lesions, this
work also analyzes LINE-1 methylation differences.

One characteristic of most tumor cells is focal
promoter hypermethylation, as well as generalized
genomic hypomethylation (Feinberg, 2004). There may
be several consequences from global hypomethylation.
Genomic instability is a fundamental aspect of cancer,
and is proposed to be caused by this epigenetic process
(Eden et al, 2003; Mutirangura, 2008; Pornthanakasem
et al, 2008). LINE-1s are human retrotransposable
interspersed repetitive sequences scattered along the
human genome. The global hypomethylation process
that occurs in cancerous cells can generally deplete
LINE-1 methylation levels. Nevertheless, LINE-1 meth-
ylation can be influenced differentially, depending on
where the particular sequences are located in the genome
(Phokaew et al, 2008). Many studies have reported
LINE-1 biological properties in tumorigenesis, such as:
inducing genomic instability; creating DNA double-
stranded breaks; increasing mutation events; altering

gene expression; and inducing cell proliferation and
differentiation (Eden et al, 2003; Gaudet et al, 2003;
Kaneda et al, 2004; Wilson et al, 2007).

In this study, we used bisulfate-treated DNA, and
analyzed global methylation using a modified COBRA-
LINE-1 technique (Chalitchagorn et al, 2004). This
technique generated short PCR products and covered
LINE-1 distribution along the genome sequence. Hence,
this method is efficient and suitable for a small amount
of DNA derived from laser-captured, microdissected,
paraffin-embedded tissue.

A wide range of LINE-1 methylation levels are
displayed in individuals with ameloblastoma and
KCOT. These data are similar to our previous report
on variable LINE-1 methylation levels between
individuals in normal thyroid and esophagus tissues
(Chalitchagorn et al, 2004). When KCOT and
ameloblastoma were compared, it was found that the
percentage of LINE-1 methylation level determined by
band intensities was statistically significantly lower in
ameloblastoma than in KCOT. The global hypomet-
hylation of ameloblastoma demonstrated in this work
was the same as in our previous report on cancers of the
urinary bladder, head and neck, liver, lung, prostate
gland, stomach, colon, breast and esophagus (Chalitc-
hagorn et al, 2004).

In several cancers, a higher level of LINE-1 hy-
pomethylation is presented in the late stages of
malignant progression than in the early stages; and a
prominent global methylation level is also observed to
be lower in tumor tissues than in normal tissues
(Roman-Gomez et al, 2005; Cho et al, 2007; Shuangsh-
oti et al, 2007; Tangkijvanich et al, 2007; Pattamadilok

Figure 3 Methylation status of long interspersed nucleotide element-1 (LINE-1). (a) LINE-1 methylation levels of ameloblastoma and keratocystic
odontogenic tumor (KCOT). A significantly high percentage of LINE-1 methylation is detected in KCOT (P = 0.001). (b) LINE-1 methylation
level differentiated by sex distribution. (c, d) LINE-1 methylation level differentiated by age distribution. Data in (a) and (b) represent
means ± s.e.m.
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et al, 2008; Daskalos et al, 2009; Subbalekha et al,
2009). That means that LINE-1 hypomethylation
should be a progressive process during tumor devel-
opment, and presumably can further predict the
malignant behavior of tumor types. For odontogenic
tumors, KCOT can transform into ameloblastoma, the
latter being highly malignant and with a worse
prognosis. It is interesting to study if LINE-1 methyl-
ation altered according to the transformation. It is also
important to study in a larger cohort to evaluate
whether LINE-1 hypomethylation levels are prognostic
marker of ameloblastoma.

Our study demonstrated a significant reduction of the
methylation level of LINE-1 elements in ameloblastoma
compared with KCOT. Ameloblastoma and KCOT are
different tumor types but both are originated from
odontogenic epithelium. It is also interesting to further
determine how the alteration of LINE-1 methylation
level is related to the tumor development of this
epithelium. In conclusion, our findings provide a basis
for further studies which could improve our under-
standing of the epigenetic changes in the ameloblastoma
and KCOT development process.
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