
Abstract. Improvements in epigenetics have resulted in
identification of a number of genes with aberrant hyper-
methylation associated with systematic occurrence of cancer.
It is now evident that aberrant hypermethylation inactivates
cancer-related genes including those associated with cell cycle
control, apoptosis, and DNA repair. An epigenetic analysis
of DNA hypermethylation in type I endometrial cancer
has led to a proposed mechanism for endometrial carcino-
genesis. Reduced DNA mismatch repair due to loss of hMLH1
expression is thought to have a major role in carcinogenesis
and these findings open up approaches to prevention, dia-
gnosis, risk assessment, and treatment of type I endometrial
cancer. Aberrant DNA hypermethylation can be detected with
high sensitivity for identification of cancer cells in sputum,
blood and other biopsy materials, including in endometrial
cancer specimens. There have been many attempts to use
methylation inhibitors as anticancer agents, and epigenetic
abnormalities may be useful as biomarkers of anticancer
drug sensitivity and to identify biological characteristics of
tumor cells for determination of treatment options based on
hypermethylation. For example, aberrant hypermethylation
of the CHFR gene is correlated with cellular sensitivity to
microtubule inhibitors, and this may be useful in treatment
of type I endometrial cancer. An ultimate objective of epi-
genetics is to identify the type of hereditary methylation
responsible for cancer, with the goal of improved diagnosis
and treatment based on control of methylation.
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1. Introduction

Epigenetics refers to the information stored after somatic cell
division that is not contained within the DNA base sequence.
Recent findings have shown that epigenetic changes, selective
abnormalities in gene function that are not due to DNA base
sequence abnormalities, play a significant role in carcino-
genesis in various organs. In particular, the relationship
between cancer and aberrant hypermethylation of specific
genome regions has attracted attention. A completely new
model for the mechanism of carcinogenesis has been proposed
in which hypermethylation of unmethylated CpG islands in
the promoter regions of cancer-related genes in normal cells
silences these genes and leads to the cell becoming cancerous
(Fig. 1). Both genetic and epigenetic changes are intricately
involved in the process through which cells become cancerous,
and hypermethylation of cancer-related genes such as p16,
APC, and hMLH1 has been associated with several types of
cancer (1,2). The main difference between epigenetic abnor-
malities and genetic abnormalities such as gene mutations
is that epigenetic changes are reversible and do not involve
changes in base sequence, which suggests that gene re-
expression is possible and that epigenetic data may lead to
important molecular targets for treatment. Attempts have
begun to detect aberrant DNA methylation of cancer cells
present in minute quantities in biological samples and to
apply the results to cancer diagnosis, prediction of the risk
of carcinogenesis, and definition of the properties of a parti-
cular cancer.

In Japan, the number of women with endometrial
cancer and the prevalence and mortality rate of this cancer
continue to increase due to Westernization of lifestyles
and environmental changes. Endometrial cancer currently
accounts for approximately 40% of all cancers of the uterus
and an increase in the total number of patients and the number
of young women with this condition has been forecasted.
Elucidation of the pathogenesis and establishment of effective
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treatment for endometrial cancer are significant challenges
in gynecological oncology, but many aspects of the carcino-
genic mechanism are still poorly understood. The conventional
explanation of the mechanism involving genetic changes,
mutations of cancer-related genes, is inadequate and epi-
genetic changes in endometrial cancer are now being examined.
In particular, aberrant DNA methylation is thought to play
a key role in endometrial carcinogenesis. Breakdown of
the DNA mismatch repair mechanism plays a particularly
important role in the development of type I endometrial
cancer, and inhibition of hMLH1 expression due to DNA
methylation may contribute significantly to this mechanism.
Therefore, an understanding of the epigenetics of DNA
methylation may shed light on the mechanism of carcino-
genesis and improve diagnosis, risk evaluation, treatment,
and prevention of endometrial cancer.

2. Epigenetic DNA hypermethylation in cancer cells

Mechanisms involved in epigenetic regulation of gene
expression involve DNA methylation, histone modification,
and polycomb-group proteins (3). DNA methylation patterns
are faithfully stored after cell division and DNA methylation
is one of the most common and best studied epigenetic
modifications in mammals. Genomic DNA methylation
in vertebrates occurs at the cytosine in CpG sites; that is,
where a cytosine is directly followed by a guanine in the
DNA sequence. Transfer of the methyl group from S-adeno-
syl-L-methionine is catalyzed by DNA methyltransferase
enzymes in two distinct processes referred to as maintenance
methylation and de novo methylation. Maintenance methyl-
ation takes place after DNA replication, which produces
hemimethylated DNA in which only one of the strands
is methylated. CpG sites on the daughter strand are then
methylated in exactly the same way as the parent strand.
In maintenance methylation, the methylation pattern of the
parent strand is copied onto the daughter strand produced
by DNA replication during cell division, thus allowing
maintenance of the pattern. De novo methylation involves
methylation of a completely unmethylated CpG, allowing

new methylation in the course of generation or differentiation
of cells, aging, or neoplastic transformation. The known DNA
methyltransferases Dnmt1, Dnmt2, Dnmt3a, Dnmt3b and
Dnmt3L are classified according to whether they catalyze
maintenance or de novo methylation. DNA methylation in a
region with a dense concentration of CpG sites (CpG islands)
upstream from the transcription initiation site has a critical
effect on gene expression (4). It has also been shown that a
region of unmethylated DNA tends not to form nucleosomes,
allowing transcription to occur, whereas methylated DNA
induces nucleosome formation that renders transcription
impossible (5,6).

Tumor suppressor genes such as CDKN2A, CDH1
(E-cadherin), and hMLH1 are silenced as a result of aberrant
DNA methylation of CpG islands in their promoter regions.
Aberrant DNA methylation may play a significant role in
carcinogenesis, as for gene mutations (7). In colorectal
cancers, CpG island methylation is found either genome-
wide or in only a few genes, and Toyoda et al proposed that
these two patterns should be clearly discriminated based on
the carcinogenic mechanism (8). Cancers with widespread
methylation covering the whole genome have a damaged
methylation control mechanism and are classified as CpG
island methylator phenotype (CIMP) cancers, in which
methylation of genes is thought to occur continuously. The
mechanism underlying CIMP cancers is not understood,
but it is hypothesized that low-frequency promoter CpG
methylation first occurs at a few CpG sites and then gradually
extends over a wide area as a result of DNA replication
during cell division. It is important to note that methylation
continues, despite the low frequency and small proportion of
CpG sites that are methylated. Even more importantly, for
methylation to extend over a wider area, the gene must have
low transcription activity, which suggests that a lack of gene
transcription is important for methylation of promoter CpG
islands. However, CpG island methylation does not always
lead to gene silencing. DNA hypermethylation of tumor
suppressor genes can cause carcinogenesis (driver methyl-
ation), but it is now thought that there are a large number of
genes for which methylation is a result of carcinogenesis,
rather than the cause of an original low transcript level
(passenger methylation).

3. Epigenetic DNA hypermethylation in endometrial
cancer

Endometrial cancer is classified into types I and II according
to clinicopathological characteristics. Type I endometrial
cancer mainly occurs in pre- or perimenopausal women; is
estrogen dependent and positive for both estrogen and pro-
gesterone receptors; and develops from endometrial hyper-
plasia. Pathologically, type I endometrial cancer is a well-
differentiated endometrioid adenocarcinoma with a low
incidence of lymph node metastasis and myometrial
invasion. The prognosis is usually comparatively favorable.
Type II endometrial cancer mainly occurs in postmenopausal
women; is estrogen independent; and is thought to develop
from a normal endometrium directly or from unspecified pre-
cancerous lesions, but not from endometrial hyperplasia.
Histologically, it is an unusual type with poorly differentiated

MURAKI et al:  EPIGENETIC HYPERMETHYLATION IN ENDOMETRIAL CANCER968

Figure 1. Mechanism of inactivation of cancer-related genes.
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endometrioid adenocarcinoma or serous adenocarcinoma,
and the prognosis is usually poor.

Different molecular mechanisms are thought to be
involved in the development of the two types of endometrial
cancer. An epigenetic mechanism has been proposed for devel-
opment of type I endometrial cancer based on DNA mis-
match repair (MMR) deficiency, which is a typical genetic
defect in this cancer. The DNA mismatch repair system
corrects errors in bases that arise when genes are replicated
during cell division and silencing of DNA mismatch repair
genes reduces the ability to repair gene mutations. This results
in an accumulation of cancer-related gene mutations, leading
to carcinogenesis. The MMR gene hMLH1 is a typical gene
that is silenced by DNA methylation. In endometrial cancer,
hMLH1 silencing is found in approximately 40% of cases
and is an important step in the early stages of carcinogenesis,
with the loss of DNA mismatch repair function proposed
to lead to mutation of genes such as PTEN.

Microsatellite instability (MSI) occurs when the mis-
match repair system is damaged. Microsatellites are DNA
sequences of repeating units of between 1 and 5 base pairs.
Abnormalities in the mismatch repair system may cause
replication errors in the repeating unit, leading to changes in
length that are referred to as microsatellite instability. MSI
is observed in certain types of cancer, including approxi-
mately 20-30% of cases of endometrial cancer (9). These
results suggest that MMR gene abnormalities occur fre-
quently in endometrial cancer.

In patients with endometrial cancer, Banno et al found
aberrant hypermethylation of hMLH1, APC, E-cadherin,
and CHFR in 40.4, 22.0, 14.0, and 13.3% of cases, respect-
ively. A significant decrease in protein expression was
found in patients with aberrant methylation of hMLH1
(P<0.01) and E-cadherin (P<0.05), and aberrant methylation

of hMLH1 was also found in 14.3% of patients with atypical
endometrial hyperplasia. However, no aberrant methylation
of the four cancer-related genes was found in patients with
a normal endometrium. These results indicate that aberrant
methylation of specific genes associated with carcinogenesis
in endometrial cancer does not occur in a normal endo-
metrium, with aberrant methylation of the hMLH1 gene
being most frequent. The aberrant methylation of hMLH1
in atypical endometrial hyperplasia, which is found in the
first stage of endometrial cancer, supports the hypothesis
that hMLH1 aberrant methylation is an important event
in carcinogenesis in endometrial cancer (10) (Fig. 2).

4. Application of aberrant DNA hypermethylation to
diagnostics

Aberrant DNA methylation can be analyzed using the poly-
merase chain reaction (PCR), which shows a high degree
of sensitivity for minute quantities of DNA in biological
samples. However, it is important to ensure that the DNA
hypermethylation is specific to cancer cells, since aberrant
DNA hypermethylation can also occur in non-cancerous
cells. Specific aberrant DNA hypermethylation may be
applicable to cancer diagnosis, but use of this method
for cancer screening requires detection of cancer-cell genes
with aberrant hypermethylation in clinical samples that
also contain normal cells. Methylation-specific PCR (MSP),
which combines bisulfite sequencing and PCR, can detect
aberrant hypermethylation with a high degree of sensitivity
using small quantities of DNA. In bisulfite sequencing,
cytosine is converted to uracil, but methylated cytosine is not
converted. The PCR is thus set up with primers for sequences
containing cytosine or uracil and amplification is performed
to detect aberrant hypermethylation (Fig. 3). This procedure
can be used with various biological samples, including sputum,
plasma and urine, and has been used to detect aberrant methy-
lation of cancer-associated genes in endometrial cell samples
(10).

Aberrant DNA hypermethylation has been reported to
affect several genes in endometrial cancer, in addition to
hMLH1. Such genes include CASP8 (11), an apoptosis-
related gene; TGF-ßRII (12), a TGF-ß receptor with a tumor
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Figure 2. Frequency of aberrant hypermethylation of genes in oncogenesis
in the endometrium, as found by Banno et al (10).

Figure 3. Principles of bisulfite treatment and methylation-specific PCR
(MSP).
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suppressor effect; p73 (11), a tumor suppressor gene; HOXA11
(13), which is important in uterine development; and COMT
(14), which codes for the catechol-O-methyltransferase that
metabolizes catechol, an estrogen metabolite that plays a role
in carcinogenesis. Methylation of each of these genes results
in a loss of protein expression that promotes cancer, and
the degree of methylation of the genes differs significantly
between normal tissues and endometrial cancer tissues (15).

The properties of cancer cells can be significantly affected
by aberrant DNA hypermethylation. For example, in colo-
rectal cancer, methylation of CHFR is observed in 40% of
cases and is closely related to sensitivity to the microtubule
inhibitor docetaxel (16). Other examples of similar effects
include the relationship between aberrant hypermethylation
of the DNA repair enzyme MGMT and alkylating agent
sensitivity (17), the link between simultaneous hyper-
methylation of CDKN2A and FHIT and recurrence of lung
cancer (18), and the link between methylation of ER-· and
prognosis during treatment with tamoxifen (19). This last
example indicates that detection of aberrant hypermethylation
can be used for prognostic evaluation. As discussed above,
CIMP cancers have widespread promoter hypermethylation
of various genes as a result of damage to the methylation
control mechanism. The prognosis of neuroblastoma with
CIMP has been found to be poorer than that without CIMP
(20), which may be due to changes in expression of genes
related to prognosis due to the damaged methylation control
mechanism.

Aberrant DNA hypermethylation is sometimes seen in
the elderly and in non-cancerous regions in cancer patients
(21-23). In particular, it has been shown that exposure to
H. pylori, a carcinogenic factor for gastric cancer, induces
aberrant DNA hypermethylation and that the degree of
aberration is correlated with carcinogenic risk. This leads to
the concept of an ‘epigenetic field for cancerization’, with
similar results reported for colorectal and breast cancer
(23). Accumulation of aberrant methylation in normal tissue
may trigger carcinogenesis and such information may be
useful to evaluate carcinogenic risk.

5. Application of aberrant DNA hypermethylation to
treatment

Unlike irreversible genetic changes, epigenetic patterns
observed in cancer can be partly or fully reversed pharmaco-
logically. Indeed, this is the main reason for development of
anticancer drugs for epigenetic modification. Treatment of
cancer using demethylating agents to restore expression
of cancer suppressor genes silenced through methylation
has been attempted for some time and use of methylation
inhibitors to treat cancer has a long history. Development of
an antileukemic agent based on this principle was performed
in the 1960s, but the drug could not be used clinically due to
toxicity problems at high concentrations. More recent reports
have shown antitumor effects at lower drug concentrations
with a lower incidence of adverse drug reactions and con-
comitant use with other chemotherapeutic agents may further
improve efficacy. Lubbert et al reported a response rate of 60%
in patients with myelodysplastic syndrome (MDS) following
administration of the methylation inhibitor 5-aza-2'-deoxy-

cytidine (5-aza-dC) (24), with induction of expression of
p15INK4A following demethylation in patients who were
responsive to 5-aza-dC. A group from MD Anderson Cancer
Center reported that repeated administration of low-concen-
tration 5-aza-dC produced a response rate of approximately
60% in patients with acute myeloid leukemia (25). However,
the disadvantage of this methylation inhibitor is that it is
not sequence specific, which may lead to adverse effects
through demethylation of physiologically important genes
and reactivation of cancer genes silenced by methylation.
Therefore, development of sequence-specific demethylating
agents based on binding sequence of transcription factors
is a current area of research.

Epigenetic abnormalities have also been examined
as markers of anti-cancer drug sensitivity. Esteller et al
discovered that the DNA repair enzyme MGMT gene is
silenced by methylation and showed that tumor cell lines
in which MGMT is methylated are highly responsive to
alkylating agents, with a greater anti-tumor effect of BNCU
observed in patients in whom MGMT methylation was
detected in the tumor compared to those with no MGMT
methylation (26). Sato et al reported that aberrant hyper-
methylation of CHFR, a mitotic checkpoint gene, is strongly
correlated with responsiveness to taxanes, which are micro-
tubule inhibitors (27) (Fig. 4). These findings suggest that it
may be possible to select a treatment based on methylation as
an indicator of the biological characteristics of tumor cells.
CHFR methylation may be a particularly sensitive marker in
endometrial cancer and analysis of this gene may play an
important role in treatment of this type of cancer. CHFR is an
M-phase checkpoint gene with folk-head associated (FHA)
and ring finger domains that was first identified as a yeast
DMA 1 gene homolog (28). If the cell is subjected to mitotic
stress in the M-phase, CHFR delays progression from the
start of prophase to the later part of prophase in mitosis.
CHFR is a ubiquitin ligase that includes Aurora-A and
PLK1 among its substrates, and degradation of these proteins
is thought to stop the cell cycle following CHFR activation
by microtubular stress (29,30). The FHA domain of CHFR
is involved in binding of phosphorylated proteins and is
important in the checkpoint function, but further studies
are required to identify molecules that interact with CHFR.
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Figure 4. Hypothesis for the relationship of expression of CHFR and sensitivity
of cancer cells to taxanes.
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CHFR methylation is thought to occur frequently in
cancer (16,27) and is related to the mitotic index as follows.
In normally functioning cells with no CHFR methylation,
cell-cycle arrest occurs during the G2/M phase following
administration of docetaxel and the mitotic index is low.
Conversely, in cells in which CHFR hypermethylation has
reduced expression of the gene, the mitotic index is high
following administration of docetaxel. These results show
that the expression level of CHFR is negatively correlated
with the mitotic index (16). In cells in which the CHFR
checkpoint does not function, translocation of cyclin B1
to the nucleus during mitotic stress cannot be prevented.
Treatment of cells with CHFR hypermethylation with the
methylation inhibitor 5-aza-dC restores the checkpoint
function and decreases the mitotic index. CHFR methylation
and microtubule inhibitor sensitivity are useful molecular
markers in gastric and cervical cancer, as well as in endo-
metrial cancer, and methylation may be a useful predictor
of anti-cancer drug responsiveness (31-33).

6. Future directions and conclusion

Progress made in epigenetics in recent years has suggested
that aberrant DNA hypermethylation plays a role in carcino-
genesis in several types of cancer. Various genes are silenced
as a result of aberrant hypermethylation, including cell
cycle regulatory genes, apoptosis-related genes and DNA
repair enzymes, and in CIMP tumors the methylation control
mechanism is thought to be damaged.

Epigenetic research in endometrial cancer suggests that
damage to the mismatch repair system plays a significant
role in development of type I endometrial cancer and that
hMLH1 hypermethylation is important in this mechanism.
Such research has potential for prevention, diagnosis, risk
assessment, and treatment of endometrial cancer. Cancer-
specific DNA methylation may be useful for diagnosis using
methods such as MSP for detection of such abnormalities.
Aberrant DNA hypermethylation can be detected with a high
level of sensitivity and cancer cells can be detected in minute
quantities of endometrial samples. Treatment with methylation
inhibitors such as 5-aza-dC may also be effective, since a
low concentration of this drug has an anti-tumor effect
with a reduced incidence of adverse drug reactions, and con-
comitant use with other chemotherapy drugs may show
even greater efficacy. Attempts are also being made to use
epigenetic abnormalities as indicators of anti-cancer drug
sensitivity, which may allow selection of the most appro-
priate treatment based on the biological characteristics of
tumor cells. Aberrant CHFR hypermethylation is strongly
findings may be applicable in treatment of endometrial
cancer. The main objective of epigenetics in oncology research
is to identify aberrant gene hypermethylation associated with
carcinogenesis. These findings may lead to new methods of
diagnosis and treatment based on control of methylation,
including new approaches to treatment of endometrial cancer.
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