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ABSTRACT
Endometrial cancer is the seventh most common cancer worldwide among females and accounts for about 40% of cancers of the uterus in Japan. An increase in incidence and a reduction in onset age of this disease are also likely, which
makes it important to define the pathogenesis and develop effective treatment. However, the mechanism of canceration
in the endometrium is unclear and development of endometrial cancer cannot be explained only by mutations of cancer-related genes. In contrast, epigenetic analyses have shown the importance of aberrant DNA hypermethylation in the
canceration mechanism. In development of type 1 endometrial cancer, breakdown of the DNA mismatch repair system
plays a large role, with changes in the human mutL homologue 1 (hMLH1) gene being of most importance. Studies to
detect aberrant DNA hypermethylation of cancer cells present in microscopic amounts in vivo and to apply these data
to diagnosis of cancer have been started. Epigenetic changes have also been examined as a marker of sensitivity to
anticancer drugs. Aberrant hypermethylation of checkpoint with forkhead-associated and ring finger (CHFR), a mitotic
phase checkpoint gene, is correlated with sensitivity to treatment with microtubule inhibitors and may be a marker for
the response of endometrial cancer to anticancer drugs. Epigenetic aberrant DNA methylation of other genes may also
be useful as clinical biomarkers for diagnosis and treatment of endometrial cancer.
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1. Introduction
Epigenetics refers to information other than the DNA
base sequence that is directly stored at the time of somatic cell division. It has become apparent that certain
aberrant genetic functions do not depend on DNA sequence mutations, but on epigenetic changes, and that
these changes are involved in carcinogenic mechanisms
in various organs. Associations between cancer and aberrant hypermethylation in specific genome regions are
of particular interest. These findings have led to a new
model of carcinogenesis in which a CpG island in a cancer-related gene promoter that is not methylated in normal cells becomes hypermethylated, with resultant inactivation of the gene (so-called silencing) and induction of
canceration. Many cancer-related genes with aberrant
methylation have been reported, including p16, APC, and
human mutL homologue 1 (hMLH1), in multiple types of
cancers [1,2], indicating the complexity of the processes
of canceration, genetic changes, and epigenetic alteration
of genes. A major difference between genetic changes,
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such as gene mutations, and epigenetic changes, which
do not involve a change in base sequence, is the reversible nature of epigenetic alterations. Thus, re-expression of
an epigenetically silenced gene may be possible through
the action of a suitable molecule; that is, epigenetic aberrations can be a molecular target for treatment. In this
context, trials have been initiated to detect DNA aberrant
methylation in cancer cells present in microscopic amounts
in vivo and to apply the findings as biomarkers for diagnosis and classification of cancer and the risk of canceration.

2. Epigenetic Aberrant DNA
Hypermethylation
Epigenetic mechanisms of regulation of gene expression
include DNA methylation, histone modification, and effects of polycomb group proteins [3]. DNA methylation
is imprinted in the genome at the time of cell division
and has been widely studied as a representative epigenetic modification in mammals. In DNA methylation
JCT

Epigenetic Aberrant Hypermethylation of DNA in Endometrial Cancer: Application as a Biomarker

in vertebrates, methyl groups are added to cytosine bases
at CpG sites. This modification is performed by DNA
methyltransferase enzymes, including Dnmt1, Dnmt2,
Dnmt3a, Dnmt3b, and Dnmt3L. These enzymes are divided into those associated with maintenance of methylation and those that produce new methylation. DNA methylation in CpG islands in promoters upstream of the
start of gene transcription has an important role in gene
expression [4]. When the DNA in this region is methylated, nucleosomes impede transcription estricting access
of transcription factors to their target DNA sequences [5,
6] (Figure 1). Many anticancer genes, such as CDKN2A,
CDH1 (E-cadherin) and hMLH1, are inactivated by
DNA methylation in promoter CpG islands, which suggests that aberrant DNA methylation is involved in carcinogenesis [7].

3. Epigenetic Aberrant DNA
Hypermethylation in Endometrial Cancer
Cases of endometrial cancer are defined as type 1 or 2
based on clinicopathological properties. Type 1 endometrial cancer often develops in premenopausal or perimenopausal women and occurs in an estrogen-dependent
manner via hyperplasia. The tumor is positive for the
estrogen receptor and the progesterone receptor, shows
G1 or G2 well-differentiated endometrioid adenocarcinoma morphologically, has a lower frequency of lymph
node metastasis, shows little muscle invasion, and often
has a relatively favorable prognosis. In contrast, type 2
endometrial cancer tends to develop in postmenopausal
women in an estrogen-independent manner, and is thought
to develop directly from the normal endometrium, rather
than via hyperplasia or from undiagnosed precancerous
lesions. The tumors are endometrioid adenocarcinoma or
serous adenocarcinoma with extremely low differentiation, and often have a poor prognosis.
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An epigenetic mechanism has been proposed for development of type 1 endometrial cancer, with the epigenetic aberration causing a breakdown of the DNA mismatch repairing system. This system corrects nucleotide
mismatches occurring during DNA replication. Inactivation of DNA mismatch repair genes leads to an accumulation of mutations that eventually causes canceration.
hMLH1 is the main mismatch repair gene that is inactivated by DNA methylation in endometrial cancer, with
40% of cases showing this epigenetic change [8]. Inactivation of hMLH1 is an important step in the early stage
of canceration of the uterus. In endometrial cancer, methylation of hMLH1 causes loss of DNA mismatch repair
functions and induces mutation of PTEN and other genes
[9].
Microsatellite instability (MSI) is a characteristic of
tumor cells in which the mismatch repair system has
failed. Microsatellites in genes are repeat sequences of
about 1 - 5 bases that are particularly prone to replication
mistakes in the absence of mismatch repair, with a resultant change in the number of repeats in the sequence.
This change is referred to as microsatellite instability and
is found in certain types of cancer. It is especially prevalent in endometrial cancer, in which 20% - 30% of cases
show MSI [10]. These results suggest that changes in
MMR genes occur frequently in endometrial cancer.
We detected aberrant methylation of hMLH1 in 40.4%
of cases of endometrial cancer, and similar aberrant methylation of APC, E-cadherin, and checkpoint with forkhead-associated and ring finger (CHFR) in 22.0%, 14.0%,
and 13.3% of cases, respectively [8]. In cases with aberrant methylation of hMLH1 and E-cadherin, protein expression was significantly reduced (hMLH1: p < 0.01,
E-cadherin: p < 0.05). Aberrant methylation of hMLH1
was also detected in 14.3% of cases of atypical endometrial hyperplasia (AEH). However, in the normal endometrium, none of the four cancer-related genes were
aberrantly methylated. These results suggest that aberrant
methylation of specific genes (and particularly hMLH1)
is important in carcinogenesis of endometrial cancer,
particularly since methylation of hMLH1 was found in
AEH, which is viewed as the early stage of type 1 endometrial cancer [8] (Figure 2).

4. Application of Aberrant DNA
Hypermethylation to Diagnosis

Figure 1. Inactivation mechanism of cancer-related genes.
Copyright © 2011 SciRes.

Analysis of aberrant methylation in microscopic amounts
of DNA is possible at high sensitivity using the PCR
method. This information may permit diagnosis and targeting of cancer. Methylated genes from cancer cells can
be detected using methylation-specific PCR (MSP), in
which bisulfite treatment and PCR are combined. Cytosine is converted to uracil by bisulfite treatment, but meJCT
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thylated cytosine is not changed by this reaction. MSP is
then performed using PCR primers that detect sequences
containing cytosine or uracil, allowing the absence or
presence of methylation to be detected through PCR amplification. This method can be used to detect aberrant
methylation in sputum, plasma, and urine samples. In
endometrial cancer, detection of aberrant methylation of
particular genes has been examined using specimens
collected for intimal cytology (Figure 3).
In addition to hMLH1, several other genes have been
reported to be methylated in endometrial cancer. These
include CASP8, an apoptosis-related gene [11]; TGFβRII, which codes for a receptor of TGF-β, which is involved in signaling that inhibits cell proliferation [12];
p73, a cancer suppressor [11], HOXA11, which is important in the development of the uterus [13], and COMT,

the gene for catechol O-methyltransferase, a metabolizing enzyme for catechol estrogen, which is a carcinogen
[14]. Methylation of each of these genes reduces protein
expression and promotes canceration, since the degree of
methylation differs between normal and endometrial
cancer tissue [15].
Aberrant DNA methylation can also influence the
properties of cancer cells. In colorectal cancer, methylation of CHFR is detected in 40% of cases and is associated with the sensitivity of tumor cells to microtubule
inhibitors such as docetaxel (taxotere) [16]. Methylation
of MGMT, a DNA repair enzyme, alters the sensitivity to
alkylating agents [17], simultaneous methylation of
CDKN2A and FHIT is associated with recurrence of lung
cancer [18], and methylation of ER-α has been linked to
prognosis after tamoxifen treatment [19].
β

Figure 2. Frequency of aberrant hypermethylation in each gene in endometrial cancer.

Figure 3. Diagnostic applications of abberant DNA hypermethylation in cancer.
Copyright © 2011 SciRes.
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Cadherins are a family of cell-cell adhesion milecules
essential for tight connection between cells. E-cadhein is
the major cadherin molecule that keeps neighboring cell
attached. Impaired function of this molecule can lead to
differentiation of the tumor cells and increase in metastatic potential [20]. Metylation on the E-cadherin was
frequently found in poorly-differentiated endometrial
cancer (G3). Metylation of the E-cadherin has been associated with tumor differentiation, myometrial invasion
and prognosis in endometrial cancer [20,21].

5. Application of Aberrant DNA
Hypermethylation to Treatment
Use of agents to inhibit DNA methylation is an old anticancer treatment, with trials of these agents for treatment
of leukemia being performed in the 1960s. However,
toxicity caused by administration of a high dose of these
drugs was problematic and prevented practical use. More
recently, antitumor effects have been obtained at lower
doses with fewer side effects, and better efficacy may be
achievable through combination with other chemotherapeutic agents. Lubbert et al. obtained a response rate of
60% using 5-aza-dC, a methylation inhibitor, in patients
with myelodysplastic syndrome [22]. In cases that were
responsive to 5-aza-dC, expression of p15INK4A was
detected following demethylation. Issa et al. also obtained a response rate of 60% with repeated administration of a low dose of 5-aza-dC in cases of acute myelocytic leukemia [23]. However, a problem with this approach is that demethylation is not sequence specific and
removal of methyl groups with biological importance or
activation of oncogenes that are silenced by methylation
may occur. Therefore, agents are being developed that
can, for example, demethylate the DNA sequence bound
by a particular transcription factor.
Utilization of epigenetic aberrations as markers of sensitivity to anticancer drugs is also being examined. Satou
et al. found that aberrant methylation of CHFR, a M
phase checkpoint gene, is correlated with the sensitivity
of tumors to microtubule inhibitors [24] (Figures 4 and 5).
This finding suggests that treatment may be selected
based on the specific methylation properties of tumor
cells. Methylation of CHFR also plays an important role
in development of endometrial cancer and therefore may
also be a marker of sensitivity of endometrial cancer to
anticancer drugs. CHFR includes a fork-head associated
(FHA) domain and a RING finger domain, and was first
identified as a homolog of the yeast DMA1 gene [25]. If
mitotic stress occurs during M phase, CHFR delays the
progress from early prophase to late prophase. CHFR is
also an ubiquitin ligase with substrates including AuroraA and PLK1. If microtubule stress occurs, CHFR is activated, decomposes Aurora-A and PLK1, and arrests the
Copyright © 2011 SciRes.
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cell cycle [26,27]. The FHA domain may be associated
with phosphorylated proteins and is important for checkpoint control, but further analysis is required to establish
the molecules that interact with CHFR.
CHFR is methylated at high rates in cancer [16,26]
and this has been proposed to have the following effect
on the mitotic index. In normally functioning cells without detectable methylation of CHFR, cell division is
stopped in the G2/M phases by administration of docetaxel and the mitotic index is low. In contrast, cells in
which expression of CHFR is reduced by methylation, a
high mitotic index is found after administration of docetaxel; thus, the expression level of CHFR and the mitotic index are inversely correlated [16]. In some cells,
the checkpoint mechanism of action in response to mitotic stress involves transition of cyclin B1 to the nucleus,
which is unaffected by CHFR methylation. In addition, if
cells in which CHFR is methylated are treated with 5aza-dC, the checkpoint mechanism is restored and the
mitotic index is reduced. Methylation of CHFR is a useful

Figure 4. CHFR (checkpoint with forkhead-associated and
ring finger) as cell cycle checkpoint genes.

Figure 5. Relationship between expression of CHFR and
sensitivity of cancer cells to taxanes.
JCT
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measure of sensitivity to microtubule inhibitors in endometrial cancer and in stomach and cervical cancer, and
the methylation index may become a useful marker for
prediction of the effects of anticancer drugs [28-31].
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6. Conclusions
Progress in epigenetics has shown that aberrant DNA
methylation is correlated with the developmental mechanisms of several kinds of cancers, including endometrial
cancer. In type 1 endometrial cancer, breakdown of DNA
mismatch repair due to epigenetic silencing of hMLH1 is
an important factor. These kind of epigenetic data are
likely to lead to discovery of biomarkers for prevention,
diagnosis, risk evaluation, and treatment of endometrial
cancer, with considerable potential for clinical application. Diagnostic applications based on epigenetic changes
could include methylation of genes specific to particular
cancers using detection methods such as MSP and samples from bone marrow, peripheral blood, and biopsy
materials. Studies toward this goal have been performed
for several cancers, including endometrial cancer. Currently, the main goals of epigenetic studies in cancer research are to identify gene hypermethylation that is directly related to canceration and to utilize these findings
in diagnosis and treatment. Agents that regulate methylation of specific genes may ultimately be particularly effective as anticancer therapy.
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