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ABSTRACT

Catechol-O-methyltransferase (COMT) plays an important role in
estrogen-induced cancers because COMT inactivates catechol estrogens
that have cancer-promoting activities. Two promoters control the expres-
sion of human COMT isoforms: membrane-bound COMT (MB-COMT)
and soluble COMT (S-COMT). We hypothesize that inactivation of MB-
COMT and S-COMT is important in understanding the pathogenesis of
endometrial cancer. To test this hypothesis, we investigated the methyla-
tion status and expression of two COMT isoformsin 4 endometrial cancer
cell lines, 60 endometrial cancer tissues, 10 normal endometrium tissues
from normal healthy controls, and 32 pairs of cancerous and normal
endometrial samples from the same patients using methylation-specific
PCR, methylation-specific sequencing, reverse transcription-PCR, and
5-rapid amplification of cDNA ends. The results of this study clearly
demonstrate that MB-COMT was inactivated and methylated, although
S-COMT was activated and unmethylated in all endometrial cancer cell
lines. The 5-aza-2'-deoxycytidine treatment restored MB-COMT expres-
sion in all cell lines. The promoter for MB-COMT was methylated in 47 of
60 cancer tissues but was unmethylated in endometrial tissues from cases
without cancer. The promoter for SCOMT was unmethylated in all
endometrial cancerous and normal tissues. The CpG methylation density
at the MB-COMT promoter was significantly higher in cancer tissues
(a mean of 79.1% of the 19 CpG sites; range, 69-94%) than in adjacent
normal tissues (a mean of 8.7% of the 19 CpG sites; range, 3-14%). In
summary, these findings demonstrate that methylation of multiple pro-
moters of the COMT gene can selectively inactivate MB-COMT and may
contribute to endometrial carcinogenesis.

INTRODUCTION

Human endometrial cancer is under the control of estrogens.
COMT? plays an important role in the pathophysiology of many
human disorders, including estrogen-related cancers, because the sub-
strates of COMT are catechol estrogens (1-3). Catechol estrogens
have been reported to represent initiating activity for the carcinogenic
process through their direct and indirect ability to cause DNA damage
(4—6). Catechol estrogens induce DNA single-strand breaks (7-9). In
addition, catechol estrogens have been shown to induce endometrial
adenocarcinoma in mice (10). Although estrogens are extensively
hydroxylated, catechol estrogen concentrations are low because they
are conjugated and metabolized rapidly by COMT (5, 11). COMT
converts catechol estrogens to methoxyestradiols, which are noncar-
cinogenic metabalites. In fact, methoxyestradiols seem to have potent
tumor-suppressing properties in vitro (12, 13). These reports strongly
suggest that catechol estrogens cause endometrial carcinogenesis and
implicate the COMT gene as a key player in the process (5, 11).
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COMT is expressed in various mammalian tissues, with signif-
icant amounts in normal endometrium, ovary, and breast cells
(1-4). The COMT polypeptides are coded by a single gene
assigned to chromosome 22q11.2 (1, 3). Two distinct COMT-
specific transcripts of 1.3 and 1.5 kb were detected in various
human tissues and cell lines. Mapping of the 5'-ends of the COMT
mRNAs showed two separate sequences (1, 3). MB-ATG and
S-ATG codons are responsible for the initiation of translation of
the MB-COMT and S-COMT forms of the enzyme. The proximal
promoter (S), located between the two translation initiation codons
and extending approximately 200 bp upstream of the MB-ATG
initiation codon, gives rise to the 1.3-kb SCOMT mRNA. The
distal promoter (MB) is located in front of and partly overlapping
the transcription start region of the 1.5-kb transcript, controlling
the expression of this MB-COMT mRNA. MB-COMT differs from
S COMT polypeptide by extension of an NH,-terminal 50 amino
acids (1, 3, 12). The functional significance of MB-COMT and
S COMT in different tissues is not known because the lack of
MB-COMT- and S-COMT-specific antibodies has not allowed anal -
ysis of the tissue distribution of the two enzyme forms separately
(14, 15).

O-Methylation by COMT is a major inactivation pathway for
catechol estrogens (3, 5, 7). The inhibition of COMT in a hamster
model enhanced estrogen-induced carcinogenesis and was associ-
ated with high catechol estrogen levels (16—18). Various reports
observed that the low activity variant of COMT was associated
with an increased risk for estrogen-related cancers (19-21), al-
though several studies failed to show such a correlation (22, 23).
These results suggest that low COMT expression and activity
contribute to higher concentrations of carcinogenic catechol estro-
gens that initiate the carcinogenic process. Hypermethylation in
CpG islands has been associated with the transcriptional inactiva-
tion of the gene and seems to be functionally equivalent to an
inactivating mutation for the silencing of these genes (24—26). The
COMT gene also contains CpG islands in the 5’ upstream region
(1, 3, 15). It is not known whether the effects of methylation on
multiple promoters in the COMT gene lead to equivalent silencing
in the levels of MB-COMT and S-COMT expression in endo-
metrium.

We hypothesize that expression/inactivation of MB-COMT and
S COMT is important in understanding the pathogenesis of endome-
trial cancer. To test this hypothesis, we investigated the expression
and methylation status of both MB-COMT and S-COMT in 4 endo-
metrial cancer cell lines and 60 endometrial cancers. MSP and meth-
ylation-specific sequencing were used as sensitive methods to detect
methylation status for MB-COMT and S COMT (27-29). The effect of
methylation on the MB-COMT and SCOMT genes was also studied
using the demethylating reagent, 5-azaC, by RT-PCR and 5'-RACE
(25). The percentage of methylation for CpG sites was also investi-
gated by methylation-specific sequencing using 32 pairs of cancerous
and normal endometrial tissues from the same patients to determine
whether de novo methylation has occurred in COMT isoforms during
endometrial carcinogenesis.

3101

220z 1snbny pz uo 1senb Aq ypd°LOLE/E60Y0SZ/L0LE/ZL/EIAPA-BI01IE/SB1I80URD/BI0 S[euINOfoB.//:d)Y WO papeojumog



METHYLATION OF COMT GENE IN ENDOMETRIAL CANCER

MATERIALS AND METHODS

Endometrial Cancer Cell Lines and Primary Cancerous and Normal
Endometrial Tissues. Human endometrial cancer cell lines were obtained
from American Type Culture Collection. Ishikawa, HHUA, HEC-IB, and
MFE-296 were used for these experiments and cultured as described
previously (24, 25). The cells were treated with a freshly prepared solution
of 5-azaC (Sigma, Santa Cruz, CA). On day 1, a final concentration of
2 ng/ml 5-azaC in PBS was added to the flask. The next day, the medium
was changed. On days 3 and 5, the cells were treated with 5-azaC two more
times. On day 6, the cells were harvested. Sixty primary cancerous tissues
and 10 normal endometrial tissues were obtained from the Department of
Gynecology at the Hospital of Hokkaido University (Hokkaido, Japan). The
histopathological types of these cancers were as follows: 48 samples of
endometrioid cancer; 2 samples of adenosquamous cancer; 3 samples of
adenoacantoma; 2 samples of clear cell cancer; and 5 samples of unknown
type. In addition, we also used 32 pairs of cancerous and norma endome-
trial samples from the same patients. Immunohistochemical analysis and
Western blotting were not carried out because there are no antibodies
specific for MB-COMT and S-COMT.

DNA Extraction and Sodium Bisulfite Treatment. DNA was isolated
from the samples scraped from paraffin-embedded sections. Microdissections
were done from these samples as described previously (24, 25). DNA (about
100 ng) was denatured using NaOH and treated with sodium bisulfite for 16 h
(Intergen, Purchase, NY') as described previously (24, 25). Modified DNA was
resuspended in 50 ul of TE (0.1 M TrissHCI and 1 mM EDTA) and imme-
diately stored at —20°C.

MSP. Fig. 1 shows the schematic diagram of the COMT gene. The primers
and PCR conditions are summarized in Table 1 and Fig. 1. These primer sets
are located on each promoter for distinguishing MB-COMT and S-COMT,
separately. The primer sequences were chosen for regions containing frequent
cytosines (to distinguish unmodified from modified DNA) and CpG pairs near
the 3’-end of primers (24, 25). The fragment of DNA to be amplified was
intentionally small because DNA fragments isolated from paraffin sections are
generally less than 300-bp long (24, 25). The second-step PCR was performed
with two primer sets (Table 1). The first-step PCR was performed with about
10 ng of DNA solution containing 1.5 mm MgCl,, 0.8 mm deoxynucleotide
triphosphate, and 0.5 unit of Tag polymerase (Applied Biosystems Inc., Foster
City, CA) in atotal volume of 20 ul. The first PCR products (1 ul) were
subjected to a second PCR with a second MSP primer set. For MSP, we used
one primer set (U) that anneals to unmethylated DNA and another primer set
(M) that anneals to methylated DNA.

EXON 1

EXON 2

Quantitation of Methylation Levels by Methylation-specific Sequenc-
ing. For confirmation of MSP, the second PCR products by a primer set,
MB-SEQ-F and MB-SEQ-R, were purified by QIAquick PCR Purification Kit
(Qiagen, Vaencia, CA; Table 1). Thirty ng of PCR products were used as a
template for sequencing (24, 25). Double-strand sequence analysis was per-
formed using each primer set, an ABI 377 Sequencer, and a Dye Terminator
Cycle sequencing kit (Applied Biosystems Inc.). The amount of methylcy-
tosine of each CpG dinucleotide was quantitated by comparing the peak height
of the cytosine signal with the peak height of the cytosine plus thymine signal
(28). A single cytosine signal at the corresponding CpG site was considered
100% methylation, a single thymine signal was considered no methylation, and
overlapping cytosine and thymine signal was considered partial methylation. In
the latter instance, the percentage of methylation was expressed as the ratio of
the peak value of the cytosine signa to the peak value of the cytosine plus
thymine signal.

RNA Isolation, RT-PCR, and 5'-RACE. Four endometrial cell linesand
20 of 60 endometrial cancer tissues were washed and lysed using a
guanidine isothiocyanate solution. Total RNA was isolated by phenol-
chloroform extraction according to our previous method (25, 27). RT-PCR
kits (Perkin-Elmer Corp., Branchburg, NJ) were used to synthesize cDNA
from 1.5 ug of total RNA using random hexamer primers. cDNA synthesis
was carried out as suggested by the kit protocol, using murine virus reverse
transcriptase. Reverse transcription was carried out for 60 min at 42°C.
After incubation at 99°C for 5 min to inactivate the reverse transcriptase,
the entire 20 ul of cDNA was used to amplify COMT isoforms. B-Actin
cDNA fragments were also amplified as a positive control (Table 1).
Primers for B-actin were chosen specifically to cross two exons in the
B-actin gene (24, 25). In the presence of contaminating genomic DNA,
additional larger bands would be amplified. The lack of amplification of
any larger bands would indicate that there was no contamination with any
genomic DNA. Negative controls without RNA and without reverse tran-
scriptase were also performed. SCOMT mRNA cannot be distinguished
from MB-COMT by conventional RT-PCR because SSCOMT has no spe-
cific sequence to distinguish it from MB-COMT mRNA. A modified
5’-RACE method was used for accurate evaluation of each mRNA expres-
sion (25). RNA (5 png) was reverse transcribed using a custom-designed
25-mer oligonucleotide, RACE-1ST (5'-TTCTGCTCGCAGTAGGTGT-
CAATGG-3'). First- and second-strand cDNA synthesis were carried out
using RT-PCR kits (Perkin-Elmer Corp.). The cDNA was circularized at
16°C overnight using T4 DNA ligase (Life Technologies, Inc., Grand
Island, NY). The circularized cDNA was subjected to PCR using primer

EXON 3 EXON4 EXONS5 EXON8

T UV B

Promoter MB Promoter S | | |
MB S TGA
Fig. 1. A, structure of the COMT gene. The ATG ATG
black lines represent introns, and boxes represent S mRNA
exons. The locations of the MB and S promoters, MB mRNA
trandation start codons, MB-ATG and S-ATG, and
translation stop codon TGA are also noted. Filled -»> > <+
and open boxes correspond to translated and un- RT-MB-F RT-S-F RT-S-R
translated regions, respectively. CpG sites are
shown by lollipop signs. Positions and orientation —> N — <+
of MSP primers and RT-PCR primers are indicated MB- OUT-F  MB-OUT-R §-OUT-F 8-0UTR
by black arrows. B, a schema of modified 5'- —> <+ —> <+
RACE method for distinguishing each mRNA ex- MB-IN-M-F  MB-IN-M-F S-IN-M-F  S-IN-M-F
pression. mMRNA was reverse transcribed using the
oligonucleotide RACE-1ST. First- and second- — - —>
strand cDNA synthesis was carried out. The two ~ MB-IN-U-F MB-IN-U-F S-IN-UF  S-IN-U-F
different first-strand cDNAs from MB-COMT and —> <+
S-COMT are produced by reverse transcription us- RACE'RX
MB-SEQ-F MB-SEQ-R

ing 5’-RACE-1ST. cDNA was circularized using
T4 DNA ligase. The circularized cDNA was sub-
jected to PCR using primer sets RACE-F and
RACE-R. By this method, the product from MB-
COMT had longer bands than that from SCOMT.

First Strand ¢DNA using RACE-REV

<+
RACE-1S8T

+“- —»
RACE-R RACEF

5'RACE products of S-COMT and MB-COMT

3102

RACE-F\A

RACE-1ST

Ligate and Circularise cDNA

using RACE-1ST

220z 1snbny pz uo 1senb Aq ypd°LOLE/E60Y0SZ/L0LE/ZL/EIAPA-BI01IE/SB1I80URD/BI0 S[euINOfoB.//:d)Y WO papeojumog



METHYLATION OF COMT GENE IN ENDOMETRIAL CANCER

Table1l Summary of the primer sets and PCR conditions for MB-COMT and SS=COMT

Primer? Sequence Length Denature Annealing Extention Cycle Final incubation
MB-OUT-F 5 -TATTTGTGGTTAGAAGTAGTT-3' 315 bp 94°C, 30 s 50°C, 60 s 72°C, 60 s 35 72°C, 8 min
MB-OUT-R 5-AACAACCCTAACTACCCCAA-3'

MB-IN-M-F 5-TATTTTGGTTATCGTCGCGC-3' 142 bp 94°C, 30 s 55°C, 30 s 72°C, 60 s 25 72°C, 8 min
MB-IN-M-R 5-AACGAACGCAAACCGTAACG-3

MB-IN-U-F 5-TATTTTGGTTATTGTTGTGT-3' 142 bp 94°C, 30 s 49°C, 30 s 72°C,60 s 25 72°C, 8 min
MB-IN-U-R 5-AACAAACACAAACCATAACA-3

MB-SEQ-F 5'-GTAAGATTAGATTAAGAGGT-3' 292 bp 94°C, 30 s 55°C, 45 s 72°C, 60 s 25 72°C, 8 min
MB-SEQ-R 5’-ACAACCCTAACTACCCCAAA-3

S-OUT-F 5'-GTTAGGTAATTGAGGTATAA-3 183 bp 94°C, 30 s 50°C, 60 s 72°C, 60 s 35 72°C, 8 min
S-OUT-R 5-CCCAACCCCAATACCTCAA-3'

SIN-M-F 5'-TTTGCGAATATAAGGGGGC-3' 113 bp 94°C, 30 s 54°C, 45 s 72°C, 60 s 25 72°C, 8 min
SIN-M-R 5-CCTCCGACATCTACAAAACG-3

S-IN-U-F 5'-TTTGTGAATATAAGGGGGT-3' 113 bp 94°C, 30 s 51°C, 30 s 72°C, 60 s 25 72°C, 8 min
SIN-U-R 5-CCTCCAACATCTACAAAACA-3'

RT-MB-F 5'-ATGCCGGAGGCCCCGCCT-3' 335 bp 94°C, 30 s 59°C, 45 s 72°C, 60 s 27 72°C, 8 min
RT-S-F 5'-GCATCCTGAACCATGTGCTG-3’ 162 bp

RT-R 5-CATGAACGTGGGCGACAAGAA-3’

RACE-F 5-GAGTTCATCCTGCAGCCCAT-3' 430 bp 94°C, 30 s 61°C, 45 s 72°C, 60 s 30 72°C, 8 min
RACE-R 5'-CCAGTGCCTCAGAAGCAGCA-3' 208 bp

RT-B actin-f 5-AAGGCCAACCGCGAGAAGAT-3' 147 bp 94°C, 30 s 52°C, 30 s 72°C,60 s 27 72°C, 8 min
RT-B actin-r 5'-TCGGTGAGGATCTTCATGAG-3'

2MB, MB-COMT; S, SCOMT; OUT, first PCR; IN, second PCR; F, forward; R, reverse; M, methylated DNA; U, unmethylated DNA; SEQ, sequencing; RT, RT-PCR; RACE,

5'-RACE.

sets RACE-F and RACE-R. By this method, the product from MB-COMT
had longer band than S-COMT.

Statistical Analyses. x? analysis with the Yate's correction was used to
determine differences in methylation status of these COMT isoforms when
compared between endometrial cancerous and normal tissues (24, 25, 27). All
statistical tests were two-sided.

RESULTS

Fig. 1 shows the schematic presentation of gene structure of the
COMT gene (Fig. 1). Positions and orientation of MSP primers and

A MB-COMT
1 2 3 4 L 5 6 7 8 PN

B-actin
after
C. MB-COMT
1 2 3 4 L 5 6 7 8 PN
M
u
E. 5'RACE

before

after

RT-PCR primers are indicated by black arrows. Fig. 1 also shows a
modified 5'-RACE method. We used amodified 5'-RACE method for
distinguishing each mRNA expression because SSCOMT has no
unique sequences compared with MB-COMT mRNA.. By this method,
the product from MB-COMT had a longer band than that from S
COMT.

Endometrial Cancer Cell Lines. We first determined the expres-
sion status of COMT isoforms in four endometrial cancer cell lines
[Ishikawa, HHUA, HEC-IB, and MFE-296 (Fig. 2, A and B, Lanes
1-4). In al endometrial cancer cell lines, MB-COMT was inactivated

w

S-COMT
5 6 7 8 P N

1.2 3 4 L

o

S-COMT

Fig. 2. A and B, RT-PCR for MB-COMT and S.COMT in endometrial cancer cell lines Ishikawa, HHUA, HEC-IB, and MFE-296 before and after treatment with demethylating
reagent 5-azaC. Lanes 1-4, before treatment with 5-azaC; Lanes 5-8, after treatment with 5-azaC. Lanes 1 and 5, Ishikawa cell line; Lanes 2 and 6, HHUA cell line; Lanes 3 and 7,
HEC-IB cell line; Lanes 4 and 8, MFE-296 cell line. Lane P, normal human renal cortical epithelial cells (HRCE) for positive control. Lane N, negative controls without template RNA.
Cand D, methylation status of MB-COMT and S COMT in endometrial cancer cell linesshikawa, HHUA, HEC-IB, and MFE-296 before and after treatment with 5-azaC. M, methylated
bands; U, unmethylated bands. Lanes 1-4, before treatment with 5-azaC; Lanes 5-8, after treatment with 5-azaC. Lanes 1 and 5, Ishikawa cell line; Lanes 2 and 6, HHUA cell line;
Lanes 3 and 7, HEC-IB cell line; Lanes 4 and 8, MFE-296 cell line. Lane P, universal methylated DNA (CpGenome Universal Methylated DNA; Intergen, Purchase, NY) for positive
control. Lane N, negative controls without template DNA. E, 5'-RACE for MB-COMT and SCOMT in endometrial cancer cell lines Ishikawa, HHUA, HEC-IB, and MFE-296 before
and after treatment with 5-azaC. Lanes 1-4, before treatment with 5-azaC; Lanes 5-8, after treatment with 5-azaC. Lanes 1 and 5, Ishikawa cell line; Lanes 2 and 6, HHUA cell line;
Lanes 3 and 7, HEC-IB cell line; Lanes 4 and 8, MFE-296 cell line. Lane P, normal human renal cortical epithelial cells (HRCE) for positive control. Lane N, negative controls without
template RNA. By 5'-RACE method, longer bands (430 bp) were derived from MB-COMT mRNA, and shorter bands (208 bp) were derived from SSCOMT mRNA.
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Table2 The methylation status and expressions of MB-COMT and S-COMT in endometrial cancer tissues

A. Methylation status

Cancer tissues

Normal tissues

MB- Methylated 47/60 (78.3%) Methylated 0/10 (0%)
COMT
Unmethylated 13/60 (21.7%) Unmethylated 10/10 (100%)
S-COMT Methylated 0/60 (0%) Methylated 0/10 (0%)
Unmethylated 60/60 (100%) Unmethylated 10/10 (100%)
B. Expression status
Expression
Positive Negative
MB- Methylated 0 15
COMT
Unmethylated 5 0
S COMT Methylated 0 0
Unmethylated 20 0

(Fig. 2A, Lanes 1-4), but SCOMT was activated (Fig. 2B, Lanes
1-4). We further investigated the methylation status of COMT iso-
formsin these cell lines (Fig. 2, C and D, Lanes 1-4). In al cell lines,
the MB-COMT promoter was methylated (Fig. 2C, Lanes 1-4),
whereas the SCOMT promoter was unmethylated (Fig. 2D, Lanes
1-4). To investigate the mechanisms of inactivation of MB-COMT,
we treated these cell lines with the demethylating agent 5-azaC and
then analyzed expression by use of MSP and RT-PCR (Fig. 2, A-D,
Lanes 5-8). Demethylation restored expression of MB-COMT in al
cell lines (Fig. 2A, Lanes 5-8). Thus, the expression of COMT
isoforms was related to the methylation status of their corresponding
promoters (Fig. 2, C and D). Fig. 2E shows expression of MB-COMT
and SCOMT in these cell lines by 5'-RACE. Only the shorter band
derived from S.COMT was observed before 5-azaC treatment because
of inactivation of MB-COMT. However, after 5-azaC treatment, both
longer and shorter bands were observed because of reexpression of
MB-COMT.

Endometrial Cancer Tissues. We analyzed methylation and ex-
pression status of two COMT isoforms in endometrial cancer tissues
and normal tissues (Table 2A). The promoter for MB-COMT was
methylated in 47 of 60 cancer tissues (78.3%) and unmethylated in all
normal tissues (P < 0.001). The promoter for SCOMT was unmethy-
lated in all endometrial cancer tissues and normal tissues. The corre-
lation between the expression and methylation status of COMT iso-
forms was aso investigated using 20 endometrial cancer tissues
(Table 2B). No expression of MB-COMT was observed in 15 of 20
endometrial cancer tissues in which the promoter for MB-COMT was
methylated. On the other hand, expression of MB-COMT was ob-
served in the other five tissues in which the promoter for MB-COMT
was unmethylated. Thus, the expression of MB-COMT was related to
the methylation status of the promoter for MB-COMT even in endo-
metrial cancer tissues (P < 0.001). SCOMT expression was observed,
and the promoter for SCOMT was unmethylated in all 20 endometrial
cancer tissues.

Table 3 shows the association of the methylation status of MB-
COMT with the classification of FIGO and pathological types (24,
27). MB-COMT promoter was methylated in all 23 samples over stage

3 but was unmethylated in 13 of 37 samples under stage 2
(P < 0.001).

M ethylation-specific Sequencing. We confirmed the results for
methylation status of COMT isoforms by methylation-specific se-
quencing in 32 pairs of cancerous and norma endometrial samples
from the same cancer patients (Fig. 3). Fig. 3A shows the percentage
of methylation of COMT isoforms on 19 different CpG sites (genomic
positions 1362, 1373, 1377, 1379, 1381, 1392, 1394, 1400, 1405,
1425, 1430, 1432, 1435, 1437, 1442, 1449, 1553, 1558, and 1565) of
MB-COMT in 32 pairs of cancerous and normal tissues from the same
cancer patients. The methylation rates of MB-COMT at al 19 CpG
sites were significantly high in cancer tissues (overall, 79.1%; range,
69-94%), athough the rates were generally low in normal tissues
(overall, 8.7%; range, 3-14%,; Fig. 3A). Fig. 3B shows a representa-
tion of methylation-specific sequencing for a pair of endometrial
cancer tissue and normal tissue from the same cancer patient. All
cytosines were deaminated and converted to thymines after sodium
bisulfite modification for MB-COMT in normal tissue (Fig. 3B). On
the other hand, 5-methylcytosines remained unatered for MB-COMT
in the cancer tissue because these 5-methylcytosines were protected
by methylation.

DISCUSSION

In the present study, we tested the hypothesis that expression/
inactivation of MB-COMT and S-=COMT isimportant in understanding
the pathogenesis of endometrial cancer. The results of these experi-
ments demonstrate that 78.3% of cancer samples had methylated
MB-COMT adlleles, whereas all normal samples had unmethylated
MB-COMT alleles. SCOMT was unmethylated in all cancerous and
normal endometrial samples. The promoter for MB-COMT was meth-
ylated in endometrial cancer tissues in which the expression of MB-
COMT was inactivated. On the other hand, the promoter for MB-
COMT was unmethylated in other tissues that showed MB-COMT
expression. Thus, the expression of COMT isoforms was related to the
methylation status of the promoters for COMT in endometrial cancer
tissues.

Table 3 The methylation status of MB-COMT and S-COMT in cancer and normal tissues

FIGO Stage* Methylated Unmethylated Pathology Methylated Unmethylated
4b 3/3 (100%) 0/3 (0%) Endometrioid 37/48 (77.1%) 11/48 (22.9%)
3c 8/8 (100%0) 0/8 (0%) Adenosguamous 2/2 (100%) 0/2 (0%)
3a 12/12 (100%) 0/12 (0%) Adenoacanthoma 2/3 (66.7%) 1/3 (33.3%)
2b 4/6 (66.7%) 2/6 (33.3%) Clear cell 2/2 (100%) 0/2 (0%)
1c 8/11 (72.7%) 3/11 (27.3%) Unknown type 4/5 (80%) 1/5 (20%)
1b 9/14 (64.3%) 5/14 (35.7%)
la 3/6 (50%) 3/6 (50%)
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Normal Tissues

Fig. 3. A, the percentage of each CpG island methylation of MB-COMT in 32 pairs of
cancerous and normal endometrial tissues from the same patients. Nineteen CpG sites
(genomic positions 1362, 1373, 1377, 1379, 1381, 1392, 1394, 1400, 1405, 1425, 1430,
1432, 1435, 1437, 1442, 1449, 1453, 1458, and 1465) of MB-COMT were analyzed
separately in 32 pairs of cancerous and normal tissues. The methylation percentage of each
CpG siteis presented as the average ratio of methylated cytosine to the total cytosine and
thymine of all samples in cancerous and normal endometrial tissues. Numbers on the X
axis are the position of CpG sites. B, a representation of MSP sequence for a pair of
endometrial cancer and normal tissues from the same patient. All cytosines were com-
pletely deaminated and converted to thymines after sodium bisulfite modification in
normal tissue. On the other hand, 5-methylcytosines remained unaltered in the cancer
tissue because it was protected by methylation. Arrows show the methylation status of
each CpG site.

The transcription initiation regions of several human genes often
contain multiple promoters (24, 25, 29). It is apparent that the multiple
promoters to a single gene have a particular role in various cancers
(24, 25, 29). For example, the human progesterone receptor contains
two promoters (PRA and PRB; Ref. 25). In our recent study, we
reported that PRB is strongly inactivated and methylated, whereas
PRA is constitutively expressed and unmethylated in endometrial
cancer (25). The human ERa also contains three promoters (ERa-A,
ERa-B, and ERa-C; Refs. 24 and 29). ERa-A and ERa-B are
strongly inactivated and methylated in prostate cancer, whereas only
ERa-C isinactivated and methylated in endometrial cancer (24, 29).
In the present study, we also found that COMT isoforms are selec-
tively inactivated by CpG methylation in endometrial cancer.

The significance of the complicated promoter structure of the
COMT gene can be interpreted in two ways (24, 25, 29). First,
multiple independent promoters should make it possible to control
transcription of the gene in a cell type-specific manner, exhibiting
multiple functions in various cells (24, 25, 29). Second, the differ-
ences in the 5'-region affect the activity of the enzyme (24, 25, 29).
MB-COMT differs from SCOMT polypeptide by having an NH.-

terminal 50-amino acid-long extension (1, 3, 12). It is well docu-
mented that MB-COMT is more potent than SCOMT in detoxification
of catechol estrogens (3, 4, 13, 15, 30). When MB-COMT is inacti-
vated, it will lead to accumulation of catechol estrogens and promote
carcinogenesis. In the present study, MB-COMT expression was in-
activated through CpG methylation, which may lead to higher levels
of catechol estrogens.

Inactivation of catechol estrogens may be especially important for
the endometrium because of the potential carcinogenicity and the
estrogenic activity of catechol estrogens (31-33). When metabolic
clearance of the catechol estrogen is slow or incomplete, reactive
oxygen species may accumulate and possibly promote the develop-
ment of endometrial cancer (5, 6, 10, 33, 34). In this regard, prior
studies have shown that inhibition of COMT by quercetin in rodents
can enhance the appearance of hormone-inducible tumors (13). Ab-
normal methylation has been observed for several genes in cancer
cells. Such methylation has recently been identified as an alternate
mechanism of inactivating tumor suppressor genes during the devel-
opment of cancer (24-29). It has been suggested that COMT might
protect the endometria tissue against the carcinogenic effects of
estrogen metabolites (12, 13). Thus, it is possible that inactivation of
COMT reduces the ability to prevent cytotoxic and genotoxic damage
caused by products of catechol estrogens (12, 13).

In the present study, we found MB-COMT to be selectively inac-
tivated and methylated in endometrial cancer cell lines and tissues. In
contrast, SSCOMT was expressed and unmethylated. This is the first
report demonstrating that selective methylation of the COMT gene
induces inactivation of more active form, MB-COMT, and may con-
tribute to endometrial carcinogenesis.
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