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ABSTRACT
Catechol-O-methyltransferase (COMT, EC 2.1.1.6) is a ubiqui-
tous enzyme that is crucial to the metabolism of carcinogenic
catechols and catecholamines. Regulation of human COMT
gene expression may be important in the pathophysiology of
various human disorders including estrogen-induced cancers,
Parkinson’s disease, depression, and hypertension. The gender
difference in human COMT activity and variations in rat COMT
activity during the estrous cycle led us to explore whether
estrogen can regulate human COMT gene transcription. Our
Northern analyses showed that physiological concentrations of
17-b-estradiol (1029–1027 M) could decrease human 1.3-kilo-
base COMT mRNA levels in MCF-7 cells in a time- and dose-
dependent manner through an estrogen receptor-dependent
mechanism. Two DNA fragments immediately 59 to the pub-
lished human COMT gene proximal and distal promoters were
cloned. Sequence analyses revealed several half-palindromic

estrogen response elements and CCAAT/enhancer binding
protein sites. By cotransfecting COMT promoter-chloramphen-
icol acetyltransferase reporter genes with human estrogen re-
ceptor cDNA and pSV-b-galactosidase plasmids into COS-7
cells, we showed that 17-b-estradiol could down-regulate
chloramphenicol acetyltransferase activities, and COMT pro-
moter activities dose-dependently. Functional deletion analy-
ses of COMT promoters also showed that this estrogenic effect
was mediated by a 280 base pair fragment with two putative
half-palindromic estrogen response elements in the proximal
promoter and a 323-base pair fragment with two putative
CCAAT/enhancer binding protein sites in the distal promoter.
Our findings provide the first evidence and molecular mecha-
nism for estrogen to inhibit COMT gene transcription, which
may shed new insight into the role of estrogen in the patho-
physiology of different human disorders.

Catechol-O-methyltransferase (COMT) is a ubiquitous en-
zyme that catalyzes the transfer of the methyl group from the
coenzyme S-adenosyl-L-methionine (SAM) to one of the hy-
droxyl groups of catechols in the presence of Mg21 (Guldberg
and Marsden, 1975). There are two isoforms of COMT of
similar function: soluble and membrane-bound (MB). They

are encoded by two transcripts [1.3 and 1.5 kilobase (kb) in
human] regulated by the proximal and distal promoters,
respectively (Tenhunen et al., 1994). The structural differ-
ences between these two human transcripts are a 59 exten-
sion of 150 base pairs (bp), which codes for a signal-anchor
domain to direct the MB-COMT polypeptide to membranes,
and the presence of a 59 noncoding region in the 1.5-kb
transcript (Tenhunen et al., 1994).

COMT may play an important role in the pathophysiology
of different human disorders including estrogen-induced can-
cers, Parkinson’s disease, depression, and hypertension, be-
cause the substrates of COMT are catechol estrogens (e.g.,
carcinogenic 4-hydroxyestradiol), indolic intermediates in
melanin metabolism, xenobiotic catechols (e.g., carcinogenic
flavonoids), catechol neurotransmitters (e.g., dopamine and
noradrenaline), and drugs (e.g., levodopa; Guldberg and
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Marsden, 1975; Kopin, 1985; Cavalieri et al., 1997). Although
the regulation of human COMT gene by endogenous com-
pounds would be of particular interest because of the func-
tional importance of this enzyme, there has been a lack of
studies on this issue. Nevertheless, altered COMT activities
at different physiological status were observed both in ani-
mal and human studies. A significant decrease in COMT
activity was found in rat liver and rabbit adrenal gland
during pregnancy (Parvez et al., 1975; Parvez et al., 1976).
COMT activity in pooled rat brain and adrenal gland was
found lowest during the pro-estrus phase and highest during
the estrus phase (Parvez et al., 1978). Women have a 20 to
30% lower COMT activity compared with men (Fahndrich et
al., 1980; Floderous et al., 1981; Boudikova et al., 1990). The
underlying mechanism for these observations has never been
explored. Based on higher estrogen levels during pregnancy,
and in women compared with men, and in rats during the
pro-estrus phase in contrast with lower estrogen levels dur-
ing the estrus phase (Shaikh, 1971), we hypothesized that
estrogen might be the endogenous agent that inhibits COMT
activity by down-regulating COMT gene expression.

The aim of this study was to explore our hypothesis by: 1)
characterizing the effects of estrogen on human COMT
mRNA expression in different cell models, 2) cloning and
sequencing the structure of the COMT gene further up-
stream of the published promoter sequences (Tenhunen et
al., 1994; Genbank accession numbers Z26491 and Z26490),
and 3) determining the functional significance of the regula-
tory elements found in the new sequences. We have, for the
first time, shown that estrogen can specifically down-regu-
late human COMT gene transcription in a time- and dose-
dependent manner in estrogen receptor-positive human
breast carcinoma cell line (MCF-7) cells, but not in estrogen
receptor-negative human cervix carcinoma cell line (HeLa)
cells. This estrogenic effect was mediated via a 280-bp frag-
ment with two half-palindromic estrogen response elements
(EREs) in the proximal promoter and a 323-bp fragment with
two putative cCAAT/enhancer binding protein (CEBP) sites
in the distal promoter. This study showed evidence and mo-
lecular mechanism for a novel link between estrogen expo-
sure and altered COMT gene expression, which may provide
a new insight into the role of estrogen in the pathophysiology
of different human disorders.

Experimental Procedures
Materials. MCF-7 (ATCC HTB-22), HeLa (ATCC CCL2), and

African green monkey kidney cell line (COS-7; ATCC CRL1651) were
obtained from the American Type Culture Collection (Rockville,
MD). The TA Cloning kit (Version 2.1) was purchased from Invitro-
gen Corporation (Carlsbad, CA). The PromoterFinder kit, human
b-actin cDNA control probe, and SacII were obtained from Clontech
Laboratories (Palo Alto, CA). Thermoprime plus DNA polymerase
was purchased from Advanced Biotechnologies (Epsom, Surrey, UK).
Xbal, HindIII, EcoRV, SalI, BstEII, AvaI, T4 ligase, DNA polymer-
ase I large (Klenow) fragment, T4 polymerase, ampicillin, penicillin,
streptomycin, insulin, bovine serum albumin, lipofectin, and Esche-
richia coli DH5a competent cells were obtained from Life Technolo-
gies (Gaithersburg, MD). AvrII and T4 ligase were purchased from
New England Biolabs (Beverly, MA). Primer-a-Gene Y labeling sys-
tem, promoterless basic pCAT vector, pSV-b-galactosidase control
vector, chloramphenicol acetyltransferase (CAT) enzyme assay sys-
tem, and b-galactosidase enzyme assay system were purchased from

Promega (Madison, WI). Protein assay kit (II) was obtained from
Bio-Rad Laboratories (Hercules, CA). RNeasy mini kit, gel extraction
kit, and plasmid midi kit were obtained from Qiagen (GmbH, Hilden,
Germany). Dulbecco’s modified Eagle’s medium with or without phe-
nol red indicator and OPTI-MEM I reduced serum medium were
purchased from Life Technologies (Grand Island, NY). Charcoal-
stripped bovine calf serum was obtained from Sigma (St. Louis, MO).
Oligonucleotide primers were purchased from Alta Bioscience (Uni-
versity of Birmingham, Birmingham, UK). 1-Deoxy[dichloroacetyl-
1-14C]chloramphenicol and [32P]dCTP were obtained from Amer-
sham Life Science (Amersham International plc, Amersham, UK).
Human estrogen receptor expression plasmid (pCMV-hER) was a
gift from Dr. R. J. Miksicek (Cancer Center, Michigan State Univer-
sity, East Lansing, MI).

Cells and Cell Culture. MCF-7 cells were grown in 90% phenol
red-free Dulbecco’s modified Eagle’s medium supplemented with
10% calf serum depleted of exogenous estrogen, antibiotics (100 U/ml
of penicillin and 100 mg/ml of streptomycin), 2-mM L-glutamine, and
1 mg/ml insulin at 37°C in humidified air containing 5% CO2. HeLa
cells were grown in the same conditions as MCF-7 cells but without
insulin. COS-7 cells were grown in the same conditions as MCF-7
cells but in humidified air containing 10% CO2 without insulin.
Serum-free medium (OPTI-MEM I) was used for the transient trans-
fection assays in COS-7 cells as described below. MCF-7 or HeLa
cells (2 3 106) were seeded onto 100-mm culture dishes and incu-
bated in fresh medium for 48 h. The media were removed, and the
cells were incubated in fresh media with different physiological
concentrations of 17-b-estradiol (E2) at either 1029 M, 1028 M, or
1027 M in 0.1% (v/v) ethanol, or without E2 (control) for different
periods, ranging from 4 to 72 h, for dose-response and time course
studies.

Northern Blot Analysis. Total RNA was extracted from the cells
using the RNeasy mini kit according to the manufacturer’s protocol.
Probes [b-actin and human COMT gene probe produced by PCR
using primers 59-CTGCACAGGCAAGATCGTGGA-39 and 59-TCCAG
GTCTGACAACGGGTCA-39 as described previously (Xie et al.,
1997)] were radiolabeled with a32P dCTP using a random primer
labeling kit. Extracted total RNA (10 mg/lane) was used for Northern
analyses as described (Sambrook et al., 1989). The sequence of the
human COMT gene probe is homologous to that of exon 4 (Fig. 1),
and therefore it could hybridize with both 1.3- and 1.5-kb transcripts.
The intensity of the blots was analyzed using a phosphoimager
(Molecular Dynamics, Sunnyvale, CA) and expressed as a percentage
of mRNA levels in E2-treated cells relative to nonE2-treated cells
after correction for RNA loading using b-actin.

Genomic Cloning and Sequencing of Human COMT Cloned
Proximal Promoter (P1) and Cloned Distal Promoter (P2).
Primers (25 mM; U1) 59-ACATCTGCTTTGCTGCCG-39 in exon 2 and
(D1) 59-AGGATGCGCTGCTCCTTG-39 in exon 3 (Fig. 1), and
genomic DNA (0.5 mg) were used to amplify the P1 in “hot-start” PCR
at 96°C for 5 min before adding Taq polymerase (1.5 U) followed by
95°C for 1 min, 52°C for 1 min, 72°C for 2 min, for 30 cycles, and a
final extension time of 10 min at 72°C. The 1.5-kb PCR product was
cloned into the Invitrogen TA vector. Sequencing was performed in
an automated DNA sequencer. Putative regulatory elements in P1
were determined using TRANSFEC database (NCBI). P2 was pro-
duced by “gene walking” using Clontech Promoter-Finder kit and
gene-specific downstream primers (D2) 59-CCACATACCGGCCTCT-
TGGTCTAGTCTT-39 and (D3) 59-TCTTGCTCAGGAGTCCGGGCT-
GCTT-39 at the distal promoter in the two stage amplification ac-
cording to manufacturer’s instructions (Fig. 1). The corresponding
up-stream primers were provided in the kit. One library (Library 3)
produced a single 1.5-kb product on the second amplification. This
product was also cloned into the Invitrogen TA vector, sequenced,
and analyzed for putative regulatory elements.

Construction of Chimeric Human COMT P1-CAT Reporter
Gene (hCOMTP1-CAT) and Chimeric Human COMT P2-CAT
Reporter Gene (hCOMTP2-CAT). Full length fragments from the
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above P1 region were amplified by polymerase chain reaction with
primers (U4) 59-GCTCTAGAACATCTGCTTTGCTGCCG-39 and (D4)
59-GCTCTAGAGAGCAGGTTGTGGATGGG-39 containing XbaI sites
at the 59 ends (Fig. 1). The products were digested with XbaI and
then ligated into the linear XbaI site of Promega pCAT Basic Vector.
Full length fragments from the above P2 region were amplified by
polymerase chain reaction with primers (U5) 59-ACGCGTC-
GACGCTCCTCTGGCGGAAAGGA-39 and (D5) 59-ACGCGTCGAC-
CTCTCCCGCGACGGCCCG-39 containing SalI sites at the 59 ends
(Fig. 1). The products were digested with SalI and then ligated into
the linear SalI site of pCAT Basic Vector. Ligated circular DNAs
were transformed into competent E. coli DH5a cells. Colonies con-
taining plasmids with inserts in the correct orientation (confirmed by
sequencing) were cultured. Plasmid DNA was isolated using QIAFil-
ter plasmid midi kits according to the manufacturer’s protocol.

Construction of Serial 5*-End Deletion hCOMTP1-CAT and
hCOMTP2-CAT. The bp number delineating the DNA fragments in
our promoter sequences was based on the previous labeling system
(Tenhunen et al., 1994). hCOMTP1-CAT plasmid containing insert
(21323 – 1150) was doubly digested with HindIII and either AvrII,
Bsu36I, BstEII, or AvaI to give 59 deletion fragments (Dels) 2991 to
1150 (1.1 kb), 2799 to 1150 (0.9 kb), 2475 to 1150 (0.6 kb), and
2195 to 1150 (0.3 kb), respectively. hCOMTP2-CAT plasmid con-
taining insert (21405 – 1112) was digested with HindIII to give a
fragment 21083 to 1112 (1.1 kb), and doubly digested with HindIII
and either ApaI, BanII, or EcoRV to give 59 Dels 2716 to 1112 (0.8
kb), 2558 to 1112 (0.7 kb), and 2384 to 1112 (0.4 kb), respectively.
Blunt ends were created by reaction with either Klenow or T4 DNA
polymerase. Dels containing the CAT vector were gel-purified, and
then ligated with T4 DNA ligase for 4 h at 16°C. Ligated circular
DNA was transformed into competent E. coli DH5a cells. Colonies
containing plasmids with inserts in the correct orientation (con-
firmed by sequencing) were cultured. Plasmid DNA was then iso-
lated using QIAFilter plasmid mid kits according to manufacturer’s
protocol.

Transient Transfection, CAT, b-Galactosidase, and Protein
Assays. The promoter activities of various constructs were deter-
mined in transiently transfected COS-7 cells. In each transfection
experiment, COS-7 cells were seeded into 60-mm culture dishes (6 3
106 cells/dish) and incubated for 24 h in fresh medium before trans-
fection. Cells were then cotransfected with CAT reporter construct (3
mg each), pCMV-hER (0.8 mg), and Promega pSV-b-galactosidase (1
mg) using a lipofectin-mediated procedure in serum-free medium as
described previously (Felgner et al., 1987). After incubation for 5 h at
37°C, the medium was removed, and the cells were incubated in
fresh medium with the addition of E2 at 1028 M in 0.1% (v/v) ethanol,
or without E2 (control). After 48 h incubation, the cells were har-

vested. CAT and pSV-b-galactosidase activities were determined
using the CAT and b-galactosidase enzyme systems, respectively,
according to the supplier’s protocol. Protein concentration was de-
termined by the Bradford test kit. CAT activity was expressed after
normalization for b-galactosidase activity and protein concentration.

Statistical Analysis. ANOVA (SPSS for Window 8.0) was used to
determine the statistical significance in the difference in CAT activ-
ity between the different promoter fragments in the cotransfection
assay. Comparisons in CAT activities were made among hCOMTP1
and Del 1 to 4, and among hCOMTP2 and Del 5 to 8, respectively.

Results
Estrogenic Inhibition of COMT Transcription Ana-

lyzed by Northern Blot. We performed a Northern blot
analysis on estrogen receptor-positive MCF-7 (Brooks et al.,
1973) and estrogen receptor-negative HeLa (Galien et al.,
1996) cells to test if estrogen can down-regulate human
COMT transcription, and if the estrogen receptor is needed
for this regulation. When the MCF-7 cells were incubated
with E2 for 48 h, the expression of 1.3-kb transcripts in
MCF-7 cells was reduced by 20% at 1029 M of E2 and by 50%
at 1028 M, relative to nonE2-treated cells (Fig. 2). E2 did not
significantly affect COMT transcription in HeLa cells (con-
trol). These results indicate that estrogen can decrease levels
of the human 1.3-kb COMT transcript in estrogen receptor-
positive, but not receptor-negative cells. Time course and
dose-dependent studies were then performed to determine
the time point and estrogen concentration to achieve optimal
inhibition of COMT transcription in MCF-7 cells. Inhibition
by E2 on the expression of the 1.3-kb transcript was observed
after 16 h, and lasted at least 72 h, being maximal at 48 h
(Fig. 3). A dose-dependent inhibition was also observed on
the expression of the 1.3-kb transcript, with a maximum
effect at 1027 M E2.

Genomic Cloning, Sequencing, and Structural Anal-
ysis of Human COMT P1s and P2s. We cloned and se-
quenced two more fragments (Fig. 4; Genbank Accession
no.U97652 and AF001102) upstream to the existing pro-
moter regions (Tenhunen et al., 1994; Genbank Accession no.
Z26491 and Z26490) of the gene. Our sequences overlapped
with these published sequences. A number of putative tran-
scription factor binding elements that can affect both consti-
tutive and tissue-specific expression of this gene, such as

Fig. 1. Human COMT gene. The exon-intron organization is not to scale. The location of translation-start codons (MB-ATG and soluble-ATG),
translation-stop codons (TGA), putative polyadenylation signal (AATTAA), COMT probe used in the Northern analysis, promoter regions, and primers
are shown.
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TATA and CAAT boxes, half-palindromic EREs, and CEBP
sites, were found in both P1 and P2. The presence of CEBP
sites in P1 and P2 is consistent with the fact that both
isoforms of COMT are richly expressed in the liver. The
presence of five and three half-palindromic EREs in P1 and
P2 respectively, indicated that these two promoters could
potentially respond to E2.

Estrogenic Inhibition of COMT Promoter Activities
in Reporter Gene Expression. CAT-reporter gene assays
were used to test the response of these promoters to E2.
Chimeric human COMT promoter-CAT (hCOMTP-CAT) con-
structs containing P1 or P2 (each about 1.5 kb in size) cloned
to the CAT-reporter plasmid were transiently cotransfected
into COS-7 cells together with pCMV-hER and pSV-b-galac-
tosidase (internal control for transfection efficiency). Physio-
logical concentrations of E2 (1029–1027 M) at 48 h decreased
P1- and P2-CAT activities in a dose-dependent manner (Fig.
5). At E2 concentrations of 1029, 1028, and 1027 M, P1-CAT
activities were 64%, 32%, and 6.5%, respectively, relative to
nonE2-treated control. At E2 concentrations of 1029, 1028,
and 1027 M, P2-CAT activities were 59%, 29%, and 4.5%,
respectively, relative to nonE2-treated control. There was no
detectable estrogenic effect on COMT gene expression with-
out cotransfection of pCMV-hER (data not shown). These
findings confirmed that down-regulation of the human
COMT gene expression by estrogen were mediated by the two
promoter regions (P1 and P2) in the presence of estrogen
receptors.

Functional EREs and CEBP Sites Confer Estrogenic
Inhibition. We then explored the role of the individual half-
palindromic EREs found in P1 (ERE 1 to ERE 5) and P2
(ERE 6 to ERE 8) using hCOMTP-CAT constructs containing
serial 59-deleted fragments of either P1 or P2 cloned to the
CAT-reporter plasmid which were transiently cotransfected
into COS-7 cells together with pCMV-hER and pSV-b-galac-
tosidase. In P1 and P2, the deletions did not affect (p . .05)
promoter activity in nonE2-treated cells (data not shown).
However, in E2-treated cells, the promoter activities in con-
structs hCOMTP1-CAT, Del 1, Del 2, and Del 3 were signif-
icantly (p , .05) reduced compared with Del 4 (Fig. 6A). ERE
1 and ERE 2 appeared to be crucial to the estrogenic inhib-
itory effect of P1. No significant differences (p . .05) were

found in the comparisons of CAT activities among
hCOMTP1-CAT, and Del 1 to 3. In P2, the promoter activities
of constructs Del 5, Del 6, Del 7, and Del 8 were significantly
(p , .05) increased compared with hCOMTP2-CAT, and also
when Del 7 was compared with Del 8, in E2-treated cells (Fig.
6B). No differences (p . .05) were found in the comparisons
of CAT activities among Del 5, 6, 7, and Del 5, 6, 8 in response
to E2. The region (21405 to 21083) upstream to the most
distal ERE (ERE 8) appeared to be crucial for conferring
estrogenic suppression of P2 activity. Further scrutiny of this
distal fragment revealed the presence of two CEBP sites (Fig.
4B). ERE 6 appeared to enhance CAT activity because dele-
tion of the fragment containing this element caused a signif-
icant decrease (p , .05) in promoter activity in response to
E2.

Fig. 2. Northern analyses of estrogenic effects on COMT gene expression
in estrogen receptor-positive MCF-7 and estrogen receptor-negative
HeLa cells after incubation with E2 at various concentrations for 48 h.
Extraction of total RNA and Northern analysis were performed as de-
scribed in Experimental Procedures. Top, blot hybridized with human
COMT probe, (from left to right): MCF-7 cells cultured without E2, with
E2 at 1029 M, and with E2 at 1028 M, respectively, HeLa cells cultured
without E2, with E2 at 1029 M, and with E2 at 1028 M, respectively.
Bottom, blot hybridized with human b-actin probe as an internal control
for RNA loading.

Fig. 3. Time course and dose-response inhibition of COMT gene expres-
sion by E2. A, MCF-7 cells were treated with 1027 M of E2 for up to 16 h
(0 h as control). B, MCF-7 cells were treated with E2 (1029 to 1027 M) for
24, 48, and 72 h (0 M as control). C, intensity of the blots in (B) was
analyzed using a phosphoimager and expressed as a percentage of mRNA
levels in E2-treated cells relative to nonE2-treated cells after correction
for RNA loading using b-actin. The mean percentage values 6 S.D. of at
least two separate Northern blots are shown. Inhibition by E2 on the
expression of the 1.3-kb transcript was observed after 16 h and lasted at
least 72 h, being maximal at 48 h. A dose-dependent inhibition was also
observed on the expression of the 1.3-kb transcript, with maximum effect
at 1027 M E2.
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Discussion
Our Northern analyses showed that E2 can reduce COMT

transcription in estrogen receptor-positive MCF-7 cells but
not in estrogen receptor-negative HeLa cells. Our findings
showed that this estrogenic effect required the presence of
estrogen receptors, and was both dose- and time-dependent.
This estrogenic inhibition was not likely due to inhibition of
cell growth because estrogen stimulates the growth of MCF-7
(Lippman et al., 1976). Because MCF-7 cells can only express
the 1.3-kb transcript in Northern analyses, we could not test
this effect on the 1.5-kb transcript by this method. We are not
aware of any estrogen receptor-positive cell line that ex-
presses only 1.5-kb transcript. HeLa cells were used as a
negative control even though it expresses mainly the 1.5-kb
transcript because we are not aware of any estrogen receptor-
negative cell line that expresses mainly the 1.3-kb transcript.
However, a similar inhibition of the 1.5-kb transcript expres-
sion as in the 1.3-kb transcript (as shown in our CAT reporter
gene assays) suggests a similar expression mechanism for
both transcripts. The promoter-CAT reporter gene assays

were performed in a nonE2-responsive cell line (i.e., COS-7
cells) that was transfected with an expression vector for
estrogen receptors (i.e., pCMV-hER). Transfection of COMT
promoter-reporter constructs into estrogen-responsive cells
of different tissues would have allowed us to explore the
possibility that promoter usage and effects of other regula-
tory elements might be different due to the presence of dif-
ferent coactivator proteins. However, COS-7 is recognized as
a good host cell line for cotransfection CAT-reporter gene
assay especially for COMT promoter function because of its
high transfection efficiency (Tenhunen, 1996). The inhibition
of COMT transcription at promoter level was estrogen recep-
tor-dependent because CAT activity was not inhibited in
estrogen-treated COS-7 cells without cotransfection of
pCMV-hER. Estrogen antagonists (to block estrogen recep-
tors) were not used to test the specificity of this estrogenic
effect because pure antagonists (such as ICI 164384) are not
commercially available, and the commonly used tamoxifen is
a partial antagonist. However, the lack of estrogenic effect on
COMT gene expression without estrogen receptors, as shown

Fig. 4. Nucleotide sequences and putative regulatory elements of human COMT P1 (A) and P2 (B). The newly acquired sequences are indicated in bold
[Genbank accession number U97652 (A) and AF001102 (B)] overlapped with the previous bordering sequence (Genbank accession numbers Z26491
and Z26490) shown without bold. Exon and intron regions are depicted in uppercase and lowercase, respectively. The putative regulatory elements
are underlined or overlined. The (2) after the putative elements represent a reverse orientation of the elements. The restriction sites used in cloning
are shown in italics. The locations of the primers are enclosed in boxes. The restriction site sequences that were added upstream to primers U4, D4
(XbaI) and U5, D5 (SalI) for cloning into plasmids are not shown. EREs 1 to 5 in P1 (A) and EREs 6 to 8 in P2 (B) is consecutively arranged from 39
to 59. A, translation start position for 1.5-kb transcript is at 11, for 1.3-kb transcript is at 1151 in exon 3. B, position of 59-end of the longest 1.5-kb
transcript is at 11 in exon 1.
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in our Northern analyses and CAT reporter gene assays,
achieved the same objectives as estrogen antagonists.

Although the EREs in the COMT promoters are half-sites
of the perfect ERE palindrome (GGTCANNNTGACC), there
is strong evidence that EREs can function in more loosely
structured sequence motifs (Klein-Hitpass et al., 1986). Half-
palindromic ERE (TGACC), which are more than 100 bp
apart, can act synergistically to confer estrogen inducibility
either to proximal ovalbumin gene promoter or to heterolo-
gous promoters (Kato et al., 1992). Even a single, noncanoni-
cal ERE is capable of estrogen inducibility in human pS2
gene (Berry et al., 1989). Multiple half-palindromic EREs in
the COMT promoters provide the structural basis for estro-
genic regulation of COMT transcription. To characterize the
EREs responsible for the estrogenic effect on COMT tran-
scription, we performed deletion analyses using cotransfec-
tion CAT reporter gene assays. Deletions in the promoters
did not significantly affect COMT promoter activities in
nonE2-treated cells, indicating that Del 4 (2195 to 1150) in
P1 and Del 8 (2384 to 1 113) in P2 were sufficient for
constitutive function in proximal and distal promoters, re-
spectively. Although fragments upstream to Del 4 in P1 and
Del 8 in P2 do not appear to be important in its constitutive
function by the lack of significant differences in COMT pro-
moter activities in nonE2-treated cells, they were important
to the estrogenic regulation of COMT promoter function.
Deletions of these fragments affected both promoter activi-
ties in E2-treated cells. In P1, there was a significant differ-
ence (p , .05) in CAT activities in response to E2 between Del
3 and Del 4, but no significant differences (p . .05) among
hCOMTP1-CAT, and Del 1 to 3. This indicates that the

280-bp fragment (2475 to 2195) with ERE 1 and 2 was
crucial to the estrogenic inhibition of P1. In P2, there was a
significant difference (p , .01) in CAT activities in response
to E2 between hCOMTP2-CAT and Del 5. The 323-bp frag-
ment distal to ERE 8 (21405 to 21083) was crucial in estro-
genic inhibition of P2 because CAT activity was not inhibited
without this region even with ERE 6 to 8. With further
scrutiny, this region contained two CEBP sites but without
any known EREs (Fig. 4B). E2 can inhibit human interleu-
kin-6 transcription via such sites (Stein and Yang, 1995;
Galien et al., 1996). CEBP sites are essential for E2 inhibi-
tion of the IL-6 expression in HeLa cells (Galien et al., 1996)
and can interact specifically with human estrogen receptor
(Stein and Yang, 1995). Hence, COMT transcription may be
similarly influenced by estrogen via CEBP sites in P2. ERE 6
in P2 appeared to enhance CAT activity because deletion of
the fragment (2558 to 2384) can significantly (p , .05)
decrease promoter function in response to E2. The other
putative EREs did not appear to be functional.

The structural and expressional features of rat and human
COMT genes are similar (Tenhunen, 1996). Most tissue-
specific protein binding sites in rat COMT proximal promoter
are near the MB-ATG codon, similar to ERE 1 and 2 in
human P1. Although no hormone response elements were
found in rat COMT proximal promoter, functional CEBP
binding sites were (Tenhunen, 1996). Thus, by analogy, the
two most distal CEBP sites in human COMT P2 might be
functional.

Our in vitro study is reflected in vivo. The degree of reduc-
tion in COMT expression by estrogen is comparable to the
gender difference in its activity in humans (Fahndrich et al.,
1980; Floderous et al., 1981; Boudikova et al., 1990). Estro-
gen, its receptors, and COMT expression are all found in
brain tissues (Lloyd et al., 1975; Henry et al., 1991; Bixo et
al., 1995). The ubiquitous role of COMT in catechol metabo-
lism makes it a possible candidate in the pathophysiology
and/or treatment of various human disorders.

Catechol estrogens are precursors of both catechol estro-
gen-2,3- and catechol estrogen-3,4-quinones, which have
been hypothesized to be endogenous tumor initiators in
breast cancer (Yager and Liehr, 1996; Cavalieri et al., 1997).
O-methylation by COMT is a major inactivation pathway for
catechol estrogens (Creveling, 1994; Yager and Liehr, 1996).
COMT inhibition in a hamster kidney model enhanced estro-
gen-induced carcinogenesis, and was associated with high
catechol estrogen levels (Zhu and Liehr, 1994). The low ac-
tivity variant of COMT was associated with an increased risk
for breast cancer (Lavigne et al., 1997). Chronic estrogen
exposure resulting in liver and kidney cancers in rodents was
associated with decreased erythrocytes and liver COMT ac-
tivities (Li et al., 1989). Our results suggest that high estro-
gen levels can lower COMT expression and activity, partly
contributing to higher concentrations of carcinogenic cate-
chol estrogen metabolites.

However, estrogen also markedly increased the extent and
intensity of COMT immunostaining in cytoplasm and cause a
translocation of soluble COMT to the nucleus in normal ham-
ster renal epithelial cells, unlike estrogen-induced renal can-
cer cells, which were nonCOMT-immunoreactive (Weisz et
al., 1998). Our findings and others (Li et al., 1989) are con-
sistent with the nonCOMT immunoreactivity found in renal
cancer cells because estrogenic down-regulation of COMT

Fig. 5. Estrogenic inhibition of CAT activity in COS-7 cells cotransfected
by hCOMTP-CAT constructs, pCMV-hER, and pSV-b-galactosidase. Con-
structs were cotransfected into COS-7 cells and incubated with E2 (1029–
1027 M) or without E2. After 48 h, the cells were harvested. CAT and
b-galactosidase activities were determined as described in Experimental
Procedures. The results were expressed as a percentage of CAT activity in
E2-treated cells relative to nonE2-treated cells after correction for trans-
fection efficiency using b-galactosidase. The mean values 6 S.D. of at
least three separate transfections are shown.
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may have reduced the intensity of immunostaining of COMT
to undetectable levels. Increased COMT levels in immuno-
stained healthy renal cells were proposed to represent a
normal response to a threat to the genome by catechol estro-
gens, which can be blocked by their O-methylation (Weisz et
al., 1998). There may possibly be different pathways for
estrogenic regulation of COMT, which needs to be further
explored.

Parkinson’s disease is characterized by degeneration of the
nigrostriatal system, which leads to dopamine depletion. The
most effective treatment remains replacing dopamine levels
using levodopa. Women appear to require a lesser levodopa
dose compared with men (Parkinson Study Group, 1996;
Lyons et al., 1998). Transdermal estrogen in postmenopausal
Parkinson’s disease patients reduced the levodopa dosage
required for an anti-parkinsonian response (Blanchet et al.,
1998). Our results suggest that lower COMT activity related
to higher estrogen level in women may explain these obser-
vations.

Depression is thought to be related to catecholamine defi-
ciency (particularly norepinephrine) and low levels of SAM in
cerebrospinal fluid (Bell et al., 1988; Cooper et al., 1991).
Estrogen can reduce depressive symptoms (Henderson et al.,
1991; Gregoire et al., 1996) but its mechanism is unknown.
Our results suggest that estrogenic inhibition of COMT can
help depressive symptoms by sparing endogenous norepi-
nephrine and SAM.

Hypertension during pregnancy is related to elevated ma-
ternal plasma catecholamine levels (Davey and MacNab,
1981). Lower COMT activities were found in term placenta of
hypertensive pregnant women compared with normotensive
pregnant women (Barnea et al., 1988). Estrogenic inhibition
of COMT may result in higher catecholamine levels during
pregnancy, contributing to hypertension.

In summary, our study provides the first evidence and
molecular mechanism that estrogen can directly down-regu-
late human COMT transcription, mediated via a 280-bp frag-
ment with two putative half-palindromic EREs in proximal

Fig. 6. Localization of regulatory elements responsible for the estrogenic inhibition on COMT gene transcription. Schematic diagrams of COMT gene
promoters P1 (hCOMTP1-CAT) and P2 (hCOMTP2-CAT), their serial Dels (Del 1 to Del 8), and relative activities after E2 exposure for P1 (A) and for
P2 (B), respectively. The bent arrows represent the transcription start sites of the human COMT gene. Fragments of the COMT 59-flanking region of
different lengths were fused to CAT reporter gene, cotransfected into COS-7 cells with pCMV-hER and pSV-b-galactosidase, and incubated with E2
(1028 M) or without E2. After 48 h, the cells were harvested. CAT and b-galactosidase activities were determined as described in Experimental
Procedures. The results were expressed as a percentage of CAT activity in E2-treated cells relative to nonE2-treated cells after correction for
transfection efficiency using b-galactosidase. Mean values 6 S.D. of at least three separate transfections are shown. Significant differences in relative
CAT activity of each promoter fragment, determined by ANOVA, are expressed as *p , .05 and **p , .01, compared with Del 4 (A), **p , .01 and
***p , .001, compared with hCOMTP2-CAT (B), and 1p , .05 compared with Del 8 (B).
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P1 and a 323-bp fragment with two putative CEBP sites in
distal P2. Site-direct mutagenesis would be helpful to further
confirm the estrogenic effect on these response elements.

Acknowledgments

We thank Dr. R. J. Miksicek, Cancer Center, Michigan State
University, East Lansing, MI, for the pCMV-hER plasmid, and the
Department of Clinical Biochemistry and Department of Microbiol-
ogy, University of Hong Kong, for use of their laboratory facilities.

References
Barnea ER, MacLusky NJ, DeCherney AH and Naftolin F (1988) Catechol-O-

methyltransferase activity in the human term placenta. Am J Perinatol 5:121–
127.

Bell KM, Plon L, Bunney WE Jr and Potkin SG (1988) S-Adenosylmethionine
treatment of depression: A controlled clinical trial. Am J Psychiatry 145:1110–
1114.

Berry M, Nunez AM and Chambon P (1989) Estrogen-responsive element of the
human pS2 gene is an imperfectly palindromic sequence. Proc Natl Acad Sci USA
86:1218–1222.

Bixo M, Backstrom T, Winblad B and Anderson A (1995) Estradiol and testosterone
in specific regions of the human female brain in different endocrine states. J
Steroid Biochem Mol Biol 55:297–303.

Blanchet PJ, Fang J, Hyland K, Arnold LA, Mouradian MM and Chase TN (1998)
Transdermal 17-b-estradiol in postmenopausal parkinsonian patients. Mov Disord
13(Suppl 2):P4.168.

Boudikova B, Szumlanski C, Maidak B and Weinshilboum R (1990) Human liver
catechol-O-methyltransferase pharmacogenetics. Clin Pharmacol Ther 48:381–
389.

Brooks SC, Locker ER and Soule HD (1973) Estrogen receptor in human cell line
(MCF-7) from breast carcinoma. J Biol Chem 248:6251–6253.

Cavalieri EL, Stack DE, Devanesan PD, Todorovic R, Dwivedy I, Higginbotham S,
Johansson SL, Patil KD, Gross ML, Gooden JK, Ramanathan R, Cerny RL and
Rogaen EG (1997) Molecular origin of cancer: Catechol estrogen-3,4-quinones as
endogenous tumor initiators. Proc Natl Acad Sci USA 94:10937–10942.

Cooper JR, Bloom FE and Roth RH (1991) Catecholamine theory of affective disor-
der, in The Biochemical Basis of Neuropharmacology (Cooper JR, Bloom FE and
Roth RH, eds) pp.278–284, Oxford University Press, New York.

Creveling CR (1994) Catechol-O-methyltransferase. Factors relating to the carcino-
genic potential of catecholestrogens. Polycyclic Aromatic Cmpds 6:253–259.

Davey DA and MacNab MF (1981) Plasma adrenaline, noradrenaline and dopamine
in pregnancy hypertension. Br J Obstet Gynaecol 88:611–618.

Fahndrich E, Coper H, Christ W, Helmchen H, Muller-Oerlinghausen B and Pi-
etzcker A (1980) Erythrocyte COMT activity in patients with affective disorders.
Acta Psychiatr Scand 61:427–437.

Felgner PL, Gadek TR, Holm M, Roman R, Chan HW, Wenz M, Northrop JP, Ringold
GM and Danielsen M (1987) Lipofection: A highly efficient, lipid-mediated DNA-
transfection procedure. Proc Natl Acad Sci USA 84:7413–7417.

Floderus Y, Ross SB and Wetterberg L (1981) Erythrocyte catechol-O-methyltrans-
ferase activity in a Swedish population. Clin Genet 19:389–392.

Galien R, Evans HF and Garcia T (1996) Involvement of CCAAT/enhancer-binding
protein and nuclear factor-kB binding sites in interleukin-6 promoter inhibition by
estrogens. Mol Endocrinol 10:713–722.

Gregoire AJP, Kumar R, Everitt B, Henderson AF and Studd JWW (1996) Trans-
dermal oestrogen for treatment of severe postnatal depression. Lancet 347:930–
933.

Guldberg HC and Marsden CA (1975) Catechol-O-methyltransferase: Pharmacolog-
ical aspects and physiological role. Pharmacol Rev 27:135–206.

Henderson AF, Gregoire AJP, Kumar R and Studd JWW (1991) Treatment of severe
postnatal depression with oestradiol skin patches. Lancet 338:816–817.

Henry WW Jr, Medlock KL, Sheehan DM and Scallet AC (1991) Detection of estrogen

receptor (ER) in the rat brain using rat anti-ER monoclonal IgG with the unlabeled
antibody method. Histochemistry 96:157–162.

Kato S, Tora L, Yamauchi J, Masushige S, Bellard M and Chambon P (1992) A far
upstream estrogen response element of the ovalbumin gene contains several
half-palindromic 59-TGACC-39 motifs acting synergistically. Cell 68:731–742.

Klein-Hitpass L, Schorpp M, Wagner U and Ryffel GU (1986) An estrogen-responsive
element derived from the 59-flanking region of Xenopus vitellogenin A2 gene
functions in transfected human cells. Cell 46:1053–1061.

Kopin IJ (1985) Catecholamine metabolism: Basic aspects and clinical significance.
Pharmacol Rev 37:333–364.

Lavigne JA, Helzlsouer KJ, Huang HY, Strickland PT, Bell DA, Selmin O, Watson
MA, Hoffman S, Comstock GW and Yager JD (1997) An association between the
allele coding for a low activity variant of catechol-O-methyltransferase and the
risk for breast cancer. Cancer Res 57:5493–5497.

Li SA, Purdy RH and Li JJ (1989) Variations in catechol-O-methyltransferase
activity in rodent tissues: Possible role in estrogen carcinogenicity. Carcinogenesis
(Oxf) 10:63–67.

Lippman M, Bolan G and Huff K (1976) The effects of estrogens and antiestrogens on
hormone-responsive human breast cancer in long-term tissue culture. Cancer Res
36:4595–4601.

Lloyd KG, Davidson L and Hornykiewicz O (1975) The neurochemistry of Parkin-
son’s disease: Effect of L-dopa therapy. J Pharmacol Exper Ther 195:453–464.

Lyons KE, Hubble JP, Troster AI, Pahwa R and Koller WC (1998) Gender differences
in Parkinson’s disease. Clin Neuropharmacol 21:118–121.

Parkinson Study Group (1996) Impact of deprenyl and tocopherol treatment on
Parkinson’s disease in DATATOP patients requiring levodopa. Ann Neurol 39:37–
45.

Parvez H, Parvez S and Raza BA (1976) Decreased phenylethanolamine-N-
methyltransferase and catechol-O-methyltransferase activity in rabbit adrenal
glands during pregnancy. Br J Pharmacol 57:413–416.

Parvez S, Ismahan G, Raza BA and Youdim MB (1978) Activity of catechol-O-
methyltransferase in brain regions and adrenal gland during the estrus cycle.
J Neural Transm 42:305–312.

Parvez S, Parvez SH and Youdim MB (1975) Variation in activity of monoamine
metabolizing enzymes in rat liver during pregnancy. Br J Pharmacol 53:241–246.

Sambrook J, Fritsch EF and Maniatis T (1989) Extraction, purification, and analysis
of messenger RNA from eukaryotic cells, in Molecular Cloning–A Laboratory
Manual (Sambrook J, Fritsch EF and Maniatis T, eds) pp 7.2–7.50, Cold Spring
Harbor Laboratory Press, New York.

Shaikh AA (1971) Estrone and estradiol levels in the ovarian venous blood from rats
during the estrous cycle and pregnancy. Biol Reprod 5:297–307.

Stein B and Yang MX (1995) Repression of the interleukin-6 promoter by estrogen
receptor is mediated by NF-kB and C/EBPb. Mol Cell Biol 15:4971–4979.

Tenhunen J (1996) Characterization of the rat catechol-O-methyltransferase gene
proximal promoter: Identification of a nuclear protein-DNA interaction that con-
tributes to the tissue-specific regulation. DNA Cell Biol 15:461–473.

Tenhunen J, Salminen M, Lundstrom K, Kiviluoto T, Savolainen R and Ulmanen I
(1994) Genomic organization of the human catechol-O-methyltransferase gene and
its expression from two distinct promoters. Eur J Biochem 223:1049–1059.

Weisz J, Fritz-Wolz G, Clawson GA, Benedict CM, Abendroth C and Creveling CR
(1998) Induction of nuclear catechol-O-methyltransferase by estrogens in hamster
kidney: Implications for estrogen-induced renal cancer. Carcinogenesis 19:1307–
1312.

Xie T, Ho SL, Li LSW and Ma OCK (1997) G/A1947 polymorphism in catechol-O-
ethyltransferase (COMT) gene in Parkinson’s disease. Mov Disord 12:426–427.

Yager JD and Liehr JG (1996) Molecular mechanisms of estrogen carcinogenesis.
Annu Rev Pharmacol Toxicol 36:203–232.

Zhu BT and Liehr JG (1994) Quercetin increases the severity of estradiol-induced
tumorigenesis in hamster kidney. Toxicol Appl Pharmacol 125:149–158.

Send reprint requests to: Dr. S.L. Ho, Division of Neurology, University
Department of Medicine, University of Hong Kong, Queen Mary Hospital,
Hong Kong. E-mail: slho@hkucc.hku.hk

38 Xie et al.

 by guest on D
ecem

ber 1, 2012
m

olpharm
.aspetjournals.org

D
ow

nloaded from
 

http://molpharm.aspetjournals.org/

