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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 (107°-10"7 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 5’ 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 Mg?* (Guldberg
and Marsden, 1975). There are two isoforms of COMT of
similar function: soluble and membrane-bound (MB). They
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1 Database deposition: Human proximal (P1) and distal (P2) promoter re-
gions have been deposited in Genbank/USA with accession numbers U97652
and AF001102, respectively.

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 5’ 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 5’ 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

ABBREVIATIONS: COMT, catechol-O-methyltransferase; ERE, estrogen response element; CEBP, cCAAT/enhancer binding protein; CAT,
chloramphenicol acetyltransferase; SAM, S-adenosyl-L-methionine; MCF-7, human breast carcinoma cell line; HeLa, human cervix carcinoma cell
line; COS-7, African green monkey kidney cell line; E2, 17-B-estradiol; bp, base pairs; kb, kilobase; P1, cloned proximal promoter; P2, cloned distal
promoter; pCMV-hER, human estrogen receptor expression plasmid; hCOMTP1-CAT, chimeric human COMT P1-CAT reporter gene; hCOMTP2-
CAT, chimeric human COMT P2-CAT reporter gene; Del, deletion fragment; hCOMTP-CAT, chimeric human COMT promoter-CAT; MB,

membrane-bound.
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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 CCLZ2), 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 Sacll were obtained from Clontech
Laboratories (Palo Alto, CA). Thermoprime plus DNA polymerase
was purchased from Advanced Biotechnologies (Epsom, Surrey, UK).
Xbal, HindIIl, EcoRV, Sall, BstEIl, Aval, T4 ligase, DNA polymer-
ase I large (Klenow) fragment, T4 polymerase, ampicillin, penicillin,
streptomycin, insulin, bovine serum albumin, lipofectin, and Esche-
richia coli DH5«a competent cells were obtained from Life Technolo-
gies (Gaithersburg, MD). Avrll 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-'*C]chloramphenicol and [*?P]dCTP were obtained from Amer-
sham Life Science (Amersham International ple, 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 ug/ml of streptomycin), 2-mM L-glutamine, and
1 pg/ml insulin at 37°C in humidified air containing 5% CO,. 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% CO, 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 X 10°%) 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 10°° M, 108 M, or
1077 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 5'-CTGCACAGGCAAGATCGTGGA-3' and 5'-TCCAG
GTCTGACAACGGGTCA-3' as described previously (Xie et al.,
1997)] were radiolabeled with «*2P dCTP using a random primer
labeling kit. Extracted total RNA (10 pg/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 uM; U1) 5'-ACATCTGCTTTGCTGCCG-3' in exon 2 and
(D1) 5'-AGGATGCGCTGCTCCTTG-3’ in exon 3 (Fig. 1), and
genomic DNA (0.5 ug) 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) 5'-CCACATACCGGCCTCT-
TGGTCTAGTCTT-3' and (D3) 5'-TCTTGCTCAGGAGTCCGGGCT-
GCTT-3' 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) 5'-GCTCTAGAACATCTGCTTTGCTGCCG-3’ and (D4)
5'-GCTCTAGAGAGCAGGTTGTGGATGGG-3' containing Xbal sites
at the 5’ ends (Fig. 1). The products were digested with Xbal and
then ligated into the linear Xbal site of Promega pCAT Basic Vector.
Full length fragments from the above P2 region were amplified by
polymerase chain reaction with primers (U5) 5-ACGCGTC-
GACGCTCCTCTGGCGGAAAGGA-3' and (D5) 5'-ACGCGTCGAC-
CTCTCCCGCGACGGCCCG-3' containing Sall sites at the 5’ ends
(Fig. 1). The products were digested with Sall and then ligated into
the linear Sall 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
(—1323 — +150) was doubly digested with HindIII and either Avrll,
Bsu361, BstEIL or Aval to give 5 deletion fragments (Dels) —991 to
+150 (1.1 kb), —799 to +150 (0.9 kb), —475 to +150 (0.6 kb), and
—195 to +150 (0.3 kb), respectively. hCOMTP2-CAT plasmid con-
taining insert (—1405 — +112) was digested with HindIII to give a
fragment —1083 to +112 (1.1 kb), and doubly digested with HindIII
and either Apal, Banll, or EcoRV to give 5’ Dels —716 to +112 (0.8
kb), —558 to +112 (0.7 kb), and —384 to +112 (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 DH5« 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 X
10° cells/dish) and incubated for 24 h in fresh medium before trans-
fection. Cells were then cotransfected with CAT reporter construct (3
ng each), pPCMV-hER (0.8 ug), and Promega pSV-B-galactosidase (1
png) 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 10 8 M in 0.1% (v/v) ethanol,
or without E2 (control). After 48 h incubation, the cells were har-
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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 HelLa (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 10~° M of E2 and by 50%
at 1078 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 10~7 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.
726491 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

+1 +151
MB S +814  +1082
5’ ATG ATG TGA AATTAA
1 / 2 ] '
A 4 ||
>2400bp 1200bp 750bp 400b
EXON 1 EXON 2 EXON 4
Distal Promoter P2 Proximal Promoter P1 COMT Probe

< — -—
Primer D2 Primer U1 Primer D1
«—
Primer D3
—_ -~ —_— -
Primer U5 Primer D5 Primer U4 Primer D4

D Non-coding exon

Coding exon

Intron

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 (T'GA), 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 (10 °~107 M) at 48 h decreased
P1- and P2-CAT activities in a dose-dependent manner (Fig.
5). At E2 concentrations of 10~°, 10~% and 10~ 7 M, P1-CAT
activities were 64%, 32%, and 6.5%, respectively, relative to
nonE2-treated control. At E2 concentrations of 102, 108,
and 10~ 7 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 5'-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

MCF-7 HelLa
| | |

Concentration (M) o 10° 10°* o 10° 10°

w3 Bee9ee

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 107° M, and with E2 at 10~® M, respectively, HeLa cells cultured
without E2, with E2 at 107° M, and with E2 at 10~® M, respectively.
Bottom, blot hybridized with human B-actin probe as an internal control
for RNA loading.

Cell Type

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 (—1405 to —1083) 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.

A
Concentration (M) 10-?
Hous| 0 2 4 8 12 16|
130 — S 9 %9
e RSB
B
Hours 24 48 72
Concentration M) | 0 107 10® 1071 0 10° 10° 1071l 0 10° 10° 107]

10— (IR G = - e - -
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Fig. 3. Time course and dose-response inhibition of COMT gene expres-
sion by E2. A, MCF-7 cells were treated with 10~7 M of E2 for up to 16 h
(0 h as control). B, MCF-7 cells were treated with E2 (10™° to 10~7 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 = 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 107" 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

A

5’ Primer Ul & U4 Exon 2
GCTCAGAGGAGACCCCAGACCCCTCCCGCAGCCAGAGEGCTGGAGCCTECTC

AGAGGTGCTTTGAAGgtgagttggccaacggaagccggggcagtgecagggagggtaggtacaga~-1192

ttecggeceg gtgecatggge acaggtctge tgageacatg tccactctge ctgtgtaaat-1132

ERES GC
aggccacatg gcctgaaate ccctagaage ctagtgtceg catgacctee ccctagggeg-1072

gagcctetge ttecectgtte tettetgete tgtectetgg tgccctgagg ctggeeteca-1012
CEBP (-)
ggggtgtccc ctctgtggec ctaggectge ctecttgect gggtgtgect ttctaaaatg-952
AvrII
gagegtccag cagagagtgg gatctectat gecactggga geccagggee ccatcccaga-892
TATA (-
aagacctctg agtgagcaca ggggccctag aagaagtttc cttgtgteet tccegtttta-832
ERE4
gggtetgtga cctgaacecc tgggattetg ecctcaggect cctgtgetet gecetetgee-772
Bsu36Tl ERE3 (-)
tgetgggtece cctcaccagg cttetgtetg gttecccagge tacctgectg gagggtcaca-712

ccaggaggat ttcaaacagg tttcaagtgg ggtcacttge catcactgtg ccccacgagg-652
SP1
tacactgttg tgggcagcag ggctggectt tetcatctgg gacatgecac gttgeotgtte-592
CAAT(-)

ccaaggggag tggtgagtgg gtctgtectg gtgtgeectgg cetggggact gecagtgtee-532
ERE2

ttacttggac actcaatgaa aaggccacat gaatcecctgg ggegtccaga geatgggtga-472

BStEII
ccagcacggg ctcaccacat gaggecaagg ggctgcacca tacagcctet cctttggeca-412
CREB (-)

ceccgtecacta cccccaactc cgggecatgg ggcottcccta cececctgggtyg tectetaage-352
TATA(-)

cagctgggag acaacagect gagtcegtgt ctgettetgt attttgtgtg gttttagagg-292

ERE1l

atcecctggge tgee agg t gtgaccctgc aggctccaca-232

caggactgcc-222

agaggcacacacctgetetgtcectaccegagggcaccagagggeacgagaaggctggetecetggegetgacac
AvaTl
gtcaggcaactgaggcacaaggctggeatttctgaaccttgeccctetgecgaacacaagggggegatggtgge

actecaagcaaaggggegtgtgggtgctgcaggaggageacagagecactggegecectecccteeegecctge
+1 Exon 3
agATGCCGGAGGCCCCGCCTCTGCTETTGECACCTGTEGTTGCTGGCCCTGGTGCTGCTGETGETGCTGCTGCT
Primer D4
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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., pPCMV-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

5’ Primer U5 TATA(-)
aaaaaacagt tjgctcctctg gcggaaagga atgectggag actacttatt ttatttctta-1402

ctgggaggac caggatcate atccetatttt gcatagaagg ttcagtttgt tctttecctt-1342

aaaataggaa gataagggca ttatccccet aagtctcgta tgatattcce cattctgagt-1282
CEBP

ccagaatacc tagaaatttg gaatttggct attgecegtgt ctggactgtg agtatgggaa-1222

ggggaagett ttetgectgt tgteccecact accgecccte acatcegtga ttctgaacce-1162

TATA TATA(-)
catgataaat gecctttgaa cctttttoet ccttttgatg ccgaatccec tttttatggg-1102
CEBP (-) CREB CAAT

aatgegecag cacgggtgca tttaacctte ctgagettge ccacctgacg catgecageca-1042

agaagctttg aaagatggag cgccctgget gagggttcca ggtctcagea aggecgegag-982
HindIIT
gtggtgactg ctteccagaa ctctgttggg ccacccteccg tcctggagac ccccaaaacce-922

CAAT SPi(-)
tccatagcac caactgtgee cattcacaca cacagtcage cctccctece gagtecaccg-862

ERES8
cgggcagagg gccagecace atgectccca tagecgecat ceetgggaag gagccctgac-802

ccegtectta cacccctata cactecactge ctgtggggag agectgetege tgtcacaage-742

atccagagggg ctaggtecgag gggcecccetg catggtgggg gaccatgttg tegtgecatgg-682

Apal
aatgaaactyg gccacacata acagatatgg tggcgctectg gteggatcta ggggagtetg-622
ERE7
tecctacagga tgaggettga actgtcctga accagac acccagcecte tgettegagt-562

getecagttat gattattgte ctgatttagt taactgttet tcaggggete caggaggacg-502
BanII
agtgtgtate ctecccattge tctgtgecage ctetaaccta tagagtetag gggtctggag-442
ERE6
agaagttggg aagtctggcc ag gtgecctagtg _ace gtgggatatc-382
ECoRV

atcatetteca gaactgtagt tgttactggg ataccagete tgggagacca caggtgcagt-322

cagcacagca ggaccttaga caaggcacce agcccecagtt tee-279

Primer D3 ___ Primer D2
ccacctgggaagggggctacttgtggctagaagcageccggactectgageaagactagaccaagaggoogg

acacccccgcgtgggcacccccacggggacaccctggccaccgccgcgcgacactctcacgaggaca

GCTTCTGAGGCACTGGGECTGEGEGCCTETGCCTTATCGGCTGGAACGAGTTCATCCTGCAGCCCATCCACAAT
+151 Primer D1

[CTOCTOpTGGGTACATCRRGEAGCAICOCATCCT] 3

cccecggcegegeggacacctacege cgeccegaccccateetacctgetggeccgegecgegeceege
+1
acceegecegecacggectgegteegecaceggaagegeeeteetaatcccegeagegeCACCGCCATTGCCG
Exon 1
CCATCGTCETGEGECTTCTGEEECAGCTAGEECTGCCCECCGCECTECCTECGCCGGACCGGAGGCGEGTCCAG
Primer D5 +112

1CGCOGGTEUTRTCRUGTIATAT 3

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 (—) 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
(Xbal) and U5, D5 (Sall) 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 3’
to 5'. A, translation start position for 1.5-kb transcript is at +1, for 1.3-kb transcript is at +151 in exon 3. B, position of 5’-end of the longest 1.5-kb

transcript is at +1 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 (—195 to +150) in
P1 and Del 8 (—384 to + 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

80
—&— hCOMTP1-CAT construct
—— hCOMTP2-CAT construct
60 -
9
=
=
©
<
l;: 40 H
(@]
[}
2
s
[5]
[
20 1
0 T T ]
-10 -9 -8 -7 -6

17-B-estradiol concentration (LogM)

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 (107°—
107 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 = S.D. of at
least three separate transfections are shown.

280-bp fragment (—475 to —195) 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 (—1405 to —1083) 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 (—558 to —384) 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
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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.

Xbal Avill  Bsu36l BstEll Aval
-1323 -991 -799  -475 -1956
-1082( -817| -703 -467  -243 CAT
+150
— o
ERE5 ERE4 ERE3 ERE2 ERE1 ATG
hCOMTP1 - CAT CAT gene
+150
Del 1 CAT gene
+150
Del 2 CAT gene
+150
Del 3 CAT gene
+150
Del 4 CAT gene
+150

100

80 ~

60 — *x

40

Relative CAT Activity (%)

20 -

hCOMTP1 - Del1 Del 2 Del 3 Del 4
CAT
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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

Sall Hindlll  Apal Banll EcoRV
-1405 -1083 716 -558 -384

l -1219 -1091l -7981 -seal -396l

CAT
+113

Exont
CEBP  CEBP ERE8 ERE7 ERE6

hCOMTP2- CAT CAT gene
+113

DeL5 CAT gene
+113

Del 6 CAT gene
+113

DelL7 CAT gene
+113

Del 8 CAT gene
+113

240

200 —

160 - ;
*+

120 —

Relative CAT Activity (%)

40 o
0 Eé

hCOMTP2- Del 5 Del & Del 7 Del 8

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 5’-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
(1078 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 + 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 +p < .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.
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