
Estrogen sulfotransferase and sulfatase: Roles in the 
regulation of estrogen activity in human uterine 
endometrial carcinomas
Kyoko Tanaka,1 Kaneyuki Kubushiro,1 Yuriko Iwamori,2 Yuzuru Okairi,2 Kazushige Kiguchi,3 Isamu Ishiwata,4 
Katsumi Tsukazaki,1 Shiro Nozawa1 and Masao Iwamori2, 5

1Department of Obstetrics and Gynecology, School of Medicine, Keio University, 35 Shinano-machi, Shinjuku-ku, Tokyo 160-8582; 2Department of 
Biochemistry, Faculty of Science and Technology, Kinki University, 3-4-1 Kowakae, Higashiosaka, Osaka 577-8502; 3Department of Obstetrics and Gynecology, 
St. Marianna University School of Medicine, 2-16-1 Sugao, Miyamae-ku, Kawasaki, Kanagawa 216-8511; and 4Ishiwata Gynecological Hospital, 1-4-21 
Kamimito, Mito, Ibaraki 310-0041

(Received June 30, 2003/Revised August 8, 2003/Accepted August 11, 2003)

The regulation of estrogen activity through the formation and
cleavage of sulfoconjugates of estrogens is known to be related
to the progression and metastasis of estrogen-dependent breast
carcinomas, but the involvement of sulfoconjugates in the steroid
stimulation of endometrial functions and the progression of en-
dometrial adenocarcinomas is not clearly understood yet. Estro-
gen sulfotransferase (EST) in the uterine endometria during the
follicular phase was more active than during the luteal phase, but
estrogen sulfate (ES) sulfatase exhibited lower activity during the
follicular phase than during the luteal phase. However, ES sulfa-
tase activities in cancerous tissues were lower than those in nor-
mal endometria and endometrial adenocarcinoma-derived cells,
among which the activity was exceedingly high in Ishikawa cells,
suggesting that ES sulfatase in Ishikawa cells contributes to the
estrogen-dependent growth of these cells. EST activities higher
than that in Ishikawa cells were found in only 3 of 24 cancerous
tissues. Reverse transcriptase-polymerase chain reaction (RT-PCR)
analysis of the EST and ES sulfatase genes in carcinoma-derived
cells demonstrated the extensive expression of both genes in Ish-
ikawa cells. The isolated EST gene was transfected into Ishikawa
cells with a mammalian expression vector to establish cell clones
with enhanced EST activity, and the estrogen-dependent cell
growth of the resultant cell clones was found to be abolished,
due to the enhanced sulfoconjugation of estrogen. Since ES sulfa-
tase activity in cancerous tissues was significantly lower than that
in Ishikawa cells, it might be not involved in the enhancement of
estrogen activity associated with the pathogenesis of endome-
trial adenocarcinoma tissues. (Cancer Sci 2003; 94: 871–876) 

ellular proliferation and differentiation in the human uter-
ine endometrium are mainly regulated by the periodic

stimulation with steroid hormones during the menstrual cycle.1)

Steroid receptors in the endometrial epithelium are known to be
involved in the expression of several genes in response to ste-
roid stimulation of endometrial functions related to the implan-
tation of fertilized eggs, and a failure of the steroid-mediated
signal transduction pathway is implicated in the progression of
endometrial adenocarcinomas,2–4) as well as of breast
carcinomas.5–7) Estrogen is a steroid relevant to the progression
of transformed cells, but its active form, 17β-estradiol (E2), is
locally generated by several enzymes, such as estrogen sul-
fotransferase (EST), estrogen sulfate (ES) sulfatase, aromatase,
17β-hydroxysteroid dehydrogenase and so on, since the circu-
lating estrogen in human sera comprises inactive estrone (E1)
sulfate.8) Among these enzymes, EST and ES sulfatase in breast
carcinomas have been shown to be involved in the regulation of
estrogen activity by forming and cleaving the sulfoconjugate of
estrogen to inhibit and promote the binding of estrogen to its
receptor, respectively.9, 10) In this connection, inhibition of sul-

fotransferase by several chlorinated phenol derivatives, such as
6,6-dichloro-4-nitrophenol and hydroxylated polychlorinated
biphenyl, has been shown to enhance the activity of endoge-
nous estrogen, and to be probably implicated in human repro-
ductive disorders and an increased incidence of breast
carcinomas.11) On the contrary, environmental xenoestrogens,
such as bisphenol, 4-n-octylphenol, 4-n-nonylphenol, and 17α-
ethynylestradiol, which have became ubiquitous in the environ-
ment and have been shown to cause a decrease in sperm quality
and progression of estrogen-dependent cancers by interacting
with the estrogen receptor, are converted to their sulfoconju-
gates by cytosolic sulfotransferase, resulting in detoxification
of the chemicals through abolition of their binding ability to the
receptor and in facilitation of their removal from the body
through an increase in water solubility.12, 13) Thus, the sulfocon-
jugation of estrogens and related compounds occurring inside
cells plays essential roles in the regulation of estrogen receptor-
mediated phenomena. Accordingly, one of the therapeutic strat-
egies for estrogen-dependent breast carcinomas has been the
development of an inhibitor of ES sulfatase, whose expression
is closely related to the progression and metastasis of breast
carcinomas,14) and several successful approaches for suppress-
ing the growth of cancer cells with a sulfatase inhibitor in vitro
and in vivo have been reported.15, 16) In the case of uterine en-
dometria, ES sulfatase is distributed in the basilar layer of the
normal endometrial epithelium, and has been implicated in the
estrogenic activity through cleavage of the sulfoconjugate, but
its involvement in the cellular events in the endometria, includ-
ing in adenocarcinomas, is not clearly understood yet.17) To
clarify the significance of sulfoconjugation in endometrial ade-
nocarcinomas, we examined the activities in cultured cells and
tissues of endometrial adenocarcinomas, and the effect of trans-
fection with the EST gene on the estrogen-dependent cell
growth of endometrial carcinoma-derived cells.

Materials and Methods

Materials. The following reagents were purchased from com-
mercial sources: estrone (1,3,5-estratrien-3-ol-17-one, E1), es-
tradiol (1,3,5-estratriene-3,17β-diol, E2), estriol (1,3,5-
estratriene-3,16α,17β-triol), ethynylestradiol (17α-ethy-
nylestra-1,3,5(-10)-triene-3,17β-diol), adenosine 3′-phosphate
5′-phosphosulfate (PAPS), deoxycholic acid, p-nitrophenol, 4-
nitrocatechol, 4-methylumbelliferone, p-hydroxybenzoic acid
methyl ester, charcoal and plastic-coated TLC plates from
Sigma (St. Louis, MO), E1S from Wako (Tokyo), cDNA syn-
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thesis, micro plasmid prep and Cellphect transfection kits from
Pharmacia (Piscataway, NJ), plasmids pcDNA3.1 and pCR2.1-
TOPO from Invitrogen (San Diego, CA), AmpliTaq-DNA poly-
merase, a Bigdye Terminator Cycle Sequencing ready reaction
kit, and an ABI Genetic Analyzer from Perkin-Elmer/Applied
Biosystems (Foster City, CA), and 35S- PAPS (74.0 GBq/mmol)
and 3H-E1S (1594.7 GBq/mmol) from New England Nuclear
(Boston, MA).

Preparation of the cytosol and microsomal fractions of tissues and
cells. Cancer tissues from patients suffering from uterine en-
dometrial adenocarcinomas and normal endometria were ob-
tained from the Department of Pathology, Keio University
Hospital, and the National Saitama Hospital after pathological
examination, and were used according to the guidelines of the
Committee for Informed Consent. The tissues were homoge-
nized with a homogenizer (Polytron; Kinematica, Luzern, Swit-
zerland) in four volumes of 0.25 M sucrose, and then
centrifuged at 1000g for 10 min at 4°C to remove cell debris.
The supernatant was centrifuged at 100,000g for 60 min to ob-
tain the cytosol and microsomal fractions, and the microsomal
fraction was suspended in 0.25 M sucrose with the aid of soni-
cation. In a similar way, cytosol and microsomal fractions were
prepared from the following cultured cell lines: uterine en-
dometrial adenocarcinoma-derived cells, HEC-108 (poorly dif-
ferentiated type), SNG-M (moderately differentiated type),
SNG-II, HHUA and Ishikawa (well-differentiated type); uterine
cervical carcinoma-derived cells, TCS, SKG-II and SKG-IIIa
(large cell, non-keratinizing type); and ovarian carcinoma-de-
rived cells, RMG-1 and HAC-2 (clear cell type), HTBOA (un-
differentiated type), and HMKOA and MCAS (mucinous
cystadenocarcinoma), all of which were cultured on plastic
dishes in either Ham’s F12 or Dulbecco’s modified Eagle’s es-
sential medium supplemented with 10% FCS. The protein con-
centrations were measured by the protein dye binding method
with bovine serum albumin as the standard.18)

Assay of EST activity. E1 (40 nmol), in chloroform/methanol
(2/1, v/v), was put in the reaction tube, and then the solvent
was removed with a centrifugal evaporator. The assay mixture
comprised 10–40 µg of cytosol protein in 100 mM tris-HCl
buffer (pH 8.5), 10 µg of cyclodextrin, 10 mM dithiothreitol,
and 7.38 kBq of [35S]PAPS, in a total volume of 30 µl. After in-
cubation of the mixtures at 37°C for 2 h, the reaction was ter-
minated by the addition of 15 µl of ethanol, and then an aliquot
(20 µl) of each solution was applied on a plastic-coated TLC
plate, which was developed with chloroform/methanol/
acetone/acetic acid/water (8:2:4:2:1, by vol.). To identify the
radioactive products, standard ES was chromatographed on the
same plate and visualized with cupric acetate-phosphoric acid
reagent. After exposure of the plate to an X-ray film (RX-U;
Fuji, Tokyo), the area corresponding to E1S was cut out and
placed in a scintillation cocktail (ACS-II; Amersham, Piscat-
away, NJ), and the radioactivity incorporated into E1S was de-
termined with a liquid scintillation counter (Tri-Carb1500;
Packard/Perkin-Elmer, Foster City, CA).

Assay of ES sulfatase. The microsomal ES sulfatase activity
was determined using [6,7-3H]E1S as the substrate. The stan-
dard assay mixture comprised 100 mM tris-HCl buffer, pH 7.5,
0.1% Triton X-100, 80.6 µM [6,7-3H]E1S (10.7 nCi/nmol), and
50–100 µg of enzyme protein, in a total volume of 100 µl. Af-
ter incubation at 37°C for 1 h, the reaction was terminated by
the addition of 100 µl of chloroform/methanol (2:1, by vol.),
and then the lower organic phase was spotted onto a plastic-
coated plate, which was developed with benzene/ethyl acetate
(2:1, by vol.), with E1 as an authentic standard. The radioactiv-
ity in the area corresponding to that of E1 was determined with
a liquid scintillation counter as described above.

Reverse transcriptase-polymerase chain reaction (RT-PCR) cloning
of EST. The cDNA of EST was cloned from endometrial adeno-

carcinoma-derived cell line Ishikawa by means of RT-PCR. To-
tal RNA extracted from Ishikawa cells by the acid guanidine
thiocyanate-phenol-chloroform (AGPC) method19) was reverse-
transcribed to cDNA with reverse transcriptase (M-MuLV; Fer-
mentas, Hanover, MD) and an oligo-dT primer, and the PCR re-
actions were performed with primer pairs based on reported
sequences (GenBank Accession Number Y11195) correspond-
ing to the 5′- and 3′-coding regions of the open reading frame
of EST.20) The PCR amplification conditions were 35 cycles of
94°C for 1 min, 46°C for 1 min, and 72°C for 1.5 min, with 0.5
units of Taq polymerase (AmpliTaq Gold; Perkin-Elmer/Ap-
plied Biosystems) and 10 ng of cDNA as the template. The re-
sulting PCR products were applied to a 1.0% agarose gel,
separated by electrophoresis, and visualized by ethidium bro-
mide staining. The gel band containing the PCR product was
cut out and ligated into the pcDNA3.1-TOPO vector (TA clon-
ing kit, Invitrogen) (pcDNA3.1-hEST (human EST from Ish-
ikawa cells)). On the other hand, the cDNA of murine EST was
cloned from the placenta of mice at 18 days of gestation, and
then ligated into the BamHI and XbaI sites of pcDNA3.1
(pcDNA3.1-mpEST (murine placental EST)).21) The DNA se-
quences were determined by means of the dideoxynucleotide
chain-termination method with a BigDye Terminator cycle se-
quencing ready reaction kit and a DNA sequencer (ABI Genetic
Analyzer; Perkin-Elmer/Applied Biosystems).

Transfection of the EST gene. The pcDNA3.1-hEST and
pcDNA3.1-mpEST constructs prepared as above and the vector
alone were transfected into COS-7, Ishikawa, SNG-II and
RMG-1 cells using a Cellphect transfection kit, the transfec-
tants being selected based on their resistance to 600 µg/ml
G418 (Gibco/Invitrogen, Carlsbad, CA), a neomycin deriva-
tive, and the resultant cell colonies were isolated using a clon-
ing chamber (Iwaki, Tokyo). Then, the expression of His-Tag in
the individual colonies was determined by SDS-PAGE and
western blotting with anti-His-Tag antibodies in order to deter-
mine in which colonies the inserted plasmid was activated, and
the activity of EST in each of the His-Tag-positive cell lines
was examined by using the method described above. Among
the transfected cell lines of endometrial adenocarcinoma-de-
rived cells, ones exhibiting relatively higher specific activity of
EST were used for the experiment on estrogen-responsive cell
growth, which was examined with 1% charcoal-treated fetal
calf serum (FCS) in Ham’s F12 or Dulbecco’s modified Eagle’s
medium in the presence or absence of E2 (10−8 M).22) Cells
transfected with the vector alone were used as a control.

RT-PCR analysis. Total RNAs extracted from the cell lines by
the AGPC method were reverse-transcribed to cDNA as de-
scribed above, and then subjected to PCR under the following
conditions: EST (GenBank Accession Number Y11195), sense
primer, 5′-TTGTCATTGCCACCTACC-3′, antisense primer, 5′-
CACAAGCTCCTCTGATGGC-3′, 35 cycles of 94°C for 1
min, 56°C for 1 min, and 72°C for 1 min. ES sulfatase (Gen-
Bank Accession Number J04964), sense primer, 5′-ACTG-
CAACGCCTACTTAAATG-3′, antisense primer, 5′-AGG-
GTCTGGGTGTGTCTGTC-3′, 35 cycles of 94°C for 1 min,
50°C for 1 min, and 72°C for 1 min. The primers for glyceral-
dehyde-3-phosphate dehydrogenase (GAPDH) were used as a
control. The resulting PCR products were electrophoresed on a
1.2% agarose gel, stained with ethidium bromide, and then ex-
amined under a UV transilluminator. The densities of the bands
were measured with a Photoprint system (IP-008-8D; Cosmo-
bio, Tokyo).

Results

ES sulfatase and EST activities in human gynecological carcinoma-
derived cells. The properties of EST in cytosol fractions pre-
pared from the HEC-108 and Ishikawa cell lines were found to
872 Tanaka et al.



be identical with those of the murine placental enzyme as to the
optimum pH, Km, and requirements of cyclodextrin and a re-
ducing agent, and consequently the activities of EST in gyneco-
logical carcinoma-derived cells and tissues were determined
using the cytosol fractions according to the procedure described
previously.21) All cells exhibited EST activity in the range of
2.9 to 70.2 pmol/mg protein/h, and the activity in the endome-
trial carcinoma-derived cell lines was relatively higher than that
in the cervical and ovarian carcinoma-derived cell lines (Table
1). Meanwhile, the optimum conditions for ES sulfatase were
determined with the microsomal fraction of the HEC-108 cell
line. The addition of Triton X-100 at 1 mg/ml stimulated the
activity three-fold, and the other detergents, namely Nonidet P-
40, Tween 20, Tween 80, sodium cholate, sodium deoxycholate
and sodium taurocholate, at the same concentration enhanced
the activity to a lesser extent. When the activity was determined
in the presence of Triton X-100 (1 mg/ml), tris-HCl buffer
gave the highest activity among the buffers examined, that is,
triethanolamine-NaOH, imidazole-HCl and phosphate buffers,
and the optimum pH was 7.5. The activity was linear up to 80
µg of microsomal protein and up to 30 µM E1S, and the en-
zyme exhibited an apparent Km of 41.7 µM for E1S. Under the
conditions used, the specific activity of ES sulfatase was exam-
ined using the microsomes of various cell lines. As shown in
Table 1, significantly high specific activity was detected in the
Ishikawa cell line (14.7 nmol/mg protein/h), and the other cell
lines, established from uterine endometrial, uterine cervical,
and ovarian carcinomas, exhibited activities of 0.4 to 5.8 nmol/
mg protein/h, which were not correlated with the type of gyne-
cological carcinoma.

EST and ES sulfatase genes in human gynecological carcinoma-de-
rived cell lines. In accordance with the distribution of EST activ-
ity in human gynecological carcinoma-derived cell lines, EST
genes in the endometrial adenocarcinoma-derived cell lines
tended to be expressed at higher levels than those in the cervi-
cal and ovarian carcinomas (Fig. 1), while the ES sulfatase
gene was demonstrated to be expressed at relatively high levels
in the Ishikawa, SNG-II, SKG-IIIa and RMG-1 cell lines. Nev-
ertheless, the relative activities of EST and ES sulfatase in the
cell lines were not directly consistent with the levels of their
genes (Fig. 1 and Table 1). To compare the sequence of EST in
the cell lines with those reported in the literature, its entire cod-
ing region was isolated from the cDNA of Ishikawa cells by
RT-PCR and then ligated into the pCR2.1-TOPO vector. Three
differences in the nucleotide sequence, in comparison to that of
GenBank Accession Number Y11195,20) that is, adenine instead
of guanine at position 245, guanine instead of adenine at 403,
and cytosine instead of guanine at 840, were observed in the

hEST gene from Ishikawa, carrying missense mutations G82E,
T135A and D280E in the hEST gene-encoded enzyme.

Transfection of EST genes into cells. The human EST (hEST)
gene from Ishikawa cells in the pCR2.1-TOPO vector was sub-
cloned into the BamHI and XbaI sites of mammalian expression
vector pcDNA3.1 (pcDNA3.1-hEST), which was then trans-
fected into COS-7 cells, and the lysates of the resulting trans-
fectants were used to characterize the enzymatic properties. The
optimum pH with E1 as the substrate was 8.5, and the phenolic
hydroxyl groups in steroids and artificial substrates were found
to be sulfonated as acceptors. Among the substrates, E1 and E2
exhibited higher specific activities than those for estriol, p-ni-
trophenol, 4-methylumbelliferone, 4-nitrocatechol and p-hy-
droxybenzoic acid methyl ester, indicating that estrogens are
superior to artificial substrates for hEST.

Thus, the enzymatic properties, including the substrate speci-
ficity of hEST, were the same as those of mpEST, whose prop-
erties were determined using homogenates of COS-7 cells
transfected with pcDNA3.1-mpEST,21) as well as those of cyto-
solic ESTs prepared from human normal endometria and en-
dometrial adenocarcinoma tissues, and Ishikawa and HEC-108
cells, indicating that the differences in the nucleotide sequence
described above do not cause any significant alteration in the
essential enzymatic properties. Then, both pcDNA3.1-hEST
and pcDNA3.1-mpEST were transfected into SNG-II and Ish-
ikawa cells to establish cell lines with enhanced EST activity.

Table 1. Activities of EST and ES sulfatase in human gynecological carcinoma-derived cell lines

Cell line EST
(pmol/mg protein/h)

ES sulfatase
(nmol/mg protein/h)

Uterine endometrial 
adenocarcinoma-derived 
cells

SNG-II 66.9 2.2±0.3
HHUA 18.0 4.2±0.3
Ishikawa 62.0 14.7±1.8
SNG-M 29.1 2.9±0.1
HEC-108 70.2 3.5±0.2

Uterine cervical 
carcinoma-derived cells

TCS 33.4 0.7±0.1
SKG-IIIa 2.9 5.8±1.5
SKG-II 14.9 0.4±0.1

Ovarian 
carcinoma-derived cells

RMG-1 10.7 1.6±0.1
HMKOA 17.2 1.3±0.1
MCAS 4.8 1.5±0.1
HTBOA 9.5 2.6±0.1
HAC-2 6.1 4.9±0.1

1 2 3 4 5 6 7 8 9

A

B

C

Fig. 1. Expression of the ES sulfatase (A), EST (B) and GAPDH (C) genes
in human gynecological carcinoma-derived cells, as judged on RT-PCR.
The PCR products obtained under the conditions given in the text were
electrophoresed on a 1.2% agarose gel, stained with ethidium bro-
mide, and then examined under a UV transilluminator. 1, Ishikawa; 2,
SNG-II; 3, HEC-108; 4, SNG-M; 5, SKG-IIIa; 6, RMG-1; 7, HMKOA; 8, HAC-
2; 9, MCAS.
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After selection with G418, individual colonies isolated in a
cloning chamber were monitored as to their reactivity with anti-
His Tag antibodies, and their EST activities in cell homoge-
nates and cytosol fractions, respectively. Among the cell clones,
ones exhibiting higher EST activities, together with expression
of the His Tag, were selected, as shown in Table 2. The result-
ant cell clones of Ishikawa and SNG-II cells transfected with
either pcDNA3.1-hEST or pcDNA3.1-mpEST exhibited signif-
icantly higher EST activities than those of cells transfected with
the vector alone and the original cells, though their ES sulfatase
activities were not affected by the transfection of EST (Table
2).

Effect of transfection of the EST gene on estrogen-dependent cell
growth. Cell clone 1 of each transfectant was cultured in the
presence and absence of 10 nM E2, with exchange of the me-
dium every 4 days, and the number of cells was determined af-
ter treatment with trypsin. As shown in Fig. 2, the number of
Ishikawa cells in the medium with E2 continuously increased
till 18 days, whereas that without E2 reached saturation at 14

days after cultivation, indicating that Ishikawa cells have the
potential of estrogen-dependent cell growth. However, under
the same conditions, no stimulation of cell growth with E2 was
observed in Ishikawa cell clone 1 with enhanced EST activity
on transfection of pcDNA3.1-hEST, indicating that sulfoconju-
gation, when it overwhelms desulfation through transfection of
the EST gene, abolishes the estrogen activity for stimulation of
cell growth. Moreover, as shown in Fig. 3, the enhanced activ-
ity of EST on transfection of either pcDNA3.1-hEST or
pcDNA3.1-mpEST into Ishikawa cells was found to cause a
loss of the estrogen-dependency after cultivation in the medium
with and without E2 for 18 days. On the other hand, the cell
growth of the original SNG-II cells was not stimulated by E2,
regardless of estrogen stimulation, probably due to the low ac-
tivity of ES sulfatase.

EST and ES sulfatase in uterine endometria and endometrial ade-
nocarcinomas. We then examined the activities of EST and ES
sulfatase in human uterine endometria and endometrial adeno-
carcinoma tissues to evaluate the possible involvement of sulfo-
conjugation in the regulation of the estrogen activity in these
tissues. As shown in Table 3, EST activity in the uterine en-

Table 2. EST activities in Ishikawa and SNG-II cells transfected with pcDNA3.1-
hEST and pcDNA3.1-mpEST

EST ES sulfatase
(nmol/mg protein/h)

Ishikawa cells pcDNA3.1 clone 1 0.06±0.01 10.6±0.8
clone 2 0.05±0.01 11.8±0.5
clone 3 0.05±0.01 —

pcDNA3.1-hEST clone 1 2.5±0.3 10.3±0.4
clone 2 1.9±0.1 13.2±0.3
clone 3 0.8±0.1 —

pcDNA3.1-mpEST clone 1 1.8±0.2 12.7±0.2
clone 2 0.9±0.1 12.4±0.2
clone 3 0.8±0.1 —

SNG-II cells pcDNA3.1 clone 1 0.06±0.01 2.5±0.1
clone 2 0.06±0.01 2.0±0.1
clone 3 0.07±0.01 —

pcDNA3.1-hEST clone 1 0.9±0.1 2.5±0.2
clone 2 0.7±0.1 2.5±0.1
clone 3 0.7±0.1 —

pcDNA3.1-mpEST clone 1 0.8±0.1 2.3±0.1
clone 2 0.7±0.1 2.0±0.2
clone 3 0.7±0.1 —

—, not determined.
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Fig. 2. Change in cell number of Ishikawa cells and their transfectants
with pcDNA3.1-hEST in medium with and without estradiol. Ishikawa
cells cultured in the presence ( ) and absence ( ) of estradiol, and
Ishikawa cells with pcDNA3.1-hEST cultured in the presence ( ) and
absence ( ) of estradiol (10−8 M).
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Fig. 3. Cell numbers of Ishikawa and SNG-II cells, and their transfec-
tants with pcDNA3.1-hEST and pcDNA3.1-mpEST cultured in the pres-
ence (E+) and absence (E−) of estradiol (10−8 M) for 18 days. A: 1,
Ishikawa (E−); 2, Ishikawa (E+); 3, Ishikawa-pcDNA3.1 (E−); 4, Ishikawa-
pcDNA3.1 (E+); 5, Ishikawa-pcDNA3.1-hEST (E−); 6, Ishikawa-pcDNA3.1-
hEST (E+); 7, Ishikawa-pcDNA3.1-mpEST (E−); 8, Ishikawa-pcDNA3.1-
mpEST (E+). B: 1, SNG-II (E−); 2, SNG-II (E+); 3, SNG-II-pcDNA3.1 (E−); 4,
SNG-II-pcDNA3.1 (E+); 5, SNG-II-pcDNA3.1-hEST (E−); 6, SNG-II-
pcDNA3.1-hEST (E+); 7, SNG-II-pcDNA3.1-mpEST (E−); 8, SNG-II-
pcDNA3.1-mpEST (E+).
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dometria during the follicular phase was higher than that during
the luteal phase, but, in contrast, ES sulfatase in the luteal
phase was more active than that in the follicular phase. In the
tissues of patients suffering from endometrial adenocarcinomas,
the activities of ES sulfatase were lower than those in the nor-
mal endometria during both phases, and were not correlated
with the grade of malignancy (Table 4). Also, all tissues exam-
ined exhibited lower ES sulfatase activities than those in nor-
mal endometria and endometrial adenocarcinoma-derived cells.
On the other hand, EST in the cancerous tissues from 22 of the
24 patients exhibited similar or lower activities than those in
normal endometria during the luteal phase, and no correlation
between the specific activities and the grade of malignancy was
observed. In addition, the tissues in which EST activities were
higher than in Ishikawa cells numbered 3 out of 24, but the ac-
tivities were significantly lower than those in the transfectants
with pcDNA3.1-hEST and pcDNA3.1-mpEST. Thus, sulfocon-
jugation might be not involved in the regulation of estrogen ac-
tivity in uterine endometrial adenocarcinoma tissues.

Discussion

Steroids are known to be converted to sulfoconjugates by cyto-
solic sulfotransferase, and the resultant steroid sulfates exhibit
higher solubility in aqueous media than the original steroids,
acting as metabolic intermediates in steroidogenesis, and facili-
tating excretion from the body.23–25) In addition, endocrine tis-
sues with steroid receptors utilize the sulfation reaction to
inhibit the binding of ligands with the respective receptors,
though the nature of the involvement of sulfotransferase and
sulfatase in the control of hormonal signals is not clearly under-
stood yet. In particular, although the endocrine-disrupting na-
ture of EST has been demonstrated by transfection of EST into
endometrial adenocarcinoma-derived Ishikawa cells22) and
breast carcinoma-derived cells,26, 27) the actual relationship be-
tween the activities of the two enzymes and the response to
hormonal stimuli is obscure at present. Consequently, the
present work was undertaken to explore the contribution of an-
abolic and catabolic enzymes of ES to the regulation of estro-
gen activity after determination of the optimum conditions for
EST and ES sulfatase in the cytosol and microsomal fractions
of uterine endometrial adenocarcinoma-derived cells, respec-
tively. Among 13 gynecological carcinoma-derived cells, Ish-
ikawa cells exhibited the highest ES sulfatase activity, which
seemed to contribute to their estrogen-dependent cell growth.
One of the reasons why SNG-II cells did not exhibit estrogen-
dependent cell growth was thought to be their lower ES sulfa-
tase activity than that in Ishikawa cells. To clarify the involve-
ment of ES sulfatase in the estrogen-dependent cell growth of
endometrial carcinoma-derived Ishikawa cells, the EST gene
was isolated from the cDNA of Ishikawa cells, and its nucle-
otide sequence was compared with that of human endometrial
EST. As described in this paper, among the 885 nucleotides of
normal endometrial EST in GenBank Accession Number
Y11195,20) three nucleotides at positions 245, 403 and 840 in
the hEST gene from Ishikawa cells were found to be different
from those of endometrial EST, giving an enzyme protein dif-
fering in three amino acids from the 284 amino acids of en-
dometrial EST. However, as determined with enzymes
expressed after transfection of pcDNA3.1-hEST and
pcDNA3.1-mpEST into COS-7 cells, the substrate specificities
of hEST in Ishikawa cells were essentially identical to those of
mpEST, showing higher affinity for estrogen than for phenol
derivatives, even though the amino acid homology between
hEST and mpEST was 78%. Also, the specific activity of hEST
was identical with that of mpEST. Consequently, ESTs from
different animal species appear to possess essentially the same
activities even if only the arrangement of the amino acids in the
active site of the enzyme protein is well conserved. Therefore,
the mutation of hEST in Ishikawa cells was concluded to be un-
related to the active site, and to have no effect on the substrate
specificity and activity of EST. In fact, on transfection of the
hEST gene, the activity of EST in the cytosol fraction increased
dramatically, resulting in inability of exogenous estrogen to in-
hibit the binding with the estrogen receptor owing to sulfocon-
jugation. The specific activity of EST in a clone of Ishikawa
cells not showing estrogen-dependent cell growth was 30 times
that in the original cells, but was still less than one-fourth of the
ES sulfatase activity, which was not altered even after the trans-
fection. In the case of Ishikawa cells, ES sulfatase with a spe-
cific activity of around 10 nmol/mg protein/h was concluded
to be insufficient to eliminate the potential sulfoconjugation by
EST with a specific activity of about 1–2 nmol/mg protein/h,
but was able to maintain the ability to respond to steroid stimuli
in the presence of EST with a specific activity of 0.05 nmol/mg
protein/h, suggesting the importance of the EST and ES sulfa-
tase activity ratio. Probably the reason why the exogenous es-
trogen was inactivated by EST with a lower specific activity

Table 3. Activities of EST and ES sulfatase in the luteal and follicular
phases of human uterine endometria

EST
(pmol/mg protein/h)

ES sulfatase
(nmol/mg protein/h)

1 55.5±1.8 8.0±0.5
2 40.0±4.5 4.6±0.3

Luteal phase 3 9.6±0.7 6.1±0.4
4 34.8±5.6 2.2±0.3
5 18.0±3.2 2.9±0.1

1 108.0±5.8 2.9±0.3
2 143.0±4.6 1.5±0.4

Follicular phase 3 98.7±3.0 2.1±0.1
4 144.0±2.1 1.6±0.2
5 64.3±1.9 1.5±0.1

Table 4. Activities of EST and ES sulfatase in human uterine en-
dometrial adenocarcinomas with different grades of malignancy

Endometrial 
adenocarcinoma

Grade of malignancy

EST
(pmol/mg protein/h)

ES sulfatase
(nmol/mg protein/h)

Grade 1 1 0.0 0.27±0.02
2 32.5±2.2 0.13±0.01
3 12.5±1.5 0.12±0.01
4 66.5±4.2 0.28±0.01

Grade 2 1 255.0±12.1 0.59±0.03
2 15.0±2.0 0.42±0.03

Grade 3 1 18.5±1.9 0.30±0.03
2 20.0±3.0 0.21±0.01
3 0.0 0.30±0.01
5 5.0±0.6 0.08±0.01

Undefined 1 25.5±2.2 0.22±0.02
2 20.0±3.2 0.26±0.02
3 13.5±1.7 0.19±0.02
4 31.5±2.8 0.28±0.02
5 15.0±0.9 0.27±0.01
6 5.5±2.7 0.35±0.01
7 37.0±4.5 0.34±0.01
8 12.5±1.1 0.15±0.01
9 18.0±1.5 0.22±0.02

10 27.0±1.5 0.35±0.02
11 41.5±5.6 0.43±0.03
12 25.5±3.1 0.40±0.03
13 40.5±6.1 0.16±0.01
14 116.5±14.5 0.39±0.02
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than that of ES sulfatase is the different intracellular distribu-
tions of EST and ES sulfatase; they are cytosolic soluble and
membranous insoluble enzymes, respectively. Compared with
insoluble enzymes, which are reactive on the membrane sur-
face, the soluble EST might readily express its activity in the
cytosol, making effective conversion to sulfoconjugates possi-
ble in the transfection experiment. Since all clones of Ishikawa
cells transfected with either hEST or mpEST exhibited a spe-
cific activity of EST of more than 0.7 nmol/mg protein/h and
lost the ability of estrogen-dependent cell growth, the role of
the marginal activity of EST in maintaining the estrogen-depen-
dency of cell growth could not be clarified in the transfection
experiment. Among normal and carcinoma tissues, the uterine
endometria during the luteal phase only exhibited relatively
high ES sulfatase specific activity. However, as long as the EST
activity was at a low level, a sufficiently high level of ES sulfa-

tase seemed not to be necessary for direct regulation of the es-
trogen binding to the receptor. A comparison of the activities of
the two enzymes in the endometria between the luteal and folli-
cular phases indicated that the cleavage and synthetic potentials
of ES tended to be predominant, operating in the directions of
enhancement and suppression of estrogen activity, in the luteal
and follicular phases, respectively. However, both the EST and
ES sulfatase activities in the majority of carcinoma tissues were
lower than those in normal tissues, irrespective of the grade of
malignancy, indicating that neither enzyme is directly involved
in the regulation of estrogen activity in endometrial adenocarci-
nomas.
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