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Abstract. Pyrethroid insecticides are among the most commonly used classes of insecticides 
worldwide, but their endocrine disrupting activities remain unclear.  Therefore, in the present study, 
we examined the estrogenic activities of pyrethroid insecticides in E-screen and competition binding 
assays.  In addition, we measured estrogen receptor (ER) protein and pS2 mRNA levels in human 
breast cancer cells (MCF-7 BUS) to clarify the mechanism of their estrogenicity.  Seven pyrethroid 
insecticides (bioallethrine, cypermethrin, deltamethrin, fenvalerate, permethrin, sumithrin, and 
tetramethrin) were tested because of their worldwide usage.  In addition, 17β-estradiol was tested as a 
positive control.  As expected, 17β-estradiol significantly increased MCF-7 BUS cell proliferation at 
concentrations of 10–11 M and above.  Of the pyrethroid insecticides tested, only sumithrin increased 
MCF-7 BUS cell proliferation in a dose-dependent manner; the maximum induction of cell 
proliferation was observed at a dose of 10–5 M.  In the anti-estrogenic activity test, bioallethrin, 
fenvalerate, and permethrin significantly inhibited 17β-estradiol-induced MCF-7 BUS cell 
proliferation at 10–6 M, a concentration comparable to the effective dose (10–9 M) of ICI 182,780, a pure 
ER antagonist.  However, none of the pyrethroid insecticides competitively inhibited the binding of 
[3H]estradiol to rat uterus ERs in competition binding assays.  Both 17β-estradiol (10–10 M) and 
sumithrin (10–5 M) decreased the levels of cytosolic ERα and ERβ protein expression significantly as 
compared with the vehicle control.  In addition, 17β-estradiol (10–10 M) increased pS2 mRNA 
expression markedly, and sumithrin significantly increased pS2 mRNA levels in a dose-dependent 
manner.  The other six compounds tested in the present study did not affect ER protein levels or pS2 
mRNA levels.  These results suggest that certain pyrethroid insecticides may be considered to be 
estrogen-like chemicals that act through pathways other than direct ER binding, and may function as 
endocrine modulators in both wildlife and humans.
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any natural and synthetic chemicals in the 
environment may disrupt endocrine systems 

by mimicking or inhibiting the action of steroid 
hormones, thereby producing reproductive and 
developmental disorders in both wildlife and 
humans [1, 2].  There have been a number of studies 
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to clarify the potential adverse effects of these 
chemicals, referred to as endocrine disruptors 
(EDs).  Endocrine disruption research is one of the 
highest priority areas in environmental toxicology, 
and several strategies for evaluation of the adverse 
effects of EDs have been developed over the past 
several years [3–5].  Furthermore, there is a great 
need for reliable testing methods that can rapidly 
detect a large number of probable or possible EDs. 
As a result, numerous methodologies for screening 
and testing the potential endocrine disrupting 
effects of chemicals have been developed [3–5]. 
The U.S.  Environmental Protection Agency (EPA) 
has recommended screening strategies to detect 
EDS that are agonistic or antagonistic to estrogen/
androgen receptors, that are steroid biosynthesis 
inhibitors, or that alter thyroid function both in 
vitro and in vivo [6, 7].  In vitro combination assays 
are powerful tools for rapidly screening large 
numbers of chemicals and for understanding the 
mechanisms of their actions.  In the present study, 
we evaluated the estrogenicity of pyrethroid 
insecticides using two in vitro combination assays, 
E-screen and competitive estrogen receptor (ER) 
binding.

Pyrethroid insecticides are the most common 
pesticides currently used to control agricultural 
and indoor pests [8].  Synthetic pyrethroids are 
analogs of the natural chemical moiety pyrethrin, 
which is derived from the pyrethrum plant, 
Chrysanthemum cinerariaefolium.  These compounds 
are suspected EDs [1].  Recently, some pyrethroid 
insecticides were evaluated for their estrogenic or 
anti-estrogenic activities using in vitro combination 
assays, such as cell proliferation and estrogen-
sensitive pS2 expression assays [9–12].  However, 
the results of these studies are controversial.  Some 
showed positive estrogenic activity in MCF-7 cell 
proliferation and pS2 mRNA expression assays [9, 
10].  On the other hand, certain pyrethroid 
insecticides did not show any estrogenic or anti-
estrogenic activity in vitro [11].  Moreover, four 
pyrethroid insecticides (permethrin, cypermethrin, 
fenvalerate, and phenothrin) did not induce 
estrogenic activity in an in vitro luciferase reporter 
gene assay using the metabolic activation system 
[12].   These results were confirmed with a 
uterotrophic assay in which none of the pyrethroid 
insecticides tested (esfenvalerate, fenvalerate, and 
permethrin) exhibited any estrogenic activity [13]. 
Although in vitro  combination assays have 

indicated that certain pyrethroid insecticides have 
weak estrogenic  act ivi ty ,  their  estrogenic  
mechanisms of action are not understood and little 
is known about their associations with the ERs. 
Measurements of ER expression levels in response 
to pyrethroid insecticides would provide useful 
information for evaluating their estrogenic or anti-
estrogenic activities.

The aims of the present study were to assess the 
estrogenic or anti-estrogenic activities of seven 
pyrethroid insecticides (bioallethrin, cypermethrin, 
deltamethrin, fenvalerate, permethrin, sumithrin, 
and tetramethrin) in the E-screen and competitive 
ER binding assays.  In addition, ERα and ERβ 
expression and pS2 mRNA levels were measured in 
MCF-7 BUS ce l ls  to  c lar i fy  the  estrogenic  
mechanism of action of the pyrethroid insecticides.

Materials and Methods 

Chemicals and reagents
17β-Estradiol, dimethylsulfoxide (DMSO), and 

sulforhodamine B (SRB) were purchased from 
Sigma Chemical Co. (St. Louis, MO, USA).  ICI 
182,780 was purchased from Tocris Chemical Co. 
(Bristol, UK).  Dulbecco’s modified Eagle’s medium 
(DMEM), fetal bovine serum (FBS), penicillin-
streptomycin, and 0.25% (w/v) trypsin-EDTA were 
purchased from Gibco BRL (Grand Island, NY, 
USA).  Non-fat dry milk was purchased from Bio-
Rad Co. (Hercules, CA, USA).  Anti-ERα and ERβ
antibodies were purchased from Santa Cruz 
Biotechnology Inc. (Santa Cruz, CA, USA). 
Hybond-P filters, enhanced chemiluminescence 
system (ECL plus), and 2,3,6,7-[3H]estradiol were 
p u r c h a s e d  f r o m  A m e r s h a m  P h a r m a c i a  
(Buckinghamshire, UK).  Bioallethrin (purity 99%), 
cypermethrin (purity 98%), deltamethrin (purity 
99%), permethrin (purity 98%), sumithrin (purity 
97%),  and tetramethrin (purity 98%) were 
purchased from Chem Service (West Chester, PA, 
USA) and were dissolved in culture-grade DMSO. 
Fenvalerate (purity 99.9%) was purchased from 
Riedel-de Haën (Seelze, Germany).

Cell culture conditions
Estrogen sensitive human breast cancer cells 

(MCF-7 BUS) were kindly provided by Dr. Soto of 
Tufts University.  MCF-7 BUS cells were grown and 
maintained in DMEM supplemented with 5% (v/v) 
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FBS, 1% (v/v) penicillin-streptomycin, 20 mM 
sodium bicarbonate, and 1 mM sodium pyruvate. 
Cells were incubated at 37 C in a humidified 
atmosphere of 95% air and 5% CO2.

E-Screen assay
This assay was carried out using a modification 

of Soto’s E-screen assay [14].  Briefly, subconfluent 
MCF-7 BUS cells grown in 5% FBS-supplemented 
DMEM in 25-cm2 cell culture flasks (Corning 
430639; Corning Co., NY, USA) were washed with 5 
ml of phosphate buffered saline (PBS; pH 7.4) and 
trypsinized.  Cells were resuspended in 5% FBS-
supplemented DMEM and plated onto 96-well 
plates (Falcon 353072; Falcon Co., NJ, USA).  The 
cell density at this stage was 1500 cells per well, and 
the culture plates were maintained at 37 C under 
5% CO2 in air.  After 24 h, the medium was 
removed and replaced with experimental medium 
containing the test chemicals.  The experimental 
medium consisted of phenol red-free DMEM 
supplemented with FBS that was treated with 5% 
charcoal-dextran (CD-FBS) to minimize its  
estrogenic activity.  The culture was continued for 
six days, and then the SRB assay was conducted to 
measure cell proliferation.  The optical density was 
measured at 570 nm (reference 630 nm) using a 
microplate reader (ELx808; DI bio-tek, Winooski, 
VT, USA).  The readings from six culture wells 
were averaged and expressed as the fold-induction 
of control cultures.

Competitive ER binding assay
T h e  a s s a y  w a s  p e r f or m ed  a s  d es cr i b e d  

previously by Kim et al. [15] with only slight 
modifications [16].  Briefly, the competitive binding 
assay was conducted using cytosol isolated from 
Sprague-Dawley rat (15-week-old) uteri.  Sprague-
Dawley Crl:CD female rats were obtained from the 
Korea FDA Laboratory Animal Resources (Seoul, 
Korea), they were handled in an accredited Korea 
FDA animal facility in accordance with the 
AAALAC International Animal Care Policy 
( A c c r e d i t e d  U n i t ,  K o r e a  F o o d  a n d  D r u g  
Administration: Unit Number, 000936) and were 
maintained in a specified pathogen-free (SPF) state. 
Rats were housed three animals per cage in 
p o l y c a r b on a t e  c a g e s  u n d e r  c o n t r o l l e d  
environmental conditions, including a temperature 
23 ± 2 C , a relative humidity of 50 ± 10%, and a 12-
h light-dark cycle.  Uterus cytosol was prepared 

from female rats approximately 10 days after 
ovariectomization (OVX).  The rats were sacrificed 
by cervical dislocation, and the uteri were excised, 
trimmed of excessive fat, and weighed.  One gram 
of tissue was placed in 10 ml of ice-cold buffer 
solution containing 10 mM Tris-HCl, pH 7.4, 1.5 
mM ethylene diamine tetraacetic acid (EDTA), 10 
mM dithiothreitol (DTT), and 10% (v/v) glycerol 
(TEDG buffer ) .   The  uter ine  t i ssues  were  
homogenized at 4 C with a polytron homogenizer 
(Brinkman Instruments, Westbury, NY, USA) using 
5-s bursts and centrifuged at 105,000 × g for 60 min 
at 4 C.  After centrifugation, supernatants were 
decanted into 15-ml conical  tubes,  protein 
concentrations were adjusted to approximately 2 
mg/ml in phosphate buffer (pH 7.4), and samples 
were stored at –70 C until used in assays.

Aliquots (50 µl) of rat uterus cytosol were 
incubated with 10 µl of selected concentrations of 
competitor and 10 µl of [3H]estradiol (2 × 10–9 M 
final assay concentration) in duplicate tubes.  Each 
reaction mixture was brought to a final volume of 
430 µl with 50 mM Tris buffer (pH 7.4).  Reaction 
mixture tubes were placed in a drum roller and 
incubated at 4 C for 20 h.  After incubation, free 
hormone was removed by incubation with 5% 
charcoal-0.5% dextran at 4 C for 30 min.  The 
mixtures were then centrifuged at 800 × g, and the 
supernatants were decanted into glass vials 
containing scintillation cocktail.  Radioactivity was 
measured in a liquid scintillation counter (Wallac 
1450; Wallac, Milton Keynes, UK).  The relative 
binding affinities of competitors were calculated as 
the ratio of the concentration of unlabelled 17β-
estradiol to that of the competitive material 
required to inhibit specific [3H]estradiol binding at 
50% of the 17β-estradiol value.

Estrogen receptor (ERα and ERβ) expression
MCF-7 BUS cells were plated at a density of 2.5 × 

105 cells per 10-cm2 culture dish (Corning 430167; 
Corning Co., NY, USA) and incubated for 24 h.  The 
medium was then changed to phenol red-free 
DMEM supplemented with 5% CD-FBS, and the 
cells were incubated for 48 h.  Then, the cells were 
treated with sumithrin and incubated for a further 
48 h.  The cells were washed twice with cold PBS, 
and 250 µl of lysis buffer containing 0.5% (v/v) 
Triton X-100, 0.15 M NaCl, 50 mM Tris-HCl, pH 7.4, 
2 5  m M  N a F ,  2 0  m M  e t h y l e n e  b i s  
(oxyethylenenitrilo) tetra-acetic acid (EGTA), 1 mM 
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DTT, 1 mM Na3VO4 and a protease inhibitor 
cocktail (Sigma, St. Louis, MO, USA) were added. 
The protein concentration of the cell extract was 
determined in triplicate according to the method of 
Bradford, using crystalline BSA (Sigma, St. Louis, 
MO, USA) as the protein standard.  Equal amounts 
of total protein were separated by 10% (v/v) 
sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE) and transferred onto 
nitrocellulose membranes (Bio-rad, Hercules, CA, 
USA).  The membranes were blocked with 5% (w/
v) non-fat dry milk in PBS containing 0.1% (v/v) 
Tween-20 (PBST).  After a brief wash with PBST, 
the levels of ERα and ERβ were determined using 
anti-ERα and anti-ERβ antibody, respectively, and 
horseradish peroxidase (HRP)-conjugated 
secondary antibody (Santa Cruz).  Immunoreactive 
bands were visualized using the Enhanced 
Chemiluminescence System (ECL plus; Amersham 
pharmacia).  Relative band intensities were 
determined using an Image Analyzer (Uvidoc; 
Uvitec, Cambridge, UK)  .

pS2 mRNA expression
MCF-7 BUS cells were plated at a density of 2.5 ×

105 cells per 10-cm dish and incubated for 24 h.  The 
medium was changed to phenol red-free DMEM 
supplemented with 5% charcoal-dextran FBS, and 
the cells were incubated for 48 h.  Then, the cell 
cultures were each treated with a test compound 
and incubated for 48 h.  All cells were harvested at 
the same time.  Total RNA was purified with 
TRIzol reagent (Invitrogen, Carlsbad, CA, USA) 
according to the manufacturer’s protocol.  The 
sequences of  the primers  for  pS2 were 5’ -
GGCCACCATGGAGAACAAGG-3’  and 5 ’ -
CCCCACGAACGGTGTCGTCGAA-3’, and those 
for 1A (used as an intrinsic control) were 5’-
GATATAGCATTCCCACGAATA-3’ and 5’-
GGGCTTTTGCTCATGTGTCAT-3’.  The reaction 
conditions for pS2 were 95 C for 5 min followed by 
20 cycles of 95 C for 1 min, 50 C for 1 min, and 72 C 
for 1 min 30 s with a final template extension at 72 C 
for 15 min.  Those for 1A were 95 C for 5 min 
followed by 20 cycles of 95 C for 1 min, 50 C for 1 
min, and 72 C for 1 min 30 s with a final template 
extension at 72 C for 15 min.  After the reactions 
were complete, the PCR products were separated in 
1.5% (w/v) agarose gels containing 0.1% (v/v) 
ethidium bromide.  The net intensities of the bands 
corresponding to pS2 and 1A mRNA were 

analyzed with Kodak digital identification image 
analysis software (Eastman Kodak Co., Rochester, 
NY, USA).  The pS2 mRNA level was determined 
by normalizing the pS2 net intensity to the 1A 
mRNA net intensity.

Statistical analysis
All data are expressed as means ± SD.  Statistical 

analysis was performed using one-way analysis of 
variance (ANOVA) and Dunnett’s test; p values of 
< 0.01 were considered statistically significant.

Results

E-Screen assay
The proliferation of MCF-7 BUS cells was 

estimated after the cells had been treated for six 
days with one of seven different pyrethroid 
i n s e c t i c i d e s  o r  w i t h  1 7 β - e s t r a d i o l  a s  a  
physiologically positive control.  The chemical 
structures of the tested compounds are shown in 
Fig. 1.  None of the compounds tested were 
cytotoxic to MCF-7 BUS cells, even at the highest 
concentrations used.  As expected, 17β-estradiol 
induced cell proliferation in a dose-dependent 
manner.  The maximum proliferative activity of 
17β-estradiol was observed at a concentration of 10–

10 M, and the proliferation rate was 4.8 folds higher 
than that of the control culture (Fig. 2A).  In the 
absence of  17β -estradiol ,  MCF-7 BUS cel ls  
proliferated slightly when incubated for six days. 
Of the seven pyrethroid insecticides,  only 
sumithrin induced a dose-dependent increase in 
MCF-7 BUS cell proliferation, with significant 
effects at concentrations of 10–7 M to 10–5 M.  The 
maximum proliferative effect was 70% of that of 
17β-estradiol (Fig. 2B).  Bioallethrin, cypermethrin, 
deltamethrin, fenvalerate, permethrin, and 
tetramethrin did not induce MCF-7 BUS cell 
proliferation at any concentration (data not shown). 
To evaluate their anti-estrogenic properties, cells 
were treated with 10–6 M of each pyrethroid 
insecticide and 10–9 M of ICI 182,780.  Our results 
showed that ICI 182,780 (10–9 M), a pure ER 
antagonist, was sufficient to inhibit 17β-estradiol-
induced MCF-7 BUS cell proliferation.  Likewise, 
bioallethrin, fenvalerate and permethrin also 
inhibited MCF-7 BUS cell proliferation induced by 
17β-estradiol, but other pyrethroid insecticides did 
not affect 17β-estradiol-induced cell proliferation 



249IN VITRO ESTROGENICITY OF PYRETHROIDS
(Fig. 3).

ER competitive-binding assay 
Cytosol prepared from the OVX rat uteri was 

incubated with [3H]estradiol and increasing 
concentrations of radio-inert 17β-estradiol.  As 
expected, 17β-estradiol effectively competed with 
[ 3 H ] e s t r a d i o l  f or  b i n d i n g  t o  E R  a t  t h e  
concentrations tested and was found to have an 
IC50 of 5 × 10–10 M (Fig. 4).  In contrast, sumithrin 
did not show any binding to ER (Fig. 4).  In 
addition, other pyrethroid insecticides examined 
did not compete with [3H]estradiol for binding to 
ER at any concentration (Data not shown).

 Expression of ERα and ERβ
ERα and ERβ protein levels were measured in 

MCF-7 BUS cells following treatment with 17β-
estradiol and sumithrin for 48 h.  The background 
levels of ERα and ERβ proteins in MCF-7 BUS cells 
treated with vehicle were regarded as 100%.  17β-
Estradiol (10–10 M) decreased the ERα protein levels 
significantly compared with those of the control 

culture (53% of control).  Similarly, ERα protein 
levels were decreased significantly by sumithrin at 
concentrations of 10–7, 10–6 and 10–5 M (76, 73 and 
64% of control, respectively) (Fig. 5).  The ERβ
protein level was decreased by 17β-estradiol at 10–10

M and significantly by sumithrin at 10–7, 10–6 and 10–

5 M (82, 56 and 48% of control, respectively) (Fig. 6).

Expression of pS2 mRNA
To understand the estrogenic properties of 

sumithrin, we measured pS2 mRNA levels in MCF-
7 BUS cells by RT-PCR analysis.  Induction of the 
pS2 gene is widely used as a biomarker for the 
estrogenic activity of test compounds because it is 
induced strongly by estrogens or estrogen-like 
chemicals [17].  As expected, 17β-estradiol (10–10 M) 
induced a increase in pS2 mRNA level compared 
with the control culture (Fig. 7).  Similarly, 
sumithrin (from 10–7 to 10–5 M) also induced a slight 
increase in pS2 mRNA level.  The highest level of 
induction was observed at 10–5 M sumithrin (137% 
of control).

Fig. 1. Chemical structures of the pyrethroid insecticides tested.



KIM et al.250
Discussion

We tested the estrogenic potencies of pyrethroid 
insecticides in the E-screen assay.  With the 
exception of sumithrin, none of the pyrethroid 
insecticides examined induced proliferation of 
MCF-7 BUS cells in our assay system.  Sumithrin 

showed weak estrogenic activity based on a 
maximum MCF-7 BUS cell proliferation that was 
equivalent to 70% of that of 17β-estradiol.  These 
results are in partial agreement with those of 
previous reports in which pyrethroid insecticides 
did not show any estrogenic activity in MCF-7 cell 
proliferation assay [11], and that certain pyrethroid 
insecticides (fenvalerate, d-phenothrin, permethrin, 
and cypermethrin) did not exhibit estrogenicity in a 
reporter  gene assay with or  without l iver  
microsomes or S9 mix [12].  In contrast, Go et al. [10] 
found that fenvalerate, d-allethrin, and sumithrin, 
at concentrations of 10–5 M, induced MCF-7 cell 
proliferation at a level comparable to the effect of 
17β -estradiol .   More recently,  fenvalerate,  
cypermethrin, deltamethrin, and permethrin were 
shown to exhibit partial agonistic effects, and the 
estrogenic effect was blocked by the addition of ICI 
182,780 in the E-screen assay [18].  In the present 
study, only sumithrin (10–5 M) stimulated MCF-7 
BUS cell proliferation significantly, but sumithrin 
did not inhibit 17β-estradiol-induced MCF-7 BUS 
cell proliferation.  Bioallethrin, fenvalerate and 
permethrin significantly inhibited 17β-estradiol-
induced MCF-7 BUS cell proliferation comparable 
to that of 10–9 M of ICI 182,780.  These results are 
similar to those of Chen et al. [18].  Based on these 
results,  we propose that certain pyrethroid 
insecticides may act as estrogen agonists or 
antagonists through either an ER-mediated 
pathway or an alternative signaling pathway in 
MCF-7 BUS cells.

The E-screen assay is widely used as a primary 
screening method to detect a large numbers of 
estrogenic compounds [14, 19].  Although the E-
screen assay is a simple and highly reproducible 
method of testing the estrogenicity of chemicals, 
false positive and false negative responses have 
been found depending on the exact method used 
[20, 21].  In fact, there is variability in E-screen assay 
methods, and the lack of standardized protocols for 
the E-screen assay makes inter- or intra-laboratory 
validation tests necessary.  On the other hand, the 
variable results might be due to the origin of the 
MCF-7 cell lines, the passage number, or the serum 
batch used [19, 20, 22, 23].  For these reasons, in the 
present study, 17β-estradiol was also measured 
concurrently to validate our experimental protocol. 
17β-Estradiol at a low concentration significantly 
stimulated MCF-7 BUS cell proliferation, and the 
proliferation rate was 4.8 folds higher than that of 

Fig. 2. The effects of 17β-estradiol and sumithrin on 
proliferation of MCF-7 BUS cells. Cells in DMEM 
supplemented with 5% (v/v) charcoal dextran-
treated FBS serum were exposed to test chemicals for 
six days. Cell proliferation was determined by SRB 
assay. Values are means ± S.D. of duplicates from 
three independent experiments. Asterisks indicate 
results significantly different from vehicle control 
(P<0.01).
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the vehicle control culture.  Our data indicate that 
the E-screen assay using MCF-7 BUS cells is highly 
sensitive to 17β-estradiol.

An in vitro competitive ER binding assay was 
conducted to determine the ability of pyrethroid 
insecticides to bind to rat uterus ER.  In contrast to 
the E-screen assay, the competitive ER binding 
assay cannot distinguish between estrogen 
agonistic and antagonistic activities and cannot 
detect pro-estrogens.  In the present study, none of 
the pyrethroid insecticides examined interacted 
with the rat cytosolic ER.  Similarly, Saito et al. [11] 
reported that certain pyrethroid insecticides did 
not show any binding to the hERα in competitive 
ligand-binding assays.  In contrast, Chen et al. [18] 
found that  certain pyrethroid insect icides 
(permethrin, fenvalerate, cypermethrin, and 

deltamethrin) at high concentrations inhibited the 
binding of [3H]estradiol to rat uterus cytosolic ERs 
in a competitive binding study.  We suggest that 
signaling pathways, other than ERs, are involved in 
mediating pyrethroid-induced or -inhibited MCF-7 
BUS cel l  proliferation and that pyrethroid 
insecticides may alter the conformation of ER 
w i t h o u t  b i n d i n g  t o  i t .   A l t h o u g h l i n e a r  
relationships have been determined between the 
MCF-7 cell proliferation assay and the competitive 
ER binding assay for many chemicals [24], certain 
compounds may exhibit estrogenic or anti-
estrogenic activities via other signaling pathways 
[25].  Based on these observations we suggest that 
the estrogenic (sumithrin) or anti-estrogenic 
(bioallethrin,  permethrin and fenvalerate)  
properties of pyrethroid insecticides are associated 

Fig. 3. Anti-estrogenic effects of pyrethroid insecticides on proliferation of MCF-7 BUS cells. Cells in DMEM supplemented with 
5% (v/v) charcoal dextran-treated FBS serum were exposed to test chemicals (10–6 M) or ICI 182,780 (10–9 M) with 17β-
estradiol for six days. Cell proliferation was determined by SRB assay. Values are means ± S.D. of duplicates from three 
independent experiments. Asterisks indicate results significantly different from vehicle control (P<0.01).



KIM et al.252
with indirect ER-mediated mechanisms.
Estrogen-responsive ER protein levels were 

measured to understand the precise estrogenic 
mechanism of action of sumithrin because it 
showed a positive response in the E-screen assay. 
In general, ER has a critical role in the biological 
e f f e c t s  o f  e s t r og e ns  a n d  a n t i - es t r og en s .  
Environmental estrogenic chemicals can alter the 
expression of estrogen-regulated genes and can 
initiate the transcription of these genes by 

interacting with ERs [25, 26].  As shown in Figs. 5 
and 6, 17β-estradiol (10–10 M) induced marked 
decreases in the protein levels of ERα and ERβ. 
ERα and ERβ are expressed differentially in 

Fig. 4. Competitive binding of 17β-estradiol and sumithrin 
to estrogen receptors isolated from the uterus of 
ovariectomized female Sprague-Dawley rats.

Fig. 5. Western blot analysis of ERα protein in MCF-7 BUS 
cells treated with 17β-estradiol or sumithrin. Cells in 
DMEM supplemented with 5% (v/v) charcoal 
dextran-treated FBS serum were exposed to 17β-
estradiol (10–10 M) or sumithrin (10–7 to 10–5 M) for 48 h.

Fig. 6. Western blot analysis of ERβ protein in MCF-7 BUS 
cells treated with 17β-estradiol or sumithrin. Cells in 
DMEM supplemented with 5% (v/v) charcoal
dextran-treated FBS serum were exposed to 17β-
estradiol (10–10 M) or sumithrin (10–7 to 10–5 M) for 48 h.

Fig. 7. The expression of pS2 mRNA in MCF-7 BUS cells 
detected by RT-PCR. Cells in DMEM supplemented 
with 5% (v/v) charcoal dextran-treated FBS were 
exposed to 17β-estradiol (10–10 M) or sumithrin (10–7

to 10–5 M) for 48 h.
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different tissues; ER expression has been widely 
investigated in human breast cancer cell lines [27, 
28].  MCF-7 cells express both ERα and ERβ, but 
ERα expression is predominant [29].  Based on the 
results of studies showing that both ERα protein 
and mRNA levels were decreased markedly in 
MCF-7 cells after addition of 17β-estradiol [30–32], 
it is suggested that the reduced levels of cytosolic 
ERs could be the result of translocation of ERs to 
the  nucleus.   Furthermore,  Diel  et  a l .  [30]  
demonstrated that the reduction of ERα protein 
l e v e l  a f t e r  a d m i n i s t r a t i on  o f  p ro b a b l e  
environmental estrogens (DDT and coumestrol) 
was comparable to the effect of 17β-estradiol, 
indicating that these compounds act as weak 
estrogen agonists in MCF-7 cells.  Our results 
s imilarly revealed that  sumithrin induced 
significant decreases in both ERα and ERβ protein 
levels.  However, sumithrin did not compete 
directly with 17β-estradiol for binding to rat uterus 
cytosolic ERs (Fig. 3), indicating that sumithrin 
does not interact with the ER ligand-binding 
domain.  Accordingly, our results suggest that 
sumithrin was able to act as an estrogen agonist by 
down-regulating ER activity, but not by binding 
directly to ER.

To investigate the estrogenic properties of 
sumithrin, pS2 mRNA expression was measured in 
MCF-7 BUS cells by RT-PCR analysis.   The 
induction of pS2 is considered a direct reflection of 
estrogenic responses because the expression of the 
pS2 gene is directly associated with estrogens at the 
transcriptional level [33, 34].  Thus, pS2 induction is 
frequently used as a surrogate biomarker for 
detecting environmental estrogen-like chemicals 
[10, 18, 35].  We measured the pS2 mRNA levels as 
an estrogen-responsive endpoint in MCF-7 BUS 
cells.  As shown in Figure 7, MCF-7 BUS cells 
cultured in phenol red-free medium did not have 
detectable levels of pS2 mRNA; treatment with 17β-
estradiol increased the pS2 mRNA level slightly. 
Sumithrin also slightly increased the pS2 mRNA 
level in a dose-dependent manner.  Go et al. [10] 
similarly observed that sumithrin and fenvalerate 
significantly induced the expression of pS2 to levels 
comparable to those elicited by 10–8 M of 17β-
estradiol (5.0 folds) and that the estrogenic activity 
of sumithrin was abolished by co-treatment with 
ICI 164,386.  In addition, Chen et al. [18] reported 

that some pyrethroid insecticides (fenvalerate, 
permethrin, and cypermethrin) induced pS2 
expression in MCF-7 cells, and there was no 
significant effect after deltamethrin treatment. 
Although it is unclear how estrogen regulates pS2 
expression and whether the ERs are involved in 
th is  process ,  17β -es tradiol  s t imulated  ER 
expression in a manner similar to pS2 expression in 
MCF-7 cells [36].  Ren et al. [36] also reported that 
the weak estrogenic compound, nonylphenol, 
a l tered pS2 gene express ion and ER gene 
expression in MCF-7 cells.  Therefore, pS2 mRNA 
expression is an ideal model for evaluating the 
effects of estrogenic chemicals in human breast 
cancer cells [36, 37].

Although estrogen can directly stimulate MCF-7 
cell proliferation, our observations indicate that the 
induction of  pS2 expression is  not  a lways 
correlated with cell proliferation.  We found that 
17β-estradiol concentrations above 10–10 M induced 
pS2 expression moderately, while the same dose 
induced cell proliferation significantly.  Similar to 
17β-estradiol, 10–5 M sumithrin induced pS2 mRNA 
expression slightly (1.3 folds), but increased the cell 
proliferation rate significantly.  Moreover, high 
concentrations (more than 10–5 M) of pyrethroid 
insecticides showed slight toxicity in MCF-7 BUS 
cells, which may have affected the outcome of these 
assays.

Our results demonstrate that certain pyrethroid 
insecticides exhibit either estrogenic or anti-
estrogenic activity via ER-independent pathways, 
inhibiting the expression of ERs and influencing the 
expression of estrogen-dependent pS2 genes. 
Accordingly, we propose that certain pyrethroid 
insecticides may interfere with the action of 
endogenous hormones by several mechanisms in 
humans.
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