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Abstract

Estrogen-induced hamster kidney tumor model serves as a useful model to study the biochemical and molecular mechanisms
of hormonal carcinogenesis. In this model, we have demonstrated an increased expression of estrogen receptor mRNA and
protein in estrogen-treated kidneys and in estrogen-induced tumors. The sequence information for hamster estrogen receptor
gene is not known and has been investigated in this study. A hamster uterus cDNA library was constructed and the 5'-region of
the hamster estrogen receptor ¢cDNA cloned from this library using polymerase chain reaction (PCR) methodology.
Additionally, hamster kidney polyadenylated RNA was reverse transcribed and PCR amplified using primers that were designed
based on maximum homology between mouse, rat and human estrogen receptor cDNAs. These PCR amplified fragments were
cloned into plasmid vectors and clones with the expected size of the insert subjected to Southern blot analysis using human
estrogen receptor cDNA as a probe. The positive clones on Southern blot analysis and the PCR amplified products from these
clones were subjected to DNA sequence analysis. Using this strategy, a full length, 1978 bp hamster estrogen receptor cDNA
has been cloned which shows 87% homology with human, 90% with rat and 91% with mouse estrogen receptor cDNA. The
deduced amino acid shares 88% homology with human, and 93% with rat and mouse estrogen receptors. Hamster estrogen
receptor domain C (DNA binding domain) shows a 100% homology with a similar domain from mouse, rat, human, pig, sheep,
horse and chicken estrogen receptor (Genebank reference ID: AF 181077). © 2000 Elsevier Science Ltd. All rights reserved.

1. Introduction trogenic hormones at plasma levels in the low
picogram levels exert receptor-mediated biological
effects, such as stimulation of uterine growth, at high
doses estrogens may induce pathophysiological con-
ditions including development of tumors. Prolonged
use of estrogens has been associated with human can-
cers [9—14] and estrogens induce tumors in laboratory
animals [15-17]. Chronic administration of the natural
hormone, 17B-estradiol (E,) or synthetic estrogen,
diethylstilbestrol to Syrian hamsters induces kidney
tumors which serves as a useful model to study the
mechanism of hormonal carcinogenesis [15-18]. These
estrogen-induced and -dependent tumors share several
characteristics with human breast and uterine cancers,
which point to a common mechanistic pathway [19].
Studies aimed at understanding the contribution of

* Corresponding author. Tel.: +1-323-563-9397; fax: + 1-323-563- hormonal potency to the development of neoplasia in
4859. the hamster tumor model did not show any correlation

Estrogens primarily elicit their responses by binding
to their cognate receptors and then through the inter-
action of the receptor-ligand complex with the estrogen
response elements on estrogen-responsive genes [1-4].
Estrogen receptor (ER) alpha has been shown to be
involved in the regulation of the differentiation and
maintenance of neural, skeletal, cardiovascular, and
reproductive tissues [5,6]. ER alpha is important in the
pathophysiology of the disease process and compounds
that can modulate ER alpha transcriptional activity
are currently being used to treat osteoporosis, cardio-
vascular disease, and breast cancer [7,8]. Although es-
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between hormonal potency of various estrogens tested
and their tumor incidence [20,21]. Since hormones like
E, are essential in estrogen-induced and -dependent
tumors, it is postulated that ER-mediated processes
play an important role in the carcinogenic process.

The levels of estrogen receptor protein have been
shown to increase in the renal corpuscle, renal arteries,
interstitial cells and capillaries of estrogen-induced
tumor-bearing kidneys compared to untreated controls
[22]. Additionally, an intense immunoreactivity for ER
protein has been observed in estrogen-dependent
hamster kidney tumors [22]. ER mRNA levels have
also been shown to increase in estrogen-induced kidney
tumors of hamsters [22]. These data suggest that ER
mRNA and protein levels increase as the tumor mass
to kidney mass ratio increases which indicates that ER
may be providing favorable conditions for cellular pro-
liferation. The hamster ER gene has not been cloned
yet. This sequence information is essential to under-
stand the regulatory and carcinogenic role of ER in es-
trogen-induced  carcinogenesis. Additionally, ER
mRNA variants have been detected in several breast
cancer patients and have been postulated to play a
role in resistance to hormonal therapy [23,24]. In the
hamster kidney tumor model, it is postulated that the
free-radicals/reactive oxygen species generated by
metabolic redox cycling of estrogen quinones, may
provide favorable conditions for oxidative stress in cer-
tain cell types [19]. Oxidative stress may modulate the
expression of certain genes or induce mutations [25—
29]. Mutations in DNA polymerase beta and microsa-
tellite DNA alterations have been reported in estrogen-
induced hamster kidney tumors [30-32]. In order to
study the modulation of ER expression or to identify
if ER variants are produced during estrogen-induced
hamster kidney tumorigenesis, the sequence infor-
mation of the hamster ER ¢cDNA is needed. Moreover,
this information is needed for the design of specific
primers for PCR and for the understanding of down-
stream regulatory mechanisms. In the present study,
we report the cloning of hamster ER ¢cDNA and its
homology with other known ER cDNAs.

2. Materials and methods
2.1. Isolation of RNA

Syrian hamsters (4—6 weeks of age; Harlan Sprague-
Dawley, San Diego, CA) were housed in our animal
facility with Purina Rodent chow and water available
ad libitum. The hamsters were killed by decapitation,
and kidneys of male hamsters and uteri of female ham-
sters were immediately excised, quick-frozen in liquid
nitrogen and stored at —80°C. Polyadenylated (poly
AT) RNA was isolated from hamster kidneys and

uteri using an OligotexTM Direct mRNA kit from
Qiagen (Valencia, CA) according to the suppliers’ rec-
ommendations.

2.2. Reverse transcription and polymerase chain reaction
(PCR) amplification

Hamster poly A" RNA was reverse transcribed and
subsequently PCR amplified using a GeneAmp RNA-
PCR kit from Perkin Elmer Cetus (Norwalk, CT). For
reverse transcription, 40 ng of poly AT RNA and
downstream primer (250 ng) were added to a reaction
buffer containing 5 mM MgCl,, 1 mM each of deoxy-
nucleotides, 1ul(40V/ul) RNase inhibitor and incu-
bated at room temperature for 10 min. Then, 2.5 units
of MMuLYV reverse transcriptase was added and the
reaction mixture incubated at 40°C for 90 min. After
reverse transcription, the incubation mixture was trea-
ted with 2 units of RNAse H and incubated further at
37°C for 25 min. The reaction mixture was finally
heated at 94°C for 10 min. Five microliters of this
cDNA mixture was used for subsequent PCR amplifi-
cation [33,34]. PCR amplifications were carried out in
50 pl of total volume containing 200 pM of each
dNTP, 1.5 mM MgCl,, 10 mM Tris—HCI (pH 8.3), 50
mM KCI, 100 ng of the appropriate primers and 2
units of Pwo DNA polymerase (Boehringer Man-
nheim, Indianapolis, IN) using a GeneAmp PCR sys-
tem 2400 (Perkin—Elmer, Norwalk, CT). The
amplification conditions were denaturation at 94°C for
1 min, annealing at 55°C for 1 min and polymerization
at 72°C for 2 min. After 35 cycles, a 7 min extension
at 72°C was performed.

2.3. Primers

Primers for reverse transcription and PCR amplifica-
tion were designed based on maximum homology
between rat, mouse and human ER cDNA sequence
information [35-37]. The following primers were
used for either reverse transcription or PCR amplifica-
tion.

Primer name Nucleotide sequence

HKER-1 5-GGG CGC CGC CTA CGA GTT
CAA-3’

HKER-2 5'-GCG CCA GAC CAG ACC AAT
CA-3’

HKER-6 5'-CTC CAT GAT CAG GTC CAC
CT-3’

HKER-7 5-GGA GCC TGG GAG NTC TCA
GAT-3’

HKER-9 5'-CAC TCG ATC ATT CGA GCA
CA-3’

HKER-10 5-CAC TCT GGC GTC GAT TAT
CA-3’
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2.4. Cloning

The PCR amplified products were size fractionated
on a 1.5% agarose gel in Tris—acetate/EDTA electro-
phoresis buffer. The gel fragments were cut and DNA
extracted using the Geneclean II kit (Bio 101 Inc. La
Jolla, CA). The gel purified fragments were ligated
into a pCRII vector from Invitrogen (San Diego, CA)
using a TA cloning kit according to the suppliers’ rec-
ommendations [38]. The ligated product was trans-
formed into competent cells, single colonies were
picked and plasmid DNA was amplified. The plasmid
DNA was digested with EcoR1 and applied on to
1.5% agarose gels to screen for the presence of the
cDNA insert.

2.5. Southern and northern blot analysis

The plasmid DNA containing the expected size
insert, and the corresponding PCR amplified fragments
were subjected to Southern analysis [39]. For Southern
analysis, DNA from the agarose gels was transferred
to nylon membranes by capillary transfer in the pre-
sence of 10 x SSC (1.5 M NaCl, 0.15 M sodium
citrate, pH 7.0) buffer. The membrane was denatured
for 5 min in 1.5 M NaCl, 0.5 M NaOH, neutralized
for 5 min in 1.5 M NaCl, 0.5 M Tris—HCI, pH 8.0,
rinsed in 2 x SSC buffer for 2 min, and the DNA on
the membrane fixed by UV-Cross linker (Strategene,
La Jolla, CA). For Northern blot analysis, total tissue
RNA was prepared from the hamster uterus by the
method of Chomczynski and Sacchi [40]. Total RNA
(30 pg) in formamide (50%)-formaldehyde (2.2 M)-
morpholino propanesulfonic acid (MOPS) buffer was
heat denatured at 65°C for 10 min and separated by
electrophoresis on a 1% agarose gel containing 20%
formaldehyde after the addition of the loading dye.
After destaining, RNA was transferred to Hybond-
N+ nucleic acid transfer membrane (Amersham,
Arlington Heights, IL) by capillary transfer in 10 x
SSC. Membranes were UV-cross linked and prehybri-
dized for 1 h at 68°C in a QuikHyb hybridization sol-
ution (Stratagene, La Jolla, CA). A *P-labeled
estrogen receptor cDNA probe (provided by Dr. P.
Chambon, France) was prepared using a High Prime
DNA labeling system (Boehringer Mannheim, Indiana-
polis, IN) and [a-*?P]-dCTP (3000 Ci/mol) (ICN
Radiochemicals, Irvine, CA) according to the suppli-
ers’ recommendations. Salmon sperm DNA (100 pl of
10 mg/ml) was added to the labeled probe and heat de-
natured by boiling for 5 min before addition to the hy-
bridization mixture. The hybridization was carried out
for 6 h at 68°C. After hybridization, blots were washed
twice for 15 min each with a 2 x SSC buffer containing
0.1% (w/v) SDS at room temperature. Then, the blots

were washed with a 0.1 x SSC buffer containing 0.1%
(w/v) SDS for 30 min at 60°C.

2.6. cDNA library construction

A hamster uterus cDNA library was constructed
using 5 pg of hamster uterus poly A™ RNA, a Zap-
cDNA synthesis kit and a Zap-cDNA Gigapack III
Gold cloning kit (Strategene, La Jolla, CA) following
suppliers’ recommendations. Briefly, hamster uterus
mRNA was reverse transcribed in the presence of a 50
base oligonucleotide primer containing an 18 base
polydeoxythymidine, and an Xhol restriction site and
a GAGA sequence to protect the Xhol restriction site.
The second strand synthesis was performed in the pre-
sence of RNAse H, DNA polymerase 1, and poly-
deoxy ribonucleotides. The uneven termini of the
double stranded cDNA were nibbled back or filled
with Pfu DNA polymerase, and EcoR1 adaptors were
ligated to the blunt ends. The blunt-ended and EcoR1
adaptor ligated cDNA was digested with Xhol to
release the EcoR1 adaptor and the residual linker pri-
mer. These two fragments were separated on a sepha-
rose drip column, and the size-fractionated cDNA was
then precipitated and ligated into the Uni-Zap XR vec-
tor. The lambda library was subsequently packaged
into a high efficiency Gigapack III Gold packaging
system and plated on the Escherichia Coli cell line XL1
Blue-MRF. The library was further amplified and
stored at —80°C.

3. Results

A hamster uterus cDNA library was constructed
and ER cDNA fragment amplified from this library.
Several minor fragments and one major (~650 bp)
fragment were amplified when a small aliquot (25 pl)
of the hamster uterus cDNA library was PCR ampli-
fied (after heat denaturing at 95°C for 10 min) using
primers HKER-9 and HKER-10 (data not shown).
Southern blot analysis of the PCR amplified fragments
using human ER cDNA as a probe showed that the
650 bp fragment cross hybridized with the human ER
cDNA (data not shown). This 650 bp fragment was
cloned into a pCR II vector from Invitrogen (San
Diego, CA), transformed into E. coli cells, single colo-
nies picked and plasmid DNA amplified as described
in the Methods section. Plasmid DNAs digested with
restriction enzyme EcoR1 showed the presence of the
expected size insert (Fig. 1(A)).

Reverse transcription and PCR amplification of the
poly A* RNA isolated from control hamster kidney
in the presence of forward and reverse primers HKER-
1 and HKER2 resulted in the amplification of ~1 kb
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Fig. 1. Analysis of plasmid DNA for the presence of estrogen receptor inserts that were cloned into the plasmid cloning vectors. PCR amplified
and purified fragments were cloned into pCR II vector (Invitrogen) as described in Section 2. The amplified plasmid DNA was then digested
with restriction enzyme EcoR1 at 37°C for 1 h. The digested and undigested plasmid DNAs were size fractionated on a 1.5% agarose gel and
stained with ethidium bromide. (A) Analysis of plasmid DNA for the cDNA insert corresponding to the 5'-end of hamster estrogen receptor; (B)
analysis of plasmid DNA for the cDNA insert corresponding to the middle portion of hamster estrogen receptor; and (C) analysis of plasmid
DNA for the cDNA insert corresponding to the 3’-end of hamster estrogen receptor. Lanes 1, 3 and 5 = undigested plasmid DNA; lanes 2, 4
and 6 = plasmid DNA digested with EcoR1; m = 100 bp DNA ladder; M = 1 kb DNA ladder.

fragment which was cloned into a pCRII vector using
TOPO cloning kit (Invitrogen, San Diego, CA). The
amplified plasmid DNA digested with EcoR1 showed
the presence of the expected size insert (Fig. 1(B)). Ad-
ditionally, hamster poly A" RNA was also reverse
transcribed and PCR amplified in the presence of for-
ward and reverse primers HKER-6 and HKER-7 in an
attempt to amplify the 3’-end of hamster ER cDNA
and this reaction resulted in the amplification of ~ 690
bp fragment which was also cloned into a pCR 1I plas-
mid vector from Invitrogen (Fig. 1(C)).

PCR amplified fragments cloned into the plasmid
vectors were analyzed by Southern blot analysis after
digestion with restriction enzyme EcoRI1. Plasmid
clones containing the appropriate size inserts and
showing cross hybridization with human ER cDNA
upon Southern blot analysis were subjected to DNA
sequence analysis, using M13 and T7 primers. To
achieve complete complementarity of DNA bases, all
the three cloned fragments were additionally analyzed
with primers that were designed from the sequence in-
formation obtained on sequencing the clones with
M13 and T7 primers (data not shown). All the three
cloned fragments showed sequence homology with
mouse, rat and human ER cDNA sequences reported
in the literature. Based on the DNA sequence infor-
mation of the three cloned fragments which had over-
lapping regions, a complete full length, 1978 bp ER
cDNA sequence was derived which shows an ATG

start site and a TGA termination signal (Fig. 2). The
expression of the hamster ER was analyzed by North-
ern blotting of total RNA sample isolated from the
hamster uterus. Hybridization of the RNA transferred
to nylon membrane with cDNA fragment correspond-
ing to the 5'-end of hamster ER cDNA resulted in the
detection of a mRNA of ~6.4 kb in hamster uterus
(data not shown). The same size fragment was detected
when the same membrane was hybridized with a
human ER c¢DNA probe (data not shown). Thus,
hamster ER ¢cDNA has been cloned using PCR meth-

Table 1
Percentage amino acid and cDNA homology between hamster estro-
gen receptor and some of the cloned estrogen receptors®

Species Protein cDNA
Overall A B C D E F Overall

Mouse 93 95 8 100 92 98 8 91

Rat 93 95 8 100 92 98 86 90

Human 88 95 84 100 74 94 63 87

Pig 88 92 8 100 79 94 60 87

Sheep 87 92 78 100 85 93 58 85

Horse 86 8 75 100 79 92 63 85

Chicken 79 8 61 100 49 93 51 81

% The three most highly conserved regions (A, C and E) are high-
lighted in bold.
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1 cactcgatcattcgagcacattccttecttecttettactgtcteggecctcace
56 tctacaagcccatggaacgtttctgcaaaggcgctcttgcaccggcagggtggccagtee
116 gctgctgagecctctgcegtgegeggggagectgtctgegectcgecggecgecgetaace
176 atgaccatgaccctccacaccaaagcctcgggaatggccttgctgcaccagatccaaggg
M TM T L HT KA S GMAUL L H QI Q G
236 aacgagctggagcccctcagcecgecccgcagctcaagatgeccctggagagggccctgage
N E L E P L S RP QUL KMZPTULETRA AL S
296 gaggtgtacgtggacagcagtaagcccgcgatgttcaactaccccgagggcgecgectac
E VY VD S S K P A MV FN Y P E G A A Y
356 gagttcaacgccgccaccgcccccgcegecggtctacggeccagacgggcatcegectatgge
E FNAATAPA APV Y G QT G I A Y G
416 tctgggtccgaggcgaccgcecttcggttccaacagectggggetttttccccagetcaac
S G S EA TAUFG SN S L GL F P Q L N
476 agcgtgtcgcccagcccgetgatgctactgcacccgecgecgecgecagetgtegeectte
s vs P s P L ML L HUPUPUPUP QUL S P F
536 ctgcacccgcacggccagcaggtgccctactacctggagaatgagcctagegectatgece
L H P HG Q Q V P Y Y L ENEP S A Y A
596 gtgcgcgacagcggccctccagecttctacagatctaattctgataatcgacgccagagt
V R D S G P P A F Y R S N S DN IR R Q s
656 ggccgagagagactgtccagcagcagcgagaaaggaagcatggccatggagtctgtcaag
G R E R L S 5 s S E K G S M A M E S V K
716 gagactcgctactgtgcagtgtgcaatgactacgcctctggctaccattatggggtetgg
E T R Y CA V CND Y A S G Y H Y G V W
776 tcctgtgaaggctgcaaggctttcttcaagagaagtattcaaggacacaatgactacatg
S C E G C KA F F KR S5 I Q G HNDYM
836 tgtccagctacaaaccaatgcacaatcgacaagaacaggagaaagagctgccaggcectge
C P A TNOQUCTTI DI KNI RI RIEK S CQATUC
896 aggctgcgcaagtgttacgaagtaggcatgatgaaaggtgggatacggaaagaccggaga
R L R K CY EVGMMIKGG I R K DRR
956 ggagggagaatgctgaaacacaagcgccagagagacgacttggaaggcaggaacgacatg
G G R ML KHI KU RIOQRUDUDTILETGU RNIDM
1016 gggccttcaggagacatgagggccaccaacctttggcctagtectcttgtgattaagecac
G P S G DM R ATNIULWUP S P L V I KH
1076 actaagaagaacagccctgccttgtccttgacagccgaccaaatggtcagtgecttgttg
T K K NS P AL S L TADI QMUV Ss AL L
1136 gatgctgaaccgcccttaatctattctgaatatgatccttctagacctttcagecgaaget
D A EPUPLI Y S E Y DUP S R P F S E A
1196 tcgatgatgggattattgaccaacctggcagacagggagttggttcatatgatcaactgg
S M M G L L T NULADIRIETLUV HMTINW
1256 gcaaagagagtgccaggctttggagacttaaatctccatgatcaggtccacctcctggag
A K RV P G F G DL NULHD QV HUL L E
1316 tgtgcctggttggagatcctgatgattggtctcatctggcgctccatggaacacccaggg
C AW UL ETILMTIGTULTIW®RSMEUHUPSG
1376 aagctcctgtttgctcctaatttgctcctggacaggaatcagggcaagtgtgtggaggge
K L L F A PNUILULTILUDI RNI QG GKC V E G
1436 atggtggagatctttgacatgttgctggctacatcagctcggttccgcatgatggacctg
M V E I F DMLILATSAIRU FIRMMDIL
1496 cagggagaggagtttgtgtgcctcaaatctatcattttgcttaattctggagtgtacaca
Q G E E F V CUL K S I I L L NS GV YT
1556 tttctgtccagcaccttgaagtctctggaggagaaggaccacatccaccgggtcctggat
F L s s T L K S L E E K D H I H R V L D
1616 aagatcacagacactttgattcacctgatggccaaagctggcctgacactgcagcagcag
K I T D T L I HL MAI KA ASGTU LT L Q Q Q
1676 catcgtcgtctggcccagctcctectcattctttcccacatccggcacatgagtaacaaa
H R R L A Q L L L I L S HI R HM S N K
1736 ggcatggagcacctctacaacatgaaatgcaagaacgttgtacccttctatgacctgttg
G M EHUL Y NMI KT CI KNV V P F Y DL L
1796 ctggagatgttggatgctcaccgcctgcataccccecgtcagtcgecatgggggtctcecca
L EMLDAHIRTLUHTPUV S R MG V s P
1856 gaggagcccagtcagagccagctgaccaccaccaactccacttcatcacattccttacaa
E E P S Q S Q L TTT TN ST S S H S L Q
1916 acctactacatcccgtcggaagcagagagtttccccaacacaatctgagacctcccagge
T Y Y I P S E A E S F P NT I *
1976 tcc

Fig. 2. Nucleotide sequence analysis and deduced amino acid sequence of hamster estrogen receptor. The untranslated open reading frame in the
5’-end of the receptor is underlined.
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odology which has extensive homology with mouse,
rat and human ER cDNA and protein (Table 1).

4. Discussion

In the present study, we report the cloning of
hamster ER alpha ¢cDNA. This 1978 bp cDNA con-
tains a 595 amino acid long open reading frame and
shares high nucleotide sequence homology with that of
the mouse, rat, human, pig, sheep, horse and chicken
ER cDNAs (Table 1). The nucleotide sequence organ-
ization of hamster ER is similar to that of mouse ER
cDNA [36] and shows a small open reading frame of
57 bp (Fig. 2, underlined region) in the 5’-end which
may code for a 19 amino acid peptide. There is a
TGA termination signal 52 nucleotides upstream of
the longest open reading frame. The longest open read-
ing frame starts with a TAG initiation codon at
nucleotide 176.

ER gene is a member of a large family of steroid/
thyroid hormone receptors which acts as a transcrip-
tion factor when bound to specific ligands [3,4]. ER
has three principal domains, a variable N-terminal
domain, a highly conserved DNA binding domain,
and a moderately conserved C-terminal domain
[41,42]. The human ER gene is greater than 10 kb in
length and is split into eight exons [42]. The DNA
binding domain enables the receptor to bind to its cog-
nate target site consisting of two inverted repeats of
two half-sites with consensus motif AGGTCA (or clo-
sely related sequence) spaced by 3 bp and referred to
as an estrogen response element [43]. The A/B region
of the ER gene is important for stimulating transcrip-
tion from certain estrogen-responsive promoters. The
poorly conserved C-terminal region F can be deleted
without affecting hormone binding or transcription.
The ligand binding-domain also harbors a nuclear
localization signal as well as sequences necessary for
dimerization and transcriptional activation (AF2). A
second activation function, AF1, is present in the
amino-terminal domain of the receptor [44].

The hamster ER gene has a structural organization
similar to ERs cloned from other species. The deduced
amino acid shares 93% homology with rat [35] and
mouse ERs [36], and 88% homology with human [37]
and pig ERs [45] (Table 1). A comparison of the
amino acid sequences of different domains of hamster
ER with those reported for other species show exten-
sive homologies in certain domains (Table 1). Hamster
ER domain C (DNA binding domain) shows 100%
homology with a similar domain from mouse, rat,
human, pig, sheep, horse and chicken ER [35-
37,41,45-47] (Table 1). Domain E (hormone binding
domain) shows 98% homology with domain E of
mouse and rat ER [35,36], 94% homology with human

and pig [37,45], 93% homology with sheep and chicken
[41,46], and 92% homology with horse ER [47]
(Table 1). Domain A of hamster ER shows 95% hom-
ology with mouse, rat and human ERs [35-37], 92%
homology with pig and sheep [45,46], and 86% hom-
ology with horse and chicken ERs [41,47]. The least
conserved domain is domain F. Northern blot analysis
shows a 6.4 kb transcript in the hamster uterus. A
similar size transcript has been reported for the mouse
ER mRNA in the uterus [36]. This suggests that there
must be a large 3’-untranslated region for hamster ER
as reported for many other species [35-37]. Thus, the
cloned hamster ER ¢cDNA is closely related in nucleo-
tide sequence and peptide domain homology to mouse,
rat and human ER gene.

Acknowledgements

This work was supported by research grants CA
66724 (H.K. Bhat) from the National Cancer Institute,
NIH NCRR RCMIGI2RR03026 and NCI P30 CA
49095 (J.V. Vadgama)

References

[1] M. Beato, Gene regulation by steroid hormones, Cell 56 (1989)
335-344.

[2] R.M. Evans, The steroid and thyroid hormone receptor super-
family, Science 240 (1988) 889-895.

[3] K.R. Yamamamoto, Steroid receptor regulated transcription of
specific genes and gene networks, Ann. Rev. Genet 19 (1985)
209-252.

[4] D.C. Dean, R. Gope, B.J. Knoll, M.E. Riser, B.W. O’Malley,
A similar 5'-flanking region is required for estrogen and pro-
gesterone induction of ovalbumin gene expression, J. Biol.
Chem 259 (1984) 9967-9970.

[5] K. Korach, Insights from the study of animals lacking func-
tional estrogen receptor, Science 266 (1994) 1524-1527.

[6] E. Smith, J. Boyd, G. Frank, H. Takahashi, R. Cohen, B.
Specker, T. Williams, D. Lubahn, K. Korach, Estrogen resist-
ance caused by a mutation in the estrogen receptor gene in a
man, N. Engl. J. Med 331 (1994) 1056-1061.

[71 W.J. Gradishar, V.C. Jordan, Clinical potential of new anties-
trogens, J. Clin. Oncol 15 (1997) 840-852.

[8] V.C. Jordan, Antiestrogenic action of raloxifene and tamoxi-
fen: today and tomorrow, J. Natl. Cancer Inst 90 (1998) 967—
971.

[9] B.E. Henderson, R.K. Ross, M.C. Pike, Toward the primary
prevention of cancer, Science 254 (1991) 1131-1138.

[10] B.E. Henderson, R.K. Ross, M.C. Pike, Hormonal chemopre-
vention of cancer in women, Science 259 (1993) 633-638.

[11] H.S. Feigelson, B.E. Henderson, Estrogens and breast cancer,
Carcinogenesis 17 (1996) 2279-2284.

[12] P.G. Toniolo, Endogenous estrogens and breast cancer risk:
the case for prospective cohort studies, Environ. Hlth. Perspect
105 (1997) 587-592.

[13] G.A. Colditz, S.E. Hankinson, D.J. Hunter, W.C. Willett, J.E.
Manson, M.J. Stampfer, C. Hennekens, B. Rosner, F.E.
Speizer, The use of estrogens and progestins and the risk of



[14]

[15]

[16]

(17

(18]

[19]

[20]

(21]

(22]

(23]

[24]

(23]

[26]

[27]

(28]

[29]

[30]

H.K. Bhat, J.V. Vadgama | Journal of Steroid Biochemistry & Molecular Biology 72 (2000) 47-53 53

breast cancer in postmenopausal women, New Engl. J. Med
332 (1995) 1589-1593.

S.E. Hankinson, W.C. Willett, J.E. Manson, G.A. Colditz,
D.J. Hunter, D. Spiegelman, R.L. Barbieri, F.E. Speizer,
Plasma sex steroid hormone levels and risk of breast cancer in
postmenopausal women, J. Natl. Cancer Inst 90 (1998) 1292—
1299.

IARC Monographs on the Evaluation of Carcinogenic Risk of
Chemicals to Humans, Sex Hormones (II), vol. 21,
International Agency for Research on Cancer, Lyon, 1979, pp.
139-362.

H. Kirkman, Estrogen-induced tumors of the kidneys in the
Syrian hamste: growth characteristics in the Syrian hamster,
Natl. Cancer Inst. Monogr 1 (1959) 1-57.

J.G. Lichr, B.B. DaGue, A.M. Ballatore, D.A. Sirbasku,
Multiple roles of estrogen in estrogen-dependent renal clear-cell
carcinoma of Syrian hamster, in: G.H. Sato, A.B. Pardee, D.A.
Sirbasku (Eds.), Growth of Cells in Hormonally Defined
Media, Cold Spring Harbor Conferences on Cell Proliferation,
vol. 9, Book A, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, NY, 1982, pp. 445-458.

J.J. Li, S.A. Li, Estrogen carcinogenesis in hamster tissue: a
critical review, Endocrine Rev 11 (1990) 524-531.

J.G. Liehr, Hormone-associated cancer: Machanistic simi-
larities between human breast cancer and estrogen-induced
kideny carcinogenesis in hamsters, Environ. Hlth. Perspect 105
(1997) 565-569.

JJ. Li, S.A. Li, JK. Klicke, J.A. Parson, L.K.T. Lam,
Relative carcinogenic activity of various synthetic and natural
estrogens in Syrian hamster kidney, Cancer Res 43 (1983)
5200-5204.

J.G. Liehr, G.M. Stancel, L.P. Chorich, G.R. Bonsfield, A.A.
Ulubelen, Hormonal carcinogenesis: separation of estrogenecity
from carcinogenecity, Chem. Biol. Interactions 59 (1986) 173—
184.

H.K. Bhat, H.J. Hacker, P. Bannasch, E.A. Thompson, J.G.
Liehr, Localization of estrogen receptors in interstitial cells of
hamster kidney and in estradiol-induced renal tumors as evi-
dence of the mesenchymal origin of this neoplasm, Cancer Res
53 (1993) 5447-5451.

S.A.W. Fuqua, G.C. Chamness, W.L. McGuire, Estrogen
receptor mutations in breast cancer, J. Cell. Biochem 51 (1993)
135-139.

E.R. Leygue, P.H. Watson, L.C. Murphy, Estrogen receptor
variants in normal human mammary tissue, J. Natl. Cancer
Institute 88 (1996) 284-290.

P.A. Amstad, G. Krupitza, P.A. Cerutti, Mechanism of c-fos
induction by active oxygen, Cancer Res 52 (1992) 3952-3960.
W.R. Mathews, D.M. Guido, M.A. Fisher, H. Jaeschke, Lipid
peroxidation as molecular mechanism of liver cell injury during
perfusion and ischemia, Free Rad. Biol. Med 16 (1994) 763—
770.

A. Maki, LK. Berezesky, J. Fargnoli, N.J. Holbrook, B.F.
Trump, Role of Ca in induction of c-fos, c-jun and c-myc
mRNA in rat PTE after oxidative stress, FASEB J 6 (1992)
919-924.

A.R. Oller, W.G. Thilly, Mutational spectra in human B-cells.
Spontaneous, oxygen and hydrogen peroxide-induced mu-
tations at the hprt gene, J. Mol. Biol 228 (1992) 813-826.

S. Akasaka, K. Yamamoto, Mutagenesis resulting from DNA
damage by lipid peroxidation in the supF gene of Escherichia
coli, Mut. Res. DNA Repair 315 (1994) 105-112.

Z.J. Yan, D. Roy, Mutations in DNA polymerase beta mRNA

(31]

(32]

[33]

(34]

[35]

[30]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

of stilbene estrogen-induced kidney tumors in Syrian hamster,
Biochem. Mol. Biol. Int 37 (1995) 175-183.

A.V. Hodgson, S. Ayala-Torres, E.B. Thompson, J.G. Liehr,
Estrogen-induced microsatellite DNA alterations are associated
with Syrian hamster kidney tumorigenesis, Carcinogenesis 19
(1998) 2169-2172.

D. Roy, J.G. Liehr, Estrogens, DNA damage and mutations,
Mut. Res 424 (1999) 107-115.

T. Maniatis, E.F. Fritsch, J. Sambrook, In vitro amplification
of DNA by the polymerase chain reaction, in: Molecular clon-
ing: A laboratory manual, 2nd ed, Cold Spring Harbor
Labortory, Cold Spring Harbor, New York, 1989, pp. 14.5—
14.29.

H.K. Bhat, E.B. Thompson, J.G. Liehr, Differential estrogen
regulation of c-fos in hamster kidney and kidney tumor cells:
receptor mediation verses metabolic activation, Int. J. Oncol 7
(1995) 527-534.

S. Koike, M. Sakai, M. Muramatsu, Molecular cloning and
characterization of rat estrogen receptor cDNA, Nucl. Acids
Res 15 (1987) 2499-2513.

R. White, J.A. Lees, M. Needham, J. Ham, M. Parker,
Structural organization and expression of the mouse estrogen
receptor, Molec. Endocr 1 (1987) 735-744.

S. Green, P. Walter, V. Kumar, A. Krust, J.M. Bornert, P.
Argos, P. Chambon, Human estrogen receptor cDNA:
sequence, expression and homology to v-erb-A, Nature 320
(1986) 134-139.

J.M. Clark, Novel non-templated nucleotide addition reaction
catalyzed by prokaryotic DNA polymerases, Nucl. Acids Res
16 (1988) 9677-9686.

E.M. Southern, Detection of specific sequences among DNA
fragments separated by gel electrophoresis, J. Mol. Biol 98
(1975) 503-517.

P. Chomczynski, N. Sacchi, Single-step method of RNA iso-
lation by acid guanidinium thiocyanate—phenol-chloroform
extraction, Anal. Biochem 162 (1987) 156-159.

A. Krust, S. Green, P. Argos, V. Kumar, P. Walter, J-M.
Bornert, P. Chambon, The chicken oestrogen receptor
sequence: homology with v-erbA and the human oestrogen and
glucocorticoid receptors, EMBO 5 (1986) 891-897.

M. Ponglikitmongkol, S. Green, P. Chambon, Genomic organ-
ization of the human oestrogen receptor gene, EMBO 7 (1988)
3385-3388.

L. Klein-Hitpass, G.U. Ryffel, E. Heitlinger, A.C.B. Cato, A
13 bp plaindrome is a functional estrogen responsive element
and interacts specifically with estrogen receptor, Nucl. Acids
Res 16 (1988) 647-664.

V. Kumar, S. Green, G. Stack, M. Berry, J.R. Jin, P.
Chambon, Functional domains of the human estrogen recep-
tor, Cell 51 (1987) 941-951.

D. Bokenkamp, P.W. Jungblut, H.H. Thole, The c-terminal
half of porcine estradiol receptor contains no post-translational
modification: determination of the primary structure, Mol.
Cell. Endocrinol 104 (1994) 163-172.

T. Madigou, C. Tiffoche, G. Lazennec, J. Pelletier, M.L.
Thieulant, The sheep estrogen receptor: cloning and regulation
of expression in the hypothalamo-pituitary axis, Mol. Cell.
Endocrinol 121 (1996) 153-163.

T.L. Lear, M.H. Adams, N.D. Sullivan, K.J. McDowell, E.
Bailey, Assignment of the horse progesterone receptor (PGR)
and estrogen receptor (ESR1) genes to horse chromosome 7
and 31, respectively, by in situ hybridization, Cytogenet. Cell
Genet 82 (1998) 110-111.



