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Summary—A polymerase chain reaction method was carried out to address the possible
presence of estrogen receptor (ER) mutations in murine transformed cell lines. The segment
of ER ¢cDNA coding the C and D domains was amplified and cloned into pUC 19. Mammary
carcinoma cell line (SC-3) did not show any mutation in this segment. However, the sequence
analysis of ER in the Leydig cell line (B-1 F) revealed a single base change at acidic Glu-279
(GAA) to basic Lys-279 (AAA) compared with murine uterus ER cDNA. The biological

significance of this mutation is discussed.

INTRODUCTION

Since the steroid receptors were cloned(l1],
various techniques have been applied to identify
the mutation of receptor molecules. Some
mutations have been successfully identified in
androgen receptor {2, 3]. However, the possi-
bility has not been fully addressed as to whether
or not there is a variant estrogen receptor (ER)
in nontransformed or transformed target cells.
Since a polymerase chain reaction (PCR) tech-
nique has been proved to be very useful in the
detection of mutations [4], we utilized this
method to analyze ER molecules in murine
transformed cell lines. In our previous study,
one of the murine transformed Leydig cell lines,
termed as B-1 cells, was found to contain the
so-called 5S form of ER even in the absence of
estrogen [5]. This unoccupied 58S ER has the
ability to be tightly bound to the nuclei,
although the full biological ability for ER to
express the gene activation can be elicited by
complexing with estrogen [S]. In addition, one
of the mouse mammary carcinoma (Shionogi
Carcinoma 115) cell lines, termed as SC-3 cells,
was observed to have ER, as evidenced by
biochemical techniques, but to fail to be growth-
stimulated by estrogen [6]. Therefore, it seems to
be interesting to obtain more information about
the ER from these two cell lines at the molecular
level. We report here a single base mutation in
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ER mRNA extracted from a Leydig cell line
(B-1F subcloned from B-1 cells).

EXPERIMENTAL

Cell culture and RNA extraction

The procedures for cloning and subsequent
culturing of murine transformed Leydig cells
(B-1F)[7] and mammary carcinoma cells
(SC-3) [6] have been described previously. Total
cellular RNA was isolated by extraction with
guanidium chloride and ultracentrifugation
through 5.7 M cesium chloride, as reported pre-
viously {7]. The poly(A)-rich fraction was ob-
tained by passing through an oligo-dT cellulose
column (Pharmacia, Uppsala, Sweden).

c¢DNA preparation and PCR

Poly(A)-rich RNA was reverse-transcribed
into ¢cDNA by avian myeloblastosis virus
reverse transcriptase according to the manufac-
turer’s instructions (Promega, Madison, WI,
U.S.A)). PCR was carried out with cDNA
product equivalent to 0.1 ug mRNA in 25 ul of
10 mM Tris—HCI (pH 8.3), 50 mM KCI, 15 mM
MgCl,, 0.01% gelatin containing 5 pmol each of
the ER primers Nos 1 and 2, 0.2mM each
deoxyribonucleotide and 0.625 U of Taq DNA
polymerase (Perkin—Elmer/Cetus, Norwalk,
CT, U.S.A.)[4]. The primers were synthesized
by DNA synthesizer. The sense ER primer No.
1 (5-ATGGAGTCTGCCAAGGAGACT-3)
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Fig. 1. Domain structure of murine ER. The 6 domains

(A-F) are depicted according to the result reported by White

et al. [7]. The numbers above the diagram indicate the

number of amino acids from the N-terminal. The positions

of the primers (P, and P,) are also indicated below the
diagram by the arrows.

corresponds to murine ER cDNA 729-749 [8].
ER primer No. 2 (5-CAAGGCAGGGCTAT-
TCTTCTT-3') represents the anti-sense strand
of murine ERcDNA sequence 1107-1127
(Fig. 1). Each cycle of amplification consisted of
a 1 min denaturation at 94°C, followed by a
1 min annealing at 55°C and a 1 min polymeriz-
ation at 72°C. After 30 cycles, the amplified
segments (399 bp) were electrophoresed and
subcloned into the Hinc II site of the pUC 19
cloning vector by the standard method. Then,
cloned plasmids (6-8 clones for each sample)
were sequenced by the dideoxy-mediated chain-
termination method [9].

RESULTS

When the PCR products were electro-
phoresed on 1.2% low-temperature melting
agarose gel, the amplified segment with the
expected size of 399 bp was always visualized by
staining the gel with ethidium bromide (data not
shown); consistent with the previous results that
both SC-3 and B-1F cells contain ER [5-7].
Therefore, the nucleotide sequence was ana-
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lyzed as described under Experimental. Com-
parison of ER cDNA sequences coding the C
and D domains of SC-3 cells and murine
uterus [8] showed a perfect sequence identity.
Analysis of 6 independent clones gave the same
results. On the contrary, a single base change
was observed in B-1 F ER at nucleotide 1025,
approximately the mid portion of the D domain
(Fig. 2). The G (wild type) to A (B-1F)
mutation resulted in a conversion of Glu-279
(GAA) to Lys-279 (AAA) (Table 1). Except for
this mutation, the nucleotide sequence of the C
and D domains of ER mRNA from B-1 F cells
was exactly the same as that in murine uterine
ER mRNA. These results were confirmed by
analyses of 8 independent clones.

DISCUSSION

The present results clearly demonstrate the
existence of a variant ER. It is not completely
conclusive whether this mutation is present in
all ER transcripts derived from B-1F cells.
However, the observation that 8 independent
clones have the same mutation would strongly
suggest that a major part of ER transcripts in
B-1 F cells have this mutation. Furthermore, it
is quite unlikely that this mutation has arisen via
an error in the PCR procedure, since the mis-
judgment of the nucleotide sequence in the PCR
experiment is made maximally at the rate of
1/400 nucleotides [10].

The biological significance of the mutation
identified in this study is currently unknown.
Estrogen effects on cell proliferation[11] and

B— 1F cell

Fig. 2. Single base mutation in B-1 F ER ¢cDNA. Autoradiograms of DNA sequencing gels from coding
strands of SC-3 and B-1F cells are shown.
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Table 1. Partial amino acid sequence comparisons of ER D domains within the region of the single base mutation

Amino acid alignment

Ref.

ER

Murine uterus

Murine B-1 F cells ko
Murine SC-3 cells DR I e
Rat uterus DRI I T R S S
Human MCF-7 P R T

Chick oviduct Met- + -Gln- * - * -

269 9 282
Leu®-Lys-His-Lys-Arg-Gin-Arg-Asp-Asp-Leu-Glu-Gly-Arg-Asn

* - * -Glu-Glu-Glu-Asp-Ser- » - »

White et al. [8]
This study
This study
Koike et al. [19]
Green et al. {12]
Krust et al. [20]

« - s - &« Lys- « - » - »
* - ¥ - % - % - ¥ - ¥ - %
& - K - K - & - K - Kk - &

* - % -Gly- » - « - « -Gly

*Indicates the number from the N-terminal of murine ER.
®Indicates the conserved amino acid among various ERs.

gene expression [5] have been observed to be
demonstrable in a murine transformed Leydig
cell line. The size of ER mRNA has been
also found to be similar to that of uterine
ER mRNA [7]. However, biochemical analyses
have revealed unusual but interesting character-
istics of this ER, such as the tight association
with nuclei as a 5SS unoccupied form [5]. In this
relation, it should be pointed out that amino
acid alignment (Arg-Asp-Asp-Leu-Lys) induced
by a single base mutation resembles the poten-
tial nuclear transfer signal (Arg-Pro-Gin-Leu-
Lys) [12]. In addition, Glu-279 is well conserved
among various ERs except for chick ER where
Glu-279 is replaced by acidic Asp (Table 1).
Moreover, the position of the mutation (Glu-
279) is very closely localized to a sequence of
amino acids bearing a similarity to a nuclear
signal sequence present in the SV40 large T
antigen [13]. These duplicated nuclear signal
sequences in the D domain of this mutated ER
might confer the ability to be tightly associated
with nuclei even in the absence of estrogen. The
formation of the unoccupied 5S ER might be
related to this mutation. These possibilities are
currently under investigation in our laboratory.

Some mutation of ER in SC-3 cells was
anticipated, since we have been unable to
demonstrate estrogen effects in terms of cell
proliferation [6] as well as gene expression (data
not shown). According to these biological and
biochemical data on ER in SC-3 cells, we exam-
ined the C and D domains of ER molecules.
However, the nucleotide sequence revealed the
lack of any mutation. Thus, the lack of estrogen
effects may be due to a mutation in a region not
examined by the present PCR or to a post-
receptor defect in SC-3 cells.

ER mutation has not been well character-
ized [14-16). Recently, a single base difference
at Val-400 (GTG) to Gly-400 (GGG) has been
reported in human breast cancer specimens
when compared with the nucleotide sequence
of ER originally reported in MCF-7 cells [16).
However, this sequence has also been identified
in ER isolated from a human leukocyte genomic

library [17]. This discrepancy has been shown
to have arisen by a cloning artifact. Tora
et al.[18] reported that a wild type of ER
contains Gly-400. Nonetheless, further studies
are definitely required using many samples
to discuss the biological significance of ER
mutation.

Acknowledgements—This work was partly supported by
Grants-in-Aid from the Ministry of Education, Tokyo,
Japan, Cancer Research Promotion Grant and Hirai Cancer
Research Fund. We are also indebted to Miss K. Shiwa for
the skillful preparation of this manuscript.

REFERENCES

1. Evans R. M.: The steroid and thyroid hormone receptor
superfamily. Science 240 (1988) 889-895.

2. Lubahn D. B., Brown T. R., Simental J. A., Higgs
H. W., Migeon C. J., Wilson E. M. and French F. S.:
Sequence of the intron/exon junctions of the coding
region of the human androgen receptor gene and
identification of a point mutation in a family with
complete androgen insensitivity. Proc. Natn. Acad. Sci.
U.5.4. 86 (1989) 9534-9538.

3. Yarbrough W. G., Quarmby V. E., Simental J. A.,
Joseph D. R., San M., Lubahn D. B., Olsen K. L.,
French F. S. and Wilson E. M.: A single base mutation
in the androgen receptor gene causes androgen insensi-
tivity in the testicular feminized rat. J. Biol. Chem. 265
(1990) 8893-8900.

4. Kogan S. C,, Doherty M. and Gitschier J.: An improved
method for prenatal diagnosis of genetic diseases by
analysis of amplified DNA sequences. New Engl. J.
Med. 317 (1987) 985-990.

5. Miyashita Y., Hirose T., Kouhara H., Kishimoto S.,
Matsumoto K. and Sato B.: Identification of unoccu-
pied but transformed nuclear estrogen receptor in cul-
tured mouse Leydig cell. J. Steroid Biochem. 35 (1990)
561-567.

6. Noguchi S., Nishizawa Y., Nakamura N., Uchida N.,
Yamaguchi K., Sato B., Kitamura Y. and Matsumoto
K.: Growth-stimulating effect of pharmacological doses
of estrogen on androgen-dependent Shionogi Carci-
noma 115 in vivo but not in cell culture. Cancer Res. 47
(1987) 263-268.

7. Hirose T., Koga M., Kouhara H., Matsumoto K.
and Sato B.: Effect of retionic acid on proliferation
of estrogen-responsive transformed murine Leydig
cells in serum-free culture. Cancer Res. 50 (1990)
5060-5064.

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

9. Sanger F., Nicklen S. and Coulson A. R.: DNA
sequencing with chain-terminating inhibitor. Proc.
Natn. Acad. Sci. U.S.A. 74 (1977) 5463-5467.



10.

11.

13.

14.

. Green S,

TakAHISA HIROSE et al.

Saiki R. K., Gelfand D. H., Stoffel S., Schare S. J.,
Higuchi R., Hoen G. T., Mullis K. B. and Erilich H. A.:
Primer-directed enzymatic amplification of DNA with a
thermostable DNA polymerase. Science 239 (1988)
487-491.

Nishizawa Y., Sato B., Miyashita Y., Tsukada S.,
Hirose T., Kishimoto S. and Matsumoto K.
Autocrine regulation of cell proliferation by estradiol
and hydroxytramoxifen of transformed mouse Leydig
cells in serum-free cuiture. Endocrinology 122 (1988)
227-235.

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

Guiochan-Mantel A., Loosfeit H., Lescop P., Star S.,
Atger M., Perrot-Applanat M. and Milgrom E.: Mech-
anisms of nuclear localization of the progesterone recep-
tor: evidence for interaction between monomers. Cell 52
(1989) 1147-1154.

Garcia T., Lehner S., Bloomer W. D. and Schachter B.:
A variant estrogen receptor messenger ribonucleic acid is
associated with reduced levels of estrogen binding in

15.

16.

17.

20.

human mammary tumors. Molec. Endocr. 2 (1988)
785-791.

Murphy L. and Dotzlaw H.: Variant estrogen receptor
mRNA species detected in human cancer biopsy
samples. Molec. Endocr. 3 (1989) 687-693.

Fuqua S. A. W, Falette N. F. and McGuire W. L.:
Sensitive detection of estrogen receptor RNA by poly-
merase chain reaction assay. J. Natn. Cancer Inst. 82
(1990) 858-861.

Ponglikitmongkol M., Green S. and Chambon P.:
Genomic organization of the human oestrogen receptor
gene. EMBO JI 7 (1988) 3385-3388.

. Tora L., Mullick A., Metzger D., Ponglikitmongkol M.,

Park 1. and Chambon P.: The cloned human oestrogen
receptor contains a mutation which alter its hormone
binding properties. EMBO J! 8 (1989) 1981-1986.

. Koike S., Sakai M. and Muramatsu M.. Molecular

cloning and characterization of rat estrogen receptor
c¢DNA. Nucleic Acids Res. 15 (1987) 2499-2513.
Krust A., Green S., Argos P., Kumar V., Walter P.,
Bornert J.-M. and Chambon P.: The chick estrogen
receptor sequence: homology with v-erb A and the
human estrogen and glucocorticoid receptors. EMBO JI
5 (1986) 891-897.



