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Fig. 4. Interaction between constitutively active
mutants of ERÃŸand ERa with SRC-1 in the pres
ence or absence of antiestrogens. In A. labeled
ERÃŸ.Y443F, Y443S, and Y443N were incubated
with Escherichia coli extracts expressing the GST-
SRC-1 fusion protein in the absence of ligand
(Lanes 3. 7, II, and /5) or in the presence of 10~*
M E, (Lanes 4. 8. 12. and 16). 10~8 MOHT (Lanes
5, 9. 13. and 17). or IO"8 M EM-652 (Lanes 6. 10.

14. and 18). The input lane represents 10% of the
total amount of labeled ERÃŸused in the binding
reactions (Lane I). An equivalent amount of pro
tein extract was used in the samples containing
only GST (Lane 2). In B, the pull-down experiment

was repeated with hERa and Y537N and incubated
with GST-SRC-1 in the absence (Lanes 3 and 7) or
presence of 10 * M E2 (Lanes 4 and 8). 10"* M
OHT (Lanes 5 and 9). Ã²r10~8 M EM-652 (Lanes 6

and 10). Lanca I and 2, the same control lanes as in
A.
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ERa and ERÃŸare highly homologous, the two receptors were shown
recently to respond in distinct manners, depending on the ligand and
response element: (a) although OHT displays partial agonistic activity
with ERa on a basal promoter linked to an ERE, this effect was not
observed with ERÃŸ(22); and (b) ERa and ERÃŸsignal in opposite
ways when tested with an API element. With ERa, E2 activates
transcription, whereas with ERÃŸ,the hormone inhibits transcription
(25). In addition, antiestrogens are shown to be potent transcriptional
activators of ERÃŸat API sites. Consequently, mutations at the con
served tyrosine residue could differentially affect the antiestrogen
response of the two receptors. To test this hypothesis, we reexamined
the transcriptional properties of the human ERa Y537N mutant. As
observed previously, the human ERa Y537N mutant displayed strong
constitutive activity with the vitA2ERE-TK and pS2 promoters (Fig.

1, C and D). However, and in parallel to the results obtained with the
Y443N mutant of ERÃŸ,the hormone-independent activity of the
human ERa Y537N mutant was effectively inhibited by either EM-
652 or OHT when studied using both the vitA2-ERE-TK and pS2

reporters (Fig. 1, C and D). The reason for the discrepancy with the
previous results of Zhang et al. (33) is unclear but could possibly be
attributed to cell type-specific effects. To exclude this possibility,

similar transfection experiments were repeated in the human breast
cancer cell line MDA-MB-231. As shown in Fig. 2, both ERÃŸY443N

and ERa Y537N mutants were constitutively active in these cells
when tested with the pS2 promoter, and their hormone-independent
activity could be completely inhibited by either OHT or EM-652.

Similar results were also obtained in HeLa cells and in the presence of
ICI 182,780 (data not shown). To investigate whether the efficacy of
the antiestrogens for various mutants would differ significantly from
that observed with the wild-type receptors, we conducted a dose-

response analysis where the various receptors were transfected in the
presence of E2 and increasing amounts of OHT and EM-652. As

indicated in Fig. 3/4, the ERÃŸY443N mutant showed a virtually
identical profile to the wild-type receptor in the presence of 10~8 M

E2, and complete inhibition was observed at equal concentrations of
OHT. Similar results were obtained when the experiment was con

ducted with ERa and its Y537N mutant (Fig. 3B). Complete inhibi
tion of the transcriptional activity of both mutant receptors was also
achieved by increasing concentrations of EM-652 (Fig. 3, C and D).

These observations make it clear that both ERa and ERÃŸtyrosine to
asparagine mutants are susceptible to the action of antiestrogens, and
that the inhibitory action of antiestrogens on the human ERa Y537N
mutant are not influenced by cell type, promoter context, or major
changes in the efficacy of the various antiestrogens.

Another way to address the constitutive nature of the ER tyrosine
mutant receptors is to test their ability to interact with coactivators. In
the case of SRC-1. the Y537S mutant of ERa was able to interact with
this coactivator in the absence of hormone (20). A GST-pull down
experiment was conducted using labeled receptors and the COOH-
terminal region of SRC-1 fused to GST (Fig. 4). The ERÃŸY443N and
Y443S mutants were both able to interact with SRC-1 in a ligand-

independent manner (Fig. 4/4, compare Lane lÃ¬with Lane 12 and
Lane 15 with Lane 16, respectively). Again, the Y443F mutant re
ceptor behaved as the wild type and required E2 for the interaction
(Fig. 4A, Lanes 7 and 8). As expected, the Y537N mutant of human
ERa interacted constitutively in this assay (Fig. 4ÃŸ,compare Lanes 7
with 8). The addition of OHT or EM-652 to the reactions abolished
the interaction between SRC-1 and the receptors (Fig. 4), with EM-

652 being slightly more potent than OHT. As suggested previously for
the mouse ERa tyrosine mutants (9), the constitutive activity of the
mutant ERÃŸproteins may result from a hormone-independent con-
formational change in the ligand-binding domain that results in AF2

assuming an activated conformation. However, whereas White et al.
(9) observed that the hormone-independent interaction of ERa
Y541D, Y541E, and Y541E mutants with SRC-1 occurred only when

receptors were prebound to DNA, our results clearly show that ERÃŸ
Y443S, Y443N, and ERa Y541N tyrosine mutants do not require
DNA binding for constitutive interaction with SRC-1. This observa

tion may result from distinct experimental conditions or reflect dif
ferential interaction of various ER tyrosine mutants with SRC-1.

Taken together, these data clearly demonstrate that the recruitment of
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SRC-1 by the constitutively activated receptors can be abolished by

antiestrogens.
The elucidation of the biological function of ER variants and

mutants in breast cancer is of great clinical significance because it has
been observed that tumor cells express such receptors (36). However,
the biological significance of expressed ER splice variants remains to
be established because recent results demonstrate that differential
expression of receptor splice variants is not involved in resistance
toward OHT, ICI 164,384, and ICI 182,780 in a model of ER-positive,
antiestrogen-resistant human breast cancer cells (37). On the other

hand, point mutations in the ER are an infrequent event in primary
breast tumors (38-40), and the recent identification of an ERa
Y537N mutant with hormone-independent activity and antiestrogen

insensitivity from a metastatic breast cancer was of considerable
interest (33). However, using two different assays, i.e., transient
transfection and coactivator interaction, we are able to show that the
constitutive activity of ERa and ER/3 tyrosine missense mutants,
including the substitution for an asparagine, can be effectively inhib
ited by all classes of antiestrogens. This study, therefore, demonstrates
that constitutive ERa and ERÃŸtyrosine mutants are sensitive to the
action of antiestrogens and that these particular types of mutant
receptors are unlikely to contribute to resistance toward antiestrogens
in breast cancer.
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