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A major problem in breast cancer treatment and research today is
why so many patients with estrogen receptor alpha (ERa) —positive
tumors have de novo resistance to tamoxifen and why even more
acquire resistance at a later time. An interesting study by Shi et al in this
issue of Journal of Clinical Oncology suggests that one mechanism (and
there are probably many) involves a truncated variant of ERa, which
may predict and possibly mediate resistance.

In previous studies, these investigators identified a novel 36-kDa
variant of ERa using a homology search against a portion of the
ERa66 ligand binding domain, and cloned it from human placental
¢DNA.? Like ERa66, this ERa variant is expressed from the ESRI
gene, but it is transcribed from an alternative start site. Following
transcription, it also undergoes alternative splicing at the 3’ end, yield-
ing a protein lacking the AF-1 and AF-2 trans-activation domains, as
well as the last 138 amino acids of ERa66, which are replaced with a
unique 22—amino acid sequence. They developed an antibody spe-
cific to the unique C-terminus of ERa36, which does not recognize
ERa66, and used it to show that ERa36 is expressed in a significant
proportion of ERa66-positive and -negative breast cancer cell lines
and human primary tumors.” Interestingly, ERa36 is apparently
not expressed in normal breast epithelial cells, or the MCF10A
human mammary epithelial cell line.>?

To study the function of this new variant, they stably trans-
duced and overexpressed ERa36 in human embryonic kidney cells
(HEK293), which do not express the receptor.” They showed that
ERa36 lacks intrinsic transcriptional activity, consistent with its lack
of both trans-activation domains. In cells cotransduced with ERa66,
they also demonstrated that the variant is a dominant inhibitor of
ERa66 transcriptional activity. An unexpected and particularly inter-
esting finding was that ERa36 localizes to the cytoplasm and surface
membrane of cells, and that binding by both estrogen and tamoxifen
activates the mitogen-activated protein kinase (MAPK) signaling
pathway, stimulating cell growth. Based on these laboratory studies,
they hypothesized that ERa36 expression may be associated with
tamoxifen resistance in patients with ERa66-positive breast cancer. In
this study," Shi et al tested this hypothesis by measuring ERa36 expres-
sion by immunohistochemistry (IHC) in archival tissue banks of
several groups of patients with invasive breast cancer. The patients
were treated with various combinations of tamoxifen and chemother-
apy, and the associations with ERa36 expression and disease-free
survival (DFS) and disease-specific survival (DSS) were evaluated.
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ERa36 positive was artificially defined as moderate-to-strong IHC
staining in 10% or more tumor cells.

The largest group of patients (n = 307) had ERa66-positive
tumors treated with tamoxifen with or without chemotherapy (me-
dian follow-up = 7.9 years), and showed significantly decreased ben-
efitin ERa36-positive compared with ERa36-negative tumors in both
univariate and multivariate (MVA) analyses of DFS and DSS (11%
and 12%, P = .002, and hazard ratio [HR] 1.9 and 2.5, P = .002,
respectively). A separate, independently evaluated group with ERa66-
positive tumors treated with tamoxifen alone (n = 156; median
follow-up, 4.8 years) also showed significantly decreased benefit in
ERa36-positive versus ERa36-negative tumors (eg, DFS HR, 5.47;
P = .003). In contrast, there was a hint of benefit in patients with
ERa66-positive/ERa36-positive tumors (n = 129) treated with chem-
otherapy alone (DSS HR, 0.79; P = .58 in MVA), and a stronger trend
towards benefit in a group with ERa66-negative/ERa36-positive tu-
mors (n = 149) treated in a similar manner (DSS HR, 0.52; P = .07 in
MVA). A smaller group of patients with ERa66-negative/ERa36-
positive tumors (n = 73) treated with tamoxifen with or without
chemotherapy showed a nonsignificant trend towards decreased ben-
efit (DFS HR, 1.55; P = .35 in MVA).

This study has strengths and limitations. Foremost among the
strengths are the tantalizing results suggesting that ERa66-positive/
ERa36-positive breast cancers are relatively resistant to adjuvant ta-
moxifen, which was demonstrated in two independent cohorts of
patients of reasonable size and follow-up. Foremost among the limi-
tations was the absence of an untreated group of patients for compar-
ison, so it is difficult to determine if the apparent resistance to
tamoxifen represents a truly significant negative interaction with the
drug alone, or if there are additional prognostically detrimental bio-
logic features associated with the variant receptor. Aggressive, fast-
growing breast cancers often initially respond fairly well to the types of
cytotoxic chemotherapies used in this study,* and there were weak
trends towards benefit in ERa36-positive compared with ERa36-
negative tumors treated with chemotherapy alone, regardless of
ERa66 status, suggesting that the variant may indeed be associated
with aggressive behavior. The authors’ previous in vitro studies of
ERa66-negative/ERa36-positive breast cancer cell lines showing that
estrogen activates the MAPK pathway and increases proliferation also
support this notion.” Because of the retrospective and longitudinal
study design, it is also difficult to separate de novo from acquired
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tamoxifen resistance, which might be clarified by future studies in a
neoadjuvant setting. This may be a relatively minor point, but the
crude method of scoring and defining ERa36 positivity by IHC used
in this study may also be obscuring quantitative relationships between
expression and response to tamoxifen.

An important question that was not addressed in this study is the
relationship between ERa36 expression and response to aromatase
inhibitors (Als), which are being increasingly used. Since Als inhibit
the synthesis of estrogen, rather than estrogen binding to ERa66, it is
reasonable to speculate that ERa36 may not be associated with resis-
tance to these drugs because MAPK-induced cell growth would not
occur. If this is correct, then ERa36 expression may even be partially
responsible for the relative benefit of Als over tamoxifen observed in
previous clinical trials.” Hopefully, future studies will evaluate this.
Because of significant adverse effects associated with Als, tamoxifen is
still being used with benefit in many patients, which will probably
continue for some time.® Thus, it remains important to gain a better
understanding of tamoxifen resistance, despite the increasing use of
Als as first-line hormonal therapy.

From a biologic perspective, this article reinforces growing
evidence that truncated forms of hormone receptors may be im-
portant in regulating the transcriptional activities of hormone
receptors as a class, which is novel and fascinating. Many of these
“dwarf” receptors seem to exert a dominant-negative effect on
transcription. For example, another dwarf receptor referred to as
ERa46 lacks the N-terminal A/B domain and suppresses ERa66
AF-1 trans-activation.” There is a truncated form of ER, referred to
as ERBcx, or ERB2, which inhibits full-length ERc, but not ERB.?
Progesterone receptor (PgR)-C is an N-terminal truncated variant of
PgR lacking the DNA binding domain, which inhibits the transcrip-
tional activity of full-length PgR-B, contributing to the onset of labor.”
Glucocorticoid receptor—c is inhibited by a truncated variant referred
toas GR-3,'% and there are more. Although ERa:36 shares the ability to
suppress transcription of the full-length receptor, it differs from other
known variants in its ability to activate MAPK-mediated signaling
pathways through apparently independent extranuclear mechanisms,
stimulating cell proliferation.

It will be important to determine the precise mechanism whereby
ERa36 activates MAPK activity in order to develop strategies to pre-
vent the ensuing cell proliferation. The general model proposed by the
authors is that ERa36 localizes to the outer cell membrane and estra-
diol (E2) somehow activates the MAPK pathway through membrane-
initiated signaling. Furthermore, ERa36 is a promiscuous receptor in
the sense that it can bind estriol (E3), estetrol (E4), tamoxifen, and
fulvestrant, all of which activate MAPK and stimulate cell prolifera-
tion.” Since ERa36 seems to lack an intrinsic trans-membrane do-
main, it is unclear exactly how it localizes to the surface membrane of
cells. Small amounts of ERa66 also localize to the surface membrane
in certain situations through a mechanism involving palmitolyation at
cysteine 447."" Perhaps ER:36 uses a similar mechanism, or a related
one involving myristoylation, as suggested by the authors, but the
answer awaits future studies.

Studies during the past few years have demonstrated that tran-
scriptional regulating functions of ERa66 in the nucleus can be inhib-
ited at the same time as its extranuclear (ie, membrane) functions are
being activated.'*'> The mechanisms and consequences of this diver-
gent regulation have been controversial and difficult to study, primar-
ily because it has been challenging to visualize and purify membrane
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receptor, as well as to stimulate selectively membrane over nuclear
receptor activity.'> The recent development of dendrimeric estrogen
conjugates that are unable to enter the nucleus has been helpful in
understanding nuclear versus extranuclear ERa66 signaling, but these
compounds are still unable to distinguish cytoplasmic from surface
membrane activation.'® Perhaps ERa36 may provide an additional
tool to help understand this process, given that it represses nuclear
signaling of ERa66 while independently initiating estrogen-induced
signaling at the cell membrane.

It is possible that the mechanism of ERa36-mediated MAPK
activation leading to cell proliferation is entirely independent of
ERa66 at the cell membrane. This is supported by recent studies using
the MCF?7 breast cancer cell line showing that dendrimeric estrogen
conjugates preferentially induce ERa66-mediated MAPK activation
at the cell membrane, but does not stimulate proliferation.'® However,
there are reasonable alternative hypotheses. For example, perhaps
ERa36-mediated MAPK activation participates in phosphorylation of
ERa66 and its coactivator AIB1, which would facilitate nuclear tran-
scription and might override the opposing ERa36-mediated inh-
ibition of nuclear ERa66 transcriptional activities, leading to cell
proliferation. Again, answers await future studies.

This study by Shi et al,' and their previous studies leading up to it,
is an excellent example of well-conducted bench-to-bedside transla-
tional research. The results suggest that ERa66-positive/ERa36-
positive breast cancers may be relatively resistant to tamoxifen and
treated more effectively with chemotherapy alone (or with other types
of hormonal therapies such as Als, if they are shown to remain effec-
tive in future studies). As the authors acknowledge, their results are
preliminary but, because they seem promising, and because the issue is
so important, they deserve additional validation. If confirmed to be
truly predictive of tamoxifen resistance in a substantial proportion of
patients with ERa66-positive breast cancers, then they also deserve to
be compared with other strategies under investigation addressing sim-
ilar issues, such as OncotypeDX in the TailorRX trial,'” and Mamma-
Print in the MINDACT (Microarray in Node-Negative Disease May
Avoid Chemotherapy) trial.'® A technically simple and economical
test that accurately identifies tamoxifen resistance would be a wel-
come contribution.
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