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Abstract Selective estrogen receptor (ER) modulators have been the most commonly used neoadjuvant
therapy for hormone-dependent breast cancer. However, resistance to endocrine therapy, either
inherent or acquired during treatment, presents a major challenge in disease management. The
causes of resistance to hormone therapy are not well understood and are the subject of active
investigation. It is increasingly clear that decreasing sensitivity of ER-positive breast cancer cells
to antiestrogens is caused by several factors. Cross talk between ER and growth factor signaling
has emerged as a critical factor in endocrine resistance. Here, we present evidence that receptor
tyrosine kinase signaling alsoplays a role in resistance by controlling the subcellular localizationof
ER signaling components. Localization of ER in either the nuclear or cytoplasmic compartments
has functional implications. Recent work suggests that dynein light chain 1, a recently identified
substrate of p21-activated kinase 1, modulates ER transactivation functions through a novel ER
coactivator function. Likewise, receptor tyrosine kinase signaling can also alter the expression of
ER coregulators such as metastasis-associated antigen 1, leading to hormonal independence.
Furthermore, proline-, glutamic acid-, leucine-rich protein 1, an ER coactivator involved in both
genomic and nongenomic signaling pathways, is activated by epidermal growth factor receptor
and plays a prominent role in resistance to tamoxifen. These recent advances suggest new
targeted therapeutic approaches that may lead to either reversion or prevention of endocrine
resistance in breast tumors.

Tumors in hormone-sensitive organs, such as the breast,
ovaries, prostate, and adrenal and thyroid glands, respond to
endocrine therapy, and endocrine therapies for breast cancer
have been in use for more than a century. Several new
endocrine agents have contributed to the marked reduction in
breast cancer mortality that has occurred over the past decade
(1). However, a substantial proportion of tumors in patients
presenting with localized disease and all tumors in patients
with metastatic disease become resistant to endocrine therapies
(2, 3). The mechanisms for intrinsic and acquired endocrine
resistance are still poorly comprehended and are the focus of
active investigation.

Selective estrogen receptor (ER) modulators have been the
most frequently used adjuvant therapy for hormone-dependent
breast cancers. In most cases of resistance, ER is still present in
the resistant tumors and its activity continues to regulate tumor

growth. Thus, resistance to selective ER modulators could
potentially arise via any of the following mechanisms: ER
activation in the absence of estrogen; hypersensitivity of ER to
low levels of circulating estrogens; or ER activation, rather than
inhibition, by estrogen antagonists. At the molecular level,
mechanisms responsible for resistance include ER mutations
that result in increased sensitivity to ligand or coactivator
recruitment, with a resultant increase in ER activity; increased
expression of the coactivator proteins that mediate ER activity;
down-regulation of corepressor activity, reducing the inhibitory
potential of tamoxifen; and posttranslational modifications
resulting in ligand-independent activation of the ER. The
posttranslational modifications of ER are triggered mainly by
activation of growth factor signaling pathways. Because ER also
brings about mitogenic and antiapoptotic effects through direct
interaction with key components of several signal transduction
pathways (nongenomic signaling), altered activity of these
pathways could contribute to resistance (4). By understanding
which of these pathways is involved in mediating resistance, we
might be able to develop strategies for overcoming or bypassing
such resistance.

Cross-Talk between ERand SignalTransduction
Pathways in Endocrine Resistance

Functional interactions of ER and its coregulators with
pathways activated by growth factor signaling have been
described. These cytoplasmic and membrane-mediated signal-
ing events controlled by ER are designated the ‘‘nongenomic’’
activities of ER (5, 6). Nongenomic signaling has been linked to
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rapid responses to estrogen and generally involves stimulation
of the Src kinase, mitogen-activated protein kinase (MAPK),
phosphatidylinositol-3-kinase, and protein kinase C pathways
in the cytosol (6, 7). Furthermore, ER-activated nongenomic
pathways have been shown to modify ER or its coactivators
by phosphorylation, resulting in an altered topology of ER
and its coregulator proteins and eventually leading to ligand-
independent activation or differential responses to selective ER
modulators (8, 9). Several groups have shown that this
interaction emerges as the dominant pathway when breast
cancer cells become hormone resistant (4, 10–12).

In addition to its ligand, ER transactivation functions are also
stimulated by receptor tyrosine kinases and/or its downstream
signaling components (Fig. 1). One such signaling kinase is
p21-activated kinase 1 (Pak1), which otherwise could be
activated by Rac or Cdc42 (13, 14) or lipids (15–17). Wang
et al. (18) showed that Pak1 phosphorylates ER at Ser305 and
promotes its transactivation in ligand-independent phenotypes.
Pak1 also has been shown to up-regulate cyclin D1 expression
in an ER-independent, but nuclear factor nB–dependent,
manner (19).

Functional dysregulation of specific Pak1 substrates (other
than ER) has been implicated in Pak1-associated cancer
phenotypes and hormone independence. For example, an
elegant study showed that dynein light chain 1 (DLC1), a
component of the dynein motor, is a physiologic Pak1-
interacting substrate and that Pak1 phosphorylation of DLC1
at Ser88 plays a critical role in supporting the anchorage-
independent growth of breast cancer cells in vitro and in nude
mice (20). DLC1 was dysregulated in most of the breast
cancer samples and approximately half the tumors had higher-
than-normal expression of both Pak1 and DLC1 (20). Recent
work has shown that DLC1 interacts with ER and facilitates
ER transactivation functions through a novel coactivator (21);
evidence also indicated that DLC1 plays a significant role in
tumor cell hypersensitivity to estrogen. DLC1 overexpression
increased expression of the ER-regulated cell survival protein
Bcl-2 and enhanced recruitment of DLC1-ER complex to ER
target gene chromatin. Conversely, DLC1 down-regulation

significantly reduced the ability of estrogen to induce proges-
terone receptor and cathepsin D expression and compromised
both the nuclear accumulation and the transactivation func-
tions of ER, suggesting that DLC1 may have chaperone-like
activity in the nuclear translocation of ER (21).

PELP1in the Biology of Hormone-Responsive
Cancers

In recent years, ER coregulatory proteins have been found in
both nuclear and cytoplasmic cell compartments, raising the
possibility that ER coregulators are involved in the nongenomic
effects of estrogen and are subject to regulation by growth
factor–initiated pathways. Such effects are best exemplified by
proline-, glutamic acid-, and leucine-rich protein 1/modulator
of nongenomic activity of ER (PELP1/MNAR), which regulates
both nuclear and extranuclear estradiol responses (22, 23).

Discovery of PELP1. Initially, using affinity chromatogra-
phy, PELP1 was identified as a 160-kDa protein that acts as a
phosphotyrosine-independent ligand of the Src homologue 2
domain (24). Using the peptide sequences derived from the
purified 160 kDa protein, Vadlamudi et al. (22) screened a
HeLa cell cDNA library, identifying two cDNAs of different
length, which were named PELP1 and PELP2 to reflect the
fact that they are unusually rich in the amino acids proline,
glutamic acid, and leucine. Initial studies using the longest
clone PELP1 (3.8 kb) resulted in generation of a protein pro-
duct of 160 kDa and its identification as an ERa coactivator
(22). Subsequent studies using ERh affinity chromatography
identified a protein that is identical to PELP1 at the amino
acid level but differs slightly in cDNA length (3.4 kb); it
therefore was assumed to be a new protein and was named
MNAR (23). Both the PELP1 and MNAR gene sequences map
to the same chromosomal region, 17p13. PELP1 and MNAR
cDNAs have identical sequences except for a single additional
435-bp region in PELP1, along with a few sequence errors
that have been detected in the original PELP1 sequence (25).
Further analysis of the extra PELP1 cDNA regions suggests that
the PELP1 cDNA isolated initially was an immature transcript

Fig. 1. A simplified model of ER action and
regulation by growth factors. Mechanisms
of ER activation and downstream events
leading to the physiologic effects of ER are
indicated, emphasizing both the nuclear and
extranuclear activities of ER in breast cancer
cells. Estrogen-activated ER translocates
into the nucleus to induce gene expression
via interaction through its coactivators
(CoA), thus bringing about its genomic
response. ER can also activate cytoplasmic
signaling events by associationwith
membrane-bound proteins or other
coactivators which eventually bring about
nongenomic effects of ER. In the absence of
the ligand, ER can be activated by receptor
tyrosine kinase (RTK) signaling via Pak1to
bring about hormone independence.
Corepressors (CoR) of ER like those of the
MTA family can inhibit ER genomic response
by sequestering it in the cytoplasm but
amplify the nongenomic effects.
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and contained an extra 435-bp intron with consensus splice
sites that artificially produced the disparity between the
lengths of the PELP1 and MNAR cDNAs. Transfection of
PELP1 cDNA results in amazingly efficient splicing of this
intron in many cells, resulting in a 3.4-kb mRNA of the
160-kDa protein (25). The ability of PELP1 and MNAR cDNA
to generate identical 160-kDa proteins was verified by epitope
tagging and reactions with endogenous antibodies (25). The
presence of identical amino acid sequences and the perfect
match of both cDNAs, including the extra 435-bp intron, to
the human genome sequence on chromosome 17p13 suggest
that PELP1 and MNAR are identical at the protein level. Thus,
it seems that we may be dealing with identical gene products
from both PELP1 and MNAR.

Molecular characteristics of PELP1/MNAR. PELP1/MNAR
is widely expressed in various tissues, among them the
mammary gland, endometrium, ovaries, testis, and brain
(22, 26, 27). PELP1/MNAR has been found in both the
nuclear and the cytoplasmic compartments, but the propor-
tions of PELP1/MNAR protein that localize in the nucleus and
the cytoplasm differ, depending on the tissue (22). PELP1/
MNAR contains 10 nuclear receptor – interacting LXXLL
motifs; LXXLL motifs 4 and 5 are required for PELP1/MNAR
to interact with ER (28). PELP1/MNAR contains two regions
rich in cysteine residues, which could possibly form two zinc
fingers, and has several consensus sites/motifs. These motifs
could potentially interact with proteins containing Src
homologue 2, Src homologue 3, and WW domains; for
example, the PXXP motif present in the NH2-terminal region
of PELP1/MNAR is implicated in its interaction with Src
kinase at the Src homologue 3 domain (28). In addition,
PELP1/MNAR is unique in that it possesses an 80-amino-acid
domain that efficiently interacts with histones (29). Although
PELP1/MNAR has no known enzymatic activity, the presence
of multiple protein-protein interaction domains and pub-
lished evidence suggest that PELP1/MNAR functions as a
scaffolding protein, serving as a platform to couple signaling
complexes with nuclear receptors such as ER.

PELP1/MNAR in ER genomic actions. PELP1/MNAR func-
tions as a coactivator of both ERa (22, 23) and ERh (23, 27)
and modulates their transactivation functions. In exponentially
growing cells, PELP1/MNAR is predominantly localized in the
nuclear compartment and associates with both chromatin and
nuclear matrix (29). Estrogen stimulation promotes recruit-
ment of PELP1/MNAR to estradiol-responsive gene promoters.
PELP1/MNAR efficiently interacts with histones both in vitro
and in vivo (29, 30). PELP1/MNAR associates with ER target
gene promoters in a cyclical manner, with recruitment of
histone H1 and PELP1 occurring in opposite phases; this beha-
vior suggests that PELP1/MNAR may participate in chromatin
remodeling activity by displacing histone H1 in cancer cells
(29). PELP1 also interacts with the general transcriptional
activator CBP and hormonal stimulation promotes PELP1-
associated histone acetyltransferase enzymatic activity (22, 29).
Furthermore, PELP1 interacts with corepressors, such as histone
deacetylase 2 (30) and metastasis-associated antigen 1 (MTA1;
ref. 31), and with other nuclear transcription factors, such as
signal transducer and activator of transcription 3 (32). PELP1/
MNAR physiologically associates with the cell cycle switch
protein pRb in the nuclear compartment and PELP1/MNAR-
pRb interactions play a role in the maximal activation of

estradiol target genes such as cyclin D1 (25). PELP1/MNAR
nuclear localization, recruitment to the active chromatin, abi-
lity to interact with histones and histone-modifying enzymes,
and interactions with other nuclear coregulatory proteins all
suggest that PELP1/MNAR plays an important role in ER
genomic functions.

Role of PELP1/MNAR in nongenomic actions. Evidence also
suggests that PELP1/MNAR plays a key role in the ER-
mediated generation of nongenomic actions. PELP1/MNAR
modulates ER interaction with Src, leading to stimulation of
Src enzymatic activity and activation of the extracellular
signal– regulated kinase 1 and 2 (23). Studies using ERa,
PELP1/MNAR, and Src mutants have shown that coordinated
binding of MNAR and ER to the Src homologue 3 and 2
domains, respectively, leads to activation of c-Src and Src-
mediated signaling (28). PELP1/MNAR also has the potential
to interact with the p85 subunit of phosphatidylinositol-
3-kinase, leading to activation of the phosphatidylinositol-
3-kinase/Akt (protein kinase B) pathway (33). Growth factor
signals induce PELP1/MNAR association with epidermal
growth factor receptor, resulting in the tyrosine phosphory-
lation of the former by the latter (32). Growth factor signals
also promote PELP1/MNAR interactions with signal transduc-
er and activator of transcription 3, and these interactions
play a mechanistic role in the positive regulation of signal
transducer and activator of transcription 3 phosphorylation at
Ser727 by activation of the Src-MAPK pathway (Fig. 2;
ref. 32). PELP1/MNAR was shown to regulate meiosis by
enhancing testosterone-triggered maturation and activation of
MAPK by means of its interactions with G proteins (34). New
evidence suggests that PELP1/MNAR participates in the
androgen receptor–mediated nongenotropic signaling that
correlates with the transition of LNCaP human prostate cancer
cells to androgen independence (35). The findings that
PELP1/MNAR interacts with several growth factor signaling
components and cytosolic kinases and that it is able to
interact with ER highlight a novel role for PELP1/MNAR in
ER nongenomic functions. Such regulatory effects of PELP1/
MNAR may have important functional implications in the
cross talk between ER and signal transduction pathways.

PELP1/MNAR in Endocrine Therapy Resistance

PELP1/MNAR is widely expressed in breast cancer cells and
its expression is deregulated in breast tumors (22, 33).
PELP1/MNAR is an ER target gene and its expression is
differentially regulated by selective ER modulators depending
on the cell line (31). Although PELP1/MNAR is predomi-
nantly localized in the nucleus in hormonally responsive
tissues (22, 29), in 58% of PELP1/MNAR–positive tumors
PELP1/MNAR was localized in the cytoplasm either exclu-
sively or in addition to nuclear localization (33). Model cells
that mimic PELP1/MNAR cytoplasmic localization in tumors
(PELP1-cyto cells) were hypersensitive to estrogen but
resistant to tamoxifen. PELP1-cyto cells, but not parental
MCF-7 cells, formed xenograft tumors in nude mice (33). In
addition, relative to MCF-7 cells, PELP1-cyto cells exhibited
increased association of PELP1/MNAR with Src, enhanced
MAPK activation, and constitutive activation of Akt. The
altered localization of PELP1/MNAR to the cytoplasm was
sufficient to trigger its interaction with the p85 subunit of

Localization of Coregulators in Estrogen Action
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phosphatidylinositol-3-kinase, leading to phosphatidylinosi-
tol-3-kinase activation. In addition, PELP1/MNAR interacts
with epidermal growth factor receptor and participates in
growth factor–mediated ER transactivation functions.

PELP1/MNAR expression and localization are also widely
deregulated in endometrial cancers. In addition, PELP1/
MNAR and ER were shown to be localized predominantly in
the cytoplasm of high-grade endometrial tumors (27).
PELP1/MNAR promotes tamoxifen-mediated agonistic action
in endometrial model cells (27). Because PELP1/MNAR was
primarily localized in either the cytoplasmic or the nuclear
compartment in different endometrial cancers, these studies
provide important clues about its cytoplasmic (nongenomic)
functions. Recent studies have shown that differential
compartmentalization of PELP1/MNAR may play a crucial
role in modulating the status of nongenomic signaling using
molecular mechanisms that remain poorly understood (33).
PELP1-cyto cells formed very early and very aggressive
tumors compared with those arising from wild-type PELP1
cells (which contained PELP1/MNAR in both the nucleus
and the cytoplasm), and these tumors exhibited resistance to
tamoxifen. Further characterization of cytoplasmic PELP1/
MNAR functions revealed its interaction with a trafficking
molecule that activates MAPK in the presence of epidermal
growth factor receptor, presumably by sequestering PELP1/
MNAR in the cytoplasm. Because MAPK activation is
associated with tamoxifen resistance, functional inactivation
of the endosomal molecule could potentially sensitize cells
to tamoxifen.

PELP1/MNAR is a unique coactivator that plays an
important role in both the genomic and nongenomic actions
of ER. PELP1/MNAR recruitment to ER target gene chromatin
and its interactions with histones, histone acetyltransferase
enzymes, and deacetylase components suggest that PELP1/

MNAR participates in chromatin remodeling activity. In
addition, the ability of PELP1/MNAR to interact with ER,
Src, phosphatidylinositol-3-kinase, Akt, signal transducer and
activator of transcription 3, and epidermal growth factor
receptor highlights a novel role for PELP1/MNAR in ER
nongenomic signaling. Deregulation of PELP1/MNAR local-
ization may help to sequester ER in the cytoplasm/membrane.
It is also possible that mislocalization of PELP1/MNAR, which
has the potential to stimulate nongenomic ER functions, may
alter the ratio of genomic to nongenomic signaling in breast
cancer cells and thus might promote hormonal independence
by modulating ER-transactivating functions and selective
ER modulator actions. Growth factor signaling leading to
modification of PELP1/MNAR could be another mechanism
promoting hormonal resistance. In addition, in a subset of
breast tumors, PELP1/MNAR expression is either lost or
undetectable. Because PELP1/MNAR plays an essential role in
ER actions, it is tempting to speculate that the absence of
PELP1/MNAR could also contribute to resistance to hormonal
therapy.

Collectively, these findings suggest that PELP1/MNAR
expression or localization could be used to determine
whether a tumor will be hormone resistant or susceptible.
Drugs targeting PELP1/MNAR or its regulatory pathways (Src
and Akt) could be beneficial in those tumors where PELP1/
MNAR expression/localization is deregulated. However, these
indications of PELP1/MNAR potential are based on a few
studies of a small number of tumor samples. Future studies
analyzing more tumor samples, validating the role of PELP1/
MNAR in animal models of hormone-resistant and hormone-
susceptible cancers, and elucidating the mechanisms that
cause deregulation of PELP1/MNAR in tumors will help in the
development of ways to target this novel gene for endocrine
therapy.

Fig. 2. A schematic model of PELP1/
MNARaction defining its role in breast
cancer cells, summarizing the cellular events
inwhich PELP1/MNARhas been implicated.
PELP1/MNARcan interact with various
signaling components as well as ER and is
thus involved in the outcomes influencedby
ER in the cell (refer to text for a detailed
description).

www.aacrjournals.orgClin Cancer Res 2006;12(3 Suppl) February1, 2006 1004s

D
ow

nloaded from
 http://aacrjournals.org/clincancerres/article-pdf/12/3/1001s/1965811/1001s.pdf by guest on 19 M

ay 2023



MTAFamilyMembers and ER

ER coregulatory proteins have been suggested to play a role
in the generally observed tissue-specific effects of tamoxifen
(33, 34). However, these ER coregulators are targeted by
excessive ER/epidermal growth factor receptor 2 cross talk,
leading to hormonal resistance in a subset of breast tumors
(35). Growth factor signaling promotes ER phosphorylation
on both serine and tyrosine residues (36, 37). Recent evidence
suggests that ER coactivators, like ER itself, are targets of
growth factor signaling (38). Growth factor–mediated acti-
vation of nongenomic pathways and phosphorylation of ER
and ER coregulatory proteins have been shown to have a role
in tamoxifen resistance (2, 39). MTA1, a presumed corepres-
sor of ER, is a phosphoprotein of which expression can be
induced by heregulin (40). Up-regulation of MTA1 is
associated with the increased invasiveness and metastatic
potential of several human cancers, including carcinomas
of the breast and ovaries (41). Inhibition of MTA1 protein
expression by antisense phosphorothioate oligonucleotides
caused the growth and invasiveness of MDA-MB231 breast
cancer cells to be inhibited, which is consistent with MTA1
having a role in metastasis (42). MTA1s (a naturally occurring
variant of MTA1) is overexpressed in ER-negative tumors.
MTA1s inhibits ER nuclear signaling by sequestering ER in the
cytoplasm using its LXXLL motif but enhances ER non-
genomic signaling and tumorigenesis (43). These findings
suggest a complex role for MTA1 and MTA1s in modulating
the hormone-dependent functions of ER.

Future Directions and Perspectives

Endocrine therapy for women with metastatic breast cancer
has become more complex than previously envisaged. Several
agents that interfere with ER signaling are available clinically.
However, the development of resistance is still an unsolved
problem and is addressed only by using these drugs in different
‘‘endocrine cascades.’’ Current insights into the molecular basis
for resistance are rudimentary but are most clearly illuminated
by investigations that focus on the cross-talk between receptor
tyrosine kinases and ER. However, in some tumors, endocrine
resistance occurs in the absence of any evidence of receptor
tyrosine kinase overexpression. In these instances, common
downstream signal transduction proteins that are known to
intersect with the ER pathway, such as Pak1 (and its targets),
provide a potential therapeutic target to address resistance. The
tissue- and cell type–specific effects of estrogen have been
attributed largely to the different coregulators and specific
promoters that ER associates with, in addition to the various ER
subtypes and extranuclear signaling events. Recent investiga-
tions have proved conclusively that signaling to ER or its
coregulators is a key factor contributing to resistance. Thus, in
addition to ER itself, ER coregulators are potential clinical
intervention targets.

Although much information has been learned in the past
three decades about ER and cancer, a lot more remains to be
learned. The establishment of mouse and cell lines models that
accurately mimic characteristics of estrogen independence and
the biochemistry of human breast cancers would greatly
advance the field. Preclinical investigations using such models

might lead to a more efficient design of clinical trials by
predicting treatment effects and their mechanisms of action.

Open Discussion

Dr. Myles Brown: If we identify multiple possible mecha-
nisms of resistance, the issue then becomes what are the actual
mechanisms of resistance in patients. This issue points to
something I have been advocating, which is the need to identify
in the patient’s tissue at the time of relapse which pathways are
involved in resistance.

Dr. Kumar: This is a major challenge to all of us. I can only
tell you that we are over 150 cases of hormone-responsive
endometrial, salivary gland, and breast cancers now, and I
would say that in a significant number of cases, PELP1 was in
cytoplasm. I hope that we can put together a consortium to go
from the mouse or the human material and ask that question
in a focused manner. Many of these studies are limited in terms
of a reasonable correlation with the human material and data
from tissue culture. But, again, we will learn a great deal about
the biology, which is one of the key purposes of such
preclinical model systems. We really have no idea at the
moment what will be significance of the coactivators or ER
modification in relation to antiestrogen action in human breast
tumors. We have to go back to the tumors and then try to
mimic a model system, study the model system, and then go
back again to the tissue. This is not going to be an easy task,
and no single lab can do it.

Dr. Mitch Dowsett: Getting and studying tissue at the time of
recurrence is something we would all like to do, but it is going
to continue to be tough. But I think there are valuable
analogous data in primary breast cancers at presentation. One
can assess these phenotypic characteristics in relation to
changes in Ki67, for example. This is a rather easier situation
to work with. Therefore, looking at these pathways at that level
of the primary tumor may well give us an entrée into what is
happening in recurrent disease.

Dr. Kumar: When we think about the components of the ER
pathway, we want only to link these components with the ER.
But there are components of the ER pathway that may not
be dependent on ER itself. We have identified some of these
components using a yeast two-hybrid screening for PELP1 or
ER as baits. A few of these new proteins may be responsible for
cross-talk and perhaps are mediators of growth factor receptor
signaling. Of course, ER response is the goal, but that is not the
only way to look at it. You will be seeing some papers from my
and Ratna Vadlamudi’s labs and from others where PELP is
likely to be involved in signaling other than ER.

Dr. Brown: The evidence supporting a role for a nuclear
chromatin-bound ER and for a cytoplasmic ER that receives and
sends signals is all extremely strong. I just wonder what your
thoughts are about the role for a lipid-modified nuclear
receptor ERa getting into the membrane—whether you think
that has really been demonstrated and whether you think it
might play a significant role in estrogen response or not?

Dr. Kumar: I believe ER can be found in close proximity to
the plasma membrane, but it may not be in the membrane. In
fact, if you knock down caveolin by small interfering RNA, you
hardly see any major change in ER location. In these studies,
we have failed to clearly see any major change in the ER
localization in our lab. Our own feeling is that membrane ER

Localization of Coregulators in Estrogen Action
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may or may not be a major player, though it will be very
important for delineation of the ER signaling pathway. But,
really, we are only talking about a very small fraction of total
ER. What is really important is to define all kinds of
modifications or demodifications to which ER protein might
be subject in the cytoplasm. If you do a careful screen, you’ll be
surprised to see how many of these demodifying or modifying
enzymes are pulling down with a different component of ER
such as PELP1.

Dr. Adrian Lee: We spent the last 2 or 3 years trying to put ER
in the membrane. It is easy to put it in the cytoplasm, though it
doesn’t like to go there. So if there is going to be some ER there
in the membrane, it is going to be a small amount. Until we
have models without nuclear ER and with the whole receptor
in the membrane, I think it will be hard to address these
questions.

Dr. Brown: All the evidence for an integral membrane form
of ER, or a lipid-modified form in the membrane, is extremely
weak. Yet the concept has gained acceptance. In reviews and in
model slides, the figures are all drawn now with ER shooting
into the membrane. Given its crystal structure, I would
challenge anybody to show me the biochemistry that would
allow ER itself, unless it is lipid modified, to be within the
membrane.

Dr. Kumar: One of the problems in attempting to detect
membrane ER, or membrane-bound ER, is that we are still
lacking reagents that can selectively pick up a membrane form
of ER. Overall, the current evidence is not derived from a
physiologically relevant setting.

Dr. Brown: I’m willing to be convinced that there is a specific
form of ER that is bound to proteins that anchor to the
membrane, but the evidence isn’t there.

Dr. Kumar: We have found a specific modification of ER. If
we use the ER antibody, we are not detecting anything outside
the nucleus and have a lot of noise. So we are now using a
specific antibody to this modification. We are getting a major
change in the signaling now. The noise has almost gone, and
we now are seeing some ER close to the membrane. But again,
it may or may not be membrane bound. One way to address
this issue is to have specific antibodies to detect only these
modifications. Then you will start seeing the evidence. But right
now we are not there.
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