
Summary. The estrogen receptors ERα and ERß have
been implicated in the progression of a wide variety of
cancers. The actions of ER are regulated by ER
coregulator proteins, including proline-, glutamic acid-
and leucine-rich-protein-1 (PELP1/MNAR). PELP1 has
been shown to participate in both genomic and
nongenomic functions of ER. The expression and
localization of PELP1/MNAR are deregulated in a wide
variety of tumors and have been implicated in the
development of hormonal resistance in cancer cell lines.
Emerging data suggest that PELP1/MNAR interacts with
many proteins and activates several oncogenes,
including Src kinase, phosphotidyl inositol 3 kinase
(PI3K), and signal transducers and activators of
transcription 3 (STAT3). These new results suggest that
PELP1/MNAR may act as an oncogene as well as
cooperating with other oncogenes. Thus, PELP1/MNAR
may contribute to the tumorigenic potential of cancer
cells by serving as a scaffolding protein that couples
various signaling complexes with ER.
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Introduction

The estrogen receptors ERα and ERß are members
of the family of nuclear receptors (NR) that mediate the
pleotropic actions of the steroid hormone estrogen in a
wide variety of tisuues (McDonnell and Norris, 2002).
ER signalling has been implicated in the progression of a
number of cancers, including those of the breast,
endometrium and ovary. ERs have been shown to
function as ligand-dependent transcription factors, but
accumulating evidence strongly suggests that ERs also
require functional interactions with their coregulators for
the optimal activation of estrogen responsive genes

(Smith and O'Malley, 2004). Several studies have
convincingly shown that ER functions are dependent on
the formation of large, multi-component complexes in
the nucleus (McKenna et al., 1999). ERs have also been
found to participate in cytoplasmic and membrane-
mediated signaling events (nongenomic signaling), as
well as in the stimulation of a number of cytosolic
signaling pathways by forming complexes with Src
kinase, mitogen-activated protein kinase (MAPK), and
phosphatidylinositol-3-kinase (PI3K) (Losel and
Wehling, 2003; Bjornstrom and Sjoberg, 2005; Song et
al., 2005). 

Using genomics/proteomics, several novel genes
have been identified as ER-coregulatory proteins
(McDonnell and Norris, 2002; Barnes et al., 2004; Smith
and O'Malley, 2004). Since ER coregulators modulate
ER signaling, they may be important in the progression
of ER positive tumors (Hall and McDonnell, 2005). ER
coregulators may play a role in hormonal responsiveness
and tumor progression and may function as oncogenes
(Bagheri-Yarmand et al., 2004; Torres-Arzayus et al.,
2004). Deregulation of ER-coregulator protein
expression or function has been described in several
cancers (Anzick et al., 1997; List et al., 2001; Vadlamudi
et al., 2005). However, little is known about the normal
functions of these coregulatory proteins and their
involvement in cancer progression. Understanding the
composition and function(s) of ER regulatory complexes
in normal physiology and disease progression may
enable the use of these novel pathways for diagnosis and
intervention in cancer. In this review, we briefly
summarize the emerging data on the novel ER-
coregulator proline-, glutamic acid-, and leucine-rich
protein-1 (PELP1, also referred to as modulator of
nongenomic action of estrogen receptor, MNAR) in
various cancers and discuss the clinical significance of
PELP1/MNAR deregulation in cancers.

Functions of PELP1/MNAR 

PELP1/MNAR is normally expressed in a wide
variety of hormone responsive tissues, including the
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breast, ovary, and endometrium (Vadlamudi et al., 2001).
Initial studies suggested that PELP1/MNAR functions as
a coactivator of ER and modulates ER nuclear
transactivation functions. In normal mammary epithelial
cells, substantial amounts of PELP1 localize in the
nuclear compartment. Moreover, hormonal stimulation
promotes the colocalization of PELP1 and ER in the
nuclear compartment and enhances PELP1/MNAR
recruitment to E2-responsive gene promoters (Nair et al.,
2004). PELP1/MNAR also interacts with histones (Choi
et al., 2004) and participates in chromatin remodeling
activity by displacing histone H1 (Nair et al., 2004). In
addition, PELP1 has also been found to interact with the
general transcriptional activator CBP, and hormonal
stimulation promotes PELP1-associated histone acetyl
transferase activity (Vadlamudi et al., 2001; Nair et al.,
2004). PELP1/MNAR is physiologically associated with
the cell cycle switch protein retinoblastoma (pRb) in the
nucleus, and these PELP1/MNAR-pRb interactions have
been found to play a role in the maximal activation of E2
target genes, such as cyclin D1 (Balasenthil and
Vadlamudi, 2003). This, in turn, enhances E2-mediated
cell cycle progression by sensitizing cells to G1/S
progression (Balasenthil and Vadlamudi, 2003).
Emerging evidence also suggests that PELP1/MNAR
plays a key role in the ER-mediated generation of non-
genomic actions by modulating the interaction of ER
with Src kinase, leading to the stimulation of Src
enzymatic activity and activation of the mitogen
activated protein kinases (MAPK) (Wong et al., 2002;
Barletta et al., 2004). PELP1/MNAR also interacts with
the p85 subunit of phosphoinositide 3-kinase (PI3K),
leading to the activation of the AKT (protein kinase B)
pathway (Vadlamudi et al., 2005). Growth factor signals
induce the association of PELP1/MNAR with epidermal
growth factor receptor (EGFR), resulting in the
phosphorylation of PELP1 at tyrosine residues
(Vadlamudi et al., 2005). Growth factor signals also
promote PELP1/MNAR interactions with STAT3, and
these interactions play an important role in the growth
factor mediated activation of STAT3 target genes
including cyclin D1, fos, and jun (Manavathi and
Kumar, 2005). PELP1 is a phosphoprotein, and its

phosphorylation status is modulated by growth factor
signaling (Nagpal et al., 2006). The ability of
PELP1/MNAR to interact with ER, chromatin
components, signaling enzymes (e.g. Src and PI3K), and
growth factor signaling components (e.g. EGFR, STAT3
and HRS), suggests that PELP1 functions as a
scaffolding protein and acts in the assembly of various
signaling complexes and in coupling these complexes
with steroid receptors such as ER (Fig. 1).

PELP1/MNAR in breast cancer

PELP1/MNAR is widely expressed in breast cancer
cells, and its expression is deregulated in breast tumors
(Vadlamudi et al., 2001; Greger et al., 2005). PELP1
expression was reported to be 3- to 5-fold higher in
breast tumors compared with adjacent normal breast
tissue (Vadlamudi et al., 2001). A recent study using
tumor arrays (n=252) reported that node positive and
metastatic tumors have 2- to 3-fold higher expression of
PELP1/MNAR than node negative breast tumors,
suggesting that PELP1 may be involved in tumor
metastasis (Rajhans et al., 2006). The MCF-7 breast
tumor cell line, which overexpresses PELP1, has been
shown to promote tumorigenesis in nude mice in the
absence of exogenous estrogen, suggesting that
PELP1/MNAR deregulation can promote hormonal
independence and that this gene can function as an
oncogene (Rajhans et al., 2006). PELP1 overexpression
has also been found to hypersensitize breast cancer cells
to S phase by modulating pRb phosphorylation
(Balasenthil and Vadlamudi, 2003). The ability of
PELP1 to make MCF-7 cells hypersensitive suggests
that the deregulation of PELP1 expression observed in
breast tumors may confer an advantage to breast cancer
cells by sensitizing them to residual levels of estrogen.

PELP1 has been shown to modulate the expression
or function of several oncogenes that have been
implicated in breast cancer progression. For example,
PELP1 positively upregulates expression of cyclin D
(Balasenthil and Vadlamudi, 2003). Because PELP1
expression is deregulated in breast tumors, its ability to
modulate cyclin D1 expression may provide a functional
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Fig. 1. Schematic representation of
PELP1/MNAR domains and its
interacting proteins.



advantage to ER-positive tumors and play a role in ER-
positive tumor cell proliferation. Similarly, PELP1 has
been shown to interact with and activate Src kinase
(Wong et al., 2002), another gene commonly over-
expressed in breast cancers. Deregulation of
PELP1/MNAR may therefore contribute to the
constitutive activation of Src kinase in tumors
overexpressing PELP1. STAT3 is another oncogene
widely expressed in breast cancers, and constitutive
phosphorylation at the STAT3 Ser727 residue has been
observed in breast tumors, suggesting a role for STAT3
serine phosphorylation in oncogenesis. PELP1 has been
observed to interact with STAT3 and to potentiate
STAT3 Ser727 phosphorylation (Manavathi et al., 2005),
suggesting that deregulation of PELP1 expression in
tumors may upregulate STAT3 signaling. Collectively
these findings suggest that PELP1 promotes
tumorigenesis via its ability to modulate the function of
other oncogenes.

PELP1/MNAR is predominantly localized in the
nuclei of cells of hormonally responsive tissues. In about
50% of PELP1/MNAR-positive tumors, however, this
protein was found to localize in the cytoplasm alone or
in both the cytoplasm and nucleus (Vadlamudi et al.,
2005). Mechanistic studies have shown that cytoplasmic
localization of PELP1 increases its association with Src
and PI3K, leading to enhanced MAPK activation and
constitutive activation of AKT. Consistent with these
results, clones of cells with cytoplasmically localized
PELP1, when injected into mammary fat pads, were
found to have tumorigenic potential and hormonal
independence, suggesting a close relationship between
PELP1/MNAR cytoplasmic localization, AKT
activation, and tumorigenesis (Vadlamudi et al., 2005).
Clones of MCF-7 human breast cancer cells
overexpressing PELP1/MNAR in the cytoplasm were
found to be much more sensitive to TNF-alpha-induced
apoptosis than were wild-type nuclear PELP1- and
pcDNA vector-expressing clones (Rayala et al., 2006),
suggesting that altered localization of PELP1/MNAR
modulates the hormonal sensitivity of breast cancer
cells. These findings suggest methods for developing
new treatment strategies for tumors with cytoplasmic
PELP1 expression.

Emerging results suggest that PELP1/MNAR
deregulation may promote hormonal therapy resistance
in breast cancer cells. Model cells that mimic
PELP1/MNAR cytoplasmic localization in tumors
(PELP1-cyto cells) showed hypersensitivity to estrogen
but were resistant to tamoxifen (Vadlamudi et al., 2005).
Although this agent has been used to treat breast cancer,
it is also associated with endometrial thickening,
dysfunctional uterine bleeding, endometrial polyps,
endometrial hyperplasia, and uterine sarcoma (Bergman
et al., 2000). PELP1 enhances the agonist actions of
tamoxifen in endometrial cells, suggesting that it may
play a role in the tamoxifen-mediated partial agonist
action observed in the endometrium (Vadlamudi et al.,
2004). Utilizing cDNA microarrays, cell lines with

acquired letrozole resistance have been shown to
overexpress PELP1/MNAR (Mcpherson et al., 2005).
These findings suggest that deregulation of
PELP1/MNAR, which can stimulate nongenomic ER
functions, may alter the ratio of genomic and
nongenomic signaling in breast cancer cells and may
therefore promote hormonal independence by
modulating ER-transactivating functions and SERM
mediated agonist actions.

Growth factor-mediated activation of nongenomic
pathways and phosphorylation of ER and ER-
coregulatory proteins have been shown to play a role in
tamoxifen resistance (Schiff et al., 2005; Gururaj et al.,
2006). Signaling by growth factors has been shown to
promote the phosphorylation of PELP1/MNAR and to
alter its localization (Schiff et al., 2005; Nagpal et al.,
2006). Since PELP1/MNAR enhances growth factor
mediated ER transactivation activities and promotes
tamoxifen resistance, growth factor-mediated
posttranslational modification of PELP1 may be
important in PELP1-mediated hormonal resistance.
Further characterization of cytoplasmic PELP1/MNAR
functions showed that it interacts in the cytoplasm with
hepatocyte growth factor receptor substrate (HRS), a
trafficking molecule that activates MAPK in the
presence of EGFR, presumably by sequestering
PELP1/MNAR in the cytoplasm. Growth factor signals
or signaling components can affect the presence of
PELP1/MNAR in the cytoplasm, thus contributing to
excessive nongenomic signaling and leading to
hormonal resistance (Rayala et al., 2006).

Growth factor signaling may also regulate gene
expression through the modulation of RNA splicing
efficiency via phosphorylation and modulation of the
interactions among the activators, ER and the
spliceosome (Masuhiro et al., 2005). PELP1/MNAR
interacts with Breast Cancer Amplified Sequence-2
(BCAS2) in the nuclear compartment, and colocalization
studies using splicing factor SC35 as a marker revealed
that PELP1/MNAR and BCAS2 colocalize at nuclear
speckles. PELP1/MNAR can interact with RNA, thus
enhancing steroid hormone mediated differential splicing
effects. BCAS2-PELP1/MNAR interactions may also be
important in ER mediated RNA splicing (Nair et al.,
2006).

PELP1/MNAR in endometrial cancer

PELP1/MNAR is normally expressed in various
stages of normal endometrium, but it is differently
expressed and localized at different stages in benign
endometrium. PELP1 expression was shown to be higher
in endometrial tumor samples than in postmenopausal
specimens (Vadlamudi et al., 2004). In addition, ER is
localized in the cytoplasm in postmenopausal
endometrium, suggesting that ER nongenomic signaling
prevails in postmenopausal endometrium.
Downregulation of PELP1 in endometrial cells using
siRNA demonstrated that PELP1/MNAR is essential in
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E2-mediated cell proliferation of endometrial cancer
cells (Vadlamudi et al., 2004). Collectively these results
suggest that PELP1 mediated genomic and nongenomic
signaling is important in the proliferative and secretory
phases of endometrium, whereas PELP1 mediated
nongenomic functions may be important in
postmenopausal endometrium. Thus, deregulation of
PELP1 may play important roles in the progression of
endometrial cancer.

PELP1/MNAR in ovarian cancer

Female sex hormones have been shown to be
involved in the progression of ovarian cancer, with
estrogen concentrations in ovarian tissue being at least
100-fold higher than those in the circulation (Lindgren et
al., 2002). Both estrogen receptors (ERα and ERß), the
principle targets of estrogen, are present in normal and
ovarian epithelial cancer cells (Lau et al., 1999).
Analysis of serial analysis of gene expression (SAGE)
data in human genome databases suggests that PELP1
expression is altered in ovarian cancers and that ovarian
cancer cells express 3- to 4-fold higher levels of PELP1
mRNA than do immortalized ovarian surface epithelial
cells, representing the benign stage of ovarian cancer.
Analysis of human ovarian cancer tissue arrays revealed
that PELP1 is 2- to 3-fold overexpressed in 60% of
ovarian tumors. PELP1 has been found to be deregulated
in all subtypes of ovarian tumors (including serous,
endometrioid, clear cell carcinoma and mucous tumors),

whereas PELP1 localization was predominantly
cytoplasmic in a subset of ovarian tumors (Vadlamudi et
al., unpublished observations). Since cytoplasmic
localization of PELP1 promotes the excessive activation
of ER-nongenomic functions, the PELP1 deregulation
observed in ovarian tumors may have implications in
hormonal therapy resistance observed in these tumors.

PELP1/MNAR in salivary tumors

Salivary duct carcinoma (SDC) is a high-grade
neoplasm with marked morphologic resemblance to
mammary duct carcinoma. Interestingly, immuno-
histochemical staining of 70 SDCs revealed strong
expression of PELP1/MNAR in 51 (73%) and ERß in 52
(74%). PELP1/MNAR staining was predominantly
cytoplasmic, whereas ERß staining was predominantly
nuclear. The coexpression of ERß and PELP1/MNAR in
the majority of SDCs indicates that these proteins are
important in the pathobiology of these tumors through
both genomic and nongenomic pathways. These results
also suggest that the ERß pathway may play a role in the
biology of SDC and that ERß agonists and ER
nongenomic signaling blockers may have therapeutic
value in SDC. 

PELP1/MNAR in prostate tumors

Androgen receptor (AR) plays a critical role in
prostate carcinogenesis and its progression to the
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Fig. 2. Schematic representation of PELP1/MNAR
signaling in cancer cells. PELP1 role in ER genomic
and nongenomic functions is depicted by placing
PELP1/MNAR in both cytoplasmic and nuclear
compartments along with the identified complexes.
Deregulation of PELP1/MNAR in cancer cells might
contribute to the hypersensitivity of tumor cells by
enhancing genomic as well as nongenomic ER actions
and thus promote tumorigenesis and hormonal
therapy resistance.



incurable androgen-independent state. PELP1/MNAR
has been found to interact with AR and to modulate its
transactivation functions (Wong et al., 2002). Recent
evidence suggests that PELP1/MNAR may also
participate in the nongenomic activities of AR by
coupling AR with Src kinase signaling in prostate cancer
cells (Unni et al., 2004). PELP1/MNAR is widely
expressed in epithelial prostate cancer cell lines, as well
as in high-grade prostate tumors (Nair et al., 2005).
PELP1 has been shown to interact with FHL2 and to
form the trimeric AR-PELP1-FHL2 complex upon
ligand stimulation, thus enhancing FHL2-mediated AR
transactivation functions (Nair et al., 2005). These
results suggest that PELP1/MNAR functions as a
molecular adaptor, coupling FHL2 with AR and AR with
Src kinase, thus having roles in prostate cancer
progression and in AR crosstalk with nongenomic
pathways. 

Conclusions

PELP1/MNAR is a novel ER-coactivator that plays
an important role in both the genomic and nongenomic
actions of ER (Fig. 2). PELP1 enhances the tumorigenic
potential of a number of human cancer cell lines in vitro
and in vivo. PELP1 expression/localization is altered in a
wide variety of tumors. Deregulation of PELP1/MNAR,
which can stimulate nongenomic ER functions, may
promote hormonal independence by modulating ER-
transactivating functions and SERM actions.
Collectively, these emerging findings suggest that
PELP1/MNAR expression or localization could be used
to determine whether a tumor will be resistant or
susceptible to hormone therapy. Drugs targeting
PELP1/MNAR or its regulatory pathways (Src and
AKT) could be beneficial in tumors in which
PELP1/MNAR expression/localization is deregulated.
Future studies analyzing more tumor samples, validating
the role of PELP1/MNAR in animal models of hormone-
resistant and -susceptible cancers, and elucidating the
mechanisms involved in the deregulation of
PELP1/MNAR in tumors will help in the development
of ways to target this novel gene for endocrine therapy.
The ability of PELP1/MNAR to interact with EGFR,
ER, Src and PI3K suggests that it may serve as a novel
target for the disruption of the EGFR-ER signaling
crosstalk that occurs in hormonal resistant cancer cells.
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