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1. ABSTRACT 
 

The development of breast cancer is promoted by 
diverse factors that impact on intracellular signaling to 
promote proliferation and cell survival. The role of 
eicosanoid signaling through prostaglandin release and the 
up-regulation of cyclooxygenase-2 (COX-2) is established, 
however, the impact of phospholipase A (PLA) activity and 
over-expression is less certain. Here we review current 
literature concerning the role of PLA in breast cancer and 
describe how eicosanoid signaling may be a facet of 
estrogen-stimulated breast cancer etiology and progression. 
   
2. INTRODUCTION 
 

Eicosanoid signaling has been implicated in the 
development and progression of cancers in different tissues 
including the mammary gland. Over expression of 
arachidonic acid metabolizing enzymes, principally 
cyclooxygenase-2 (COX-2) can be detected in many breast

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

cancer tumors and correlates with poor prognosis (1, 2). 
The merit of chemotherapeutic intervention using COX-2 
inhibitors in the treatment of breast cancer was first 
demonstrated in a series of animal model studies (3-6). 
Recent epidemiological evidence shows that chronic use of 
COX-2 inhibitors by patients being treated for arthritis 
resulted in a significantly reduced risk of breast cancer 
development (7). Clinical trials are currently evaluating the 
efficacy of COX-2 inhibitors in combination with other 
chemotherapeutic strategies for breast cancer treatment, 
reviewed in (8). The contribution of phospholipase A 
(PLA) activity to the development of breast cancer is less 
clear. The published data is often conflicting in its 
attribution of promotional or inhibitory effects to PLA 
reaction products on breast cancer progression. Recent data 
has suggested a link between eicosanoid signaling and 
estrogen stimulated signaling events in breast cancer cells 
both at the level PLA and COX activity. 
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Breast cancer is the most common form of cancer 
experienced by women and affects 1 in 9 of the global 
female population over their lifetime. In the year 2000 
more than one million people were diagnosed with this 
disease worldwide. Breast cancer is a significant cause of 
death amongst women post menopause, however, the 
mortality rates have declined in recent years, especially in 
younger patients through early diagnosis and more 
effective treatment (9). Inherited genetic factors, 
predominantly mutation of the BRCA1 and BRCA2 genes 
account for 10% of all cases of breast cancer and 25 to 40% 
of breast cancers among younger women (10). Sporadic 
incidences account for the vast majority of cases and are 
associated with diverse risk factors that have a biological or 
social basis. Factors that correlate with increased lifetime 
exposure to estrogens are major predisposing factors in 
breast cancer development that are related to the hormone-
dependent proliferation of the cells of the mammary gland. 
Since Beatson first recognized the link between ovarian 
function and breast cancer in 1896 (11), considerable 
epidemiological and clinical evidence has supported the 
link between cumulative and sustained exposure to 
estrogens with increased risk of breast cancer development. 
At least some of the mechanisms by which estrogen 
promotes breast cancer have been elucidated in recent 
years. Estrogen stimulates cell proliferation in target tissues 
including the mammary gland through receptor-dependent 
up-regulation of proliferative signaling intermediates. The 
increased rate of cell proliferation increases the frequency 
of genetic mutations that are accumulated by daughter cells 
and which may ultimately lead to carcinogenesis.  The 
second mechanism is a direct, receptor-independent 
genotoxic effect elicited by reactive intermediates 
generated through aromatase, cytochrome P450-mediated 
metabolic activation, which increase the rate of genetic 
mutation. This is supported by the observation that estrogen 
promotes mammary tumor development in ERα knockout 
mice (12). A third mechanism is postulated to involve a 
compromise of the DNA repair system, leading to 
accumulation of genetic lesions, such as locus deletions in 
chromosomes 9 and 4 that are essential for tumorigenesis 
(13). 
 
 The correlation between COX-2 activity and 
progression in estrogen-dependent breast cancer is at least 
in part attributable to PGE2-dependent up-regulation of 
aromatase activity (14). There are other facets of the 
eicosanoid biosynthetic pathway that potentially impact on 
breast cancer development and fully elucidating these 
effects will allow for more refined treatment regimes. The 
aim of this review is to summarize knowledge about PLA 
activity in breast cancer and how it may be coupled to the 
more established effects of estrogen on tumor etiology and 
progression. 
 
3. MECHANISMS OF ESTROGEN ACTION 
 

The most active estrogenic hormone, 17-beta-
estradiol (E2) is synthesized through testosterone 
aromatization in the ovary and in other tissues including the 
mammary gland. Circulatory levels of E2 decrease by 90% 
after menopause, however, mammary tissue levels remain 

constant through peripheral aromatization (15). E2 plays a 
central role in the control of important reproductive and 
homeostatic functions in the body. It is now well 
recognized that the impact of E2 on human physiology is 
much wider than previously thought, encompassing the 
differentiation of tissues in diverse organ systems. E2 
modulates cell proliferation, apoptosis and inflammation as 
well as having pronounced effects on brain and 
cardiovascular functions. Estrogens can modulate 
pathogenesis of different hormone-dependent diseases (16), 
and the mitogenic activity of these hormones exerts a 
critical role in the etiology and progression of different 
human cancers, including those of the breast (17), uterus 
(18), prostate (19), colon (20) and lung (21). In particular, 
the proliferative effects of E2 on breast tissue and the 
contribution of E2 to breast cancer development has been 
the subject of intense investigation (22-24).  
 

The biological effects of E2 are mediated by two 
receptors referred to as ER-alpha and ER-beta, which are 
both members of the nuclear receptor (NR) super-family 
(ER-alpha in the sub-group NR3A1 and ER-beta in sub-
group NR3A2, respectively). ER-alpha was first identified 
by Jensen and Jacobson during their studies on the effects 
of E2 in the uterus (25) and then cloned in the mid 1980’s 
(26). The second ER, ER-beta, was cloned in 1995 from a 
prostate cDNA library (27-29). The discovery of ERβ 
opened new avenues in the understanding of the pleiotropic 
effects of E2 both in the female and in the male. ER-alpha 
and ER-beta have markedly different tissue distributions, 
and they have different roles in general development and 
physiology, as shown in knockout mouse models (30). The 
cellular mechanisms underlying the broader effects of E2 
were, initially, accounted for entirely by the ability of ERs 
to modulate gene expression (31). E2 binds to ER-alpha and 
ER-beta, which shuttle between the nucleus and cytoplasm 
acting as ligand-dependent transcription factors that 
modulate the expression of estrogen responsive genes 
including COX-2 (32). In the “genomic” model, after 
ligand binding, ERs undergo dramatic structural 
modifications leading to receptor dimerization followed by 
translocation to the nucleus where they bind to the ERE 
sequences located in the promoter of E2-responsive genes. 
ER-regulated gene transcription can also occur in a manner 
that does not require direct DNA binding; this is referred to 
as “indirect genomic mechanism” and it occurs through the 
interaction of ER with specific transcription factors such as 
stimulating protein 1 (Sp1) and activator protein 1 (AP-1) 
which in turn direct gene transcription interacting with 
different promoter elements such as GC-rich and TRE. In 
MCF-7 breast cancer cells, a significant number of genes 
responding to E2 were found by DNA micro-array analysis 
and some of them have been characterized (33). Among 
these, tumor-associated genes, oncogenes and tumor 
promoting genes are generally up-regulated, whereas the 
genes related to tumor suppression are down-regulated (33, 
34). This is consistent with the effects of E2 in the 
promotion of tumor cell growth (35, 36).  
 

The genomic action of steroid hormones occurs 
after a time lag of at least 2 hours after E2 stimulation and 
explains some of hormone functions in physiological and 
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pathological situations (37, 38). However, it has been 
apparent for many years that not all biological effects of 
steroids are accomplished via direct regulation of gene 
expression, since E2 can also induce activation of signal 
transduction pathways in a time frame (seconds to minutes) 
that is too rapid to be mediated by protein or RNA 
biosynthesis and with a mechanism that is not abrogated by 
transcriptional inhibitors. These E2 rapid actions received 
major attention in 1967 when a physiological dose of E2 
was reported to increase the uterine cAMP level in 
ovariectomized rats within 15 seconds (39), and since then 
the rapid, non-genomic actions of E2 were intensively 
studied. The distinction between genomic and non-genomic 
mechanisms is not a rigid one. The rapid membrane 
initiated pathways also modulate gene transcription and the 
integration between signaling and transcription is a key 
feature of the estrogen response, providing a fine degree of 
control in the regulation of the final cellular response (40). 
Many of the signaling pathways lead to modulation of ion 
fluxes across membranes and stimulation of kinase and 
phosphatase cascades, which influence such processes as 
proliferation in various cell types including the mammary 
epithelium. Recent studies suggest that E2 could mediate a 
rapid increase in intracellular Ca2+ concentration through 
activation of ERK1/2 MAPK, cPLA2-alpha and COX-2, 
leading to PGE2 production and activation of downstream 
proliferative signals (41). The mechanism underlying these 
effects still needs to be fully elucidated. The involvement 
of plasma membrane-associated ERs in the rapid, E2-
induced proliferative effect is also unclear. ER-alpha, ER-
beta and GPR30 are putative receptors that have recently 
been linked to E2-induced rapid signaling pathways. A 
crosstalk between ERs, GPR30 and the EGFR/HER2 
family of growth factors receptors has also been correlated 
to the development of resistance to hormonal therapy in 
breast cancer (42). 
 
4. ESTROGEN AND THE EICOSANOID 
SIGNALING PATHWAY 
 

The Arachidonic Acid (AA)-based eicosanoid 
signaling pathway plays an important role in normal 
cellular homeostasis and, under certain circumstances, it 
can influence human pathologies such as inflammation and 
cancer. This pathway is also involved in the rapid estrogen 
responses in the colon (43) and in embryonic membranes 
(44). The Phospholipase A2 (PLA2) super-family is a group 
of enzymes that catalyze the hydrolysis of membrane 
phospholipids to release AA and other lipid second 
messengers. There are three major groups of PLA2 
isoforms: the Ca2+-dependent secretory PLA2 (sPLA2), the 
Ca2+-independent intracellular PLA2 (iPLA2) and the Ca2+-
dependent cytosolic PLA2 (cPLA2) (45). The cPLA2-alpha 
isoform, in particular, is ubiquitously and constitutively 
expressed in most cells and its high selectivity on 
membrane phospholipids containing AA has been the 
reason for a large number of recent studies on the link 
between cPLA2-alpha activity and tumorigenesis (46). 
cPLA2-alpha is cytosolic but translocates to intracellular 
membranes once activated by Ca2+ binding and 
phosphorylation (47). Free AA produced by cPLA2-alpha 
activity is a potent cytotoxic compound inducing cell death 

via the mitochondrial-mediated apoptosis and the SMase-
ceramide pathway (46) and is rapidly metabolized by COX, 
Lipoxygenases and Cytocrome P450 enzymes, leading to a 
panel of downstream eicosanoid metabolites, such as 
Prostaglandins, Leukotrienes and Hydroxy-eicosatetraenoic 
acids, respectively. The COX family enzymes, in 
particular, catalyze the conversion of AA to Prostaglandin 
H2 (PGH2) (45) which in turn is substrate for Prostaglandin 
E2 synthase (PGES) for PGE2 production (48).  

 
Prostaglandins regulate many physiological 

processes through G-protein coupled receptor activation 
(49), leading to production of second messengers that 
induce proliferation, migration, apoptosis and angiogenesis 
(50). PGE2 levels are increased in several cancers and 
correlate to tumor formation. PGE2 can stimulate growth-
promoting gene expression (namely c-fos and VEGF) (51) 
and can also modulate COX-2 gene expression in colorectal 
cancer and epithelial cells (51, 52) leading to a positive 
feedback over the downstream growth-promoting signaling. 
PGE2 can act both in a autocrine and paracrine fashion to 
increase aromatase expression in breast cancer and normal 
tissue (53), thus up-regulating E2 production and 
subsequent proliferative signaling pathways. The up-
regulation of COX-2 expression in malignant breast tissue 
correlated with an increase in aromatase activity (54). In 
addition, PLA2 can also mediate carcinogenesis by 
releasing lysophospholipids which can induce cell growth 
via their metabolism to lysophosphatidic acid (LPA) (55). 
 

The inducible over expression of the LPA 
receptor, LPA1 in MDA-BO2 breast cancer cells promoted 
the mitogenic effect of LPA in these cells (56). Murine 
xenografts of LPA1 over-expressing cells demonstrated 
enhanced subcutaneous growth and bone metastasis. The 
authors noted that the LPA was not endogenously released 
by the MDA-BO2 cells but rather that these cells 
stimulated LPA release from platelets. Inhibition of platelet 
activation attenuated metastasis of these cells and also 
reduced the progression of osteolytic lesions produced by a 
heterologous ovarian tumor cell line. The authors 
concluded that the release of LPA by tumor stimulated 
platelets enhanced tumor growth and promoted cytokine-
dependent bone destruction at metastatic sites. This is 
consistent with the observation by some workers that PLA2 
is not over expressed in breast cancer cells compared to 
normal mammary epithelium, but to the contrary is under-
expressed in tumor cells (57). Similar observations have 
been described for PLA2 under expression in human 
colonic cancer cells compared to normal colonic epithelium 
(58, 59). Boyan et al. also reported that E2 treatment of 
ER(-) and ER(+) breast cancer cell lines did not result in 
PLA2 activation (60). However, earlier work had suggested 
that membrane associated PLA2 expression was a good 
indicator for metastatic potential (61) and breast cancer 
survival (62). AA is a promoter of apoptosis and it has been 
suggested that the elevated level of COX-2 expression 
detected in many breast cancers not only serves to increase 
prostaglandin release but also to reduce cytoplasmic AA 
concentration. This view is strengthened by the observation 
that COX-2 becomes associated with the mitochondria of 
cancer cells as does calcium-independent PLA2 (63). 
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                    Dysregulation of downstream AA 
metabolizing enzymes such as COX-2, leads to high 
levels of proliferative eicosanoids, such as PGE2 (46). 
COX expression is also increased in different cancers, 
including colon, pancreatic, prostate, lung, skin, liver 
and breast cancers (50, 63, 64). Furthermore, COX 
inhibition decreased cell growth and exacerbated 
chemotherapeutic-induced apoptosis in breast cancer 
cells (65). These studies suggest a role of COX 
inhibitors in decreasing tumor formation in vivo, which 
is supported by the correlation between the use of non-
steroidal anti-inflammatory drugs (NSAIDs) and growth 
reduction in breast cancer (50). NSAIDs have recently 
been used as chemotherapeutic agents against different 
types of cancer (66) although they present critical side 
effects. At present more interest is given to the 
development of specific COX-2 or PGES inhibitors 
(67). 
 
5. ESTROGEN RECEPTORS AND 
PHOSPHOLIPASE A 

 
Signaling processes that are initiated when E2 

binds to ER-alpha promote cell proliferation. Treatment 
of MCF-7 cells breast cancer cells with E2 triggers ER-
alpha association with Src tyrosine kinase and the 
regulatory subunit of phosphatidyl inositol 3-kinase 
(PI3K) leading to DNA synthesis (68). It has also been 
reported that E2 can decrease cell growth by promoting 
apoptosis in several cell types, reviewed in (69). 
Epidemiological, clinical, and experimental evidence 
show that E2 confers protection against prostate and 
colon cell proliferation and malignant transformation 
(70-73). ER-beta seems to participate in these E2-
induced blockades of cell proliferation and a progressive 
decline in ER-beta expression has been reported in 
breast (74) and prostate cancer (71). Analysis of gene 
expression in cultured cell lines and knockout mice 
indicate that E2-activated ER-beta functions as a tumor 
suppressor by modulating the proliferative effects of 
ER-alpha (30, 75, 76). Recent studies suggest that ER-
beta could also exert anti-proliferative effects 
independently of its ER-alpha co-repressing mechanism, 
by directly activating pro-apoptotic signaling pathways 
(77-79).  
 

Interruption of the interaction between E2 and 
ER-alpha has been a key facet of treating breast cancer 
for many years and the ER antagonist Tamoxifen has 
been the primary drug of choice. It has been described 
that the use of Tamoxifen to treat breast cancer is a risk 
factor in the development of endometrial cancer in post-
menopausal women and this has contributed to the 
increased emphasis on aromatase inhibition therapy for 
breast cancer. The molecular basis of this enhanced 
endometrial cancer risk remains unclear. Levine 
demonstrated that the treatment of cultured rat liver 
cells with Tamoxifen caused them to release AA 
through enhanced PLA2 activity (80). More studies are 
necessary to establish whether this effect is tissue–
specific or whether the estrogenic effects of Tamoxifen 
on the endometrium that promote cancer development 

are linked to the up-regulation of PLA2 activity. 
Raloxifene is an ER antagonist that displays fewer 
estrogenic side effects than Tamoxifen and is less of a 
risk in promoting endometrial cancer, reviewed in (81). 
Raloxifene was less potent than Tamoxifen in 
stimulating AA release from liver cells and also 
inhibited the release of PGI2 in response to Tamoxifen 
(80). The different effects of these specific estrogen 
receptor modulators (SERMs) in stimulating AA release 
may contribute to the reduced endometrial cancer risk 
associated with Raloxifene treatment of breast cancer as 
compared to Tamoxifen. Further work is needed to 
investigate this fully, however, it may be the case that 
the safety of Tamoxifen in breast cancer treatment could 
be enhanced if this SERM is used in combination with 
COX-2 inhibition.  
 

The importance of the interaction between ER 
and epidermal growth factor receptor (EGFR) coupled 
signaling and transcription regulation in breast cancer 
development has become evident. The identification of 
EGFR activation as an important contributory factor has 
provided novel and effective avenues for breast cancer 
treatment though EGFR antagonists such as Herceptin. 
The up-regulation of cPLA2-alpha activity can be 
coupled to EGFR activation (82) and the induction of 
COX-2 gene expression in human glioma tumor cells is 
coupled to EGFR activation that results in activation of 
the SP1 transcription factor through p38 MAP kinase 
activation (83). Correlation has also been found in 
breast cancer between COX-2 activity and EGFR 
activity (84, 85). The regulation of the eicosanoid 
signaling pathway may be an important consequence of 
cross-talk between ER and EGFR coupled processes. ER 
expression is both a prognostic and a predictive factor in 
breast cancer, related to growth-rate, metastatic 
potential and sensitivity to therapeutic agents: estrogen 
receptor positive tumors (ER+) account for 60-70% of 
all human breast tumors (86), even though only two-
thirds of them are responsive to hormonal therapy due to 
de novo and acquired resistance. A growing body of 
evidence suggest that crosstalk between ER and growth 
factor receptor signaling pathways, especially the EGFR 
family, is one of the mechanism for resistance to 
endocrine therapy in breast cancer (42, 87). The EGFR 
family of tyrosine kinases includes EGFR/HER1, 
cERBb2/HER2, HER3 and HER4. Growth factors such 
as epidermal growth factor (EGF), transforming growth 
factor (TGF)-alpha and amphiregulin bind to the 
external domain of EGFR and induce heterodimerization 
with other members of the family, which initiates 
various kinase signaling cascades inducing proliferation, 
inhibition of apoptosis, enhanced invasion and cell 
motility (88). Several studies had linked rapid estrogen 
signaling to EGFR trans-activation: the group of Filardo 
reported an involvement of GPR30 through G protein-
mediated activation of matrix metalloproteinases 
(MMPs), release of heparin bound (HB)-EGF and 
activation of EGFR (89). MMP production by cancer 
cells and stromal fibroblasts plays an important role in 
tumor cell invasion. The production of MMP2 by 
fibroblasts is stimulated by breast carcinoma cells 
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Figure 1. Positive feedback between estrogen and PGE2. There is the potential for a positive feedback loop between estrogen and 
PGE2 release in breast cancer cells leading to uncontrolled proliferation. PGE2 stimulates aromatase activity in breast tissue to 
increase localized estrogen production (14). Estrogen promotes proliferative ER-dependent gene expression and also the trans-
activation of EGFR (87). EGFR activation promotes proliferative signaling including the up-regulation of COX-2 expression that 
increase PGE2 production to complete the cycle (85). 
 
and is sensitive to PLA2 inhibition (90).   
 
EGFR and HER2 have been implicated in the development 
of human cancers. Patients whose tumors have an 
alteration in these receptors are associated with more 
aggressive disease (91). About 25-30% of human breast 
cancers have over-expression or amplification of HER2, 
and its increased expression correlates with poor clinical 
outcome and with resistance to endocrine therapy (92, 
93). HER2 has become an important therapeutic target 
in breast cancer, leading to the development of targeted 
therapies such as the HER2 antibody Trastuzumab (94, 
95). HER2 has the strongest catalytic activity between 
the four members of the family and HER2-containing 
heterodimers have the strongest signaling function (96). 
HER2 is also least subject to inactivating mechanisms 
and its recruitment into heterodimeric-signaling 
complexes leads to prolonged signaling. HER2 induces 
transformation through different signaling pathways and 
transcriptional functions (96). EGFR/HER1 is also over-
expressed in 50% of breast tumors (97) correlating with 
resistance to hormonal therapy (92, 98). In these tumors 
the crosstalk between ER and EGFR/HER2 pathways 
results in a positive feedback cycle of cell survival 
stimuli. It is therefore clinically crucial to block this 
crosstalk by inhibiting both signaling pathways. Studies 
on nude mice supporting xenografts of human breast 
cancer cell lines, which over-expressed HER2 
demonstrated that a combination of Gefitinib (Irresa), an 
EGFR inhibitor, and estrogen deprivation is more 
efficient at inhibiting ER+ breast cancer growth than 
either therapy alone (99). Furthermore, synergistic 
interactions were demonstrated between Gefitinib and 
Trastuzumab in breast cancer cells (100). Over 

expression of COX-2 by breast cancer cells is often 
associated with HER-2 expression and the direct 
regulation of COX-2 gene expression by HER-2 has 
been reported in breast cancer cells (85). Lanza-Jacoby 
et al. recently demonstrated a combined effect of EGFR 
and COX-2 inhibitors in breast cancer cells, suggesting 
a potential crosstalk between the two signaling pathways 
(84).  
 
6. SUMMARY 
 

The key roles of estrogen and the up-
regulation of COX-2 in promoting breast cancer are 
established. These two factors are linked together 
through a positive feed back loop where COX-2 
transcription is up regulated by estrogen through EGFR 
trans-activation and where COX-2 activity stimulates 
aromatase activity with important consequences for cell 
proliferation in estrogen-responsive tumor cells (Figure 
1). The role of PLA2 in providing AA, the substrate for 
COX-2 is apparent, however, over expression of PLA2 
must be coupled to elevated COX-2 expression to 
counter the cytotoxic effects of free AA. The need to 
balance PLA2 activity with COX-2 activity may account 
for discrepancies in the literature regarding the role of 
PLA2 in supporting or suppressing breast cancer 
progression (Figure 2). The role of PLA2 in the 
progression of estrogen–dependent breast cancer still 
needs to be conclusively established. The role of 
eicosanoid signaling in endocrine-resistant breast cancer 
also needs further investigation with a view to 
supplementing recent developments in pharmacological 
intervention through HER-2 antagonism. 
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Figure 2. The biologically active estrogen 17-beta-estradiol (E2) binds to the classical estrogen receptor (ER) to promote its 
dimerization and translocation to the nucleus where it modulates the expression of estrogen responsive genes. The interaction of 
E2 with ER-alpha also activates signaling cascades that promote cell proliferation, such as the activation of c-Src tyrosine kinase 
(Src).  Src activation stimulates a matrix metalloproteinase cascade, which culminates in the liberation of epidermal growth factor 
(EGF) that is bound to heparin (HEP) on the cell surface. Free EGF ligand binds to EGFR family receptors such as HER2 that 
activates a p42/p44 extracellular stimulus regulate kinase (ERK) signaling cascade. Cytosolic phospholipase A2 (cPLA2) is a 
substrate for ERK and phosphorylation of cPLA2 promotes its association with intracellular membranes such as those of the 
endoplasmic reticulum and mitochondria. PLA activity releases lysophospholipids and arachidonic acid (AA) from these 
membranes. Lysophospholipids stimulate proliferative signaling, however AA promotes apoptosis. Cyclooxygenase-2 (COX-2) 
catalyses the first step in the conversion off AA into biologically active prostaglandins (PG) that promote proliferation. E2 
promotes the transcriptional up-regulation of COX-2, which maintains the intracellular levels of free AA at a low level. Over 
expression of COX-2 is often detected in malignant breast cancer. The transient activation of cPLA2 has been observed in 
response to E2 treatment of MCF-7 breast cancer cells. The transient rise in [Ca2+]i that follows is prerequisite for the sustained 
activation of ERK and PKC-alpha that follows treatment of MCF-7 cells with E2. 
 
7. ACKNWLEDGEMENT 
 
The authors are supported by program grant 060809/Z/00 
from the Wellcome Trust and by the Higher Education 
Authority of Ireland under the Program for Research in 
Third Level Institutions (PRTLI) Cycle 3. 
 
8. REFERENCES 
 
1. A. Ristimaki, A. Sivula, J. Lundin, M. Lundin, T. 
Salminen, C. Haglund, H. Joensuu and J. Isola: Prognostic 
significance of elevated cyclooxygenase-2 expression in 
breast cancer. Cancer Res, 62, 632-5 (2002) 

2. E. Half, X. M. Tang, K. Gwyn, A. Sahin, K. Wathen 
and F. A. Sinicrope: Cyclooxygenase-2 expression in 
human breast cancers and adjacent ductal carcinoma in 
situ. Cancer Res, 62, 1676-81 (2002) 
3. P. K. Lala, N. Al-Mutter and A. Orucevic: Effects of 
chronic indomethacin therapy on the development and 
progression of spontaneous mammary tumors in 
C3H/HEJ mice. Int J Cancer, 73, 371-80 (1997) 
4. J. G. Rozic, C. Chakraborty and P. K. Lala: 
Cyclooxygenase inhibitors retard murine mammary 
tumor progression by reducing tumor cell migration, 
invasiveness and angiogenesis. Int J Cancer, 93, 497-
506 (2001) 



Phospholipase A and breast cancer 

2610 

5. R. D. Blumenthal, C. Waskewich, D. M. Goldenberg, W. 
Lew, C. Flefleh and J. Burton: Chronotherapy and 
chronotoxicity of the cyclooxygenase-2 inhibitor, 
celecoxib, in athymic mice bearing human breast cancer 
xenografts. Clin Cancer Res, 7, 3178-85 (2001) 
6. N. Kundu and A. M. Fulton: Selective cyclooxygenase  
(COX)-1 or COX-2 inhibitors control metastatic disease in 
a murine model of breast cancer. Cancer Res, 62, 2343-6 
(2002) 
7. R. E. Harris, J. Beebe-Donk and G. A. Alshafie: Cancer 
chemoprevention by cyclooxygenase 2  (COX-2) blockade: 
results of case control studies. Subcell Biochem, 42, 193-
212 (2007) 
8. J. Gligorov, D. Azria, M. Namer, D. Khayat and J. P. 
Spano: Novel therapeutic strategies combining 
antihormonal and biological targeted therapies in breast 
cancer: Focus on clinical trials and perspectives. Crit Rev 
Oncol Hematol (2007) 
9. M. D. Althuis, J. M. Dozier, W. F. Anderson, S. S. 
Devesa and L. A. Brinton: Global trends in breast cancer 
incidence and mortality 1973-1997. Int J Epidemiol, 34, 
405-12 (2005) 
10. L. Hilakivi-Clarke: Estrogens, BRCA1, and breast 
cancer. Cancer Res, 60, 4993-5001 (2000) 
11. G. Beatson: On the treatment of inoperable cases of 
carcinoma of the mamma. Suggestions for a new method of 
treatment with illustrative cases. Lancet, 2, 104-107 (1896) 
12. W. P. Bocchinfuso and K. S. Korach: Mammary gland 
development and tumorigenesis in estrogen receptor 
knockout mice. J Mammary Gland Biol Neoplasia, 2, 323-
34 (1997) 
13. J. Russo and I. H. Russo: The role of estrogen in the 
initiation of breast cancer. J Steroid Biochem Mol Biol, 
102, 89-96 (2006) 
14. Y. Zhao, V. R. Agarwal, C. R. Mendelson and E. R. 
Simpson: Estrogen biosynthesis proximal to a breast tumor 
is stimulated by PGE2 via cyclic AMP, leading to 
activation of promoter II of the CYP19  (aromatase) gene. 
Endocrinology, 137, 5739-42 (1996) 
15. W. R. Miller and J. O'neill: The importance of local 
synthesis of estrogen within the breast. Steroids, 50, 537-48 
(1987) 
16. P. Ascenzi, A. Bocedi and M. Marino: Structure-
function relationship of estrogen receptor alpha and 
beta: impact on human health. Mol Aspects Med, 27, 
299-402 (2006) 
17. H. D. Nelson, L. L. Humphrey, P. Nygren, S. M. 
Teutsch and J. D. Allan: Postmenopausal hormone 
replacement therapy: scientific review. Jama, 288, 872-
81 (2002) 
18. J. V. Lacey, Jr., P. J. Mink, J. H. Lubin, M. E. 
Sherman, R. Troisi, P. Hartge, A. Schatzkin and C. 
Schairer: Menopausal hormone replacement therapy and 
risk of ovarian cancer. Jama, 288, 334-41 (2002) 
19. B. L. Neubauer, A. M. Mcnulty, M. Chedid, K. 
Chen, R. L. Goode, M. A. Johnson, C. D. Jones, V. 
Krishnan, R. Lynch, H. E. Osborne and J. R. Graff: The 
selective estrogen receptor modulator trioxifene  
(LY133314) inhibits metastasis and extends survival in 
the PAIII rat prostatic carcinoma model. Cancer Res, 
63, 6056-62 (2003) 

20. A. Di Leo, C. Messa, A. Cavallini and M. Linsalata: 
Estrogens and colorectal cancer. Curr Drug Targets 
Immune Endocr Metabol Disord, 1, 1-12 (2001) 
21. L. P. Stabile, A. L. Davis, C. T. Gubish, T. M. Hopkins, 
J. D. Luketich, N. Christie, S. Finkelstein and J. M. 
Siegfried: Human non-small cell lung tumors and cells 
derived from normal lung express both estrogen receptor 
alpha and beta and show biological responses to estrogen. 
Cancer Res, 62, 2141-50 (2002) 
22. E. Anderson, R. B. Clarke and A. Howell: Estrogen 
responsiveness and control of normal human breast 
proliferation. J Mammary Gland Biol Neoplasia, 3, 23-35 
(1998) 
23. R. J. Pietras: Biologic basis of sequential and 
combination therapies for hormone-responsive breast 
cancer. Oncologist, 11, 704-17 (2006) 
24. R. J. Santen, J. Pinkerton, C. Mccartney and G. R. 
Petroni: Risk of breast cancer with progestins in 
combination with estrogen as hormone replacement 
therapy. J Clin Endocrinol Metab, 86, 16-23 (2001) 
25. E. V. Jensen: On the mechanism of estrogen action. 
Perspect Biol Med, 6, 47-59 (1962) 
26. S. Green, P. Walter, V. Kumar, A. Krust, J. M. Bornert, 
P. Argos and P. Chambon: Human oestrogen receptor 
cDNA: sequence, expression and homology to v-erb-A. 
Nature, 320, 134-9 (1986) 
27. E. Enmark, M. Pelto-Huikko, K. Grandien, S. 
Lagercrantz, J. Lagercrantz, G. Fried, M. Nordenskjold and 
J. A. Gustafsson: Human estrogen receptor beta-gene 
structure, chromosomal localization, and expression 
pattern. J Clin Endocrinol Metab, 82, 4258-65 (1997) 
28. G. G. Kuiper, E. Enmark, M. Pelto-Huikko, S. Nilsson 
and J. A. Gustafsson: Cloning of a novel receptor expressed 
in rat prostate and ovary. Proc Natl Acad Sci U S A, 93, 
5925-30 (1996) 
29. S. Mosselman, J. Polman and R. Dijkema: ER beta: 
identification and characterization of a novel human 
estrogen receptor. FEBS Lett, 392, 49-53 (1996) 
30. J. F. Couse and K. S. Korach: Estrogen receptor null 
mice: what have we learned and where will they lead us? 
Endocr Rev, 20, 358-417 (1999) 
31. M. L. Acevedo and W. L. Kraus: Transcriptional 
activation by nuclear receptors. Essays Biochem, 40, 73-88 
(2004) 
32. B. W. O'malley: A life-long search for the molecular 
pathways of steroid hormone action. Mol Endocrinol, 19, 
1402-11 (2005) 
33. S. Terasaka, Y. Aita, A. Inoue, S. Hayashi, M. 
Nishigaki, K. Aoyagi, H. Sasaki, Y. Wada-Kiyama, Y. 
Sakuma, S. Akaba, J. Tanaka, H. Sone, J. Yonemoto, M. 
Tanji and R. Kiyama: Using a customized DNA microarray 
for expression profiling of the estrogen-responsive genes to 
evaluate estrogen activity among natural estrogens and 
industrial chemicals. Environ Health Perspect, 112, 773-81 
(2004) 
34. A. Inoue, N. Yoshida, Y. Omoto, S. Oguchi, T. Yamori, 
R. Kiyama and S. Hayashi: Development of cDNA 
microarray for expression profiling of estrogen-responsive 
genes. J Mol Endocrinol, 29, 175-92 (2002) 
35. L. Castagnetta, O. M. Granata, L. Cocciadiferro, A. 
Saetta, L. Polito, G. Bronte, S. Rizzo, I. Campisi, B. 



Phospholipase A and breast cancer 

2611 

Agostara and G. Carruba: Sex steroids, carcinogenesis, and 
cancer progression. Ann N Y Acad Sci, 1028, 233-46 (2004) 
36. J. D. Yager and N. E. Davidson: Estrogen 
carcinogenesis in breast cancer. N Engl J Med, 354, 270-82 
(2006) 
37. M. C. Farach-Carson and P. J. Davis: Steroid hormone 
interactions with target cells: cross talk between membrane 
and nuclear pathways. J Pharmacol Exp Ther, 307, 839-45 
(2003) 
38. M. Marino, F. Acconcia and P. Ascenzi: Estrogen 
receptor signalling: bases for drug actions. Curr Drug 
Targets Immune Endocr Metabol Disord, 5, 305-14 (2005) 
39. C. M. Szego and J. S. Davis: Adenosine 3',5'-
monophosphate in rat uterus: acute elevation by estrogen. 
Proc Natl Acad Sci U S A, 58, 1711-8 (1967) 
40. M. Marino and F. Caiazza: Estrogen signal transduction 
pathways from plasma membrane to the nucleus. Nova 
Science Publishers, New York  (2007) 
41. W. Thomas, N. Coen, S. Faherty, C. O. Flatharta and B. 
J. Harvey: Estrogen induces phospholipase A2 activation 
through ERK1/2 to mobilize intracellular calcium in MCF-
7 cells. Steroids, 71, 256-65 (2006) 
42. J. Shou, S. Massarweh, C. K. Osborne, A. E. Wakeling, 
S. Ali, H. Weiss and R. Schiff: Mechanisms of tamoxifen 
resistance: increased estrogen receptor-HER2/neu cross-
talk in ER/HER2-positive breast cancer. J Natl Cancer Inst, 
96, 926-35 (2004) 
43. B. J. Harvey, R. Alzamora, V. Healy, C. Renard and C. 
M. Doolan: Rapid responses to steroid hormones: from frog 
skin to human colon. A homage to Hans Ussing. Biochim 
Biophys Acta, 1566, 116-28 (2002) 
44. S. Fiorini, M. E. Ferretti, C. Biondi, B. Pavan, L. 
Lunghi, G. Paganetto and L. Abelli: 17Beta-eEstradiol 
stimulates arachidonate release from human amnion-like 
WISH cells through a rapid mechanism involving a 
membrane receptor. Endocrinology, 144, 3359-67 (2003) 
45. I. Kudo and M. Murakami: Phospholipase A2 enzymes. 
Prostaglandins Other Lipid Mediat, 68-69, 3-58 (2002) 
46. M. Nakanishi and D. W. Rosenberg: Roles of cPLA2 
alpha and arachidonic acid in cancer. Biochim Biophys 
Acta, 1761, 1335-43 (2006) 
47. T. Hirabayashi, T. Murayama and T. Shimizu: 
Regulatory mechanism and physiological role of cytosolic 
phospholipase A2. Biol Pharm Bull, 27, 1168-73 (2004) 
48. M. Murakami, H. Naraba, T. Tanioka, N. Semmyo, Y. 
Nakatani, F. Kojima, T. Ikeda, M. Fueki, A. Ueno, S. Oh 
and I. Kudo: Regulation of prostaglandin E2 biosynthesis 
by inducible membrane-associated prostaglandin E2 
synthase that acts in concert with cyclooxygenase-2. J 
Biol Chem, 275, 32783-92 (2000) 
49. M. D. Breyer and R. M. Breyer: G protein-coupled 
prostanoid receptors and the kidney. Annu Rev Physiol, 
63, 579-605 (2001) 
50. M. Cuendet and J. M. Pezzuto: The role of 
cyclooxygenase and lipoxygenase in cancer 
chemoprevention. Drug Metabol Drug Interact, 17, 109-
57 (2000) 
51. I. Mauritz, S. Westermayer, B. Marian, N. Erlach, 
M. Grusch and K. Holzmann: Prostaglandin E2 
stimulates progression-related gene expression in early 
colorectal adenoma cells. Br J Cancer, 94, 1718-25 
(2006) 

52. S. Rosch, R. Ramer, K. Brune and B. Hinz: 
Prostaglandin E2 induces cyclooxygenase-2 expression in 
human non-pigmented ciliary epithelial cells through 
activation of p38 and p42/44 mitogen-activated protein 
kinases. Biochem Biophys Res Commun, 338, 1171-8 
(2005) 
53. J. A. Richards, T. A. Petrel and R. W. Brueggemeier: 
Signaling pathways regulating aromatase and 
cyclooxygenases in normal and malignant breast cells. J 
Steroid Biochem Mol Biol, 80, 203-12 (2002) 
54. M. Salhab, G. Singh-Ranger, R. Mokbel, F. Jouhra, W. 
G. Jiang and K. Mokbel: Cyclooxygenase-2 mRNA 
expression correlates with aromatase expression in human 
breast cancer. J Surg Oncol  (2007) 
55. J. Aoki: Mechanisms of lysophosphatidic acid 
production. Semin Cell Dev Biol, 15, 477-89 (2004) 
56. A. Boucharaba, C. M. Serre, S. Gres, J. S. Saulnier-
Blache, J. C. Bordet, J. Guglielmi, P. Clezardin and O. 
Peyruchaud: Platelet-derived lysophosphatidic acid 
supports the progression of osteolytic bone metastases in 
breast cancer. J Clin Invest, 114, 1714-25 (2004) 
57. K. Glunde, C. Jie and Z. M. Bhujwalla: Molecular 
causes of the aberrant choline phospholipid metabolism in 
breast cancer. Cancer Res, 64, 4270-6 (2004) 
58. M. Dong, M. Johnson, A. Rezaie, J. N. Ilsley, M. 
Nakanishi, M. M. Sanders, F. Forouhar, J. Levine, D. C. 
Montrose, C. Giardina and D. W. Rosenberg: Cytoplasmic 
phospholipase A2 levels correlate with apoptosis in human 
colon tumorigenesis. Clin Cancer Res, 11, 2265-71 (2005) 
59. J. N. Ilsley, M. Nakanishi, C. Flynn, G. S. Belinsky, S. 
De Guise, J. N. Adib, R. T. Dobrowsky, J. V. Bonventre 
and D. W. Rosenberg: Cytoplasmic phospholipase A2 
deletion enhances colon tumorigenesis. Cancer Res, 65, 
2636-43 ( 2005) 
60. B. D. Boyan, V. L. Sylvia, T. Frambach, C. H. 
Lohmann, J. Dietl, D. D. Dean and Z. Schwartz: Estrogen-
dependent rapid activation of protein kinase C in estrogen 
receptor-positive MCF-7 breast cancer cells and estrogen 
receptor-negative HCC38 cells is membrane-mediated and 
inhibited by tamoxifen. Endocrinology, 144, 1812-24 
(2003) 
61. S. Yamashita, J. Yamashita, K. Sakamoto, K. Inada, Y. 
Nakashima, K. Murata, T. Saishoji, K. Nomura and M. 
Ogawa: Increased expression of membrane-associated 
phospholipase A2 shows malignant potential of human 
breast cancer cells. Cancer, 71, 3058-64 (1993) 
62. S. Yamashita, J. Yamashita and M. Ogawa: 
Overexpression of group II phospholipase A2 in human 
breast cancer tissues is closely associated with their 
malignant potency. Br J Cancer, 69, 1166-70 (1994) 
63. J. Y. Liou, N. Aleksic, S. F. Chen, T. J. Han, S. K. 
Shyue and K. K. Wu: Mitochondrial localization of 
cyclooxygenase-2 and calcium-independent phospholipase 
A2 in human cancer cells: implication in apoptosis 
resistance. Exp Cell Res, 306, 75-84 (2005) 
64. D. Wang and R. N. Dubois: Prostaglandins and cancer. 
Gut, 55, 115-22 (2006) 
65. Y. J. Suh, S. Chada, T. Mckenzie, Y. Liu, S. G. 
Swisher, A. Lucci and K. K. Hunt: Synergistic tumoricidal 
effect between celecoxib and adenoviral-mediated delivery 
of mda-7 in human breast cancer cells. Surgery, 138, 422-
30 (2005) 



Phospholipase A and breast cancer 

2612 

66. S. Samoha and N. Arber: Cyclooxygenase-2 inhibition 
prevents colorectal cancer: from the bench to the bed side. 
Oncology, 69 Suppl 1, 33-7 (2005) 
67. J. Y. Park, M. H. Pillinger and S. B. Abramson: 
Prostaglandin E2 synthesis and secretion: the role of PGE2 
synthases. Clin Immunol, 119, 229-40 (2006) 
68. G. Castoria, A. Migliaccio, A. Bilancio, M. Di 
Domenico, A. De Falco, M. Lombardi, R. Fiorentino, L. 
Varricchio, M. V. Barone and F. Auricchio: PI3-kinase in 
concert with Src promotes the S-phase entry of oestradiol-
stimulated MCF-7 cells. Embo J, 20, 6050-9 (2001) 
69. R. X. Song and R. J. Santen: Apoptotic action of 
estrogen. Apoptosis, 8, 55-60 (2003) 
70. A. Bardin, N. Boulle, G. Lazennec, F. Vignon and P. 
Pujol: Loss of ERbeta expression as a common step in 
estrogen-dependent tumor progression. Endocr Relat 
Cancer, 11, 537-51 (2004) 
71. L. G. Horvath, S. M. Henshall, C. S. Lee, D. R. Head, 
D. I. Quinn, S. Makela, W. Delprado, D. Golovsky, P. C. 
Brenner, G. O'neill, R. Kooner, P. D. Stricker, J. J. Grygiel, 
J. A. Gustafsson and R. L. Sutherland: Frequent loss of 
estrogen receptor-beta expression in prostate cancer. 
Cancer Res, 61, 5331-5 (2001) 
72. K. F. Koehler, L. A. Helguero, L. A. Haldosen, M. 
Warner and J. A. Gustafsson: Reflections on the discovery 
and significance of estrogen receptor beta. Endocr Rev, 26, 
465-78 (2005) 
73. P. A. Konstantinopoulos, A. Kominea, G. Vandoros, G. 
P. Sykiotis, P. Andricopoulos, I. Varakis, G. Sotiropoulou-
Bonikou and A. G. Papavassiliou: Oestrogen receptor beta  
(ERbeta) is abundantly expressed in normal colonic 
mucosa, but declines in colon adenocarcinoma paralleling 
the tumour's dedifferentiation. Eur J Cancer, 39, 1251-8 
(2003) 
74. P. Roger, M. E. Sahla, S. Makela, J. A. Gustafsson, P. 
Baldet and H. Rochefort: Decreased expression of estrogen 
receptor beta protein in proliferative preinvasive mammary 
tumors. Cancer Res, 61, 2537-41 (2001) 
75. J. Cheng, E. J. Lee, L. D. Madison and G. Lazennec: 
Expression of estrogen receptor beta in prostate carcinoma 
cells inhibits invasion and proliferation and triggers 
apoptosis. FEBS Lett, 566, 169-72 (2004) 
76. S. Paruthiyil, H. Parmar, V. Kerekatte, G. R. Cunha, G. 
L. Firestone and D. C. Leitman: Estrogen receptor beta 
inhibits human breast cancer cell proliferation and tumor 
formation by causing a G2 cell cycle arrest. Cancer Res, 
64, 423-8 (2004) 
77. F. Acconcia, P. Totta, S. Ogawa, I. Cardillo, S. Inoue, 
S. Leone, A. Trentalance, M. Muramatsu and M. Marino: 
Survival versus apoptotic 17beta-estradiol effect: role of 
ER alpha and ER beta activated non-genomic signaling. J 
Cell Physiol, 203, 193-201 (2005) 
78. P. Galluzzo, F. Caiazza, S. Moreno and M. Marino: 
Role of ERbeta palmitoylation in the inhibition of human 
colon cancer cell proliferation. Endocr Relat Cancer, 14, 
153-67 (2007) 
79. M. Marino, P. Galluzzo, S. Leone, F. Acconcia and P. 
Ascenzi: Nitric oxide impairs the 17beta-estradiol-induced 
apoptosis in human colon adenocarcinoma cells. Endocr 
Relat Cancer, 13, 559-69 (2006) 
80. L. Levine: Tamoxifen and the Rafoxifene analog 
LY117018: their effects on arachidonic acid release from 

cells in culture and on prostaglandin I2 production by rat 
liver cells. BMC Cancer, 4, 49 (2004) 
81. S. R. Goldstein: Update on raloxifene to prevent 
endometrial-breast cancer. Eur J Cancer, 36 Suppl 4, S54-6 
(2000) 
82. G. Karkoulias, O. Mastrogianni, A. Lymperopoulos, H. 
Paris and C. Flordellis: alpha2-Adrenergic receptors 
activate MAPK and Akt through a pathway involving 
arachidonic acid metabolism by cytochrome P450-
dependent epoxygenase, matrix metalloproteinase 
activation and subtype-specific transactivation of EGFR. 
Cell Signal, 18, 729-39 (2006) 
83. K. Xu and H. K. Shu: EGFR activation results in 
enhanced cyclooxygenase-2 expression through p38 
mitogen-activated protein kinase-dependent activation of 
the Sp1/Sp3 transcription factors in human gliomas. Cancer 
Res, 67, 6121-9 (2007) 
84. S. Lanza-Jacoby, R. Burd, F. E. Rosato, Jr., K. 
Mcguire, J. Little, N. Nougbilly and S. Miller: Effect of 
simultaneous inhibition of epidermal growth factor receptor 
and cyclooxygenase-2 in HER-2/neu-positive breast cancer. 
Clin Cancer Res, 12, 6161-9 (2006) 
85. S. C. Wang, H. C. Lien, W. Xia, I. F. Chen, H. W. Lo, 
Z. Wang, M. Ali-Seyed, D. F. Lee, G. Bartholomeusz, F. 
Ou-Yang, D. K. Giri and M. C. Hung: Binding at and 
transactivation of the COX-2 promoter by nuclear tyrosine 
kinase receptor ErbB-2. Cancer Cell, 6, 251-61 (2004) 
86. N. J. Bundred: Prognostic and predictive factors in 
breast cancer. Cancer Treat Rev, 27, 137-42 (2001) 
87. R. I. Nicholson, R. A. Mcclelland, J. F. Robertson and 
J. M. Gee: Involvement of steroid hormone and growth 
factor cross-talk in endocrine response in breast cancer. 
Endocr Relat Cancer, 6, 373-87 (1999) 
88. C. K. Osborne, J. Shou, S. Massarweh and R. Schiff: 
Crosstalk between estrogen receptor and growth factor 
receptor pathways as a cause for endocrine therapy 
resistance in breast cancer. Clin Cancer Res, 11, 865s-70s 
(2005) 
89. E. J. Filardo and P. Thomas: GPR30: a seven-
transmembrane-spanning estrogen receptor that triggers 
EGF release. Trends Endocrinol Metab, 16, 362-7 (2005) 
90. P. M. Taylor, R. J. Woodfield, M. N. Hodgkin, T. R. 
Pettitt, A. Martin, D. J. Kerr and M. J. Wakelam: Breast 
cancer cell-derived EMMPRIN stimulates fibroblast 
MMP2 release through a phospholipase A2 and 5-
lipoxygenase catalyzed pathway. Oncogene, 21, 5765-72 
(2002) 
91. A. Reid, L. Vidal, H. Shaw and J. De Bono: Dual 
inhibition of ErbB1  (EGFR/HER1) and ErbB2  
(HER2/neu). Eur J Cancer, 43, 481-9 (2007) 
92. R. J. Pietras: Interactions between estrogen and 
growth factor receptors in human breast cancers and the 
tumor-associated vasculature. Breast J, 9, 361-73 (2003) 
93. R. J. Pietras, J. Arboleda, D. M. Reese, N. 
Wongvipat, M. D. Pegram, L. Ramos, C. M. Gorman, 
M. G. Parker, M. X. Sliwkowski and D. J. Slamon: 
HER-2 tyrosine kinase pathway targets estrogen 
receptor and promotes hormone-independent growth in 
human breast cancer cells. Oncogene, 10, 2435-46 
(1995) 
94. R. Nahta and F. J. Esteva: Herceptin: mechanisms of 
action and resistance. Cancer Lett, 232, 123-38 (2006) 



Phospholipase A and breast cancer 

2613 

95. S. K. Rabindran: Antitumor activity of HER-2 
inhibitors. Cancer Lett, 227, 9-23 (2005) 
96. M. M. Moasser: The oncogene HER2: its signaling and 
transforming functions and its role in human cancer 
pathogenesis. Oncogene (2007) 
97. J. M. Knowlden, I. R. Hutcheson, H. E. Jones, T. 
Madden, J. M. Gee, M. E. Harper, D. Barrow, A. E. 
Wakeling and R. I. Nicholson: Elevated levels of epidermal 
growth factor receptor/c-erbB2 heterodimers mediate an 
autocrine growth regulatory pathway in tamoxifen-resistant 
MCF-7 cells. Endocrinology, 144, 1032-44 (2003) 
98. R. I. Nicholson, I. R. Hutcheson, M. E. Harper, J. M. 
Knowlden, D. Barrow, R. A. Mcclelland, H. E. Jones, A. E. 
Wakeling and J. M. Gee: Modulation of epidermal growth 
factor receptor in endocrine-resistant, oestrogen receptor-
positive breast cancer. Endocr Relat Cancer, 8, 175-82 
(2001) 
99. G. Arpino, C. Gutierrez, H. Weiss, M. Rimawi, S. 
Massarweh, L. Bharwani, S. De Placido, C. K. Osborne and 
R. Schiff: Treatment of human epidermal growth factor 
receptor 2-overexpressing breast cancer xenografts with 
multiagent HER-targeted therapy. J Natl Cancer Inst, 99, 
694-705 (2007) 
100. N. Normanno, M. Campiglio, L. A. De, G. Somenzi, 
M. Maiello, F. Ciardiello, L. Gianni, D. S. Salomon and S. 
Menard: Cooperative inhibitory effect of ZD1839  (Iressa) 
in combination with trastuzumab  (Herceptin) on human 
breast cancer cell growth. Ann Oncol, 13, 65-72 (2002) 
 
Abbreviations: COX-2: cyclooxygenae-2; c/s/iPLA: 
calcium-dependent/secretory/intracellular phospholpiase A; 
ER: estrogen receptor; PGE2/H2/I2: prostaglandin E2/H2/I2; 
E2: 17-beta-estradiol; NR: nuclear receptor; DNA: 
deoxyribonucleic acid; SP1: stimulating proin 1; AP1: 
activator protein 1; RNA: ribonucleic acid; cAMP: cyclic 
adenosine monophosphate; ERK: extra-cellular stimulus 
regulated kinase; GPR30: G-protein coupled receptor 30; 
EGFR: epidermal growth factor receptor; AA: arachidonic 
acid; PGES: prostaglandin E synthase; VEGF: vascular 
endothelium growth factor; LPA: lysophosphatidic acid; 
NSAID: non-steroidal anti-inflammatory drug; PI3K: 
phosphatidyl inositol 3-kinase; SERM: selective estrogen 
receptor modulator; TGF: transforming growth factor; 
MMP: matrixmetalloproteinase. 
 
Key Words: Phospholipase A, Breast cancer, Estrogen, 
EGFR, Cyclooxygenase, Review 
 
Send correspondence to: Dr Warren Thomas, Department 
of Molecular Medicine, Royal College of Surgeons in 
Ireland ERC, Smurfit Building, Beaumont Hospital, Dublin 
9, Ireland, Tel: 35318093825, Fax: 35318093778, E-mail: 
wthomas@rcsi.ie 
 
http://www.bioscience.org/current/vol13.htm 
 
 
 
 

 
 
 
 


