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1. Introduction 

1.1 Inflammatory breast cancer as a distinct clinicopathologic entity 
There are several clinically distinct types of breast cancer, which include early stage breast 
cancer, locally advanced breast cancer (LABC) and metastatic breast cancer. The most rare 
but lethal form of LABC is inflammatory breast cancer (IBC) (reviewed in 1). This type of 
breast cancer accounts for an estimated 2- 5% of all breast cancers in the United States and 
up to 20% of all breast cancers globally (2-4). Although primary IBC is less commonly 
diagnosed than other types of breast cancer, IBC is responsible for a disproportionate 
number of breast cancer-related deaths that occur each year world-wide due to its 
propensity to rapidly metastasize. (2-4). Women diagnosed with IBC have a significantly 
shorter median survival time (~ 2.9 years) than women with either LABC (~ 6.4 years) or 
non-LABC breast cancer (>10 years). The clinical diagnosis of IBC is based on the 
combination of the physical appearance of the affected breast, a careful medical history, 
physical examination, and pathological findings from a skin biopsy and/or needle or core 
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biopsy to confirm the diagnosis of carcinoma. The symptoms of IBC include a rapid onset of 
changes in the skin overlying the involved breast, including edema, redness and swelling 
involving over one half to two thirds of the breast, which may include a wrinkled, orange 
peel appearance in the skin, defined as “peau d’orange” (5,6). IBC is diagnosed in women at 
a younger age and since it does not present as a lump but rather occurs as sheets or nests of 
cells defined as tumor emboli, IBC is difficult to detect using mammography and requires 
more sophisticated imaging modalities such as magnetic resonance imaging (MRI) and 
positron emission tomography (PET) (1, 7). Since IBC occurs more rarely than other variants 
of breast cancer, neither the general public nor primary care physicians are aware of the 
signs and symptoms of IBC. It is commonly misdiagnosed as an infection, such as mastitis, 
resulting in delays in initiation of appropriate treatment. Disease progression is very rapid 
in IBC patients, with symptoms appearing often within days or weeks, and IBC patients 
commonly have lymph node metastasis at the time of first accurate diagnosis (6).  
The skin changes observed in the involved breast of IBC patients are the first clinical signs of 
IBC and are believed to be associated with the presence of tumor cells that tightly aggregate 
to form multi-cellular nests of cells, defined as tumor emboli, that invade into the dermis. 
These tumor emboli are one of the classical histopathological findings in IBC (8, 9). 
Although the presence of dermal tumor emboli is not a requirement for a diagnosis of IBC, 
approximately 75% of IBC patients have tumor emboli that are observed in skin punch 
biopsy tissue and they serve as one of most distinctive characteristic signatures of IBC.  

1.2 Models of inflammatory breast cancer 
Historically, one of the barriers in research into the mechanisms underlying the aggressive 
metastasis of IBC has been the lack of sufficient numbers of cell lines and pre-clinical animal 
models derived from IBC patients with diverse breast cancer subtypes. Although there are 
in vitro and in vivo models available for a number of IBC cell lines including SUM149 (10-13), 
SUM190 (10-13), KPL-4 (14) and MDA-IBC-3 (15) with the associated animal xenograft 
models, the majority of IBC research has primarily used the SUM149 cell system as a model 
of IBC. Studies described in this chapter use all available IBC cell lines and animal models, 
including the only animal model of IBC that recapitulates formation of tumor emboli, Mary-
X (16, 17).  
When Mary-X tumor cells are propagated in vitro, they exhibit the unique characteristic of 
only existing as tightly adhered cell aggregates that we have defined as tumor spheroids 
(Figure 1 A). As such, Mary-X tumor spheroids provide a convenient in vitro surrogate for 
IBC tumor emboli that form in vivo. When Mary-X tumor spheroids are serially transplanted 
by subcutaneous injection into female immunocompromised mice, primary Mary-X tumors 
develop (Figure 1 B). In addition, aggregates of cells bud off from the primary tumor and 
form local metastatic lesions that appear as tumor emboli that invade into the dermal tissue 
(Figure 1 C). Mary-X also forms distant metastasis at multiple sites, including the lung 
(Figure 1 D). Triple color immunofluorescence studies demonstrate the highly proliferative 
characteristic of Mary-X tumor emboli, as defined by Ki-67 staining (Figure 1 E). These 
tumor emboli invade into and are encircled by lymphatic endothelium within the dermis, 
defined by their selective expression of podoplanin, a marker specific for lymphatic 
endothelial cells (Figure 1 E) (16,17). This is visual evidence of the propensity of IBC tumor 
emboli to exhibit cohesive invasion and to metastasize locally into the dermal lymphatic 
vessels, which may be one of the mechanisms underlying the common lymph node 
metastasis that occurs in IBC patients at the time of first diagnosis.  
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Fig. 1. A. Mary-X tumor spheroids can be propagated in vitro only as tightly adhered cell 

aggregates.  B. Light micrograph image of a primary Mary-X tumor visible as a tumor with 

redness of the skin following subcutaneous injection of Mary-X spheroids into 

immunocompromised mice.C. Light micrograph of tissue section isolated from a mouse 

bearing a Mary X primary tumor that has formed local metastases that are visible in dermal 

tissue as tumor emboli. D. Light micrograph of Mary-X tumor emboli that have formed 

Figure 1 A-E 
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metastastic lesion in the lung. E. Image of Mary-X tumor tissue with highly proliferative 

Mary-X tumor emboli, as determined by staining with Ki-67 (green fluorescence), that are 

encircled by lymphovascular endothelium, defined by their selective staining with anti-

podoplanin antibodies (red fluorescence), demonstrating their propensity to invade as a 

cohesive unit of aggregated cells into the dermal lymphatic vessels.  

The most recent study that examined the predominant subtypes of inflammatory breast 
cancers reported that there are approximately equal percentages of basal-like, Her2 
amplified and normal like subtypes among IBC patients, with a slightly higher percentage 
of IBC tumors that are of the luminal B subtype (18). Interestingly, the models of IBC 
developed thus far are either triple negative basal like, such as the Mary-X and SUM149 IBC 
cells or are of the luminal B subtypes, such as SUM190 and MDA-IBC-3 cell lines. Based on 
transcriptional analysis and hierarchical clustering, SUM190, MDA-IBC-3 and KPL-4 cells 
have characteristics most closely associated with the luminal B subtype and are positive for 
at least one of the hormone receptors and the Her2 oncogene.  
For studies described in this chapter, we examined the SUM149, SUM190, KPL-4, MDA-IBC-
3 cell lines and Mary-X tumor spheroids as in vitro models of IBC and we also evaluated 
xenograft tissues generated from animals bearing each of these cell lines/cell systems. This 
represents the most comprehensive analysis of all available IBC cell lines and animal 
systems to date.  

1.3 E-cadherin as a signature of inflammatory breast cancer  
One of the only well characterized histological markers of IBC tumor emboli is their robust 
expression of the E-cadherin (19-22). In general, the classic cadherins, including E-cadherin, 
N-cadherin and P-cadherin are transmembrane glycoproteins that are linked to actin 
cytoskeletal networks and other cytoplasmic and transmembrane proteins by forming 

complexes with the catenins including -catenin/vinculin, -catenin, junction plakoglobin 

(JUP)/catenin, and p120/ catenin (23, 24). E-cadherin is considered to be a predominant 
regulator of what has been defined as “collective cell interactions” (25). Therefore, E-
cadherin mediates tight cell:cell homophilic interactions exhibited by epithelial cells 
(reviewed in 26). Using the Mary-X model of IBC, E-cadherin antibodies were found to 
induce the loss of integrity of Mary-X spheroids and when injected via the intravenous route 
into mice bearing Mary-X tumors with known pulmonary metastasis, the metastatic lesions 
were diminished (16, 17). Additional evidence for the critical role of E-cadherin to survival 
to tumor emboli came from studies in which Mary-X spheroids containing a dominant-
negative E-cadherin mutant (H-2K(d)-E-cad) which lacked the extracellular binding domain 
but retained the β-catenin binding domain exhibited loss of integrity of the Mary-X tumor 
spheroids due to inhibition of the tight cell:cell interactions. When injected into mice, these 
Mary-X tumor spheroids containing dominant-negative mutant constructs were only 
weakly tumorigenic and inhibited the ability of Mary-X cells to form tumor emboli (16, 17). 
Using the SUM149 IBC cell line, other studies demonstrated that the presence of dominant 
negative E-cadherin (H-2kd-E-cad) cDNA blocked SUM149 invasion in vitro, which was 
associated with a decreased expression of the matrix metalloprotease enzymes (27). Recent 

studies demonstrating that blockade of p120/ catenin, which anchors E-cadherin within 
the plasma membrane or inhibition of the translation initiation factor eIF4GI, which 

regulates translation of specific mRNAs such as p120/ catenin, resulted in loss of integrity 
of SUM149 tumor spheroids (28). Taken together, these studies suggest that E-cadherin is 
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critical to the invasive and metastatic phenotype of IBC tumor emboli, and also indicate that 

E-cadherin and p120/ catenin may act in concert to maintain the integrity of the tightly 
aggregated tumor cells that comprise the IBC tumor emboli. These studies suggest that E-
cadherin may function not only as part of the signature of IBC but may also serve as a 
therapeutic target which, when effectively blocked, results in inhibition of the tight cell:cell 
aggregation of IBC tumor spheroids in vitro and abrogates the metastatic potential of IBC 
tumor emboli in vivo.  

1.4 Linking E-cadherin as a signature of inflammatory breast cancer and the process 
of the epithelial mesenchymal transition (EMT) in metastasis 
While IBC is a variant of breast cancer that exhibits a program of accelerated metastasis, the 

robust expression of E-cadherin by aggregates of cells within IBC tumor emboli in patients’ 

tissues and in pre-clinical models of IBC is, at least on first examination, paradoxical to the 

current hypothesis that the initiation of metastasis occurs through a specific process defined 

as the epithelial mesenchymal transition (EMT). EMT and the reverse process of 

mesenchymal epithelial transition (MET) are interlinked programs that are essential to 

normal embryonic development, as well as to appropriate wound healing and tissue 

regeneration following injury (29, 30). In these settings, the reversible processes of EMT and 

MET confer the ability of cells to exhibit plasticity in both their morphology and function 

(29). In the setting of embryonic development, EMT and MET are highly organized and 

precisely regulated programs that are critical to appropriate formation of the epithelial, 

mesoderm and endodermal layers required for organ formation (29). The process of EMT is 

reactivated as a developmental program in response to injury; as an example, an EMT 

process is induced in epithelial keratinocytes of surface epithelium at the leading edge of a 

wound. In this case, the epithelial cells have an intermediate “metastable” phenotype, and 

acquire an elongated mesenchymal morphology, increase their migratory activity while 

remaining attached to each other until closure of the wounded area is accomplished (29, 30). 

In a tumor setting, the process of EMT includes a number of functional changes in tumor 

cells which include activation of transcription factors including ZEB1 and ZEB2, TWIST1, 

SNAIL, SLUG, with the associated loss of expression of specific cell-surface proteins that 

regulate the epithelial phenotype including E-cadherin and zona occludins-1. In addition, 

there is a concomitant gain of other genes that regulate the mesenchymal phenotype such as 

N-cadherin, and reorganization and expression of cytoskeletal proteins such as vimentin 

and alpha smooth muscle actin, production of enzymes that degrade extracellular matrix 

such as matrix metalloproteinase 2 (MMP-2), also known as gelatinase, and expression or 

suppression of specific miR families (31). There are several other changes in function of 

tumor cells undergoing the process of EMT including the acquisition of characteristics that 

are similar to stem cells including expression of surface markers CD44+/CD24-/low (31, 32).  

While IBC is the variant of breast cancer that exhibits the most accelerated metastasis, and 

has been characterized as being enriched for cells expressing markers of tumor initiating 

cells/cancer stem cells, including expressing CD44+/CD24-/low, aldehyde dehydrogenase 1 

(ALDH-1+), and CD133+ (33-35), the robust expression of E-cadherin by IBC tumor emboli is 

inconsistent with the current hypothesis that initiation of metastatic progression occurs 

through the process of EMT. This chapter will highlight our studies that have used whole 

unbiased transcriptional analysis and broad-scale protein pathway activation mapping to 

define the specific patterns of expression of genes, proteins and miRs, along with functional 
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protein signaling architecture that collectively provide insight into the distinct signature of 

IBC. It is the changes in the molecular machinery that define the extreme plasticity and 

collective tumor cell migration patterns exhibited by IBC tumor cells and tumor emboli that 

are the metastatic lesion of this lethal variant of breast cancer.  

2. Defining the signatures of inflammatory breast cancer 

2.1 Whole transcriptome analysis and validation of gene signature in IBC cell lines 
and tumor emboli 
Affymetrix microarrays were used to evaluate 56,000+ probe sets expressed by all currently 
available IBC cell lines and cell systems including SUM149 and Mary-X tumor spheroids 
which are of the triple negative subtype and the SUM190, MDA-IBC-3, KPL-4, which are of 
the luminal B molecular subtype. The non-IBC cell lines included in the analysis were MDA-
MB-231, SUM159, and MCF-7 human breast cancer cell lines. The MDA-MB-231 and 
SUM159 cells are both classified as triple negative breast cancer cell lines and MCF-7 cells 
are of the luminal A molecular subtype.  
Whole unbiased transcriptome analysis revealed that, regardless of molecular subtype, the 
IBC cell lines expressed CDH1, which encodes for E-cadherin, compared to non-IBC breast 
cancer cell lines, with the exception of MCF-7 cells (Figure 2). There was heterogeneity in 
CDH1 expression by the different IBC cell lines, with KPL-4 cells having the lowest level of 
CDH1 expression. In addition to CDH1, IBC cell lines expressed other genes that have 
previously been shown to be involved with regulating tight cell:cell adhesion of epithelial 
cells through formation of the adherens junctions including DSC2, which encodes for 

desmocollin 2, and JUP/ catenin and the expression of these two genes by the individual 
IBC cell lines mirrored that of CDH1. Although gene expression of CTNNA1 and CTNNB1, 

which encode for  catenin and  catenin, respectively, was detectable in IBC cell lines, these 
genes were not differentially expressed at higher levels by IBC cell lines compared to non-
IBC cell lines. One significant difference in the whole transcriptome analysis of IBC cell lines 
compared to non-IBC cell lines was the striking lack of expression of the zinc finger E-box 
binding homeobox 1 (ZEB1) transcription factor, also previously defined as transcription 
factor 8 (TCF8) and ZFHX1A (Figure 2). Analysis of other transcription factors related to the 
process of EMT revealed that SNAI2, which encodes for Slug protein, was expressed by all 
of the basal like breast cancer cells including SUM149, Mary-X, SUM159 and MDA-MB-231 
but was not expressed by SUM190, which are luminal B, suggesting that gene expression of 
this transcription factor may be subtype dependent. Expression of other transcription factors 
including ZEB2 was detectable however the pattern of expression did not appear to be 
related to molecular subtype or whether cells were IBC or non-IBC. 
To validate the results of these transcriptome studies, tissues isolated from mice bearing 
Mary-X xenografts were assessed for the presence of emboli in tissue sections stained with 
hematoxylin and eosin (H&E) and the presence of tumor emboli in the dermis was noted 
(Figure 3 A). Serial sections of this same tissue isolated from Mary-X xenograft were stained 
with specific antibodies that identified E-cadherin expressed by tumor emboli in the dermis 
(Figure 3 B). A higher magnification light micrographic image demonstrates the presence of 
abundant E-cadherin protein on the surface of cells within the Mary-X tumor emboli in the 
dermis of the skin (Figure 3 C). Figure 3 D shows a micrometastastic lesion of Mary-X within 
lung tissue stained with E-cadherin antibodies, demonstrating that metastatic lesions of 
Mary-X have persistant expression of E-cadherin. Triple color immunofluorescence and  
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microscopy defined the specific patterns of co-localization of E-cadherin and JUP/ catenin 
(Figure 3 E) in tissue sections of skin isolated from mice bearing Mary-X xenografts 

containing IBC tumor emboli within the dermis. E-cadherin and JUP/ catenin both co-
localized primarily to the plasma membrane of tumor cells within Mary-X tumor emboli 
(Figure 3 E). These results are the first to associate the expression of CDH1, which encodes 
for the transmembrane glycoprotein E-cadherin, by Mary-X tumor emboli, with increased 

expression of other genes, including JUP/ catenin, that collectively regulate tight cell:cell  
homotypic aggregation by IBC tumor emboli. These results suggest that the upregulation of 
this specific cassette of genes is part of the distinct signature of IBC tumor emboli that are 
the local metastatic lesions of IBC.  
 

 

Fig. 2. Heatmap showing results whole unbiased transcriptome analysis of gene signatures 
of IBC cell lines compared to non-IBC cell lines revealed that IBC cell lines expressed high 

levels of CDH1, JUP/, and DCS2, with a lack of expression of ZEB1 compared to non-IBC 
breast cancer cell lines.  
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Fig. 3. A. H&E stained tissue section isolated from Mary-X xenograft demonstrating the 
presence of numerous tumor emboli within the dermis of the skin (4x magnification). B and C. 
Light micrographs of a serial section of tissue isolated from Mary-X xenograft as shown in 
Figure 3 A, stained with E-cadherin antibodies demonstrating that Mary-X primary tumor as 
well as numerous tumor emboli throughout the dermis express E-cadherin protein (Figure B. 4 
x magnification and Figure C. 20X magnification). D. Light micrograph of section of lung 
tissue stained with E-cadherin antibodies demonstrating the presence of E-cadherin in 
pulmonary micrometastasis lesion (20x magnification). E. Triple color immunofluorescence 
and fluorescence microscopy defined the specific patterns of co-localization of E-cadherin and 
JUP/ catenin at the surface of the plasma membrane of Mary-X tumor emboli. 
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2.2 MicroRNA signatures of inflammatory breast cancer cells 
Differential expression of specific microRNAs (miRs) expressed by IBC cell lines compared 
to non-IBC cell lines was evaluated using a Human Cancer focused PCR array based 
miRNA analysis (SA Biosciences/Qiagen, Frederick, MD) and were validated by real time 
PCR. The specific miR identified as being differentially expressed by IBC cell lines was 
miR200c (Figure 4). The significance of the high expression of miR 200c lies in its reported 
function as an indirect transcriptional regulator of CDH1 by ZEB1/2. Recent studies report 
that the reciprocal relationship between ZEB1/2 and members of the miR 200 family is 
responsible for the switch between epithelial and mesenchymal states and is driven, in part, 
by an active autocrine TGF beta signaling network (36). The identification of miR200c as the 
primary miR expressed by IBC cell lines is consistent with previous studies demonstrating 
the reciprocal repression of E-cadherin by ZEB1 through downregulation of miR 200c (37-
41). Interestingly, the expression of miR 200c as the primary miRs in IBC cell lines provides 
independent validation of the observations that IBC cell lines are characterized by a specific 
gene signature that includes expression of CDH1 and other genes associated with 
homotypic aggregation and tight cell:cell adhesion, with a lack of expression of ZEB1 
identified using whole transcriptome analysis.  
 

 

Fig. 4. Heatmap of miRs in SUM149 and SUM190 cells compared to non-IBC cell lines. 
Analysis of abundantly expressed miRs revealed that IBC cell lines express high levels of 
miR 200c.  

Although the expression of miR 200c in tandem with the robust expression of a cassette of 

genes associated with homotypic aggregation including CDH1, DSC2, and JUP appears to 

be paradoxical to the current understanding of the process of metastatic progression 

associated with the alternations that occur during EMT, previous studies reported that 

multi-cellular tumor cell clusters are more efficient at formation of metastasis compared to 
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single cells (42). Moreover, studies that examined primary breast tumors and the 

corresponding liver, lung and brain metastasis revealed increased E-cadherin expression in 

the metastatic lesions compared to the primary tumors (43). As an example, the MDA-MB-

231 triple negative breast cancer cells have a mesenchymal phenotype and do not express E-

cadherin, were demonstrated to re-express E-cadherin protein in spontaneous MDA-MB-231 

derived metastatic foci, supporting the hypothesis that the reversion from EMT to exhibit 

characteristics of the process of MET occurs at sites of metastasis distant from a primary 

tumor that may exhibit an EMT phenotype (43). Collectively, these studies suggest that IBC, 

as the most lethal variant of breast cancer, exhibits signatures that point to an ongoing 

process of MET, which is consistent with the ability of tumor emboli to survive, to undergo 

what has been defined as “cohesive invasion” and to rapidly colonize organs and tissues 

distant from the primary tumor (42-44). 

2.3 Proteomic pathway mapping of IBC cell lines 
Reverse phase microarray (RPMA) technology was developed by our laboratory to address 
the challenges associated with other types of protein assays, namely the ability to 
quantitatively measure the levels and activation/phosphorylation state of key signaling 
proteins in a multiplexed fashion using microscopic  quantities of tumor tissue and cells (45-
48). We used RPMA in the present studies to identify the specific signal transduction 
pathways and molecules activated in IBC cell lines compared with non-IBC cell lines. The 
results of protein pathway mapping identified significant activation of specific pathways in 
IBC cells including E-cadherin (p>0.001) (Figure 5 A) and phospho-focal adhesion kinase 
(FAK) at Y576/577 (p>0.015) (Figure 5 B). Interestingly, recent studies have demonstrated 
that blocking FAK results in down regulation of the cell:cell adhesion properties of E-
cadherin (49). Additionally, histone deacetylase (HDAC) inhibitors have been reported to 
inhibit FAK protein expression (50). These results provide independent validation of the 
observations from the whole transcriptome analysis identifying E-cadherin expression as a 
primary characteristic of IBC and suggests that specific therapeutic molecules, such as 
HDAC inhibitors that can block the functions of E-cadherin and FAK, may be useful in 
targeting IBC tumor emboli.  

3. Signature based therapeutic targets in inflammatory breast cancer 

The whole transcriptome based analysis identified E-cadherin, DSC2, and JUP/ catenin as 
gene signatures of the tight cell:cell adhesion exhibited by IBC cells and tumor spheroids. 
Taken together with the proteomic-based identification of E-cadherin and FAK, these results 
suggest that these are IBC specific targets appropriate for the activity of HDAC inhibitors. 
We therefore evaluated the effects of this class of agents on IBC tumor spheroids, which 
provide an in vitro surrogate for IBC tumor emboli. Using fluorescence microscopy, wee 
demonstrate that the HDAC inhibitor, Suberoylanilide Hydroxamic Acid 
(SAHA;Vorinostat® Merck, Inc), destroys the integrity of Mary-X tumor spheroids and 
induce apoptosis as determined by TUNEL staining (Figure 6 A). In addition, SAHA 

induced the translocation of E-cadherin and JUP/ catenin from the plasma membrane to  
the cytoplasm of Mary-X tumor spheroids, resulting in a loss of integrity of the tumor 
spheroids (Figure 6 B). Using SUM149 IBC tumor spheroids, we previously reported that 
SAHA induced a loss of integrity and viability of SUM149 tumor spheroids through 
translocation of E-cadherin protein from the plasma membrane to the cytoplasmic 
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compartment, without altering the amount total E-cadherin protein, suggesting a change in 
functional activity of E-cadherin (51). We also found that SAHA induced a loss of the tight  
 

 

Fig. 5. A. RPMA analysis demonstrates significant increase in E-cadherin protein in IBC 
tumor spheroids including Mary-X, SUM149, SUM190 and MDA-IBC-3 compared to non-
IBC cells MDA-MB-231 and SUM159. B. RPMA analysis revealed first time evidence for 
activation of focal adhesion kinase (FAK) protein at Y576/577. Histograms of total E-
cadherin and phosphorylated FAK at Y397 and Y576/577 and are shown for both IBC cell 
lines and non-IBC cell lines (Standard deviations are shown with p values).  
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Fig. 6. A. Fluorescence microscopy revealed that Suberoylanilide Hydroxamic Acid 
(SAHA;Vorinostat® Merck, Inc) induced apoptosis in Mary-X tumor spheroids as evaluated 
by analysis of TUNEL staining.  B. Flourescence microscopy demonstrated that SAHA 

induced translocation of E-cadherin (green fluorescence) and JUP/ catenin (red 
fluorescence) from the plasma membrane of Mary-X tumor spheroids to reside primarily 
within the nucleus, resulting in a loss of integrity of the tumor spheroids.  
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cell: cell aggregation mediated by E-cadherin, resulting in the inhibition of self renewal and 

clonogenicity of SUM149 tumor spheroids as well as inhibited the tight aggregation of 

freshly isolated IBC patient tumor cells derived from pleural effusion (51). In non-IBC cell 

lines, SAHA induces apoptosis and in E-cadherin null cells, SAHA can re-induce E-

cadherin, thus reversing EMT. Collectively, these are the first studies to identify the HDAC 

inhibitors as a class of therapeutic agents that abrogate the functional role of E-cadherin in 

formation of adherens junctions in IBC tumor spheroids that leads to destruction of these 3 

dimensional multi-cellular structures which are surrogates for IBC tumor emboli as the 

metastatic lesions of this lethal variant of breast cancer. The present results suggest that 

proteins encoded by the cassette of genes that serve as part of the signature of IBC tumor 

emboli which specifically regulate the tight cell:cell adhesion of cells within IBC tumor 

emboli, including E-cadherin, DSC2 and JUP/ catenin, represent potential therapeutic 

targets for eliminating IBC tumor emboli. In addition, these studies suggest that HDAC 

inhibitors are a class of compounds that effectively target the IBC tumor emboli for 

destruction. Studies are ongoing to determine the potential of HDAC inhibitors for their 

clinical utility.  

4. Summary and conclusions 

This chapter provides an overview of newly described IBC-specific molecular alterations 
expressed in IBC cell lines, tumor spheroids and tumor emboli characterized by a unique 
plasticity of this distinct variant of breast cancer. The concomitant use of gene and miR 
expression profiling as well as functional protein pathway activation mapping provides an 
unprecedented molecular/systems-level view of IBC. While IBC cells, tumor spheroids and 
tumor emboli express abundant levels of E-cadherin that is expressed in concert with other 
genes that collectively mediate tight homotypic aggregation of IBC tumor cells, with a loss 
of ZEB1, and express miR 200c, a repressor of ZEB1, which is consistent with the process of 
MET, IBC cells simultaneously express transcription factors that support invasion and 
metastasis, characteristic of the process of EMT. Proteomic analysis of the signaling 
architecture of IBC reinforces and expands on the genomic findings of activation of 
signaling pathways specific to IBC, validating the central role of E-cadherin to IBC tumor 
emboli. Our observations suggest that, as the most aggressive variant of breast cancer, IBC 
retains an epithelial phenotype characterized by cell:cell aggregation and cohesive invasion 
(32), and exhibit a program of accelerated metastasis by IBC tumor emboli distinguished by 
expression of specific genes, miRs and signaling proteins. The specific function of the genes 
within this distinct signature of IBC plasticity, which include genes involved in the 
processes of both MET, such as E-cadherin and FAK activation that may mediate the 
cohesive invasion of tumor emboli, with lack of ZEB1, while simultaneously expressing 
genes associated with EMT, such as SNAI1, SNAI2 and TWIST1, may play important roles in 
determining the therapeutic agents that will most effectively target IBC tumor emboli for 
destruction 

5. Acknowledgements 

Supported by the American Airlines-Komen For the Cure Foundation Promise Grant 

KGO81287 (FMR, MC) and The State of Texas Fund for Rare and Aggressive Breast Tumors 

www.intechopen.com



 
Breast Cancer – Recent Advances in Biology, Imaging and Therapeutics 

 

174 

(FMR). The authors appreciate the generous support of Dr. Vikas Chandhoke and the 

College of Life Sciences at George Mason University. This work as partially supported by 

the Italian Istituti Superiore di Sanita within the framework Italy/USA cooperation 

agreement between the U.S. Department of Health and Human Services, George Mason 

University and the Italian Ministry of Public Health.  

6. References  

[1] Robertson FM, Bondy M, Yang W, Yamauchi H, Wiggins S, Kamrudin S, Krishnamurthy 

S, Le-Petross H, Bidaut L, Player AN, Barsky SH, Woodward WA, Buchholz T, 

Lucci A, Ueno N, Cristofanilli M. Inflammatory breast cancer: the disease, the 

biology, the treatment. CA Cancer J Clin. 2010 Nov-Dec;60(6):351-75.  

[2] Hance KW, Anderson WF, Devesa SS, Young HA, Levine PH. Trends in inflammatory 

breast carcinoma incidence and survival: the surveillance, epidemiology, and end 

results program at the National  Cancer Institute. J Natl Cancer Inst. 2005; 97:966-

975.  

[3] Anderson WF, Schairer C, Chen BE, Hance KW, Levine PH. Epidemiology of 

inflammatory breast cancer (IBC). Breast Dis. 2005;22:9-23. 

[4] Levine PH, Veneroso C. The epidemiology of inflammatory breast cancer. Semin Oncol. 

2008;35:11-16. 

[5] Cristofanilli M, Valero V, Buzdar AU, Kau SW, Broglio KR, Gonzalez-Angulo AM, 

Sneige N, Islam R, Ueno NT, Buchholz TA, Singletary SE, Hortobagyi GN. 

Inflammatory breast cancer (IBC) and patterns of recurrence: understanding the 

biology of a unique disease. Cancer. 2007 Oct 1;110(7):1436-44. 

[6] Singletary SE, Cristofanilli M. Defining the clinical diagnosis of inflammatory breast 

cancer.Semin Oncol. 2008 Feb;35(1):7-10.  

[7] Yang WT. Advances in imaging of inflammatory breast cancer. Cancer. 2010 Jun 1;116(11 

Suppl):2755-7. 

[8] Vermeulen PB, van Golen KL, Dirix LY. Angiogenesis, lymphangiogenesis, growth 

pattern, and tumor emboli in inflammatory breast cancer: a review of the current 

knowledge. Cancer. 2010 Jun 1;116(11 Suppl):2748-54. Review. 

[9] Colpaert CG, Vermeulen PB, Benoy I, Soubry A, van Roy F, van Beest P, Goovaerts G, 

Dirix LY, van Dam P, Fox SB, Harris AL, van Marck EA. Inflammatory breast 

cancer shows angiogenesis with high endothelial proliferation rate and strong E-

cadherin expression. Br J Cancer. 2003 Mar 10;88(5):718-25. 

[10] Willmarth NE, Ethier SP. Autocrine and juxtacrine effects of amphiregulin on the 

proliferative, invasive, and migratory properties of normal and neoplastic human 

mammary epithelial cells.J Biol Chem. 2006 Dec 8;281(49):37728-37. 

[11] Neve, R.M., Chin, K., Fridlyand, J., Yeh, J., Baehner, F., Fevr, T., Clark, L., Bayani, N., 

Coppe, J.P., Tong, F., Speed, T. Spellman, P.T., DeVries, S., Lapuk, A., Wang, N.J., 

Kuo, W.-L., Stilwell, J.L., Pinkel, D., Albertson, D.G., Waldman, F.M., McCormick, 

F., Dickson, R.B., Johnson, M.D., Lippman, M., Ethier, S., Gazdar, A., and Gray, 

J.W. (2006) A collection of breast cancer cell lines for the study of functionally 

distinct cancer subtypes. Cancer Cell, 10(6):515-27. 

www.intechopen.com



Genomic and Proteomic Pathway Mapping 
Reveals Signatures of Mesenchymal-Epithelial Plasticity in Inflammatory Breast Cancer 

 

175 

[12] Forozan F, Veldman R, Ammerman CA, Parsa NZ, Kallioniemi A, Kallioniemi OP, 

Ethier SP: Molecular cytogenetic analysis of 11 new breast cancer cell lines. Br J 

Cancer 1999, 81:1328-1334. 

[13] Charafe-Jauffret E, Ginestier C, Monville F, Finetti P, Adélaïde J, Cervera N, Fekairi S, 

Xerri L, Jacquemier J, Birnbaum D, Bertucci F. Gene expression profiling of breast 

cell lines identifies potential new basal markers. Oncogene. 2006 Apr 

6;25(15):2273-84. 

[14] Kurebayashi J, Otsuki T, Tang CK, Kurosumi M, Yamamoto S, Tanaka K, Mochizuki M, 

Nakamura H, Sonoo H. Isolation and characterization of a new human breast 

cancer cell line, KPL-4, expressing the Erb B family receptors and interleukin-6. Br J 

Cancer. 1999 Feb;79(5-6):707-17. 

[15] Klopp AH, Lacerda L, Gupta A, Debeb BG, Solley T, Li L, Spaeth E, Xu W, Zhang X, 

Lewis MT, Reuben JM, Krishnamurthy S, Ferrari M, Gaspar R, Buchholz TA, 

Cristofanilli M, Marini F, Andreeff M, Woodward WA. Mesenchymal stem cells 

promote mammosphere formation and decrease E-cadherin in normal and 

malignant breast cells. PLoS One. 2010 Aug 16;5(8):e12180. 

[16] .Alpaugh ML, Tomlinson JS, Shao ZM, Barsky SH. A novel human xenograft model of 

inflammatory breast cancer. Cancer Res. 1999 Oct 15;59(20):5079-84. 

[17] Tomlinson JS, Alpaugh ML, Barsky SH. An intact overexpressed E-

cadherin/alpha,beta-catenin axis characterizes the lymphovascular emboli of 

inflammatory breast carcinoma. Cancer Res. 2001 Jul 1;61(13):5231-41. 

[18] Bekhouche I, Finetti P, Adelaïde J, Ferrari A, Tarpin C, Charafe-Jauffret E, Charpin C, 

Houvenaeghel G, Jacquemier J, Bidaut G, Birnbaum D, Viens P, Chaffanet M, 

Bertucci F. High-resolution comparative genomic hybridization of inflammatory 

breast cancer and identification of candidate genes. PLoS One. 2011 Feb 

9;6(2):e16950. 

[19] Kleer CG, van Golen KL, Braun T, Merajver SD. Persistent E-cadherin expression  in 

inflammatory breast cancer. Mod Pathol. 2001;14:458-464. 561-574.  

[20] Van den Eynden GG, Van der Auwera I, Van Laere S, Colpaert CG, van Dam P, 

Merajver S, Kleer CG, Harris AL, Van Marck EA, Dirix LY, Vermeulen 

PB.Validation of a tissue microarray to study differential protein expression in 

inflammatory and non-inflammatory breast cancer. Breast Cancer Res Treat. 2004 

May;85(1):13-22. 

[21] Colpaert CG, Vermeulen PB, Benoy I, Soubry A, van Roy F, van Beest P, Goovaerts G, 

Dirix LY, van Dam P, Fox SB, Harris AL, van Marck EA. Inflammatory breast 

cancer shows angiogenesis with high endothelial proliferation rate and strong E-

cadherin expression. Br J Cancer. 2003 Mar 10;88(5):718-25. 

[22]  Charafe-Jauffret E, Tarpin C, Bardou VJ, Bertucci F, Ginestier C, Braud AC, Puig B, 

Geneix J, Hassoun J, Birnbaum D, Jacquemier J, Viens P. Immunophenotypic 

analysis of inflammatory breast cancers: identification of an 'inflammatory 

signature'. J Pathol. 2004 Mar;202(3):265-73. 

[23] Gumbiner BBM. Cell adhesion: the molecular basis of tissue architecture and 

morphogenesis. Cell  1996;84:345–57.  

www.intechopen.com



 
Breast Cancer – Recent Advances in Biology, Imaging and Therapeutics 

 

176 

[24] Kemler R. From cadherins to catenins: cytoplasmic protein interactions and regulation 

of cell adhesion. Trends Genet 1993;9:317–21. 

[25] Friedl P, Gilmour D. Collective cell migration in morphogenesis, regeneration and 

cancer. Nat Rev Mol Cell Biol. 2009 Jul;10(7):445-57. ), 

[26] Harris TJ, Tepass U. Adherens junctions: from molecules to morphogenesis. Nat Rev 

Mol Cell Biol. 2010 Jul;11(7):502-14. Review. 

[27] Dong HM, Liu G, Hou YF, Wu J, Lu JS, Luo JM, Shen ZZ, Shao ZM. Dominant-negative 

E-cadherin inhibits the invasiveness of inflammatory breast cancer cells in vitro. J 

Cancer Res Clin Oncol. 2007 Feb;133(2):83-92.  

[28] Silvera D, Arju R, Darvishian F, Levine PH, Zolfaghari L, Goldberg J, Hochman T, 

Formenti SC, Schneider RJ. Essential role for eIF4GI overexpression in the 

pathogenesis of inflammatory breast cancer. Nat Cell Biol. 2009 Jul;11(7):903-8.  

[29] Thiery, J.P. 2002. Epithelial-mesenchymal transitions in tumour progression. Nat. Rev. 

Cancer. 2:442–454. 

[30] Thiery JP, Acloque H, Huang RY, Nieto MA. Epithelial-mesenchymal transitions in 

development and disease. Cell. 2009 Nov 25;139(5):871-90. 

[31] Kalluri, R., and Weinberg, R.A. 2009. The basics of epithelial-mesenchymal transition. J. 

Clin. Invest. 119:1420–1428. 

[32] Mani SA, Guo W, Liao MJ, Eaton EN, Ayyanan A, Zhou AY, Brooks M, Reinhard F, 

Zhang CC, Shipitsin M, Campbell LL, Polyak K, Brisken C, Yang J, Weinberg RA. 

The epithelial-mesenchymal transition generates cells with properties of stem cells. 

Cell. 2008 May 16;133(4):704-15. 

[33] Charafe-Jauffret E, Ginestier C, Iovino F, Tarpin C, Diebel M, Esterni B, Houvenaeghel 

G, Extra JM, Bertucci F, Jacquemier J, Xerri L, Dontu G, Stassi G, Xiao Y, Barsky SH, 

Birnbaum D, Viens P, Wicha MS. Aldehyde dehydrogenase 1-positive cancer stem 

cells mediate metastasis and poor clinical outcome in inflammatory breast cancer. 

Clin Cancer Res. 2010 Jan 1;16(1):45-55.  

[34] Van Laere S, Limame R, Van Marck EA, Vermeulen PB, Dirix LY. Is there a role for 

mammary stem cells in inflammatory breast carcinoma?: a review of evidence from 

cell line, animal model, and human tissue sample experiments. Cancer. 2010 Jun 

1;116(11 Suppl):2794-805. Review. 

[35]  Xiao Y, Ye Y, Yearsley K, Jones S, Barsky SH. The lymphovascular embolus of 

inflammatory breast cancer expresses a stem cell-like phenotype. Am J Pathol. 2008 

Aug;173(2):561-74. Epub 2008 Jul 3. 

[36] Gregory PA, Bracken CP, Smith E, Bert AG, Wright JA, Roslan S, Morris M, Wyatt L, 

Farshid G, Lim YY, Lindeman GJ, Shannon MF, Drew PA, Khew-Goodall Y, 

Goodall GJ. An autocrine TGF-{beta}/ZEB/miR-200 signaling network regulates 

establishment and maintenance of epithelial-mesenchymal transition. Mol Biol Cell. 

2011 Mar 16. [Epub ahead of print] 

[37] Schmalhofer O, Brabletz S, Brabletz T. E-cadherin, beta-catenin, and ZEB1 in malignant 

progression of cancer. Cancer Metastasis Rev. 2009 Jun;28(1-2):151-66. 

[38] Gregory PA, Bracken CP, Bert AG, Goodall GJ. MicroRNAs as regulators of epithelial-

mesenchymal transition. Cell Cycle. 2008 Oct;7(20):3112-8. 

www.intechopen.com



Genomic and Proteomic Pathway Mapping 
Reveals Signatures of Mesenchymal-Epithelial Plasticity in Inflammatory Breast Cancer 

 

177 

[39] Hurteau GJ, Carlson JA, Roos E, Brock GJ. Stable expression of miR-200c alone is 

sufficient to regulate TCF8 (ZEB1) and restore E-cadherin expression. Cell Cycle. 

2009 Jul 1;8(13):2064-9. 

[40] Park SM, Gaur AB, Lengyel E, Peter ME. The miR-200 family determines the epithelial 

phenotype of cancer cells by targeting the E-cadherin repressors ZEB1 and ZEB2. 

Genes Dev. 2008 Apr 1;22(7):894-907. 

[41] Korpal M, Lee ES, Hu G, Kang Y. The miR-200 family inhibits epithelial mesenchymal 

transition and cancer cell migration by direct targeting of E-cadherin 

transcriptional repressors ZEB1 and ZEB2. J Biol Chem. 2008 May 30;283(22): 

14910-4. 

[42] Liotta LA, Saidel MG, Kleinerman J. The significance of hematogenous tumor cell 

clumps in the metastatic process. Cancer Res 1976;36:889–94. 

[43] Chao YL, Shepard CR, Wells A. Breast carcinoma cells re-express E-cadherin during 

mesenchymal to epithelial reverting transition. Mol Cancer. 2010 Jul 7;9:179. 

[44] Giampieri S, Manning C, Hooper S, Jones L, Hill CS, Sahai E. Localized and reversible 

TGFbeta signalling switches breast cancer cells from cohesive to single cell motility. 

Nat Cell Biol. 2009 Nov;11(11):1287-96.  

[45] Speer R, Wulfkuhle J, Espina V, Aurajo R, Edmiston KH, Liotta LA, Petricoin EF 

3rd.Molecular network analysis using reverse phase protein microarrays for patient 

tailored therapy. Adv Exp Med Biol. 2008;610:177-86. 

[46] Wulfkuhle JD, Speer R, Pierobon M, Laird J, Espina V, Deng Jm Mammano E, Yang SX, 

Swain SM, Nitti D, Esserman LJ, Belluco C, Liotta LA and Petricoin EF. Multiplexed 

Cell Signaling Analysis of Human Breast Cancer: Applications for Personalized 

Therapy. J of Prot Res. 2008 Apr;7(4):1508-17. 

[47] Paweletz, Cloud P; C. P. Paweletz, L. Charboneau, V. E. Bichsel, N. L. Simone, T. Chen, 

J. W. Gillespie, M.R. Emmert-Buck, M. J. Roth, E. F. Petricoin III, L. A. Liotta (2001). 

"Reverse phase protein microarrays which capture disease progression show 

activation of pro-survival pathways at the cancer invasion front". Oncogene (Nature 

publishing group) 20 (16): 1981–1089. 

[48] Liotta, LA; L A. Liotta, V. Espina, A I. Mehta, V. Calvert, K. Rosenblatt, D. Geho, P 

J. Munson, L. Young, J. Wulfkuhle, E F. Petricoin (2003). "Protein microarrays: 

Meeting analytical challenges for clinical applications". Cancer Cell  3 (4): 317–

325. 

[49] Canel M, Serrels A, Miller D, Timpson P, Serrels B, Frame MC, Brunton VG. 

Quantitative in vivo imaging of the effects of inhibiting integrin signaling via Src 

and FAK on cancer cell movement: effects on E-cadherin dynamics. Cancer Res. 

2010 Nov 15;70(22):9413-22.  

[50] Gould JJ, Kenney PA, Rieger-Christ KM, Silva Neto B, Wszolek MF, LaVoie A, Holway 

AH, Spurrier B, Austin J, Cammarata BK, Canes D, Libertino JA, Summerhayes IC. 

Identification of tumor and invasion suppressor gene modulators in bladder cancer 

by different classes of histone deacetylase inhibitors using reverse phase protein 

arrays. J Urol. 2010 Jun;183(6):2395-402.  

 

www.intechopen.com



 
Breast Cancer – Recent Advances in Biology, Imaging and Therapeutics 

 

178 

[51] Robertson FM, Woodward WA, Pickei R, Ye Z, Bornmann W, Pal A, Peng Z, Hall CS, 

Cristofanilli M. Suberoylanilide hydroxamic acid blocks self-renewal and 

homotypic aggregation of inflammatory breast cancer spheroids. Cancer. 2010 Jun 

1;116(11 Suppl):2760-7. 

www.intechopen.com



Breast Cancer - Recent Advances in Biology, Imaging and

Therapeutics

Edited by Dr. Susan Done

ISBN 978-953-307-730-7

Hard cover, 428 pages

Publisher InTech

Published online 14, December, 2011

Published in print edition December, 2011

InTech Europe

University Campus STeP Ri 

Slavka Krautzeka 83/A 

51000 Rijeka, Croatia 

Phone: +385 (51) 770 447 

Fax: +385 (51) 686 166

www.intechopen.com

InTech China

Unit 405, Office Block, Hotel Equatorial Shanghai 

No.65, Yan An Road (West), Shanghai, 200040, China 

Phone: +86-21-62489820 

Fax: +86-21-62489821

In recent years it has become clear that breast cancer is not a single disease but rather that the term

encompasses a number of molecularly distinct tumors arising from the epithelial cells of the breast. There is an

urgent need to better understand these distinct subtypes and develop tailored diagnostic approaches and

treatments appropriate to each. This book considers breast cancer from many novel and exciting perspectives.

New insights into the basic biology of breast cancer are discussed together with high throughput approaches

to molecular profiling. Innovative strategies for diagnosis and imaging are presented as well as emerging

perspectives on breast cancer treatment. Each of the topics in this volume is addressed by respected experts

in their fields and it is hoped that readers will be stimulated and challenged by the contents.

How to reference

In order to correctly reference this scholarly work, feel free to copy and paste the following:

Fredika M. Robertson, Chu Khoi, Rita Circo, Julia Wulfkuhle, Savitri Krishnamurthy, Zaiming Ye, Annie Z. Luo,

Kimberly M. Boley, Moishia C. Wright, Erik M. Freiter, Sanford H. Barsky, Massimo Cristofanilli, Emanuel F.

Petricoin and Lance A. Liotta (2011). Genomic and Proteomic Pathway Mapping Reveals Signatures of

Mesenchymal-Epithelial Plasticity in Inflammatory Breast Cancer, Breast Cancer - Recent Advances in Biology,

Imaging and Therapeutics, Dr. Susan Done (Ed.), ISBN: 978-953-307-730-7, InTech, Available from:

http://www.intechopen.com/books/breast-cancer-recent-advances-in-biology-imaging-and-

therapeutics/genomic-and-proteomic-pathway-mapping-reveals-signatures-of-mesenchymal-epithelial-

plasticity-in-inf



© 2011 The Author(s). Licensee IntechOpen. This is an open access article

distributed under the terms of the Creative Commons Attribution 3.0

License, which permits unrestricted use, distribution, and reproduction in

any medium, provided the original work is properly cited.


