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Abstract
Although there is a growing literature describing the role of macrophages in breast cancer, the role
of macrophages in inflammatory breast cancer (IBC) is unclear. The aim of present study was to
isolate and characterize tumor associated macrophages of IBC and non-IBC patients and define
their role in IBC. Tumor infiltrating monocytes/macrophages (CD14+ and CD68+) were measured
by immunohistochem-istry using specific monoclonal antibodies. Blood drained from axillary vein
tributaries was collected during breast cancer surgery and the percentage of CD14+ in the total
isolated leukocytes was assessed by flow cytometric analysis. CD14+ cells were separated from
total leukocytes by immuno-magnetic beads technique and were cultured overnight. Media
conditioned by CD14+ were collected and subjected to cytokine profiling using cytokine antibody
array. Wound healing and invasion assays were used to test whether cytokines highly secreted by
tumor drained macrophages induce motility and invasion of breast cancer cells. We found that
macrophages highly infiltrate into carcinoma tissues of IBC patients. In addition blood collected
from axillary tributaries of IBC patients is highly enriched with CD14+ cells as compared to blood
collected from non-IBC patients. Cytokine profiling of CD14+ cells isolated from IBC patients
revealed a significant increase in secretion of tumor necrosis factor-α; monocyte chemoat-tractant
protein-1/CC-chemokine ligand 2; interleukin-8 and interleukin-10 as compared to CD14+ cells
isolated from non-IBC patients. Tumor necrosis factor-a, interleukin-8 and interleukin-10
significantly increased motility and invasion of IBC cells in vitro. In conclusion, macrophages
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isolated from the tumor microenvironment of IBC patients secrete chemotactic cytokines that may
augment dissemination and metastasis of IBC carcinoma cells.
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1. Introduction
Inflammatory breast cancer (IBC) is the most aggressive and lethal form of breast cancer.
Women often present with IBC at a young age (Nouh et al, 2011), are more likely to have
metastatic disease at the time of diagnosis (Wedam et al, 2006) and have a shorter survival
as compared to women with non-IBC (Chang et al, 1998). IBC is characterized by invasion
into dermal lymphatic vessels where IBC cells form tumor emboli (Van Laere et al., 2006).
Spreading of tumor emboli within lymphatic and blood vessels leads to distant metastasis
and multi-organ failure in IBC patients (Tsoi et al., 2010). Dissemination of carcinoma cells
can be regulated by cues from the inflammatory cells within the tumor microenvironment.
Macrophages, which are the major inflammatory cells that infiltrate into breast tumors
(Mukhtar et al, 2011; Pollard, 2008), contribute to high levels of growth factors, hormones,
and cytokines (Aaltomaa et al., 1992; Georgiannos et al, 2003) and are designated as tumor
associated macrophages (TAMs). Within the tumor microenvironment macrophages polarize
into hetero-geneous subpopulations depending on the type of external stimuli they receive
(Cassetta et al., 2011). Among TAM subpopulations are: (1) ‘classical activated
macrophages’ (M1), which are activated by pro-inflammatory agents such as interferon-γ
(INF-γ) and tumor necrosis factor-α (TNF-α) (Cassetta et al., 2011); (2) ‘alternatively
activated macrophages’(M2) developed in response to IL-4 and IL-13 (Gordon and
Martinez, 2010; Mantovani and Sica, 2010); and 3) ‘regulatory macrophages’ that express
anti-inflammatory cytokines and increase tumor growth, invasion and metastasis (Mosser
and Edwards, 2008). Classical activation induces the secretion of pro-inflammatory
mediators by the macrophages and recruitment of T-cells as in an early inflammatory
response (Ojalvo et al., 2009). M2 macrophages exhibit anti-parasite, immunosuppressive,
wound healing and tissue remodeling properties (Gordon, 2003; Martinez et al., 2009).
Indeed TAMs can regulate multiple mechanisms associated with dissemination of carcinoma
cells. For instance, TAMs secrete proteolytic enzymes such as matrix metalloproteinases-2
and 9 (MMP-2 and MMP-9) that can degrade components of the basement membrane,
thereby facilitating tumor cell intravasation and spreading in blood and lymphatic vessels
(Hagemann et al., 2005; Mantovani et al, 2006). Increases in expression of MMPs and their
inhibitors in TAMs have been found to correlate with distant metastasis of invasive ductal
carcinomas (Gonzalez et al., 2007). The cysteine protease cathepsin B (Ibrahim et al., 2006)
is expressed by TAMs in a transgenic mouse model for mammary carcinoma (Vasiljeva et
al, 2006) and co-expressed with interleukin-10 (IL-10) in late stage lung cancer (Daurkin et
al., 2011). We have previously shown that high levels of cathepsin B within the IBC
microenvironment are associated with lymphatic metastasis (Nouh et al., 2011).
Furthermore, TAMs secrete cytokines that control physiological mechanisms associated
with tumor progression, i.e.,interleukin-8 (IL-8),which induces angiogenesis; tumor necrosis
factor-alpha (TNF-α), which stimulates tumor growth and invasion (Dirkx et al, 2006), as
well as immunosuppressive cytokines, i.e., monocyte chemoat-tractant protein-1 (MCP-1) or
CC-chemokine ligand 2 (CCL-2) and IL-10(Daurkin et al., 2011). In fact TAMs play crucial
roles in the dissemination of breast cancer cells. This is evident from intravital imaging
which has provided new insights into how subpopulations of TAMs patrol inside blood
vessels in the tumor microenvironment and at the tumor margins (Egeblad et al, 2008). Thus
macrophages are considered to be potential diagnostic and therapeutic targets (Mukhtar et
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al., 2011). Therapeutic strategies include targeting macrophage recruitment to the tumor site
by CCL-2 neutralizing antibodies (Balkwill and Mantovani, 2010); or altering macrophage
development by targeting macrophage colony stimulating factor-1 receptor (c-Fms) using
the tyrosine kinase inhibitor imatinib (Dewar et al., 2005).

Although macrophages have been identified as major cellular components of the non-IBC
microenvironment their role in IBC is not well understood (Kleer et al, 2000). Herein, we
show that IBC is characterized by high infiltration and venous drainage of macrophages that
secrete cytokines different from those secreted by macrophages from non-IBC patients.
Moreover, we identified major cytokines that may contribute to IBC invasion and motility
and can be therapeutically targeted.

2. Materials and methods
2.1. Patients

For the purpose of patient enrollment in this study, we obtained Institutional Review Board
(IRB) approval from the ethics committee of Ain-Shams University, Cairo, Egypt and the
National Cancer Institute (NCI), Cairo University, Giza, Egypt. Patients were enrolled from
outpatient breast clinics of Ain Shams University hospitals and NCI Cairo University during
the period of January 2010-January 2012. All patients signed consent form including
approval for publication of the study results before participation. Inclusion criteria of breast
cancer patients were dependent upon a combination of clinical, mammographic, ultrasound
and pathological diagnoses as we described before (Nouh et al., 2011). Clinical diagnosis of
IBC was applied, according to the American Joint Committee on Cancer (AJCC) T4d
designation for IBC (for review see (Dawood et al., 2010), i.e., when a patient presented
with a diffuse erythema, peau d’orange and edema of the breast. For IBC patients,
pathological confirmation of the clinical diagnosis was dependent upon examination of both
skin and core biopsies. Non-IBC patients of stage II–III were also included as a comparison
group. Based on the criteria described here, we enrolled 66 patients; 39 were diagnosed as
non-IBC and 27 as IBC.

2.2. Localization of tumor associated macrophages in breast tumor microenvironment
Cancer tissues excised from modified radical mastectomies were divided into 2 halves: one
fixed in 10% neutral buffered formalin and processed into paraffin blocks for routine
diagnosis and immunohistochemistry (IHC) and one snap frozen in liquid nitrogen for
molecular and biochemical studies. Pathological data [tumor size, tumor grade (Genestie et
al., 1998), presence of lymphovascular invasion, and tumor emboli (Bonnier et al., 1995;
Gong, 2008) were assessed, reviewed and tabulated for statistical analysis. For IHC staining
of macrophages within paraffin embedded tissue, 5 µm sections were first deparaffinized
and rehydrated followed by antigen retrieval. Tissue sections were incubated for 1 h at room
temperature with the primary antibodies: monoclonal mouse anti-human CD14 (1:50)
antibody (CBL453) from Chemicon (Temecula, CA, USA) and monoclonal mouse anti-
human CD68 (1:50) antibody (M0814) from (DakoCytomation, Denmark). Immunostaining
for each marker was achieved as we described before (Al-Raawi et al, 2011; Nouh et al,
2011) using EnVision+ Dual Link System-HRP (DAB+) from (DakoCytomation,
Denmark). Negative control slides were run in parallel in which the primary antibodies were
replaced with PBS. Nuclei were counterstained with hematoxylin and specimens were rinsed
in phosphate buffered saline (PBS) and mounted using Permount® for microscopic
examination. Two independent readers (MAN. and M.M.M.) assessed immunostaining for
CD14+ and CD68+ using light microscopy (Olympus, CX41, Japan). Discordant results
were resolved by consultation with a third reader (H.I.). Scoring of immunostaining was
done by counting cells positive for CD14 and CD68 (cytoplasmic and membranous staining)
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in paraffin embedded carcinoma tissues of non-IBC (n = 39) and IBC(n = 27) patients: “0”,
no immunostaining was observed; “+”, less than 10% of cells showed positive staining; “+
+”, 10–50% cells showed positive staining; and “+++”, more than 50% cells showed
positive staining (Nouh et al., 2011).

2.3. Blood sample collection and isolation of tumor associated monocytes/macrophages
During modified radical mastectomy, 15–20 ml blood that had drained from the tumor
microenvironment through axillary tributaries was collected by the surgeon in heparinized
tubes. Collected blood was transferred directly to the laboratory for isolation of leukocytes
as we have described (El-Shinawi et al., 2010). Briefly, blood was diluted with an equal
amount of PBS, pH 7.2, at room temperature. Mononuclear cells were separated by
Histopaque-1077 (Sigma, St. Louis, MO, USA) density gradient cen-trifugation at 2000
rpm. The buffy coat layer containing mononuclear cells was separated and washed twice in
PBS. Cells were suspended in RPMI 1640 medium containing 5% heat inactivated FBS at
density of 5 × 106 cells/ml. To determine the percentage of TAMs in the total isolated
leukocytes, 1 × 105 cells/ml were double stained with fluorochrome-labeled monoclonal
antibodies (APC-CD14 and PerCP-CD3) and the percentage of cells staining for CD14+/
CD3- in the isolated leukocytes was assessed using FACS Calibur flow cytometer as we
described previously (El-Shinawi et al, 2010). We purified TAMs (i.e., CD14+ cells) from
the mononuclear cells using “Human Monocyte Negative Selection Enrichment kit without
CD16 Depletion” (StemCell Technologies, Vancouver, Canada). Steps of monocyte
isolation were followed as described in the kit guidelines. Purity of isolated cells was
confirmed by flow cytometric analysis (Subimerb et al., 2010) and found to contain 90–95%
CD14+. Purified CD14+ were seeded overnight at concentration of 1 × 106 cells/ml in
RPMI-1640 media containing 3% FBS. Media conditioned by CD14+ secretions were
collected, aliquoted and stored at −80 °C for cytokine profiling and further studies. Adherent
CD14+ were washed with PBS and collected in RIPA lysis buffer and stored at −80 °C for
further investigation.

2.4. Cytokine profiling of TAMs drained from axillary tributaries
Media conditioned by CD14+ were subjected to profiling using RayBio™ human cytokine
antibody array 3 that simultaneously detects 42 cytokines per patient sample. Culture media
without CD14+ secretions were run in parallel as negative control. Experimental steps were
conducted according to the manufacturer’s instructions as described (Mohamed, 2012).
Signal intensity values representing detected cytokines were subtracted from the background
and normalized to positive controls on the same membrane using ImageJ software (National
Institutes of Health, MD, USA) as we described before (Mohamed, 2012; Sameni et al.,
1995). Signal intensity values of each cytokine assessed in non-IBC (n = 39) and IBC (n =
27) are presented as mean ± SD. Significant differences in levels of secretion of cytokines/
chemokines/growth factors between non-IBC versus IBC were assessed using Student’s t-
test.

2.5. Three dimensional (3D) culture ofSUM149 IBC cell line in media conditioned by CD14+
cells

We investigated whether media conditioned by CD14+ cells isolated from IBC patients may
alter morphology and motility of SUM149 IBC cells (a kind gift of Dr. Stephen Ethier,
Medical University of South Carolina, Charleston, SC, USA) derived from primary
inflammatory ductal carcinoma (Forozan et al, 1999). First, we concentrated media
conditioned by CD14+ cells 1:5, using Amicon Ultracell 10K filters (Millipore, Billerica,
MA). Concentrated conditioned media of CD14+ cells isolated from axillary tributaries of
IBC patients (n = 10) was re-diluted with SUM149 culture media (Ham’s F12 and 5% FBS)
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to equal protein content as we described before (Mohamed et al., 2010). To prepare 3D
models, sterile glass coverslips were coated with 50 µl Cultrex® Basement Membrane
Extract (BME) (Trevigen, Inc., MD, USA) and incubated at 37 °C in CO2 incubator for
15min in 12 well culture plates to solidify. SUM149 cells were used at density of 1 × 104

per coverslip and mixed with 2% BME before overlaying onto each coated cover-slip and
incubated for 30–40 min at 37 °C to allow cell attachment. Ham’s F12 and 5% FBS was
added and cells were incubated at 37 °C for 24h until they formed emboli-like structures as
we described before (Mohamed, 2012; Sameni et al., 2003). After 24h of incubation the
medium in 10 wells was replaced by CD14+ cell secretions isolated from IBC patients (n =
10). Control SUM149 cells (2 wells) were seeded in fresh Ham’s F12 and 5% FBS. Forty
eight hours later coverslips were examined by phase contrast and morphological changes
were recorded using Zeiss Axiovert microscope (Carl Zeiss, AG, Germany).

2.6. Invasion assay
To test whether the major identified cytokines secreted by TAMs possess chemotactic
properties and induce invasion, we seeded SUM149 cells (Forozan et al., 1999) in serum
free media at a density of 3×103 cells per well in the upper chambers of BD Bio-Coat
Matrigel™ Invasion Chambers (Becton Dickinson Labware, Franklin Lakes, NJ, USA). To
the lower chambers were added recombinant cytokines (TNF-α, MCP-1/CCL2, IL-10 or
IL-8) that had been found to be highly secreted by IBC-CD14+ cells as compared to non-
IBC-CD14+ cells. We used cytokine concentrations of 200ng/ml in Ham’sF12 and 1% FBS
based on our previous study (Mohamed, 2012). After 24 h incubation, the experiment was
stopped and cells were fixed and stained (Mohamed et al., 2008). Briefly, noninvasive cells
that remained in the Matrigel or were attached to the upper side of the filter were removed
with cotton swabs. Cells on the lower side of the membranes were stained using a Diff-Quik
staining kit (Dade-Behring, Inc., NJ, USA) and counted using light microscopy. The mean
number of invasive cells was quantified by counting in 5 randomly selected microscopic
fields. Data represent the mean number of cells that had invaded in response to cytokines
divided by the mean number of cells that had invaded through control membranes and
multiplied by 100 (Astanehe et al., 2009).

2.7. Wound healing assay
To investigate whether cytokines highly secreted by TAMs may enhance IBC cell motility,
we performed wound-healing assays in duplicate for each candidate cytokine (Liang et al.,
2007). SUM 149 cells were cultured in Ham’s F12 media containing 5% FBS in 35 mm
Petri dishes previously divided by bottom marker line. Once cells reach 90% confluence
media was aspirated and cells were washed twice with PBS and seeded in starvation media
of Ham’s F12 and 1% FBS. After overnight culture, media were discarded and cells were
washed twice with PBS. Using a 200 µl pipette tip three separate wounds were created
across the monolayer cultures perpendicular to the bottom line. Cells were grown in Ham’s
F12 and 1% FBS media in the absence (control) and the presence of recombinant TNF-α,
MCP-1/CCL2,IL-10 or IL-8 (200ng/ml). Cell migration and wound area closure in response
to cytokines were determined at different time intervals (2, 4, 8 and 12h) using ImageJ
software (National Institutes of Health, MD, USA) and compared with control cultures
grown in Ham’s F12 and 1% FBS media (Liang et al., 2007; Valster et al., 2005).

2.8. Statistical analysis
Statistical analysis was performed with statistical package for social sciences software
(SPSS) version 18.0, by using Student’s t-test and Fisher’s least significance difference test
(LSD).
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3. Results
3.1. Patient clinical and pathological characteristics

Clinical and pathological characterization of IBC and non-IBC patients is shown in Table 1.
Women with IBC were more likely to present with 4 or more positive lymph nodes than
women with non-IBC. All IBC patients showed positive tumor emboli in comparison to
11% of non-IBC patients.

3.2. Inflammatory breast carcinoma tissues characterized by high infiltration ofCD14+ cells
We evaluated the level of infiltration of monocytes/macrophages in non-IBC and IBC
paraffin embedded breast carcinoma tissues using monoclonal antibodies specific for
CD14+ (monocyte differentiation marker) and CD68+ (macrophage differentiation marker).
IHC staining results were scored for the positivity and intensity of CD14+ and CD68+
staining. Our results revealed a statistically significant increase in the number of CD14+
cells that had infiltrated into the carcinoma tissues of IBC patients as compared to those of
non-IBC patients (Table 2 and Fig. 1). On the other hand we did not detect statistically
significant differences in the number of CD68+ cells that infiltrated into the tumors of non-
IBC versus IBC patients (data not shown).

3.3. Increase in percentage ofTAMs (CD14+ cells) collected from IBC versus non-IBC
patients

Blood drained from the tumor microenvironment through axillary tributaries of non-IBC and
IBC patients was collected during modified radical mastectomy. Immunophenotyping of the
total leukocytes collected from axillary tributaries of non-IBC and IBC patient’s was
performed by immunofluorescent staining and multi-color flow cytometry and results
expressed as a percentage of the total leukocytes as we described before (El-Shinawi et al,
2010). We detected a significant increase in the percentage ofCD14+/CD3- cells present in
blood drained from tumor microenvironment of IBC patients as compared to non-IBC
patients (Fig. 2A).

3.4. Distinct cytokine profile of TAMs (CD14+ cells) drained from axillary tributaries of IBC
patients

Tumor associated CD14+ drained from axillary tributaries were isolated from total
leukocytes as described in “materials and methods” and seeded at concentration of 1 x 106

cells/ml overnight in culture media before profiling for cytokines. We detected statistically
significant differences in some cytokines secreted byCD14+ cells isolated from axillary
tributaries of IBC patients as compared to non-IBC patients (Fig. 3A). We found that
CD14+ cells isolated from of IBC patients secrete high levels ofTNF-α (p = 0.002); MCP-1/
CCL2 (p = 0.003); IL-10 (p = 0.013); and IL-8 (p = 0.039) as compared to CD14+ cells
isolated from axillary tributaries of non-IBC patients (Fig. 3A). We did not detect any
cytokine in the culture media used as negative control (data not shown).

3.5. Media conditioned by CD14+ cells disrupt emboli-like structures and induce motility
ofSUM149 cells

SUM149 cells seeded in Ham’s F12 and 5% FBS form emboli-like structure (Fig. 4A). On
the other hand SUM149 cells seeded in media conditioned by CD14+ cells isolated from
IBC patients form branched-like structures that exhibit migratory properties (Fig. 4B). These
results suggest that secretions of CD14+ cells isolated from IBC patients contribute to
migratory properties of IBC cells.
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3.6. Cytokines secreted by tumor-drained CD14+ cells increase motility and invasion
ofSUM149 IBC cells

IBC tumor drained macrophages are characterized by secretion of TNF-α,MCP-1/
CCL2,IL-10 and IL-8. Therefore we tested whether these cytokines may induce cell
migration using a wound-healing assay (Hoffmeyer et al., 2005; Liang et al., 2007). We
compared the migration of SUM149 cells in response to TNF-α,MCP-1/CCL2, IL-10 or
IL-8 by capturing phase contrast images of wound area closure at different time intervals.
Wound closure in the presence of the cytokines was measured with ImageJ software at
different time intervals and compared with wound closure of control. The percentage of
wound closure area over time was calculated as percentage of the original wound size by
dividing the non-closure area at desire time by the initial wound area at 0h and multiply by
100 (Valster et al., 2005). The percentage wound closure by SUM149 cells seeded in media
containing MCP-1/CCL2, TNF-α, IL-8 or IL-10 was recorded at 0, 2, 8 and 12 h (Fig. 5A).
At 12 h wound closure of control SUM149 cells was 31%, whereas wound closure
ofMCP-1/CCL2, TNF-α, IL-8 and IL-10 treated cultures was 33%, 47%, 61% and 87%,
respectively (Fig. 5B). Statistical analysis using Fisher’s least significant difference (LSD)
test revealed a significant (p ≤0.00) increase in motility of SUM149 cells incubated with
TNF-α, IL-8 orIL-10.

To test whether cytokines highly secreted by IBC tumor drained macrophages alter the
invasion of IBC cells, we utilized BD Matrigel invasion chambers in which filters are coated
with reconstituted basement membrane. Our results revealed that TNF-α, MCP-1/CCL2,
IL-10 and IL-8 possess chemotactic properties and induce invasion of SUM149 cells
through basement membrane (Fig. 6A). Only IL-8, TNF-α and IL-10 significantly (p =
0.001, p = 0.02 and p = 0.000, respectively) increased invasion (Fig. 6B).

4. Discussion
The tumor microenvironment is characterized by infiltration of monocytes/macrophages that
play distinct roles in tumor progression and metastasis (Cassetta et al., 2011). The notion
that macrophages are “obligate partners for tumor cell migration, invasion, and metastasis”
(Condeelis and Pollard, 2006) and thatTAMs induce an invasive phenotype (Mantovani et
al., 2006, Sica et al., 2006) is evident from several studies. Macrophages have been found to
attract carcinoma cells to intravasate into blood vessels and spread through the circulation.
Using intravital imaging, Wyck-off and colleagues showed that macrophages lining blood
vessels release EGF that induces invasion and motility of metastatic adenocarcinoma cells
expressing EGFR (Wyckoff et al., 2004). Moreover, large numbers of macrophages are
present at the invasive margins of tumors and tumor cell intravasation is associated with
“perivascular macrophages” (Wyckoff et al, 2007). In addition, cancer patients are
characterized by infiltration with different sub-populations of macrophages (Mosser and
Edwards, 2008) which were found to be associated with cancer dissemination and metastasis
(Subimerb et al., 2010) and immune suppression (Daurkin et al, 2011). In this regard
macrophages have been considered as “mediators” of solid tumor metastasis (DeNardo et
al., 2008); however, secretory molecules that control tumor progression need to be
examined.

In vitro studies showed that molecules secreted by monocytes/macrophages may regulate
breast cancer invasion and motility. For instance, culturing weakly invasive breast cancer
cell lines (MCF-7, SKBR-3) with macrophages enhances their invasion via a TNF-α/MMP-
dependent mechanism (Hagemann et al., 2004). Our previous studies showed changes in
morphology and an increase in invasiveness and degradation of extracellular matrix proteins
when the SUM149 IBC cell line was cultured with human U937 monocytes or in media
conditioned by human monocytes. Invasiveness and motility of SUM149cells were
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associated with an increase in expression of the cysteine protease cathepsin B and caveolin-1
(Mohamed et al., 2008). In addition, we found that IL-8 secreted by the U937 cells induced
the expression of fibronectin and IBC motility via the phosphatidylinositol-3 kinas (PI3k/
Akt) signaling pathway (Mohamed, 2012). Thus we concluded that monocytes/macrophages
may contribute to IBC pathogenesis by enhancing dissemination and spreading of carcinoma
cells to lymph nodes and distant organs via both lymphatic and hematogenous routes. In the
present study we found a statistically significant increase in macrophage infiltration in IBC
versus non-IBC tissues. In addition, TAMs was localized around IBC tumor emboli. These
results suggest that in IBCTAMs may contribute to tumor emboli formation by stimulating
IBC cell invasion, motility and intravasa-tion into lymphatic or blood vessels. These results
support those of Wyckoff and colleagues (Wyckoff et al., 2007) who demonstrated breast
cancer cell intravasation in association with macrophages in murine mammary models.

To identify major molecules that may participate in the cross talk between TAMs and IBC
cells we profiled cytokines secreted by TAMs. We used an inter-operative method to collect
TAMs from venous circulation of the breast (El-Shinawi et al., 2010). Our method has
clinical significance since we were able to isolate TAMs directly before passing through the
reticuloendothelial system and before becoming diluted in circulation (Carroll, 2004). We
found that TAMs drained from the axillary tributaries of IBC patients characterized by
elevated secretion of TNF-α, MCP-1/CCL2, IL-10 and IL-8as compared to TAMs isolated
from non-IBC patients. Interestingly the cytokines detected revealed that TAMs isolated
from IBC patients exhibit a mixed cytokine pattern of inflammatory macrophages (M1) as
indicated by secretion of TNF-α and resident macrophages (M2) as indicated by secretion of
IL-10 (Caras et al., 2011). Secretion of TNF-α has been associated with increased
proliferation, growth, invasion and metastasis of malignant diseases (Szlosarek et al., 2006).
Moreover, TNF-α has been found to induce breast cancer cell motility and invasion via up-
regulation of matrix metalloproteinases (Hagemann et al., 2004) and induction of c-Jun N-
terminal kinases (JNK) and Nuclear factor kappa beta (NF-κB) signaling pathways
(Hagemann et al., 2005). On the other hand, IL-10 has been shown to contribute to non-
small cell lung cancer progression and poor prognosis (Zeni et al, 2007). IL-10 is an
immunosuppressive cytokine that prevents maturation of dendritc cells and inhibits antigen
presentation (Qin et al., 1997).

In breast cancer IL-10 is considered to be a multifunctional cytokine associated with disease
progression (Hamidullah et al., 2012). In breast cancer patients there is an increase in serum
IL-10 (Kozlowski et al., 2003) and in breast cancer tissue IL-10 is associated with poor
prognosis (Llanes-Fernandez et al., 2006). Furthermore, in the breast tumor
microenvironment IL-10 induces tumor cell proliferation (Hamidullah et al., 2012). TAMs
are the main source of IL-10 in the breast tumor microenvironment and IL-10 secreted by
TAMs suppresses differentiation and maturation of T-cells (Hao et al., 2012). Herein, we
found that TAMs isolated from IBC secretes high levels of IL-10 as compared to TAMs
isolated from non-IBC. IL-10 expressed by TAMs in non-small cell lung cancer correlates
with pleural and lymphovascular invasion; lymph node metastasis and poor prognosis
(Wang et al., 2011). Studies showed that, human cytomegalovirus (HCMV) infection
stimulates the production of IL-10 in macrophages (Nordoy et al., 2003). Our recent results,
showed that that IBC carcinoma tissues were significantly more infected with HCMV-DNA
compared to non-IBC (El-Shinawi et al., 2013). Thus over-expression of IL-10 by IBC
TAMs, detected in the present study may be due to HCMV infection, since 80% of IBC
carcinoma tissues are positive HCMV-DNA (El-Shinawi et al., 2013).

Increases in expression of MCP-1/CCL2 and IL-8 by TAMs of IBC patients may contribute
to metastatic and angiogenic properties of IBC (Giordano and Hortobagyi, 2003). MCP-1/
CCL2 has been found to be highly expressed within the breast tumor microenvironment and
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suggested to play a role in malignant transformation and breast cancer metastasis (Soria and
Ben-Baruch, 2008). In MMTV-PyMT mouse models CCL2 secreted by carcinoma cells and
TAMs facilitates trans-endothelial migration and lung metastasis of cancer cells, a
mechanism involving interaction between cancer cells and TAMs expressing C-C
chemokine receptor type-2 (CCR2) within the tumor microenvironment (Qian et al., 2011).
Furthermore, macrophage-derived IL-8 found to play potential role in angiogenesis of
inflammatory diseases (Koch et al., 1992) and endometrial cancer (Fujimoto et al., 2002).

Since IBC is characterized by highly invasive and metastatic properties, we tested whether
recombinant TNF-α, CCL-2/MCP-1, IL-10 or IL-8 alter the motility and invasion of IBC
cells. Our results revealed that IL-10 was the most effective at inducing motility and
invasion of IBC cells. We propose that enhanced motility and invasion of SUM149 cells in
response to IL-10 may be due to stimulation of Signal Transducer and Activator of
Transcription (STAT3) signaling pathways which subsequently induce cell motility
(Hamidullah et al., 2012). In the present study we showed for the first time that
macrophages are major cellular components of the IBC microenvironment and they secrete
cytokines that affect motility and invasion of IBC cells. Cytokines secreted by IBC-TAMs
can be therapeutically targeted in IBC patients.
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Fig. 1.
Increase inCD14+ cell infiltration in the tumor microenvironment of IBC versus non-IBC.
Immunostaining of tumor associated macrophages [CD14+ (brown color)] in paraffin
embedded tissue sections. (A) Non-IBC tissues (invasive ductal carcinoma). (B) IBC
lymphatic emboli, showing the high number of CD14+ cells in the IBC microenvironment
that include aggregates of CD14+ cells (black arrow) adjacent to tumor emboli. Scale bar=
100 µm. (For interpretation of the references to color in this figure legend, the reader is
referred to the web version of the article.)
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Fig. 2.
Analysis of CD14+ cells collected from axillary tributaries of non-IBC and IBC patients.
(A) Representative of dual-parameter staining density plots of CD3 (X-axis) and CD14 (Y-
axis) cells in the total mononuclear cells isolated from the axilliary tributaries of non-IBC
and IBC patients. The values on the X and Yaxis are an arbitrary scale representing the
increasing intensity of signal. Numbers shown on graph represent the percentage of stained
cells. The proportion of CD14+/CD3− cells is indicated in the upper left corner, the upper
right corner represents CD14+/CD3+ cells, the lower left corner represents CD14-/CD3–
cells and the lower right corner represents CD14-/CD3+ cells. (B) Bars represent cumulative
data for mean ± SD of the percentage of CD14+/CD3– cells in non-IBC (n = 39) and IBC (n
= 27) patients; *represents p≤ 0.05 as determined by Student’s t-test.
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Fig. 3.
Comparison between cytokine profiles of CD14+ cells isolated from non-IBC versus IBC
patients. (A) RayBio Human Cytokine Antibody Array 3 as one representative example of
anon-IBC patient and an IBC patient. Boxes indicate positive (lane a & b spots 1,2 and lane l
spots 7,8) and negative controls (lane c & d spots 1,2 and lane k spots 7,8) and localization
of cytokines that show statistically significant differences between non-IBC patients (n = 39)
and IBC patients (n = 27). Increases in MCP-1/CCL2 (lane a spot 5, 6), TNF-α (lane a spot
7, 8); IL-8 (laneg spot 3,4) and IL 10 (laneh spot 3, 4) were detected in IBC versus non-IBC
patients. (B) Bars represents mean ± SD of signal intensity value of each cytokine secreted
by CD14+ cells isolated from non-IBC (n=39) and IBC(n = 27) breast cancer patients as
detected by RayBio™ human cytokine antibody array 3 and intensity value quantified by
ImageJ software; *represents significant p≤ 0.05 as determined by Student’s t-test.
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Fig. 4.
Media conditioned by CD14+ cells isolated from IBC patients induce migration of SUM149
cells. (A) Tumor emboli of SUM149 cells seeded in Ham’s F12 and 5% FBS culture media.
(B) Increase in migration and formation of branched structures by SUM149 cells seeded in
media conditioned by CD14+ cells. Images were recorded using phase contrast.
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Fig. 5.
Cytokines stimulate motility of SUM149 IBC cells. (A) Cells were seeded in media
containing MCP-1/CCL2, TNF-α, IL-8 or IL 10 and cell motility was measured by a wound
healing assay as described in Section 2. Area of wound closure was imaged at the indicated
times and measured using ImageJ. Scale bar= 100 µm. (B) Graph illustrates the percentage
of wound closure. TNF-α, IL-8 and IL-10 significantly enhance motility of SUM149 cells.
Results are expressed as mean ± S.D of three independent experiments; *represents p≤ 0.00
as determined by Fisher’s least significant difference (LSD).
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Fig. 6.
Cytokines stimulate invasion of SUM 149 IBC cells. (A) Images are representative of SUM
149 cells that invaded through the rBM-coated filters in response to either control culture
media, MCP-1/CCL2, TNF-α, IL-8 or IL 10. Results are representative of three independent
experiments; scale bar=150 µm. (B) Quantification of cells that invaded was performed by
counting the average number of nuclei in 5 fields of view per filter (using ImageJ) and is
expressed as percentage of cells invaded as compared to control. Results are representative
of three independent experiments and are expressed as mean ± SD; * represents p≤ 0.05 as
determined by Student’s t-test.
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Table 1

Clinical and pathological characterization of non-IBC versus IBC patients.

Characteristic Non-IBC (N = 39) IBC(N = 27) p value

Age 0.08a

Range 33–72 29–65

Mean 52 ± 1.9 42 ± 1.8

NA 2 0

Tumor size† 0.05b

Mean ± SD 4.2 ± 2.6 4.9 ± 3.6

<4 22(61%) 7 (34%)

>4 14 (39%) 14(66%)

NA 3 1

Number of lymph nodes 0.003*b

<4

>4 20(54%) 4 (16%)

NA 17(46%) 21(84%)

2 2

ER 0.4b

Negative 23 (59%) 19(70%)

Positive 16 (51%) 8 (30%)

NA 0 0

PR 1.0b

Negative 25(67%) 17 (63%)

Positive 14(33%) 10(37%)

NA 0 0

Her-2 0.7b

Negative 32(79%) 21(77%)

Positive 7(21%) 6 (23%)

NA 0 0

Tumor grade 0.4b

G1 2(6%) 0(0%)

G2 27(75%) 21(77%)

G3 7(19%) 5(19%)

G4 0(0%) 1(4%)

NA 3 0

Tumor emboli 0.0001*b

Negative 35(89%) 0(0%)

Positive 4(11%) 27(100%)

NA 0 (0%) 0(0%)

Data are reported as mean ± SD.

NA: Data not available.
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*
Significant p value calculated by

a
Student-t test or

b
Fisher’s exact test.

†
n = 22 (five IBC patients did not have a tumor mass).
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Table 2

Scoring of CD14+ cell infiltration into non-IBC versus IBC tissues.

CD14+ (Score**) Non–IBC n(%) IBC n (%)

+ 11(28.2%) 5(18.5%)

++ 18(46.2%) 6(22.2%)

+++ 10(25.6%) 16(59.3%)

Chi-square test p =0.021*

*
Significant p value calculated by Chi-square test.

**
“+”, Less than 10% of cells showed positive staining; “++”, 10–50% cells showed positive staining; and “+++”, more than 50% cells showed

positive staining.
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