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Abstract 

Inflammatory breast cancer (IBC) is a rare and very aggressive subtype of breast cancer with 
clinical manifestations similar to acute inflammation. The prognosis of IBC is still poor even though 
combination therapy with surgery, chemotherapy, and target therapy, mainly due to a lack of fully 
understanding of the cellular and molecular mechanisms of IBC pathogenesis and progression. In 
the present article, we have comprehensively reviewed the connection of the pathogenesis of IBC 
and inflammation, immune reaction and cancer, particularly focused on the role and mechanism of 
tumor microenvironment related to IBC formation, tumor cell proliferation, migration, invasion 
and metastasis as well as the clinical manifestations of IBC. As the diverse cells including 
inflammatory cells, immune cells, and tumor cells and the soluble molecules produced by these 
cells in the microenvironment play an essential role in IBC development and progression. 
Therefore, anti-inflammatory therapy and immunotherapy with available agents warrant further 
investigation in the treatment of IBC. 
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Background 
It is well known that the cancerogenesis, cancer 

cell proliferation, survival, invasion and metastasis 
are closely associated to the tumor microenvironment. 
This tumor environment is composed of tumor 
surrounding blood vessels, inflammatory cells, 
immune cells, lymphocytes, fibroblasts, extracellular 
matrix and a variety of biological active molecules 
derived from tumor ccells and the surrounding 
non-tumor cells in the microenvironment. These 
factors, together with their associated signal 
pathways, interact with each other in the tumor 
microenvironment, forming an extremely 
complicated signal network. Any change in the 
network may affect the metabolism and behavior of 
tumor cells, and consequently alter the tumor 
progression, clinical manifestations and outcomes in a 
direct or indirect manner. 

The existence of an intrinsic link between 

inflammation and cancer has been noticed more than 
a century ago. In 1863, Rudolf Virchow and his 
colleagues found that white blood cells were present 
in tumor tissues, hypothesized that inflammation was 
associated with the tumor, and suggested that the 
"lymphoreticular infiltrate” reflected the origin of 
cancer at the site of chronic inflammation [1]. Over the 
last decade, the role of chronic inflammation in the 
development of cancer has been explored more 
intensively and growing evidence has supported 
Virchow’s hypothesis. Epidemiological studies have 
showed that approximately 25% of tumors are 
involved in chronic infection or inflammation and the 
cancer risk in subjects with chronic inflammation or 
oxygen free radicals overload is much higher than the 
general population, suggesting an association 
between inflammation and cancer [2]. Inflammatory 
mediators such as cytokines, chemokines, free 
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radicals, prostaglandins, and growth hormones can 
cause genetic and epigenetic alterations, including 
mutations of tumor suppressor genes, DNA 
methylation and post-translational modifications, 
resulting in genomic instability and changes in the 
critical pathways for the maintenance of normal cell 
functions, and consequently leading to cell 
transformation and carcinogenesis [2]. It is now 
recognized that chronic inflammatory lesions may 
lead to cancer, and cytokines produced by the 
inflammatory cells in the tumor microenvironment 
are the necessary factors for cancer cell survival, 
proliferation, differentiation, and progression. 
Meanwhile, the inflammatory cells and released 
cytokines may interact with other cells, cytokines and 
external harmful physical and chemical substances in 
the microenvironment, and together, alter cancer cell 
behavior. In addition, inflammation may be either a 
cause of cancer or a consequence induced by cancer. 
These data collectively indicate the complexity of 
inflammation and cancer. Providentially, the recent 
discovery of the interaction between microRNAs and 
the immune system has shed some light into the 
understanding of the connection between 
inflammation and cancer [2]. Furthermore, as tumor 
microenvironment plays such critical role in tumor 
initiation, development and progression, 
interventions targeted to this network may become an 
effective approach for fighting with cancer.  

Inflammatory breast cancer (IBC) is a rare and 
very aggressive subtype of breast cancer and needs 
early diagnosis and multimodal treatment. IBC was 
first described in 1814, and subsequently named by 
Lee and Tannenbaum in 1924 due to its fast progress 
and similar appearance as acute inflammation [3]. The 
incidence of IBC is quite low but it is very aggressive 
and possesses, rapid progression, and poor prognosis. 
Since the initial clinical manifestations of IBC are 
similar to breast infection or inflammation, it is easily 
misdiagnosed as acute mastitis and other infectious 
diseases, treated with antibiotics consequently, and 
delay the anticancer treatment [4]. The strategy for the 
management of IBC is a multimodal approach with an 
individualized combination of chemotherapy, 
surgery, radiation and targeted therapy due to a lack 
of specific therapy [4]. 

Currently, the pathogenesis and molecular 
mechanisms of IBC development are poorly 
understood. With the advancement of modern 
technologies, more and more studies have been 
conducted to elucidate the molecular mechanisms, 
and determine the differences between IBC and other 
breast cancer. Studies over the years have suggested 
that the etiology and pathogenesis of IBC may be 
closely related to inflammation due to the apparent 

common inflammatory manifestations and changes in 
microenvironment. In the present article, we have 
reviewed the association among inflammation, 
immunity and cancer, especially focused on the 
relationship between inflammatory mediators and 
IBC, and on the mechanism related to the clinical 
manifestations of IBC. 

Clinical characteristics and 
epidemiological profile of IBC  
The clinical features of IBC  

According to the American Joint Committee on 
Cancer (AJCC) Tumor-Node-Metastasis (TNM) 
staging system of breast cancer, IBC is a rare subtype 
of locally advanced breast cancer, and classified as 
T4d [5, 6]. Patients with IBC typically present with a 
rapid-onset redness and thickening 
(edema/swelling), involving more than 1/3 of the 
breast in a short period. The diffuse redness in the 
breast skin is initially pink, quickly becomes 
bleeding-like purple and erysipelas-like changes as 
skin edema, thickening and hardening. The ipsilateral 
breast is enlarged, and shows an orange peel-like 
appearance with clear skin edges but unclear tumor 
boundary due to edema and swelling. There is no 
clear masse in about one-third of the cases with only 
inflammation-like changes. The temperature of 
ipsilateral skin is often higher than the opposite breast 
skin. The breast may also be tender and painful or 
itchy. More than half of the patients have enlarged 
palpable axillary or supraclavicular lymph nodes at 
the time of diagnosis, and some patients even have 
bone, lung, liver, brain and other distant metastases 
with relevant clinical manifestations [7]. It should be 
noted that the breast redness, tenderness, warmth and 
pain or itching are common symptoms of a breast 
infection or inflammation such as mastitis, but 
antibiotic treatment will not improve the disease. 
Once IBC is suspected based on clinical 
manifestations, imaging tests such as mammogram, 
breast ultrasound and MRI may be needed, but only a 
breast biopsy can make a definite diagnosis. IBC has 
no special histological changes and various 
pathological types of breast cancer have been 
observed. However, the intradermal lymphatic tumor 
thrombus is considered as a characteristic 
pathological finding [8]. Based on the biopsy, the 
cancer cells may be graded and further molecular 
pathological examination of cancer cells such as HER2 
and estrogen receptor will aid in clinical management.  

Epidemiology of IBC  
Hance et al [9] have analyzed 180,224 cases with 

diagnosed breast cancer from 1988 to 2000 in the SEER 
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database. A total of 3648 cases were classified as IBC, 
3636 cases as locally advanced breast cancer (LABC), 
and 172,940 cases as non-T4 stage breast cancer. IBC 
was accounted for approximately 2% of all breast 
cancers. During the period of study, the incidence (per 
100,000 woman/year) of IBC was significantly 
increased from 2.0 to 2.5 while the incidence of LABC 
was significantly decreased from 2.5 to 2.0 and the 
non-T4 breast cancer from 108 to 101. The incidence of 
IBC in African American women was significantly 
higher than in Caucasian women (3.1 vs 2.2/100,000 
women/-year). The median survival times were 2.9 
years for IBC, 6.4 years for LABC, and more than 10 
years for non-T4 breast cancer, respectively. The 
median survival times of IBC and LABC were 
significantly shorter in black women than in white 
women. Compared to the 2% incidence, IBC 
accounted for 7% (1936/27747) of mortality for all 
breast cancer, so the mortality rate of IBC was 
significantly higher than other types of breast cancer 
[9]. The incidence of IBC has a large geographical 
difference with a 2% incidence in China [10], and a 
6-10% incidence in the countries of North Africa, 
particularly in Morocco, Algeria, Tunisia, and Egypt 
[11]. Robertson et al. [12] reported that the five-year 
survival rate of the patients with IBC was less than 5% 
when treated with single surgical resection or 
chemotherapy. However, Baldini et al. [13] performed 
a prospective study in 68 cases of IBC patients treated 
with a combination of surgery, chemotherapy and 
radiotherapy, and found that the 5-year and 10-year 
disease free survival rates were 29% and 20%, 
respectively, with a median disease free survival time 
of 2.2 years; and the 5-year and 10-year overall 
survival rates were 44% and 32%, respectively, with a 
median overall survival time of 4 years [13] (Table 1). 
Taken together, these studies indicate that the 
effectiveness of a multimodal approach with a 
combination of surgery, chemotherapy and 
radiotherapy is significantly superior to a 
monotherapy. Even so, the therapeutic efficacy of IBC 
is still unsatisfactory and remains to be improved.  

 

Table 1. The survival rate of breast cancer (13) 

Disease free survival rate 
5-year 29% 
10-year 20% 

Overall survival rate 
5-year 44% 
10-year 32% 

Median disease free survival time 2.2 years 
Median overall survival time 4.0 years 

 

The etiology and pathogenesis of IBC 
The etiology and pathogenesis of IBC are poorly 

understood. Studies over the years have suggested 

that P53, nuclear factor kappa B (NF-кB), TNF, IL-6, 
IFN and other substances that regulate the processes 
of inflammation, carcinogenesis, cancer development, 
and cell apoptosis may be involved in IBC 
development and progression [1]. NF-кB, a family of 
the transcription factor proteins, is involved in 
various immune regulation and inflammation 
through controlling the expression of many cytokines, 
chemokines, growth factors, and adhesion factors 
[14], plays a key role in cell proliferation, 
differentiation, apoptosis, invasion and metastasis 
[15]. NF-кB has been shown to be activated in a 
variety of tumors [16]. Mann et.al., [17] have 
demonstrated that the overexpression of 
transglutaminase (TG2) can activate NF-кB, while 
TG2 knockdown by small interfering RNAs (siRNAs) 
eliminates NF-кB activation in multiple cell lines and 
tumor tissues, suggesting that TG2 may be a useful 
molecular target for anticancer therapy. Moreover, 
Lerebours et al. [18] have studied the NF-кB related 
gene expression in tumor tissues from 35 IBC and 22 
non-IBC patients and identified six genes including 
TNFAIP3/A20, SELE, COX2, CXCL12, CCND3 and 
IER3L as a molecular signature to distinguish IBC 
from non-IBC. In addition, it has reported that an 
activation of NF-кB in IBC is related to a decrease in 
estrogen receptor levels [19]. These data collectively 
suggest that NF-кB is key factor in IBC formation, 
development and progression. 

P53, a tumor suppressor gene, can inhibit cell 
proliferation and promote cell apoptosis, which is 
completely opposite to the roles of NF-кB in the cells 
and NF-кB activation is contributed to cancer 
development and progression [16]. Sawaki et al have 
reported that IBC patients whose tumors were 
p53-positive had a better outcome compared to those 
with p53-negative tumors in a small single-center 
retrospective study. In contrast, Saydam et al [20] 
have shown that IBC patients whose tumors were 
p53-negative had similar survival outcome compared 
to p53-negative non-IBC, while patients with 
p53-positive IBC had worse survival outcome 
compared to p53-positive non-IBC. This finding 
indicates that p53 might be an indicator of poor 
prognosis in IBC. These apparent conflict reports 
suggest that the significance of p53 in IBC is not clear 
and remains to be elucidated. Further analysis of p53 
gene mutation and functionality may shed some light 
for these controversial findings. 

IL-6, a pro-inflammatory cytokine, is involved in 
cancer cells proliferation, survival and metastasis. 
Studies have demonstrated that serum IL-6 levels, 
which are regulated by protein kinase CK2, were 
significantly increased in patients with IBC compared 
to those with non-IBC [21]. Wolfe et al [22] have 
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recently demonstrated that IBC cells co-cultured with 
bone marrow derived mesenchymal stem cells 
(MSCs) showed enhanced tumor formation and 
invasion, which was blocked by anti-IL-6 and statin 
treatment, indicating a significant role of IL-6 in 
tumor formation and metastasis. 

A number of studies have indicated that 
inflammatory cells attracted to the sites of tumor 
lesions promote rather than inhibit tumor growth [23]. 
Further analyses have found that a variety of 
inflammatory cells such as macrophages, neutrophils, 
eosinophils, dendritic cells, and lymphocytes, etc., 
were involved in the control of tumor development 
and progression [24, 25]. Growing evidence indicates 
that tumor cells could regulate the infiltration and 
activation of the host cells to promote their own 
survival and progression, and the white blood cells 
presented in the tumor microenvironment could 
promote tumor growth, angiogenesis, and metastasis 
via producing a series of growth factors, proteases, 
and angiogenic mediators [24]. Mast cells are one of 
the important immune regulatory cells to induce 
colitis-related colorectal cancer (CRC). Since the inner 
mucosal mast cells (MMCs) and connective tissue 
mast cells (CTMCs) play different intestinal barrier 
functions in the case of stability of internal 
environment and inflammation, it is difficult to 
determine which type of mast cells plays the key role 
in the development of CRC from colitis to colon 
cancer. Xu et al., [25] found that both numbers and 
gene expression levels of MMCs were increased in the 
mouse model of experimental induced CRC. After 
MMC activation, the production of mast cell protease 
1 not only caused the accumulation of CD11b+Gr1+ 
inflammatory cells in the colon tissues but also 
regulated the activity of CD11b+Gr1+ cells to support 
the growth of tumor cells and to inhibit the activation 
of T cells. Prevention of the activation of mice MMC 
(which can lead to the abnormality of 
colitis-associated epithelial structure), could reduce 
the infiltration of CD11b+Gr1+ cells and inhibit the 
development of CRC. The results from the study 
suggest that the activation of MMCs can increase and 
regulate CD11b+Gr1+ cells to promote the formation 
of CRC; therefore, MMCs can be the target cells in the 
prevention and treatment of CRC. Many cancers 
occur in the sites of body suffering from infection, 
chronic irritation and inflammation. It is relatively 
clear that the tumor microenvironment is the essential 
condition for the differentiation, survival and 
metastasis of tumors and inflammatory cells are 
heavily involved in the regulation of tumor 
microenvironment. On the other hand, tumor cells 
also can regulate some signaling molecules of the 
body's natural immune system, such as selecting 

proteins (selectins), chemokines and their receptors to 
provide services for the tumor cells transfer, 
migration and invasion. Right now, people have 
widely recognized that there is a causal relationship 
among inflammatory reaction, the body's natural 
immune system and cancer. The important condition 
for the inflammatory cells to develop cancer is the 
occurrence of continuous cell differentiation in the 
microenvironment of being rich in inflammatory cells, 
growth factors, activated matrixes, and 
DNA-damaged materials. This environment will 
certainly increase the risk of cancer [26]. The normal 
inflammatory response is self-limited because the 
anti-inflammatory cytokines will soon be produced 
after the emergence of pro-inflammatory cytokines. 
However, chronic inflammatory response may be out 
of control in the present of the above-mentioned 
harmful substances in the environment. In addition, 
the tumor cells themselves can produce a variety of 
cytokines and chemokines to attract the migration of 
leukocytes to the site of the tumor. The neoformation 
in the developmental stage contains a variety of white 
blood cells, such as neutrophils, eosinophils, dendritic 
cells, mast cells, macrophages and lymphocytes. All of 
these cells can produce a series of cytokines, cytotoxic 
mediators such as reactive oxygen species, cysteine 
and serine proteases, matrix metalloproteinases, 
membrane penetration agents, and soluble cell killing 
media, such as TNF-α, interleukin and interferon. 
These materials under unfavorable microenvironment 
(such as damaged DNA) or with the presence of the 
tumor cells, can promote tumor formation or maintain 
the growth and survival of the tumor. There are two 
kinds of pathways to connect inflammation and 
cancer, endogenous and exogenous. The exogenous 
pathway is caused by inflammation or infection and 
the endogenous pathway is caused by the activation 
of oncogenes, the two pathways promote the 
formation of tumor microenvironment. It is apparent 
that many cancers are originated in the sites of 
infection, chronic irritation and inflammation. It is 
now realized that inflammatory cells are heavily 
involved in tumor microenvironment and tumor 
microenvironment is essential for tumor initiation, 
survival, growth and metastasis. Furthermore, tumor 
cells are able to interact with immune system to 
facilitate tumor cell transfer, migration and invasion. 
It is now documented that there is a close association 
among inflammation, immune system and cancer. An 
important prerequisite for inflammatory cells to 
stimulate cancer development is the occurrence of 
continuous cell proliferation/differentiation in the 
microenvironment rich in inflammatory cells, growth 
factors, activated matrixes, and DNA-damaged 
materials [26]. It showed that only few of tumors were 
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induced by germline mutations, while mostly (90%) 
were caused by somatic mutations and environmental 
factors [27]. In inflammatory microenvironment, there 
are three basic stages for tumor formation and 
development: initiation, promotion, and metastasis. It 
is involved with inflammatory cells, immune cells, 
and a variety of induced bio-active substances. 
Grivennikov et al. [27] have described the relationship 
between immune cells, inflammatory cells and cancer, 
and stated that the tumor microenvironment contains 
innate immune cells (including macrophages, 
neutrophils, mast cells, myeloid-derived suppressor 
cells, dendritic cells, and natural killer cells) and 
adaptive immune cells (T and B lymphocytes) in 
addition to the cancer cells and their surrounding 
stroma (including fibroblasts, endothelial cells, 
pericytes, and mesenchymal cells). These diverse cells 
communicate with each other through either direct 
cell contact or autocrine and paracrine actions of 
cell-derived cytokines and chemokines to control the 
direction of the microenvironment conditions in favor 
of tumor-promoting inflammation or antitumor 
immunity [27]. This complicated relationship among 
inflammatory cells, immune cells, cancer cells and 
extracellular matrix in the tumor microenvironment 
are schematically illustrated in Figure 1. 

 
 

Molecular and cellular biological 

Mechanisms of IBC 
Some inflammatory mediators secreted by the 

cells released to the plasma function in the distance 
through the blood circulation, and the others function 
at the local tissues or the cells themselves which 
produce inflammatory mediators through autocrine 
and paracrine of the cells. The common inflammatory 
mediators include vasoactive amines, arachidonic 
acid metabolites, cytokines and chemokines [28]. The 
expressions of chemokines CCL2 and CCL5, TNF-α, 
and IL-1β were significantly higher in the breast 
cancer than in the normal breast tissues [29]. NF-κB is 
a family of the transcription factor proteins mediating 
the development of inflammation, promoting of the 
evolution of chronic inflammation [14], and 
enhancing the invasion and metastasis of tumors[15]. 
It related to the decrease of estrogen receptor levels in 
IBC [19]. Although growing evidence indicates that 
various factors in the tumor microenvironment 
interact with IBC cells and promote the invasiveness 
and metastasis of IBC cells, the mechanism related to 
this change is unclear. Cohen et al. [30] hypothesized 
that the soluble cytokines secreted by the activated 
immune cells and inflammatory cells can cause 
epithelial to mesenchymal transition (EMT) of the IBC 
cells, resulting in a facilitation of cancer cell transfer, 
migration and invasion. EMT refers to a process by 
which epithelial cells lose the cell polarity and cell-cell 
adhesion, and obtain migratory and invasive 

 

 
Figure 1. The relationships of the inflammatory cells, immune cells, cancer cells and extracellular matrix in the tumor microenvironment. ⊕: promotion; ⊖: 
Inhibition; ↔: mutual reaction; M: depends on the mutual reaction in specific context. 
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properties to become mesenchymal stem cells, which 
is characterized by the absence of epithelial 
phenotype and exhibition of mesenchymal cell 
phenotype. They [30] have also observed a correlation 
between the circulating levels of TNF-α and EMT 
biomarkers in patients with breast cancer. Moreover, 
they have demonstrated that multiple cytokines 
originated from the activated T cells stimulated the 
expressions of such EMT-related genes as fibronectin 
(FN1), vimentin (VIM), tissue transglutaminase 
(TGM2) and zinc-finger E-box binding homeobox1 
(ZEB1) in several IBC cell lines. This data suggests 
that EMT may play a significant role in cytokine 
promotion of IBC cell invasion and metastasis. It is 
also interesting to note that SUM149 IBC cells went 
through epithelial interstitial transformation with 
increased E-cadherin expression and enhanced cell 
invasion and migration under the stimulation of 
immune factors, whereas this phenomenon did not 
occur in non-IBC cells, and E-cadherin expression is 
generally reduced in other tumor cells by such 
immune factors [30]. When both cell migration and 
E-cadherin expression are simultaneously activated, 
IBC cells may form tight cell clusters known as "tumor 
emboli", leading to an occlusion of lymphatic vessels 
and resulting in the inflammation-like clinical 
manifestations observed in IBC [30]. Joglekar et al. 
[31] have investigated the effect of caveolin-1 on the 
invasion of IBC cells and demonstrated that the 
caveolin-1 induced invasion of IBC cells was 
mediated through activation of Akt1, which 
phosphorylated RhoC GTPase, a metastatic switch 
responsible for tumor phenotype. Yoshimura et al. 
[31] studied the expression of COX1 and COX2 in the 
breast cancer tissues and found that the expression of 
COX1 was relatively weak while the expression of 
COX2 was much higher in the breast cancer tissues 
compared to benign breast tumors such as 
fibroadenomas and breast cystic hyperplasia. COX2 
overexpression has also been observed in the IBC 
tissues and IBC metastatic sites. Moreover, Robertson 
et al. [32] have demonstrated that the administration 
of GW627368X, a selective antagonist of 
prostaglandin E2 receptor 4 (EP4), and the knockdown 
of EP4 by shRNA significantly inhibited cell 
proliferation and invasion in SUM149 IBC cells. Taken 
together, these data suggest that COX2 is 
overexpressed in breast cancer tissues and 
COX2/prostanoid signal pathway plays a significant 
role in IBC growth and metastasis, presumably 
mediated through EP4[32-34] 

The S100 proteins, originally isolated by Moore 
et al. in 1965, are a family of low-molecular-weight 
(9-14 kD) acidic proteins characterized by two 
calcium-binding sites that have helix-loop-helix 

conformation. There are currently at least 21 different 
S100 proteins encoded by distinctive genes. Studies 
over the years have shown that S100 proteins may 
possess significant functions in the pathological 
process of inflammations, tumorigenesis, tumor 
growth, tumor metastasis and angiogenesis [35, 36]. 
Hansen et al. [37] have shown in breast cancer models 
that the administration of S100A4 induced the 
expressions of acute-phase serum amyloid A (SAAs), 
protein molecules that play key roles in inflammation, 
and cytokines via Toll-like receptor 4 (TLR4)/nuclear 
factor-κB signaling, and the aberrant expressions of 
acute-phase SAA1 and SAA3 in the tumor cells 
strongly promoted widespread metastasis 
accompanied by a massive infiltration of immune 
cells, suggesting that SAAs are effectors of S100A4 for 
promoting tumor metastasis, and may serve as a link 
between inflammation and tumor progression.  

The proteins S100A8 and S100A9, two members 
in S100 family that form a heterodimer called 
calprotectin, are pro-inflammatory response proteins 
present in the tumor microenvironment, also play a 
significant role in the cell growth, proliferation, 
differentiation, invasion, and metastasis in breast 
cancer [38]. S100A8 and S100A9 overexpression was 
observed in the patients with high pathological grade, 
estrogen receptor (ER) negative, or basal-like breast 
cancer, and strongly associated with a poor prognosis 
[39-41], but not in metastatic lymph nodes [42]. 
S100A8 and S100A9 proteins have been shown to 
promote tumor metastasis in the brain in a xenograft 
4T1 animal model, presumably through attracting 
myeloid derived suppressor cells and metastatic 
cancer cells [43]. S100A8 and S100A9 have been 
reported to enhance the cell invasion and metastasis 
via binding to the receptor of advanced glycation 
endproducts (RAGE) in MCF-7 and MDA-MB-231 
breast cancer cells [44]. Moreover, S100A8 and S100A9 
are closely related to inflammatory cytokines as IL-1β 
and TNFα have been revealed to upregulate S100A8 
and S100A9 expressions in SKBR3 and MCF7 breast 
cancer cells [45]. It has been shown that some of the 
major inflammatory signaling pathways such as 
NF-κB, COX-2 and JAK/STAT signaling systems may 
be in a constantly activated state, and play a major 
role in IBC initiation; some inflammatory molecules 
such as IL-6, TNF-α and γ-interferon (γ-IFN) may 
mainly function in the process of malignant 
transformation of IBC, while others such as 
transforming growth factor-β (TGF-β), IL-8, IL-1β and 
TNF-α are involved in cancer cell proliferation, 
survival, EMT, invasion, and metastasis [46]. In 
summary, the cumulative evidence up-to-date 
strongly indicates that the diverse cells, bioactive 
molecules and their related signal transduction 



 Journal of Cancer 2017, Vol. 8 

 
http://www.jcancer.org 

1890 

pathways in the tumor microenvironment of IBC 
communicate and interact with each other, forming a 
complicated network, presumably mediated through 
various molecular and cellular biological mechanisms 
in the control of IBC formation, development and 
progression as illustrated in Figure 2. 

Conclusion 
IBC is a rare and very aggressive disease with a 

poor prognosis. Although IBC has been described 
over a centenary and the mechanisms of IBC 
pathogenesis and progression are far from clear, 
significant progress in understanding the disease such 
as the role of microenvironment, has only emerged in 
the last 2 decades. In the tumor microenvironment, a 
variety of cells such as inflammatory cells, immune 
cells, matrix cells and cancer cells and the bioactive 
molecules produced by these cells commute and 
interact with each other, forming a complex signal 
transduction network to regulate IBC formation, 
development and progression. The aberrant 
expressions of inflammatory factors and immune 
factors may promote carcinogenesis, tumor cell 
proliferation, migration, invasion and metastasis. 
Since IBC lacks specific histopathological features to 
non-IBCs, we hypothesize that IBC cells are similar to 
non-IBC cells except their capacity of migration and 
invasion are dramatically enhanced by the 

stimulation of inflammatory and immune factors in 
the tumor microenvironment. In addition, the ability 
of IBC cells to form cancer emboli in the lymphatic 
and/or blood vessels under the actions of 
inflammatory and immune factors leading to a 
specific clinical presentation in IBC patients. Although 
the use of multimodal therapy has improved the 
outcome of IBC patients, the therapeutic efficacy is far 
from satisfactory. With the growing understanding of 
the critical role of tumor microenvironment, 
particularly inflammatory and immune cytokines and 
hormones, in IBC development and progression, the 
effects of proinflammatory cytokine blockade and 
immunotherapy have not been explored in IBC 
therapy and warrant further investigation either as a 
monotherapy or as a combination therapy regimen. 

Abbreviations 
IBC, inflammatory breast cancer; LABC, locally 

advanced breast cancer; NF-кB, nuclear factor kappa 
B; TG2, tissue transglutaminase; CRC, colitis-related 
colon cancer; MMCs, mucosal mast cells; EMT, 
epithelial to mesenchymal transition; COX, 
cyclooxygenase; SAA, serum amyloid A; ER, estrogen 
receptor; IL, interleukin; TNF, tumor necrosis factor; 
IFN, interferon; TGF, transforming growth factor; CD, 
cluster of differentiation. 

 
 

 
 

Figure 2. Proposed molecular and cellular biological mechanisms of IBC. ⊕: Promotion; Bold line and arrowheads: emphasized route or approach. 
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