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Abstract: Metastatic disease is the major challenge of cancer that accounts for over 90% of total cancer 
lethality. Mounting clinical and preclinical data now indicate that inflammation, a potent immune and 
repair response, is indispensable for metastasis. In this review we describe our current understanding of 
how major inflammatory cells contribute to metastatic cascade with a focus on the primary tumour. We 
also discuss exciting new directions for future research and novel therapeutic approaches to tackle 
metastatic disease through targeting inflammation. 
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Introduction 
Inflammation is a response that an organism uses to resolve infection, tissue injury or other cellular stress, 
and to restore tissue function through repair mechanisms [1]. It is a sophisticated process involving 
extensive crosstalk among different immune cells as well as non-immune cells, such as epithelial cells, 
endothelial cells and fibroblasts. Unlike normal tissue, cancer involves continuous cell renewal and 
proliferation that induces persistent inflammation [2]. In fact, inflammation is observed in almost every 
cancer and is one of the hallmarks of cancer [3]. Cancer associated inflammation involves crosstalk 
between both malignant and nonmalignant cells through mediators (e.g. cytokines, chemokines and 
prostaglandins) in autocrine and paracrine manner [4]. Joint forces with genetic alteration, the 
inflammatory tumour environment eventually leads to tumor progression and metastasis [5]. For example, 
inflammatory response associated with epithelial cell senescence contributes significantly to 
transformation and carcinogenesis in the absence of p53 tumour suppressor gene, which can be inhibited 
with anti-inflammatory drugs [6]. Treatment with the anti-inflammatory drug dexamethasone also 
significantly suppressed cancer dissemination through suppression of epithelial to mesenchymal transition 
(EMT), a process epithelial cell uses to obtain migratory and invasive properties [7]. Thus, inflammation is 
an indispensable driver for cancer metastasis.  
 
Mechanistically, tumour associated inflammation produces mutagenic factors (e.g. reactive oxygen 
species) that drive tumour initiation[5]. Tumour associated inflammation is a source of survival, growth 
and pro-angiogenic factors, as well as extracellular matrix (ECM)-modifying enzymes that facilitate 
angiogenesis, invasion and metastasis [8, 9]. Inflammation induced angiogenesis not only provides 
necessary nutrients for tumour growth, but also provides a ‘highway’ for tumour to escape from the 
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primary tumour site to start their journey of distal metastasis. Inflammation is also associated with 
suppression of anti-tumour immune responses. This leads to tumour escaping from host immune 
surveillance that is essential for almost all steps of metastatic tumour progression [10, 11]. This review will 
discuss major host cell types involved in inflammation and their contribution to cancer metastasis with a 
focus on the series of events that enables tumour cells to escape from the primary tumour including 
angiogenesis, ECM remodeling, immune suppression, invasion and intravasation (Figure 1). 
 
Macrophages 
Macrophages are powerful regulators of inflammation[12, 13]. They are often the most abundant immune 
cells infiltrating the tumour and their infiltration is associated with poor prognosis and treatment 
failure[14]. These tumour-associated macrophages (TAMs) play multiple roles in promoting cancer 
metastasis.  
 
Macrophages potently promote tumour angiogenesis that contributes significantly to metastasis. Initial 
experimental evidence comes from in vivo studies using Polyoma middle T antigen (PyMT) onco-protein 
induced mouse mammary tumour model. In this model, macrophage deficiency through genetic ablation 
of colony stimulating factor 1 (CSF1), the major lineage growth factor, significantly inhibited angiogenesis 
[15] and distal metastasis [16, 17]. Part of the mechanism may act through macrophage derived angiogenic 
factors including vascular endothelia growth factor VEGF [18]. Transcription factor Ets2 in TAMs acted 
downstream of the CSF1 signaling that promote PyMT breast cancer lung metastases at least partly by 
promoting angiogenesis in the primary tumours [19]. Furthermore, macrophage derived Wnt7b is critical 
for angiogenic switch in the PyMT primary tumours and macrophage specific genetic depletion of which 
significantly inhibited lung metastasis [20]. In Lewis lung carcinoma model, interleukin 1 alpha (IL-1a) 
expressed by cancer cells can induce the recruitment of cyclooxygenase 2 (COX2)-expressing macrophages 
that in turn secretes inflammatory cytokines to promote tumor angiogenesis and metastatic progression 
[21]. Reciprocally, new blood vessels secrete angiopoietin 2 to recruit macrophages expressing TEK 
receptor tyrosine kinase (also known as Tie2) to further promote angiogenesis and tumour dissemination 
from the primary tumour [22]. IL-1b expression by myeloid cells has also been shown to induce VEGF 
expression in endothelial cells that promote angiogenesis, inflammation and tumour progression [23].  
 
Macrophages also actively remodels extra-cellular matrix (ECM) through production of extra-cellular 
proteinases, such as MMPs and cathepsins. ECM remodeling together with the release of ECM binding 
cytokines promote angiogenesis, inflammatory cells infiltration and tumour cell invasion. For example, 
TAM derived cathepsin B and cathepsin S can promote cancer cell egress and angiogenesis [24]. Matrix 
metalloproteinase 9 (MMP9) derived from TAMs together with other myeloid cells is important for skin 
cancer progression [25]. In pancreatic islet cancer models, myeloid cell derived MMP2 and MMP9 
modulate the ECM and release VEGF from ECM that enhances angiogenesis [26]. TAMs also promote 
tumour cell interaction with ECM through secretion of Secreted Protein Acidic and Rich in Cysteine (SPARC, 
also known as osteonectin). This interaction is dependent on tumour cell alpha(v)beta(5) integrin, which 
contribute significantly to tumour invasion and metastasis [27]. Interestingly, TAMs are able to modulate 
tumour cell integrin clustering and enhancing its adherence to extracellular matrix through the secretion of 
CCL18, which promotes invasion and metastasis [28]. Interaction with ECM can regulate macrophages’ 
own function. Versican (VCAN), a extracellular matrix protein secreted by Lewis lung carcinoma cell, 
interact with Toll like receptor 2 and 6 on macrophages to induce expression of inflammatory cytokines IL6 
and TNFa which is critical for tumour metastasis in lung[29]. Consistently, VCAN promotes macrophage 
infiltration and lung metastasis in a mouse model of invasive bladder cancer. Macrophage ablation in this 
model significantly decreased lung metastases and the levels of COX2 and inflammatory factors IL-6, CCL2 
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in the tumor microenvironment [30]. Together, these results indicate that the interaction among TAMs, 
tumour cells and ECM significantly promotes tumour cells escape from primary tumour.  
 
Macrophages have been shown to interact with tumour cells directly to promote their invasion into the 
surrounding tissue and intravasation. Using intra-vital imaging, Wyckoff and colleagues showed that cancer 
cells in PyMT tumours invade surrounding tissues together with TAMs [31]. In this process, cancer cells 
secrete CSF1 to promote TAM mobility. In turn, TAMs secrete epidermal growth factor (EGF) to activate 
the corresponding receptor on cancer cells that enhances their motility and invasive potential by 
increasing invadopodium formation and matrix degradation[32]. Mechanistically, CSF1 receptor (CSF1R) in 
macrophages activates Wiskott–Aldrich syndrome protein (WASP) to promote TAM migration towards 
CSF1-producing cancer cells and stimulates EGF release [33]. Tumour cell CSF1 production is dependent on 
steroid receptor co-activator 1 (SRC1) which when genetically deleted disrupts the paracrine signaling 
between tumour cell and TAMs. This significantly inhibited tumour cell invasion in PyMT tumours and 
subsequent lung metastasis without affecting primary tumour growth[34]. Interestingly, macrophage-
tumour cell paracrine signaling can also be established through macrophage derived heregulin β1 (HRGβ1) 
and tumour cell derived CXCL12 that triggers tumour invasion [35]. In human breast cancer xenograft 
models, paracrine signaling of CCL18 and GM-CSF derived from macrophage and tumour cell respectively 
induces macrophage polarization, tumour cell migration and subsequent metastasis[36]. Recent studies 
also illustrated that macrophage secreted factors stimulate S100A8 and S100A9 expression in colon cancer 
cells that promoted their invasion and liver metastasis [37]. Thus, depending on tumour types, multiple 
signaling pathways can be hijacked by tumour cells to interact with TAMs to achieve invasion and 
metastasis.  
 
Tumour cell intravasation has been reported to occur in association with perivascular TAMs in breast 
cancer models [38]. This seems to be associated with a micro anatomic structure within the tumour, which 
is composed of direct interacting macrophage, endothelia and invasive tumour cell (termed as ‘tumour 
microenvironment for metastasis or TMEM’) [39]. Regardless of clinical subtypes or tumour grade, TMEM 
abundance in breast cancer specimens correlates with tumour cell expression of the invasive isoform of 
MENA (an actin binding protein essential for chemotactic direction and invasion) [40]. This significantly 
potentiates EGF signaling in cancer cells [41] and promotes macrophage-induced intravasation of human 
breast cancer cells [39]. Using intra-vital microscopy, our recent studies indeed illustrated that the TMEM 
structure control tumour cell intravasation by transiently increase local vascular permeability in a VEGF 
dependent manner [42]. Importantly, the abundance of TMEM has been shown to predicate metastasis of 
ER+ breast cancer in a case control study with over 3700 patient samples [43]. Together, these data 
strongly indicate that tumour-macrophage crosstalk plays a central role in promoting tumour cell 
intravasation. Whether this mechanism is commonly used across different tumour types and whether 
TMEM can be used as prognostic marker for other cancers will be topics of great interests for future 
research.  
 
The metastasis promoting function of TAM is tightly regulated by the inflammatory tumour 
microenvironment. TAM recruitment into tumour hypoxia area is partly mediated by neuropilin 1 (Nrp1), 
that binds to Semaphorin-3A (SEMA3A). Disruption of this signaling significantly suppresses the pro-
angiogenic function of TAMs and inhibits tumour progression and lung metastasis [44]. Interleukin 1 
receptor activation is observed in patients with renal cell carcinoma (RCC) and is essential for TAM 
phenotype and function in RCC xenograft models that promotes tumour angiogenesis and invasion [45]. 
Inhibitor of cyclooxygenase 2 (COX2) the enzyme that generates inflammatory factor prostaglandin, 
significantly suppresses VEGF expression in TAMs and inhibits breast cancer metastasis [46]. Furthermore, 
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TAM polarization can be skewed from a pro-tumorigenic to an anti-tumour phenotype by altering the 
signals in the tumour microenvironment. For example, overexpression of histidine-rich glycoprotein (HRG) 
can down-regulate placental growth factor (PlGF) expression and alter TAM polarization. This normalizes 
the leaky blood vessels and inhibits metastasis [47]. Inhibition of CSF1 receptor signaling alters TAM 
polarization in GEM models of Glioblastoma multiforme, which leads to dramatic tumour regression [48]. 
Together, these studies indicate that signaling pathways regulating TAM functions can be promising 
therapeutic targets to treat advanced tumour. 
 
Other myeloid cells 
Neutrophils. Neutrophils may contribute to metastatic disease. Elevated neutrophil number in blood is 
associated with increased metastasis risk of many solid tumours [49]. A large-scale meta-analysis indicated 
that intra-tumoural neutrophil-related gene signature is associated with poor prognosis [50]. Indeed, a 
recent study showed that neutrophil infiltration in a genetically engineered mouse model of melanoma 
enhanced tumour migration and invasion resulting in distal metastasis. This neutrophil infiltration was 
mediated by high mobility group protein B1 (HMGB1) derived from the ultraviolet UV-damaged 
keratinocytes, which illustrated a novel mechanism of UV induced inflammation in melanoma metastasis 
[51]. Consistently, granulocytic immature myeloid cells overexpressing S100A9 proteins, a key 
inflammation regulator, have been shown to promote tumour formation in models of skin cancer [52]. 
Neutrophils recruited by tumour-derived CXCL15 have been shown to promote lung metastasis in a 
xenograft model of intrahepatic cholangiocarcinoma [53]. Together these data indicate that neutrophils 
may promote tumour progression and escape from primary tumour with the models tested. 
 
Of note, neutrophils in the distal metastatic organ have been shown to have either pro- or anti- metastatic 
functions [54-57]. This suggests that the phenotype and function of neutrophils are tightly regulated by 
specific environmental factors [58]. Further studies are required to test the role of neutrophils in primary 
tumour across different cancer types and if their anti-metastatic function can be elicited by altering signal 
from the inflammatory microenvironment. 
 
Myeloid derived suppressor cells (MDSCs) MDSCs have been defined as CD11b+Gr1+ immature myeloid 
cells that have the potential to inhibit immune response [59, 60]. Direct evidence that MDSCs promote 
metastasis was initially shown in the PyMT mouse mammary tumour model [61]. In this study, abrogation 
of TGFβ signaling in tumour cells leads to chemokine CXCL5 expression and MDSC recruitment which 
promote tumour cell invasion through MMPs. Recent studies indicate the recruitment of MDSCs may be 
also mediated by G-CSF expression in cancer cells dictated by mTOR signaling [62]. However, MDSCs are a 
heterogeneous population of cells with distinct morphology and cell surface expression of the lymphocyte 
antigens LY6C and LY6G. The subsets are termed monocytic MDSCs (CD11b+Ly6ChiLy6Glow cells) and 
granulocytic MDSCs (CD11b+LY6ClowLY6G+ cells) [63]. Essentially, the cell surface markers of monocytic 
MDSCs and granulocytic MDSCs are identical to monocytes and neutrophils. Both subsets in mice suppress 
immune effector cell function by nitric oxide synthase (iNOS) and arginase 1 [63]. Furthermore, monocytic 
MDSCs have been shown to give rise to granulocytic MDSCs [64]. Thus caution needs to be excised to 
dissect the contribution of each population and mature macrophages that can be derived from monocytes 
to metastasis in various tumour models. 
 
Lymphocytes 
T cell T cell is a type of lymphocyte that matures in thymus and characterized by T cell receptor expression. 
It contains many subsets. CD8+ cytotoxic T cell (CTL) is the subset that plays a central role in cell-mediated 
immunity. Its cytotoxicity is also key to anti-tumour immune surveillance that would inhibit every step of 
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cancer metastasis. CTLs are usually suppressed in advanced cancers and re-activation of their function is 
the focus of current immune therapy that exhibited great promises in treating metastatic cancer [65].    
 
CD4+ T helper (Th) cells are highly heterogeneous in regulating inflammation. Earlier studies characterized 
two major populations of Th cells: Th1 and Th2 characterized by expression of Type 1 cytokine (e.g. 
interferon-gamma, IFNΥ, tumor necrosis factor-alpha, TNFa and interleukine-2, IL-2) and Type 2 cytokine 
(e.g. IL4, IL10) respectively. Th1 response activates CTLs and other cytotoxic cells, thus is being used in 
clinical trials of cancer immunotherapies including therapeutic vaccines[66]. In contrast, Th2 cell activity 
leads to humoral immunity and inflammation that may promote tumour progression[67]. Via IL4 
expression, CD4+ T helper cells have been shown to induce alternative activation of TAMs and secretion of 
EGF that directly promote tumour invasion and egress from primary tumour [68]. This IL4 expression may 
also be responsible for the expression of Cathepsins [24] and CCL18 [28] in TAMs that promote tumour 
progression and invasion. CD4+ T helper cells contain several subsets. Regulatory T cells (or Treg cells) are 
the subset characterized by expression of Forkhead box P3 (Foxp3) transcription factor and their potent 
function in suppressing inflammation and immune response [69]. Suppression mechanisms employed by 
Tregs are thought to contribute significantly to the inhibition of T-cell immunity to tumour-associated 
antigens, which is prerequisite for cancer metastasis[70, 71]. IL-17–producing CD4+ T cells, also known as 
Th17 cells, are a pro-inflammatory subset involved in autoimmune and inflammatory disorders [72]. Th17 
mediated inflammation promoted tumour initiation in multiple models of skin carcinogenesis [73, 74]. 
Human CD25high Th17 cells are highly infiltrated in human breast cancers with poor clinical outcome where 
these cells seem to suppress CTL mediated anti-tumour immunity [75]. Interestingly, breast cancer induced 
systemic inflammation can activate IL17 expression that promotes spontaneous metastasis through 
granulocyte colony-stimulating factor (G-CSF)-dependent neutrophil activation and immune 
suppression[54]. IL17 has also been shown to promote colorectal tumorigenesis[76, 77]. However, IL17 has 
also been reported to inhibit tumour growth through T cell dependent mechanisms[78]. The abundance of 
IL17 expressing cells in colon cancer patient samples has recently been shown to be associated with 
improved survival potentially through recruitment of cytotoxic CD8+ T cells [79]. Of note, there are other 
types of T helper cells that are being characterized recently, such as γδ T cells, Th9, Th22, follicular T helper 
cells etc. Their roles in inflammation and cancer are just starting to be realized [80, 81] while their role in 
metastasis is still illusive. Further studies should focus on dissecting the positive or negative roles different 
T helper cell populations in metastasis in different tissue environment and tumour stages.  
 
B cell Cells of B lymphocyte lineage have been shown to promote or inhibit inflammation [82-84]. B cells 
may contribute to squamous carcinogenesis by alternatively activating macrophages via immune complex 
deposition[85] and by suppressing T-cell–mediated antitumor response[86]. Several recent studies 
illustrated important roles of B-lymphocytes in tumour progression and therapy responses in pancreatic 
cancer models [87-89]. Gunderson and colleagues demonstrated that B cells mediated inflammation 
induces TAM alternative activation and tumour progression of advanced PDAC in an Fc receptor gamma 
(FcRγ) dependent manner[89]. In early pancreatic neoplasia, B cells are required to support tumour growth 
through IL35 production[88]. B1 cells are considered to be a type of innate immune cells of B cell lineage 
that produce the majority of natural antibodies against infections. Interestingly, Lee and colleagues 
reported an increase of CD43+IgMhiCD5− B1 cells in mouse pancreatic neoplastic lesions. This subset of B1-
cells seems to be controlled by oxygen-sensing mechanisms since pancreatic specific ablation of HIF1α 
further expand these cells and promote PDAC initiation[87]. Given the potent function of B cells in above 
discussed studies, it is likely that further studies may illustrate how B cell mediated inflammation may 
contribute directly to cancer metastasis. 
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Innate lymphoid cells (ILCs) ILCs are a group of innate immune cells that belong to the lymphoid lineage but 
do not respond in an antigen-specific fashion[90]. ILCs can be categorized based on their cytokine 
production and dependent transcription factors into three groups (1-3), mirroring the nomenclature of T 
cell subsets[91]. Group 1 ILCs including ILC1 and Natural Killer (NK) cells are characterized by expression of 
Th1 cytokines, typically IFNΥ. Group 2 ILCs express Th2 cytokines including interleukin-4 (IL4), IL5 and IL13. 
Group 3 ILCs are able to produce Th17 associated cytokines IL17 and IL22. Thus, these cells have specific 
functions in the inflammatory response in different organs [92].  
 
NK cells are distinct from other ILCs by their potent cytotoxic activity that lyses target cell directly via 
production of perforin, granzyme B and pro-inflammatory cytokines like IFNΥ. The identification of their 
anti-tumour role dates back several decades ago[93]. In tumour, NK cells also lyse tumour cells through 
activation of T cell function and /or antibody-dependent cell-mediated cytotoxicity. Thus, NK cell actively 
inhibit almost every step of tumour metastasis. For example, recent studies indicate that NK cells keep 
breast and lung cancer cells in quiescence in multiple metastatic organs [94]. The cytotoxic functions of NK 
cells are often suppressed by tumour cells and tumour microenvironment[95] including myeloid cells[63] 
and Tregs[96, 97]. Of note several approaches are being tested in clinic trials to re-activate NK cells to treat 
late stage or metastatic tumours. Similar to T cell checkpoint blockade therapies, antibody (Lirilumab) 
blocking of NK cell inhibitory receptors Killer-cell immunoglobulin-like receptors (KIRs) is currently being 
tested in clinical trials (ClinicalTrials.gov Identifier: NCT01714739). Inhibition of the TAM (Tyro3, Axl and 
Mer) tyrosine kinase receptors in NK cells may also potentiate their anti-metastatic potential[98]. Adoptive 
transfer of human NK cells pretreated cytokine cocktail of IL-12, IL-15 and IL-18 is currently being tested in 
patients with acute myeloid leukemia (ClinicalTrials.gov Identifier: NCT01520558). Autologous transfer of 
genetically-engineered NK cells with chimeric antigen receptor (CAR) are being explored to direct NK cell 
cytotoxicity more specifically toward cancer cells [99]. Thus, it is with hope that reactivation of anti-
metastasis activity of NK cells can soon lead to clinical benefit in the near future.   
 
Data on the role of other ILC populations in tumour are just emerging and indicating both tumour 
promoting and suppressing potentials of different populations. ILC1s have been reported to suppress 
tumour development in PyMT mouse mammary tumour models [100]. ILC2s have been shown to promote 
mammary tumour growth through IL-13 production and recruitment of myeloid cells and Tregs [101]. ILC3 
cells are involved in the homeostasis of gastrointestinal tract and suppression of bacteria-induced 
inflammation through IL-17 and/or IL-22 secretion. In contrast, in inflammatory bowel disease, ILC3 
derived IL-17 enhances the inflammatory response [102]. ILC3 derived pro-inflammatory cytokines can 
improve tumour progression in preclinical models of colon cancer and hepatocellular carcinoma [103]. ILC3 
cells are also involved in the development of human non-small cell lung cancer by modulating the tumour 
microenvironment [104]. Thus innate lymphoid cells may play important roles in the inflammatory 
environment of cancer metastasis. 
 
Mesenchymal cells 
Inflammation research has largely been focusing on immune cells in the past. Recent studies indicate that 
cells of mesenchymal origin, most notably mesenchymal stem cells (MSCs) and fibroblasts are important 
regulators of inflammatory response [105, 106]. MSCs have potent immune suppressive functions through 
multiple mechanisms including inducible nitric oxide synthase (iNOS), indolea- mine 2,3-dioxygenase (IDO), 
PGE2, IL-10, hemeoxygenase-1 (HO-1), programmed cell death 1 ligand 1 (PD-L1) and IL-6[107]. For 
example, human MSCs can inhibit dendritic cell differentiation and pro-inflammatory cytokine 
expression[108]. MSC derived PGE2 can inhibit DC maturation, reprogram macrophages to release IL10, 
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and switch the Th1 response to a Th2 response [109]. MSCs can also recruit immune suppressive 
macrophages to promote tumour growth through CCL2 secretion [110].  
 
As the most abundant mesenchymal cells in tumour, cancer associated fibroblasts (CAFs) share many 
features as fibroblasts involved in wound healing and actively modulate tumour microenvironment[111]. 
CAF mediated inflammatory response can promote macrophage recruitment, angiogenesis and tumour 
progression in an NF-kB signaling dependent manner in skin cancer models [112].  CAF derived pro-
inflammatory factors have also been shown to promote breast cancer progression [113]. Furthermore, 
MSCs and CAFs can promote metastasis through direct interaction with tumour cells. For example, bone 
marrow derived MSCs can be recruited by CXCL16/CXCR6 chemokine signaling into prostate cancer in vivo 
and differentiate into CAFs. These CAFs in turn promote prostate tumour cell invasion and metastasis 
through production of CXCL12 [114, 115] and CCL5 [116]. Consistently, CAFs can promote colorectal cancer 
cell intravasation and distal metastases through the secretion of stanniocalcin 1 (STC1) [117]. Future 
research is needed to better understand the direct interaction of MSC and its progenies with immune cells 
in modulating the inflammatory environment in cancer metastasis. 
 
Of note, both MSCs and CAFs have been shown to promote tumour metastasis through their potent 
function in ECM remodeling. For example, MSCs have been shown to promote invasion of ovarian cancer 
cells through MMP2 and MMP9[118]. CAF is a rich source of MMPs that promote ECM remodeling and 
tumour cell invasion [119]. CAF have also been shown to generate mechanical pressure together with 
paracrine signaling that potently promote tumour invasion and metastasis [120]. These activities have 
been reviewed extensively recently [111] and are mostly independent of inflammation thus go beyond the 
scope of current review.  
 
Conclusion 
In general, inflammatory response has been hijacked by tumour cells to serve as a driving force for tumour 
metastasis. However, various inflammatory cells have anti-tumour potentials that can be elicited by 
modulation of the cytokine environment and/or signaling pathway within these cells. This provides an 
attractive therapeutic strategy to effectively treat advanced cancer alone or in combination with existing 
therapeutic modalities. Of note, even in aggressive tumours, only minority of cancer cells are migratory as 
revealed by intra-vital imaging studies across multiple tumour models [121, 122]. This may be partly 
caused by tumour cell plasticity[123] and intrinsic heterogeneity[124]. However, mounting evidence now 
indicates that the inflammatory tumour microenvironment is also heterogeneous which may be associated 
with heterogeneous tumour cell behavior [122]. For example, cells that undergo EMT have been show to 
reside preferentially in the perivascular region [125]. Local ECM composition and macrophage association 
have been shown to determine tumour cell motility in vivo [126]. Thus heterogeneity of the inflammatory 
tumour environment may significantly contribute to cancer metastasis at single- or multiple-cell level. 
Future studies characterizing this microenvironmental heterogeneity are warranted to illustrate novel 
mechanisms of cancer metastasis and inspire effective new therapies to eradicate this deadly disease.  
 
 
Acknowledgements 
The author apologizes to all others whose work he could not cite because of space restrictions. This review 
article has been supported by CRUK Career Development Award Fellowship (C49791/A17367) and ERC 
Starting Grant (716379). The author is grateful to the help from Dr. Ashley Dorning with proofreading and 
Miss Ruoyu Ma with graphic design and part of the literature search.  
 



 8 

Conflict of Interest statement 
The authors declare that there are no conflicts of interest. 
 
References: 
 
[1] Medzhitov R. Origin and physiological roles of inflammation. Nature 2008;454:428-35. 
[2] Schafer M, Werner S. Cancer as an overhealing wound: an old hypothesis revisited. Nat Rev Mol 
Cell Biol 2008;9:628-38. 
[3] Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation. Cell 2011;144:646-74. 
[4] Crusz SM, Balkwill FR. Inflammation and cancer: advances and new agents. Nature reviews Clinical 
oncology 2015;12:584-96. 
[5] Grivennikov SI, Greten FR, Karin M. Immunity, inflammation, and cancer. Cell 2010;140:883-99. 
[6] Pribluda A, Elyada E, Wiener Z, Hamza H, Goldstein RE, Biton M, et al. A senescence-inflammatory 
switch from cancer-inhibitory to cancer-promoting mechanism. Cancer cell 2013;24:242-56. 
[7] Rhim AD, Mirek ET, Aiello NM, Maitra A, Bailey JM, McAllister F, et al. EMT and dissemination 
precede pancreatic tumor formation. Cell 2012;148:349-61. 
[8] Mantovani A, Allavena P, Sica A, Balkwill F. Cancer-related inflammation. Nature 2008;454:436-44. 
[9] Coussens LM, Zitvogel L, Palucka AK. Neutralizing tumor-promoting chronic inflammation: a magic 
bullet? Science 2013;339:286-91. 
[10] Kitamura T, Qian BZ, Pollard JW. Immune cell promotion of metastasis. Nature reviews 
Immunology 2015;15:73-86. 
[11] Swann JB, Smyth MJ. Immune surveillance of tumors. The Journal of clinical investigation 
2007;117:1137-46. 
[12] Chawla A, Nguyen KD, Goh YP. Macrophage-mediated inflammation in metabolic disease. Nature 
reviews Immunology 2011;11:738-49. 
[13] Wynn TA, Chawla A, Pollard JW. Macrophage biology in development, homeostasis and disease. 
Nature 2013;496:445-55. 
[14] Qian BZ, Pollard JW. Macrophage diversity enhances tumor progression and metastasis. Cell 
2010;141:39-51. 
[15] Lin EY, Li JF, Gnatovskiy L, Deng Y, Zhu L, Grzesik DA, et al. Macrophages regulate the angiogenic 
switch in a mouse model of breast cancer. Cancer Res 2006;66:11238-46. 
[16] Lin EY, Nguyen AV, Russell RG, Pollard JW. Colony-stimulating factor 1 promotes progression of 
mammary tumors to malignancy. The Journal of experimental medicine 2001;193:727-40. 
[17] Qian B, Deng Y, Im JH, Muschel RJ, Zou Y, Li J, et al. A distinct macrophage population mediates 
metastatic breast cancer cell extravasation, establishment and growth. PloS one 2009;4:e6562. 
[18] Lin EY, Pollard JW. Tumor-associated macrophages press the angiogenic switch in breast cancer. 
Cancer Res 2007;67:5064-6. 
[19] Zabuawala T, Taffany DA, Sharma SM, Merchant A, Adair B, Srinivasan R, et al. An ets2-driven 
transcriptional program in tumor-associated macrophages promotes tumor metastasis. Cancer Res 
2010;70:1323-33. 
[20] Yeo EJ, Cassetta L, Qian BZ, Lewkowich I, Li JF, Stefater JA, 3rd, et al. Myeloid WNT7b mediates 
the angiogenic switch and metastasis in breast cancer. Cancer Res 2014;74:2962-73. 
[21] Nakao S, Kuwano T, Tsutsumi-Miyahara C, Ueda S, Kimura YN, Hamano S, et al. Infiltration of 
COX-2-expressing macrophages is a prerequisite for IL-1 beta-induced neovascularization and tumor 
growth. The Journal of clinical investigation 2005;115:2979-91. 
[22] Mazzieri R, Pucci F, Moi D, Zonari E, Ranghetti A, Berti A, et al. Targeting the ANG2/TIE2 axis 
inhibits tumor growth and metastasis by impairing angiogenesis and disabling rebounds of 
proangiogenic myeloid cells. Cancer cell 2011;19:512-26. 



 9 

[23] Carmi Y, Dotan S, Rider P, Kaplanov I, White MR, Baron R, et al. The role of IL-1beta in the early 
tumor cell-induced angiogenic response. J Immunol 2013;190:3500-9. 
[24] Gocheva V, Wang HW, Gadea BB, Shree T, Hunter KE, Garfall AL, et al. IL-4 induces cathepsin 
protease activity in tumor-associated macrophages to promote cancer growth and invasion. Genes & 
development 2010;24:241-55. 
[25] Coussens LM, Tinkle CL, Hanahan D, Werb Z. MMP-9 supplied by bone marrow-derived cells 
contributes to skin carcinogenesis. Cell 2000;103:481-90. 
[26] Bergers G, Brekken R, McMahon G, Vu TH, Itoh T, Tamaki K, et al. Matrix metalloproteinase-9 
triggers the angiogenic switch during carcinogenesis. Nature cell biology 2000;2:737-44. 
[27] Sangaletti S, Di Carlo E, Gariboldi S, Miotti S, Cappetti B, Parenza M, et al. Macrophage-derived 
SPARC bridges tumor cell-extracellular matrix interactions toward metastasis. Cancer Res 
2008;68:9050-9. 
[28] Chen J, Yao Y, Gong C, Yu F, Su S, Chen J, et al. CCL18 from tumor-associated macrophages 
promotes breast cancer metastasis via PITPNM3. Cancer cell 2011;19:541-55. 
[29] Kim S, Takahashi H, Lin WW, Descargues P, Grivennikov S, Kim Y, et al. Carcinoma-produced 
factors activate myeloid cells through TLR2 to stimulate metastasis. Nature 2009;457:102-6. 
[30] Said N, Sanchez-Carbayo M, Smith SC, Theodorescu D. RhoGDI2 suppresses lung metastasis in 
mice by reducing tumor versican expression and macrophage infiltration. The Journal of clinical 
investigation 2012;122:1503-18. 
[31] Wyckoff J, Wang W, Lin EY, Wang Y, Pixley F, Stanley ER, et al. A paracrine loop between tumor 
cells and macrophages is required for tumor cell migration in mammary tumors. Cancer Res 
2004;64:7022-9. 
[32] Zhou ZN, Sharma VP, Beaty BT, Roh-Johnson M, Peterson EA, Van Rooijen N, et al. Autocrine 
HBEGF expression promotes breast cancer intravasation, metastasis and macrophage-independent 
invasion in vivo. Oncogene 2014;33:3784-93. 
[33] Ishihara D, Dovas A, Hernandez L, Pozzuto M, Wyckoff J, Segall JE, et al. Wiskott-Aldrich 
syndrome protein regulates leukocyte-dependent breast cancer metastasis. Cell Rep 2013;4:429-36. 
[34] Wang S, Yuan Y, Liao L, Kuang SQ, Tien JC, O'Malley BW, et al. Disruption of the SRC-1 gene in 
mice suppresses breast cancer metastasis without affecting primary tumor formation. Proceedings of 
the National Academy of Sciences of the United States of America 2009;106:151-6. 
[35] Boimel PJ, Smirnova T, Zhou ZN, Wyckoff J, Park H, Coniglio SJ, et al. Contribution of CXCL12 
secretion to invasion of breast cancer cells. Breast cancer research : BCR 2012;14:R23. 
[36] Su S, Liu Q, Chen J, Chen J, Chen F, He C, et al. A positive feedback loop between mesenchymal-like 
cancer cells and macrophages is essential to breast cancer metastasis. Cancer cell 2014;25:605-20. 
[37] Lim SY, Yuzhalin AE, Gordon-Weeks AN, Muschel RJ. Tumor-infiltrating monocytes/macrophages 
promote tumor invasion and migration by upregulating S100A8 and S100A9 expression in cancer 
cells. Oncogene 2016. 
[38] Wyckoff JB, Wang Y, Lin EY, Li JF, Goswami S, Stanley ER, et al. Direct visualization of 
macrophage-assisted tumor cell intravasation in mammary tumors. Cancer Res 2007;67:2649-56. 
[39] Pignatelli J, Goswami S, Jones JG, Rohan TE, Pieri E, Chen X, et al. Invasive breast carcinoma cells 
from patients exhibit MenaINV- and macrophage-dependent transendothelial migration. Science 
signaling 2014;7:ra112. 
[40] Roussos ET, Goswami S, Balsamo M, Wang Y, Stobezki R, Adler E, et al. Mena invasive 
(Mena(INV)) and Mena11a isoforms play distinct roles in breast cancer cell cohesion and association 
with TMEM. Clin Exp Metastasis 2011;28:515-27. 
[41] Philippar U, Roussos ET, Oser M, Yamaguchi H, Kim HD, Giampieri S, et al. A Mena invasion 
isoform potentiates EGF-induced carcinoma cell invasion and metastasis. Dev Cell 2008;15:813-28. 



 10 

[42] Harney AS, Arwert EN, Entenberg D, Wang Y, Guo P, Qian BZ, et al. Real-Time Imaging Reveals 
Local, Transient Vascular Permeability, and Tumor Cell Intravasation Stimulated by TIE2hi 
Macrophage-Derived VEGFA. Cancer discovery 2015;5:932-43. 
[43] Rohan TE, Xue X, Lin HM, D'Alfonso TM, Ginter PS, Oktay MH, et al. Tumor microenvironment of 
metastasis and risk of distant metastasis of breast cancer. J Natl Cancer Inst 2014;106. 
[44] Casazza A, Fu X, Johansson I, Capparuccia L, Andersson F, Giustacchini A, et al. Systemic and 
targeted delivery of semaphorin 3A inhibits tumor angiogenesis and progression in mouse tumor 
models. Arterioscler Thromb Vasc Biol 2011;31:741-9. 
[45] Chittezhath M, Dhillon MK, Lim JY, Laoui D, Shalova IN, Teo YL, et al. Molecular profiling reveals a 
tumor-promoting phenotype of monocytes and macrophages in human cancer progression. Immunity 
2014;41:815-29. 
[46] Na YR, Yoon YN, Son DI, Seok SH. Cyclooxygenase-2 inhibition blocks M2 macrophage 
differentiation and suppresses metastasis in murine breast cancer model. PloS one 2013;8:e63451. 
[47] Rolny C, Mazzone M, Tugues S, Laoui D, Johansson I, Coulon C, et al. HRG inhibits tumor growth 
and metastasis by inducing macrophage polarization and vessel normalization through 
downregulation of PlGF. Cancer cell 2011;19:31-44. 
[48] Pyonteck SM, Akkari L, Schuhmacher AJ, Bowman RL, Sevenich L, Quail DF, et al. CSF-1R 
inhibition alters macrophage polarization and blocks glioma progression. Nature medicine 
2013;19:1264-72. 
[49] Templeton AJ, McNamara MG, Seruga B, Vera-Badillo FE, Aneja P, Ocana A, et al. Prognostic role of 
neutrophil-to-lymphocyte ratio in solid tumors: a systematic review and meta-analysis. J Natl Cancer 
Inst 2014;106:dju124. 
[50] Gentles AJ, Newman AM, Liu CL, Bratman SV, Feng W, Kim D, et al. The prognostic landscape of 
genes and infiltrating immune cells across human cancers. Nature medicine 2015;21:938-45. 
[51] Bald T, Landsberg J, Lopez-Ramos D, Renn M, Glodde N, Jansen P, et al. Immune cell-poor 
melanomas benefit from PD-1 blockade after targeted type I IFN activation. Cancer discovery 
2014;4:674-87. 
[52] Ortiz ML, Kumar V, Martner A, Mony S, Donthireddy L, Condamine T, et al. Immature myeloid 
cells directly contribute to skin tumor development by recruiting IL-17-producing CD4+ T cells. The 
Journal of experimental medicine 2015;212:351-67. 
[53] Zhou SL, Dai Z, Zhou ZJ, Chen Q, Wang Z, Xiao YS, et al. CXCL5 contributes to tumor metastasis and 
recurrence of intrahepatic cholangiocarcinoma by recruiting infiltrative intratumoral neutrophils. 
Carcinogenesis 2014;35:597-605. 
[54] Coffelt SB, Kersten K, Doornebal CW, Weiden J, Vrijland K, Hau CS, et al. IL-17-producing 
gammadelta T cells and neutrophils conspire to promote breast cancer metastasis. Nature 
2015;522:345-8. 
[55] Finisguerra V, Di Conza G, Di Matteo M, Serneels J, Costa S, Thompson AA, et al. MET is required 
for the recruitment of anti-tumoural neutrophils. Nature 2015;522:349-53. 
[56] Granot Z, Henke E, Comen EA, King TA, Norton L, Benezra R. Tumor entrained neutrophils inhibit 
seeding in the premetastatic lung. Cancer cell 2011;20:300-14. 
[57] Fridlender ZG, Sun J, Kim S, Kapoor V, Cheng G, Ling L, et al. Polarization of tumor-associated 
neutrophil phenotype by TGF-beta: "N1" versus "N2" TAN. Cancer cell 2009;16:183-94. 
[58] Powell DR, Huttenlocher A. Neutrophils in the Tumor Microenvironment. Trends in immunology 
2016;37:41-52. 
[59] Gabrilovich DI, Bronte V, Chen SH, Colombo MP, Ochoa A, Ostrand-Rosenberg S, et al. The 
terminology issue for myeloid-derived suppressor cells. Cancer Res 2007;67:425; author reply 6. 
[60] Condamine T, Ramachandran I, Youn J-I, Gabrilovich DI. Regulation of Tumor Metastasis by 
Myeloid-Derived Suppressor Cells. Annual Review of Medicine 2015;66:97-110. 



 11 

[61] Yang L, Huang J, Ren X, Gorska AE, Chytil A, Aakre M, et al. Abrogation of TGF beta signaling in 
mammary carcinomas recruits Gr-1+CD11b+ myeloid cells that promote metastasis. Cancer cell 
2008;13:23-35. 
[62] Welte T, Kim IS, Tian L, Gao X, Wang H, Li J, et al. Oncogenic mTOR signalling recruits myeloid-
derived suppressor cells to promote tumour initiation. Nature cell biology 2016;18:632-44. 
[63] Gabrilovich DI, Ostrand-Rosenberg S, Bronte V. Coordinated regulation of myeloid cells by 
tumours. Nature reviews Immunology 2012;12:253-68. 
[64] Youn JI, Kumar V, Collazo M, Nefedova Y, Condamine T, Cheng P, et al. Epigenetic silencing of 
retinoblastoma gene regulates pathologic differentiation of myeloid cells in cancer. Nature 
immunology 2013;14:211-20. 
[65] Khalil DN, Smith EL, Brentjens RJ, Wolchok JD. The future of cancer treatment: 
immunomodulation, CARs and combination immunotherapy. Nature reviews Clinical oncology 
2016;13:394. 
[66] Galaine J, Borg C, Godet Y, Adotevi O. Interest of Tumor-Specific CD4 T Helper 1 Cells for 
Therapeutic Anticancer Vaccine. Vaccines (Basel) 2015;3:490-502. 
[67] Shurin MR, Lu L, Kalinski P, Stewart-Akers AM, Lotze MT. Th1/Th2 balance in cancer, 
transplantation and pregnancy. Springer Semin Immunopathol 1999;21:339-59. 
[68] DeNardo DG, Barreto JB, Andreu P, Vasquez L, Tawfik D, Kolhatkar N, et al. CD4(+) T cells 
regulate pulmonary metastasis of mammary carcinomas by enhancing protumor properties of 
macrophages. Cancer cell 2009;16:91-102. 
[69] Rudensky AY. Regulatory T cells and Foxp3. Immunol Rev 2011;241:260-8. 
[70] Zou W. Regulatory T cells, tumour immunity and immunotherapy. Nature reviews Immunology 
2006;6:295-307. 
[71] Oleinika K, Nibbs RJ, Graham GJ, Fraser AR. Suppression, subversion and escape: the role of 
regulatory T cells in cancer progression. Clin Exp Immunol 2013;171:36-45. 
[72] Burkett PR, Meyer zu Horste G, Kuchroo VK. Pouring fuel on the fire: Th17 cells, the environment, 
and autoimmunity. The Journal of clinical investigation 2015;125:2211-9. 
[73] Xiao M, Wang C, Zhang J, Li Z, Zhao X, Qin Z. IFNgamma promotes papilloma development by up-
regulating Th17-associated inflammation. Cancer Res 2009;69:2010-7. 
[74] Wang L, Yi T, Zhang W, Pardoll DM, Yu H. IL-17 enhances tumor development in carcinogen-
induced skin cancer. Cancer Res 2010;70:10112-20. 
[75] Thibaudin M, Chaix M, Boidot R, Vegran F, Derangere V, Limagne E, et al. Human 
ectonucleotidase-expressing CD25high Th17 cells accumulate in breast cancer tumors and exert 
immunosuppressive functions. Oncoimmunology 2016;5:e1055444. 
[76] Wang K, Kim MK, Di Caro G, Wong J, Shalapour S, Wan J, et al. Interleukin-17 receptor a signaling 
in transformed enterocytes promotes early colorectal tumorigenesis. Immunity 2014;41:1052-63. 
[77] Wu S, Rhee KJ, Albesiano E, Rabizadeh S, Wu X, Yen HR, et al. A human colonic commensal 
promotes colon tumorigenesis via activation of T helper type 17 T cell responses. Nature medicine 
2009;15:1016-22. 
[78] Benchetrit F, Ciree A, Vives V, Warnier G, Gey A, Sautes-Fridman C, et al. Interleukin-17 inhibits 
tumor cell growth by means of a T-cell-dependent mechanism. Blood 2002;99:2114-21. 
[79] Sadallah S, Schmied L, Eken C, Charoudeh HN, Amicarella F, Schifferli JA. Platelet-Derived 
Ectosomes Reduce NK Cell Function. J Immunol 2016;197:1663-71. 
[80] Lo Presti E, Dieli F, Meraviglia S. Tumor-Infiltrating gammadelta T Lymphocytes: Pathogenic Role, 
Clinical Significance, and Differential Programing in the Tumor Microenvironment. Frontiers in 
immunology 2014;5:607. 
[81] Ivanova EA, Orekhov AN. T Helper Lymphocyte Subsets and Plasticity in Autoimmunity and 
Cancer: An Overview. BioMed research international 2015;2015:327470. 



 12 

[82] DeFuria J, Belkina AC, Jagannathan-Bogdan M, Snyder-Cappione J, Carr JD, Nersesova YR, et al. B 
cells promote inflammation in obesity and type 2 diabetes through regulation of T-cell function and an 
inflammatory cytokine profile. Proceedings of the National Academy of Sciences of the United States 
of America 2013;110:5133-8. 
[83] Bouaziz JD, Yanaba K, Tedder TF. Regulatory B cells as inhibitors of immune responses and 
inflammation. Immunol Rev 2008;224:201-14. 
[84] Nishimura S, Manabe I, Takaki S, Nagasaki M, Otsu M, Yamashita H, et al. Adipose Natural 
Regulatory B Cells Negatively Control Adipose Tissue Inflammation. Cell Metab 2013. 
[85] Andreu P, Johansson M, Affara NI, Pucci F, Tan T, Junankar S, et al. FcRgamma activation regulates 
inflammation-associated squamous carcinogenesis. Cancer cell 2010;17:121-34. 
[86] Shah S, Divekar AA, Hilchey SP, Cho HM, Newman CL, Shin SU, et al. Increased rejection of 
primary tumors in mice lacking B cells: inhibition of anti-tumor CTL and TH1 cytokine responses by B 
cells. International journal of cancer Journal international du cancer 2005;117:574-86. 
[87] Lee KE, Spata M, Bayne LJ, Buza EL, Durham AC, Allman D, et al. Hif1a Deletion Reveals Pro-
Neoplastic Function of B Cells in Pancreatic Neoplasia. Cancer discovery 2016;6:256-69. 
[88] Pylayeva-Gupta Y, Das S, Handler JS, Hajdu CH, Coffre M, Koralov SB, et al. IL35-Producing B Cells 
Promote the Development of Pancreatic Neoplasia. Cancer discovery 2016;6:247-55. 
[89] Gunderson AJ, Kaneda MM, Tsujikawa T, Nguyen AV, Affara NI, Ruffell B, et al. Bruton Tyrosine 
Kinase-Dependent Immune Cell Cross-talk Drives Pancreas Cancer. Cancer discovery 2016;6:270-85. 
[90] Walker JA, Barlow JL, McKenzie AN. Innate lymphoid cells--how did we miss them? Nature 
reviews Immunology 2013;13:75-87. 
[91] Lanier LL. Shades of grey--the blurring view of innate and adaptive immunity. Nature reviews 
Immunology 2013;13:73-4. 
[92] Spits H, Artis D, Colonna M, Diefenbach A, Di Santo JP, Eberl G, et al. Innate lymphoid cells--a 
proposal for uniform nomenclature. Nature reviews Immunology 2013;13:145-9. 
[93] Rosenberg EB, Herberman RB, Levine PH, Halterman RH, McCov JL, Wunderlich JR. Lymphocyte 
cytotoxicity reactions to leukemia-associated antigens in identical twins. International Journal of 
Cancer 1972;9:648-58. 
[94] Malladi S, Macalinao DG, Jin X, He L, Basnet H, Zou Y, et al. Metastatic Latency and Immune 
Evasion through Autocrine Inhibition of WNT. Cell 2016;165:45-60. 
[95] Pasero C, Gravis G, Guerin M, Granjeaud S, Thomassin-Piana J, Rocchi P, et al. Inherent and 
Tumor-Driven Immune Tolerance in the Prostate Microenvironment Impairs Natural Killer Cell 
Antitumor Activity. Cancer Res 2016;76:2153-65. 
[96] Ghiringhelli F, Menard C, Martin F, Zitvogel L. The role of regulatory T cells in the control of 
natural killer cells: relevance during tumor progression. Immunol Rev 2006;214:229-38. 
[97] Jie HB, Schuler PJ, Lee SC, Srivastava RM, Argiris A, Ferrone S, et al. CTLA-4(+) Regulatory T Cells 
Increased in Cetuximab-Treated Head and Neck Cancer Patients Suppress NK Cell Cytotoxicity and 
Correlate with Poor Prognosis. Cancer Res 2015;75:2200-10. 
[98] Paolino M, Choidas A, Wallner S, Pranjic B, Uribesalgo I, Loeser S, et al. The E3 ligase Cbl-b and 
TAM receptors regulate cancer metastasis via natural killer cells. Nature 2014;507:508-12. 
[99] Carlsten M, Childs RW. Genetic Manipulation of NK Cells for Cancer Immunotherapy: Techniques 
and Clinical Implications. Frontiers in immunology 2015;6:266. 
[100] Dadi S, Chhangawala S, Whitlock BM, Franklin RA, Luo CT, Oh SA, et al. Cancer 
Immunosurveillance by Tissue-Resident Innate Lymphoid Cells and Innate-like T Cells. Cell 
2016;164:365-77. 
[101] Jovanovic IP, Pejnovic NN, Radosavljevic GD, Pantic JM, Milovanovic MZ, Arsenijevic NN, et al. 
Interleukin-33/ST2 axis promotes breast cancer growth and metastases by facilitating intratumoral 
accumulation of immunosuppressive and innate lymphoid cells. International journal of cancer 
Journal international du cancer 2014;134:1669-82. 



 13 

[102] Artis D, Spits H. The biology of innate lymphoid cells. Nature 2015;517:293-301. 
[103] Liu H, Liu Y, Song Y, Hu B. IL-23 promotes the development of hepatocellular carcinoma through 
the induction of IL-17-producing ILC3 The Journal of Immunology 2015;194:211.25-.25. 
[104] Carrega P, Loiacono F, Di Carlo E, Scaramuccia A, Mora M, Conte R, et al. NCR(+)ILC3 
concentrate in human lung cancer and associate with intratumoral lymphoid structures. Nature 
communications 2015;6:8280. 
[105] Brennen WN, Denmeade SR, Isaacs JT. Mesenchymal stem cells as a vector for the inflammatory 
prostate microenvironment. Endocrine-related cancer 2013;20:R269-90. 
[106] Ma S, Xie N, Li W, Yuan B, Shi Y, Wang Y. Immunobiology of mesenchymal stem cells. Cell Death 
Differ 2014;21:216-25. 
[107] Shi Y, Hu G, Su J, Li W, Chen Q, Shou P, et al. Mesenchymal stem cells: a new strategy for 
immunosuppression and tissue repair. Cell research 2010;20:510-8. 
[108] Jiang XX, Zhang Y, Liu B, Zhang SX, Wu Y, Yu XD, et al. Human mesenchymal stem cells inhibit 
differentiation and function of monocyte-derived dendritic cells. Blood 2005;105:4120-6. 
[109] Nemeth K, Leelahavanichkul A, Yuen PS, Mayer B, Parmelee A, Doi K, et al. Bone marrow stromal 
cells attenuate sepsis via prostaglandin E(2)-dependent reprogramming of host macrophages to 
increase their interleukin-10 production. Nature medicine 2009;15:42-9. 
[110] Ren G, Zhao X, Wang Y, Zhang X, Chen X, Xu C, et al. CCR2-dependent recruitment of 
macrophages by tumor-educated mesenchymal stromal cells promotes tumor development and is 
mimicked by TNFalpha. Cell stem cell 2012;11:812-24. 
[111] Kalluri R. The biology and function of fibroblasts in cancer. Nature Reviews Cancer 
2016;16:582-98. 
[112] Erez N, Truitt M, Olson P, Arron ST, Hanahan D. Cancer-Associated Fibroblasts Are Activated in 
Incipient Neoplasia to Orchestrate Tumor-Promoting Inflammation in an NF-kappaB-Dependent 
Manner. Cancer cell 2010;17:135-47. 
[113] Sharon Y, Raz Y, Cohen N, Ben-Shmuel A, Schwartz H, Geiger T, et al. Tumor-derived osteopontin 
reprograms normal mammary fibroblasts to promote inflammation and tumor growth in breast 
cancer. Cancer Res 2015;75:963-73. 
[114] Mognetti B, La Montagna G, Perrelli MG, Pagliaro P, Penna C. Bone marrow mesenchymal stem 
cells increase motility of prostate cancer cells via production of stromal cell-derived factor-1alpha. 
Journal of cellular and molecular medicine 2013;17:287-92. 
[115] Jung Y, Kim JK, Shiozawa Y, Wang J, Mishra A, Joseph J, et al. Recruitment of mesenchymal stem 
cells into prostate tumours promotes metastasis. Nature communications 2013;4:1795. 
[116] Luo J, Lee SO, Cui Y, Yang R, Li L, Chang C. Infiltrating bone marrow mesenchymal stem cells 
(BM-MSCs) increase prostate cancer cell invasion via altering the CCL5/HIF2alpha/androgen receptor 
signals. Oncotarget 2015;6:27555-65. 
[117] Pena C, Cespedes MV, Lindh MB, Kiflemariam S, Mezheyeuski A, Edqvist PH, et al. STC1 
expression by cancer-associated fibroblasts drives metastasis of colorectal cancer. Cancer Res 
2013;73:1287-97. 
[118] Chu Y, Tang H, Guo Y, Guo J, Huang B, Fang F, et al. Adipose-derived mesenchymal stem cells 
promote cell proliferation and invasion of epithelial ovarian cancer. Experimental cell research 
2015;337:16-27. 
[119] Kalluri R, Zeisberg M. Fibroblasts in cancer. Nature reviews Cancer 2006;6:392-401. 
[120] Karagiannis GS, Poutahidis T, Erdman SE, Kirsch R, Riddell RH, Diamandis EP. Cancer-associated 
fibroblasts drive the progression of metastasis through both paracrine and mechanical pressure on 
cancer tissue. Molecular cancer research : MCR 2012;10:1403-18. 
[121] Condeelis J, Singer RH, Segall JE. The great escape: when cancer cells hijack the genes for 
chemotaxis and motility. Annu Rev Cell Dev Biol 2005;21:695-718. 



 14 

[122] Scheele CLGJ, Maynard C, van Rheenen J. Intravital Insights into Heterogeneity, Metastasis, and 
Therapy Responses. Trends in Cancer 2016;2:205-16. 
[123] Beerling E, Seinstra D, de Wit E, Kester L, van der Velden D, Maynard C, et al. Plasticity between 
Epithelial and Mesenchymal States Unlinks EMT from Metastasis-Enhancing Stem Cell Capacity. Cell 
Rep 2016;14:2281-8. 
[124] Pinner S, Jordan P, Sharrock K, Bazley L, Collinson L, Marais R, et al. Intravital imaging reveals 
transient changes in pigment production and Brn2 expression during metastatic melanoma 
dissemination. Cancer Res 2009;69:7969-77. 
[125] Zhao Z, Zhu X, Cui K, Mancuso J, Federley R, Fischer K, et al. In Vivo Visualization and 
Characterization of Epithelial-Mesenchymal Transition in Breast Tumors. Cancer Res 2016;76:2094-
104. 
[126] Gligorijevic B, Bergman A, Condeelis J. Multiparametric classification links tumor 
microenvironments with tumor cell phenotype. PLoS Biol 2014;12:e1001995. 
 

 

Figure 1. Inflammatory stroma in cancer egress from primary 
tumour: For haematogenous metastasis, the initial rate-limiting 
steps that allow cancer cells to escape from the primary site include 
(1) angiogenesis, (2) extracellular matrix (ECM) remodeling, (3) 
invasion and (4) intravasation. These processes are facilitated (-->) 
or inhibited (--I) by variety of stromal cell types involved in 
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regulating tumour inflammation. NK cell: natural killer cell; ILC: 
innate lymphoid cell; MDSC: myeloid derived suppressor cell; MSC, 
mesenchymal stem cell; CAF: cancer associated fibroblast; Treg: 
regulatory T cells. 
 


