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    Chapter 13   
 Intercellular Communication, the Tumor 
Microenvironment, and Tumor Progression       

       Mei-Fong     Pang     and     Celeste     M.     Nelson    

    Abstract     Within a solid tumor, cancer cells interact with normal host cells as well 
as with insoluble and soluble factors, including extracellular matrix proteins and 
chemokines. Here, we survey the molecular mechanisms by which cancer cells 
interact with their surrounding microenvironment, with a particular focus on inter-
cellular communication. This host-tumor crosstalk provides key signals that direct 
the growth, migration, and dissemination of cancer cells. Approaches that disrupt or 
coopt intercellular communication between the tumor and its host are exciting and 
potentially powerful anti-cancer therapeutic strategies.  
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   CAF    Cancer-associated fi broblast   
  CAR    Coxsackie-adenovirus receptor   
  CC    Chemokine   
  CCR    Chemokine receptor   
  CSC    Cancer stem cell     
  ECM    Extracellular matrix   
  EGF    Epidermal  growth factor     
  EMT    Epithelial-mesenchymal transition   
  GJ    Gap junction   
  GJIC    Gap junction intercellular communication   
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  IL    Interleukin   
  LN    Lymph node   
  MSC    Mesenchymal  stem cell     
  MVB    Multi-vesicular body   
  PDGF    Platelet-derived  growth factor     
  SLN    Sentinel lymph node   
  TAK    Transforming  growth factor   kinase     
  siRNA    Short interfering RNA   
  TGF    Transforming  growth factor     
  TNF    Tumor necrosis factor   
  VCAM    Vascular cell adhesion molecule   
  VEGF    Vascular endothelial  growth factor     

13.1           Introduction 

13.1.1     The Tumor Microenvironment 

 Interactions between cells and their surrounding microenvironment are crucial to 
maintain functional tissue homeostasis. Defects in these interactions result in tissue 
pathology and disease progression. Solid tumors consist of cancer cells and the 
 surrounding  tumor microenvironment  . The cellular components of the tumor micro-
environment include fi broblasts, endothelial cells, and infl ammatory cells. The 
physical and chemical components include the  extracellular matrix   (ECM) and dif-
fusible molecules such as dissolved oxygen,  cytokines  , and  growth factor   s   [ 1 – 3 ] 
(Fig.  13.1 ). Cancer cells interact dynamically and co-evolve with this complex sur-
rounding microenvironment [ 4 ]. Crosstalk between cancer cells and the tumor 
microenvironment can affect the behavior of cancer cells and promote tumor pro-
gression by conferring cancer cells with the ability to migrate, invade, and metasta-
size [ 1 ,  3 ].

13.2         Acquisition of Invasive and Metastatic Properties 
during Tumor Progression within the Tumor 
Microenvironment through Intercellular 
Communication 

 Several types of specialized intercellular junctional proteins maintain epithelial cell 
contacts with neighboring cells, including  tight junction   s  ,  adherens junction   s  , and 
 gap junction   s   [ 5 ].  Tight junction   s   are comprised of transmembrane proteins such as 
coxsackie adenovirus receptor (CAR) and occludin, which seal the space between 
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neighboring cells and prevent the passage of molecules and ions.  Adherens junc-
tion   s   form from complexes of  E-cadherin   that anchor cells to each other.  Gap junc-
tion   s   (GJs) are communicating junctions made up of  connexins   that allow direct 
intercellular communication between neighboring cells [ 6 ]. Intercellular communi-
cation is important for the maintenance of homeostasis as well as tumor progres-
sion. Cancer cells use these various junctional complexes to transmit  signals   to their 
neighbors and respond collectively to different conditions [ 7 ]. Cancer cells can 
communicate with each other directly through these junctions [ 8 ,  9 ] or indirectly 
through paracrine signaling via the secretion of  growth factor   s   [ 10 ],  chemokines  , 
[ 11 ] and  exosomes   [ 12 ]. 

  Fig. 13.1     The   tumor microenvironment    .  Intercellular interactions within the tumor microenvi-
ronment drive tumor progression to an invasive state. The physical components of the tumor 
microenvironment, including the ECM, can infl uence the metastatic properties of cancer cells. 
Intercellular communication between tumor cells and other cells including vascular endothelial 
cells, CAFs, and infl ammatory cells directly or indirectly permits the acquisition of an invasive and 
migratory phenotype. For example, elevated levels of TGFβ secreted by  stromal cell   s   within the 
tumor microenvironment can induce EMT and CSC properties in cancer cells, leading to tumor 
 dissemination   and metastatic spread       
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13.2.1     Direct Intercellular Communication Via Gap Junctions 

 GJs are gated intercellular channels composed of connexons that each assemble 
from six  connexins   (Fig.  13.2 ). The opening of GJ channels allows the cell-to-cell 
transfer of small molecules ( M  r  <1000) including ions [ 13 ], short interfering RNAs 
(siRNAs) [ 14 ,  15 ], and metabolites [ 16 ].  Gap junction   intercellular communication 
(GJIC) thus allows for the direct communication between the cytoplasms of adja-
cent cells. GJIC can occur between the same type of cells (homospecifi c) or between 
different types of cells (heterospecifi c) [ 17 ,  18 ]. GJIC plays a critical role in main-
taining cellular homeostasis by regulating processes including proliferation,  differ-
entiation  , and barrier function [ 19 – 21 ]. Loss of GJs and altered localization of 
connexins are often observed in human cancers [ 9 ,  22 – 25 ]. Intercellular communi-
cation can be measured by passing the current from a microelectrode from one cell 
to an adjacent cell [ 26 ]. Using this method, Loewenstein and Kanno found that 
GJIC was reduced between cancer cells [ 26 ]. GJIC can also be measured using a 
dye-coupling assay in which fl uorescent tracers are microinjected into individual 
cells and the transfer of dye into the adjacent cells is monitored and quantifi ed [ 22 ]. 
Dye-coupling assays have revealed an absence of GJIC between cancer cells and the 
adjacent normal cellular compartment in primary human liver tumors. In these cells, 
 connexin   32 (Cx32) localizes to the cytoplasm instead of at the plasma membrane 

  Fig. 13.2      Gap junction     s    .  GJs are composed of connexons that each assemble from six subunits 
of GJ proteins,  connexins  . GJs connect the cytoplasm of adjacent cells and allow direct communi-
cation between cells through the passage of ions and small molecules       
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[ 22 ]. Similarly, immunoelectron microscopy analysis has revealed that squamous 
carcinoma cells have poorly developed GJs, with some of the connexins accumulat-
ing in the cytoplasm [ 27 ]. These studies suggest that aberrant localization of con-
nexins might be one mechanism by which cancer cells inactivate GJIC. Conversely, 
exogenous expression of Cx32 into communication-defi cient cancer cells can 
restore GJIC and attenuate tumor growth in vivo [ 9 ]. Consistent with these fi ndings, 
Cx32-defi cient mice are signifi cantly more susceptible to developing hepatic tumors 
both spontaneously as well as when induced by treatment with diethylnitrosamine 
[ 28 ]. Similarly, Cx43-heterozygous mice are more prone to developing lung tumors 
in response to urethane administration than are wild-type mice [ 29 ]. These fi ndings 
suggest a role for GJIC in tumorigenesis.

   Furthermore, disrupting GJIC can alter metastatic potential. Loss of GJs is asso-
ciated with enhanced migration  capacity   of cancer cells. Introducing the  metastasis   
suppressor gene,  breast cancer   metastasis suppressor-1 (BRMS1), into highly meta-
static breast cancer cells can restore GJIC to a level similar to that of normal breast 
tissue and reduce metastatic potential [ 30 ].   Similarly, ectopic expression of Cx32 
increases intercellular adhesion between HeLa cells and suppresses their ability to 
migrate and invade [ 31 ]. Treatment with the GJIC inhibitor, oleamide, reverses the 
effect of Cx32 overexpression, suggesting that GJIC itself regulates the migratory 
and invasive phenotype of tumor cells [ 31 ]. The expression of Cx43 is downregu-
lated in  breast cancer   cells compared to normal breast epithelial cells [ 30 ,  32 ]. 
Overexpression of Cx43 reduces breast cancer cell invasiveness by suppressing the 
expression of N- cadherin   [ 33 ] and preventing  tumor   cell adhesion to endothelial 
cells [ 33 ]. Consistently, injection of Cx43-expressing breast cancer cells into immu-
nocompromised mice results in smaller tumors and fewer lung metastases com-
pared to control cells [ 34 ], suggesting that Cx43 alters the metastatic potential of 
breast cancer cells by regulating N-cadherin. Cx43- knockout mice have disrupted 
cell  polarity   and display defects in  epithelial- mesenchymal transition   (EMT) in the 
epicardium [ 35 ]. 

 Heterospecifi c GJIC between tumor cells and other cell types within the  tumor 
microenvironment   may affect the metastatic potential of cancer cells [ 30 ]. It has 
been shown that the growth of transformed cells is inhibited where there is strong 
 heterologous communication   with the adjacent non-transformed cells. When the 
heterologous communication is blocked chemically, the growth inhibitory effect is 
abolished, suggesting an active role for GJIC in transmitting  signals   for growth 
control [ 36 ]. Electron microscopy analysis has revealed that  leukocytes   induce the 
expression of Cx43 and formation of GJs between themselves and endothelial cells 
during  infl ammation   [ 37 ], suggesting that communication via GJIC may mediate 
 leukocyte   extravasation. Similarly, studies indicate that cancer cells and endothelial 
cells interact with each other to mediate cancer cell extravasation to distant sites 
[ 38 – 40 ]. Ectopic expression of Cx43 in  breast cancer   cells that lack GJIC promotes 
the establishment of functional heterologous communication with vascular endo-
thelial cells and enhances transendothelial  migration   of the cancer cells [ 39 ]. 
Functional GJs are formed at the contact sites between cancer cells and endothelial 
cells where metabolic coupling occurs [ 40 ]. The modulation of GJIC between 
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 cancer cells and endothelial cells depends on the ability of cancer cells to adhere to 
the endothelium [ 40 ].  Breast cancer   cells that overexpress Cx43 have an enhanced 
capacity to adhere to the pulmonary endothelium, whereas breast cancer cells over-
expressing a dominant-negative mutant of Cx43 fail to adhere [ 41 ]. Elevated levels 
of Cx43 have also been found at contact sites between cancer cells and endothelial 
cells [ 40 ,  41 ]. 

 Dye transfer assays have revealed that ectopic expression of  Cx26   can induce the 
formation of heterologous GJs between melanoma cells and vascular endothelial 
cells in a coculture system [ 42 ]. The Cx26-expressing melanoma cells were also 
found to be more metastatic than mutant Cx26-expressing cells [ 42 ]. Consistent 
with these studies, Cx26 has been implicated in the  metastasis   of human cancers 
[ 43 – 46 ]. Immunohistochemical analysis shows a strong correlation between Cx26 
expression and lymphatic vessel invasion [ 46 ]. Cx26 might potentiate lymphatic 
vessel invasion through the formation of heterologous GJIC between the cancer 
cells and lymphatics [ 46 ]. These data indicate that formation of heterologous GJIC 
between cancer cells and endothelial cells may play a role in cancer cell extravasa-
tion. Recently, bone marrow  stromal cell   s   were shown to transfer  CXCL12  -specifi c 
microRNAs (miRNAs) to  breast cancer   cells through GJIC [ 47 ]. Since reducing the 
levels of CXCL12 inhibits the proliferation of breast cancer cells and induces qui-
escence, this GJIC-mediated transmission of miRNA might contribute to breast 
cancer cell dormancy [ 47 ]. Direct intercellular communication involving GJs 
between cancer cells and other cell types within the  tumor microenvironment   can 
promote tumor progression, so  therapeutic target  ing of GJIC may inhibit the meta-
static spread of cancers.  

13.2.2     Indirect Intercellular Communication: Paracrine 
 Signaling   via  Exosomes  , Growth Factors, and  Cytokines   

 Although cell-cell communication can occur in a contact-dependent manner via 
GJIC, cells can also communicate with distant target cells through the secretion of 
signaling molecules such as  growth factor   s  ,  cytokines  , and  exosomes   [ 48 ]. The 
secreted molecules act as local mediators to regulate cell signaling within the sur-
rounding microenvironment, in a process known as paracrine signaling.  Exosomes   
are cup-shaped vesicles ranging from 50-100 nm in diameter [ 49 ]. These naturally 
occurring nanoparticles are generated from multivesicular bodies (MVBs). Fusion 
of MVBs with the plasma membrane leads to release of exosomes via exocytosis 
into the surrounding  tumor microenvironment   and circulation [ 49 ,  50 – 52 ] (Fig. 
 13.3 ). Accumulating evidence suggests that exosomes are important mediators of 
intercellular communication. Exosomes contain cargos of bioactive molecules 
including DNA fragments [ 53 ], mRNAs [ 54 ,  55 ], miRNAs [ 54 – 56 ], and proteins 
[ 57 ,  55 ], which can be transferred into recipient cells. Cancer cells [ 58 – 61 ] and 
cancer-associated fi broblasts (CAFs) [ 62 ] have been found to release exosomes that 
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communicate with distant cell types to modulate immune evasion [ 63 ],   angiogenesis   
[ 58 ], drug resistance [ 64 ], and formation of the pre-metastatic niche [ 60 ]. Higher 
levels of circulating exosomes are found in cancer patients than in healthy individu-
als [ 65 ,  66 ]. Cancer patients with high levels of exosomes have poorly differentiated 
tumors and a reduced rate of survival [ 67 ]. In vivo imaging of tumor-derived exo-
somes using GFP-labeled CD63, an  exosome   marker, in an orthotopic mouse model 
has revealed that  breast cancer   cells release exosomes into the tumor microenviron-
ment and circulation. These tumor-derived exosomes are taken up by other cancer 
cells and CAFs in mice with breast cancer metastases, indicating that tumor-derived 
exosomes might be involved in promoting  metastasis   [ 52 ]. Membrane fusion assays 
and confocal microscopy analysis have revealed that the uptake of exosomes is 
mediated through direct fusion of the exosome membrane with the plasma mem-
brane [ 68 ].

   Double-stranded DNA (dsDNA) has been found in  exosomes   [ 69 ,  70 ] and whole 
genome sequencing using genomic DNA isolated from exosomes of cancer cell 
lines and serum from cancer patients has detected mutations in  oncogenes   and 
 tumor suppressor gene   s   including KRAS and p53 [ 69 ]. These fi ndings suggest the 
possibility of using exosomes as a circulating  biomarker   to detect cancer. Microarray 
analysis of exosomes derived from mouse and human mast cell lines has revealed 
the presence of mRNAs and small RNAs such as miRNAs [ 54 ]. In vitro translation 
assays have demonstrated that these exosomal mRNAs are functional and can be 
translated into proteins [ 54 ]. Bioinformatics analysis using miRNA profi ling of 
hepatocellular carcinoma (HCC) has identifi ed a set of miRNAs that control the 
regulation of transforming  growth factor  -activated  kinase  -1 (TAK1) [ 56 ], which 
plays a crucial role in liver cancer [ 71 ]. Incubating cells with exosomes derived 

  Fig. 13.3     Mechanisms of   exosome    biogenesis.  Exosomes   are derived from late endosomes called 
MVBs. Small molecules such as proteins and RNA are sorted in MVBs, and their fusion with the 
plasma membrane leads to secretion of  exosomes   via exocytosis       
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from HCC constitutively activates TAK1 and TAK1-associated signaling pathways 
[ 71 ]. HCC-derived exosomes can also regulate anchorage-independent growth in 
recipient cells, suggesting that the transfer of exosomal-derived miRNA can affect 
tumorigenesis [ 71 ]. 

  Exosomes   derived from highly metastatic melanomas can drive bone marrow 
progenitor cells towards a pro-metastatic phenotype through the regulation of the 
receptor tyrosine  kinase  , Met [ 60 ]. Inhibition of  exosome   production and down-
regulation of Met expression in  exosomes   abolishes the pro-metastatic phenotype of 
bone marrow progenitor cells and suppresses primary tumor growth and  metastasis   
in a xenograft mouse model [ 60 ]. Tumor-derived miRNA from metastatic adenocar-
cinoma can induce the formation of the pre-metastatic niche to support the growth 
of poorly metastatic adenocarcinoma [ 72 ]. Sentinel lymph nodes (SLNs) enriched 
with melanoma-derived exosomes promote the recruitment of melanoma cells [ 73 ]. 
In addition, exosomes isolated from melanoma can enhance the traffi cking of mela-
noma cells towards lymphatic vessels in vivo by preconditioning the SLNs for 
tumor growth and tumor  angiogenesis   [ 73 ]. 

 Bone marrow  stromal cell   s   secrete  exosomes   containing miRNA against 
 CXCL12   to induce a quiescent state in  breast cancer   cells, indicating a role for 
stroma-derived exosomes in regulating breast  cancer dormancy   [ 47 ]. Evading 
immune destruction is one of the hallmarks of cancer [ 74 ] and cancer cells can com-
municate with immune cells to evade immune surveillance [ 63 ]. For example, exo-
somes derived from human prostate cancer cells induce the apoptosis of T cells in a 
Fas ligand (FasL)-dependent manner [ 63 ]. Blocking the Fas-FasL interaction using 
a FasL-neutralizing antibody prevents  exosome  -induced T cell apoptosis [ 63 ]. 
 Exosomes   secreted by chemoresistant breast cancer cells, which contain miRNAs 
that modulate the cell cycle and apoptosis, can also confer drug resistance to che-
mosensitive breast cancer cells [ 64 ]. For example, HER2-positive cancer cells 
release exosomes that can alter chemosensitivity to trastuzumab, a drug that targets 
the HER2 receptor [ 75 ]. HER2-positive exosomes abolish the antitumor activity of 
trastuzumab [ 75 ]. 

 In addition to releasing  exosomes   to drive tumor progression, cancer cells and the 
surrounding stroma also communicate with each other through the secretion of vari-
ous infl ammatory  cytokines  ,  growth factor   s  , and proteases to shape a  metastasis  - 
permissive  tumor microenvironment   [ 76 ]. Infl ammatory cytokines and growth factors 
such as transforming growth factor-beta (TGFβ) [ 77 ], tumor necrosis factor-alpha 
(TNFα), epidermal growth factor (EGF) [ 78 ], hepatocyte growth factor (HGF) [ 79 ] 
and interleukins (IL) including IL-6 [ 80 ] and IL-8 [ 81 ] all induce    EMT, a process in 
which polarized epithelial cells become highly migratory and invasive mesenchymal-
like cells [ 82 ]. The activation of EMT inducing-transcription factors such as Snail, 
Slug, Twist, and Zeb alters gene expression, apical-basal  polarity  , and reduces cell-
cell interactions [ 83 ,  84 ]. EMT is essential for tissue and organ generation during 
embryogenesis [ 85 ], and has also been found to be reactivated during pathological 
conditions such as fi brosis, wound healing, and cancer [ 86 ]. Although still somewhat 
controversial [ 87 ], accumulating evidence suggests that EMT facilitates tumor cell 
 dissemination   and metastasis during tumor progression [ 86 ]. The induction of EMT 
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in cancer cells results in the acquisition of a metastatic phenotype [ 88 ]. Furthermore, 
recent studies suggest that the induction of EMT endows cells with  cancer stem cell   
(CSC) properties [ 89 ]. These fi ndings suggest the possibility of disrupting paracrine-
mediated intercellular communication to inhibit tumor progression.   

13.3     Tumor Cell  Dissemination   

13.3.1     Organ-Specifi c  Metastasis  : The Role of  Chemokines   

 Over a century ago, Stephen Paget examined the autopsy reports of 735  breast cancer   
cases and found that the distribution of  metastasis   was not random [ 90 ]. Paget sug-
gested that tumor cells (“seed”) can only grow and survive in appropriate microenvi-
ronments (“soil”) [ 90 ]. Various types of cancers have specifi c patterns of metastasis 
[ 91 ] and it is now understood that the specifi city of metastasis is mediated in part by 
specifi c molecules expressed by cancer cells and the resident host cells at metastatic 
sites. In particular,  chemokines   (CCs) and  chemokine   receptors (CCRs) mediate the 
circulation and homing of immune cells during  infl ammation   and  the   immune 
response [ 92 ] (Fig.  13.4 ). CCs are small, secreted peptides that mediate the chemo-
tactic  migration   of cells expressing appropriate CCRs [ 92 ], which are G protein- 
coupled receptors. For example, CCL21/CCR7 and  CXCL12  / CXCR4   are involved 
in the homing of dendritic cells to lymph nodes during infl ammation [ 93 ]. Binding 
of CCs to CCRs activates signaling pathways that regulate cell  polarity  , migration, 
 and   adhesion [ 92 ]. Different cancer cells express different CCRs, suggesting that 
cells may respond specifi cally to chemotactic forces generated by CCs secreted by 
target destinations [ 94 ]. Therefore, cancer cells may exploit CC/CCR signaling dur-
ing tumor  dissemination   [ 95 ]. In addition to mediating directional migration, CCs 
also stimulate the expression of cell adhesion molecules such as intercellular adhe-
sion molecule-1 (ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1) [ 96 ].

13.3.2        Role of  Chemokines   in Hematogenous  Dissemination  : 
Tumor-Vascular Endothelial Interactions 

  Metastasis   is a complex process that involves a defi ned series of events. Cancer cells 
must detach from the primary tumor site; intravasate into the blood or  lymphatic 
vasculature  ; survive through the circulation; extravasate from the vasculature and 
colonize the distant site [ 97 ]. Intercellular communication between tumor cells and 
the stromal compartment plays an important role in facilitating  hematogenous dis-
semination   [ 98 ,  99 ]. Coculture of tumor cells with platelets and  leukocytes   can acti-
vate microvascular endothelial cells [ 100 ]. Activated microvascular endothelial 
cells produce elevated levels of the infl ammatory CC, CCL5, to recruit infl amma-
tory monocytes to shape a pro- metastatic microenvironment [ 100 ]. Administration 

13 Intercellular Communication, the Tumor Microenvironment, and Tumor...



352

of CCL5 antagonist abolishes CCL5-dependent monocyte recruitment and strongly 
suppresses tumor  metastasis   in an experimental metastasis model, suggesting a pro-
metastatic role for CCL5 [ 100 ]. Furthermore, components of the stromal compart-
ment, such as  mesenchymal stem cell   s   (MSCs), can affect the phenotype of tumor 
cells through the secretion of CCL5. Binding of CCL5 to CCR5-expressing tumor 
cells signifi cantly enhances metastasis and promotes tumor cell  dissemination   
[ 101 ]. Microarray analysis of human  breast cancer   specimens shows an increase in 
the expression of CCL5 and its receptor, CCR5. Consistently, inhibiting CCR5 
reduces breast cancer invasiveness in culture and decreases metastatic colonization 
in vivo [ 102 ]. 

  Fig. 13.4     CC and CCR expression during lymphatic homing.  During  infl ammation  , DCs are 
activated by allergens. Activated DCs upregulate the lymphatic homing receptors such as CCR7 
and  CXCR4  . Induction of CCR7 and CXCR4 mediates the chemotactic migration of activated 
DCs towards the lymphatic vessels, which secrete specifi c ligands, CCL21 and  CXCL12  . 
Overexpression of CCR7 and CXCR4 has been implicated in LN  metastasis   in various human 
cancers. Therefore, it is thought that tumor cells hijack the DC route to metastasize towards the 
lymphatics       
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 CCs can also regulate  physiological and pathological angiogenesis   [ 103 ]. 
CXCL1, CXCL2, CXCL8 and CCL2 are among the pro-angiogenic CCs [ 104 , 
 105 ]. CCL2 can induce the expression of vascular endothelial  growth factor  -A 
(VEGF-A) in prostate cancer cells, which suggests that CCL2 can promote tumor- 
induced angiogenesis indirectly [ 106 ]. Xenograft studies using CXCL8-expressing 
melanoma cells revealed that tumor growth, angiogenesis, and  metastasis   are sig-
nifi cantly reduced in CXCR2-knockout mice, indicating the importance of CXCL8/
CXCR2 signaling in regulating tumor-associated angiogenesis and  dissemination   
[ 107 ].  

13.3.3     Role of  Chemokines   in Lymphatic  Dissemination  : 
Tumor-Lymphatic Endothelial Interactions 

 Histopathological analysis of human biopsies has often revealed the presence of 
tumor cells in close proximity to peritumoral lymphatic vessels [ 108 ]. Malignant 
cancer cells can induce tumor lymphangiogenesis through the secretion of lym-
phangiogenic factors including VEGF-A, VEGF-C, VEGF-D, and platelet-derived 
 growth factor   (PDGF)-BB for tumor  dissemination   [ 109 ,  110 ]. In addition to tumor 
lymphangiogenesis, CC-mediated interactions between cancer cells and lymphatic 
endothelial cells can also enhance cancer cell dissemination towards lymphatic ves-
sels [ 109 ]. CC gradients generated by lymphatic vessels, including CCL21 and 
 CXCL12  , act as guidance cues to mediate the directional  migration   of cancer cells 
[ 111 ]. Lymphatic endothelial cells have unique, semi-open, and discontinuous 
‘button- like’ junctions within the lymphatic vessels [ 112 ]. Tumor cells might have 
more access to lymphatic vessels due to this ‘leaky’ structure, and may use a similar 
mechanism of entry into the lymphatics as dendritic cells (DCs). 

 Several CC/CCR pairs, including CCL21/CCR7 and  CXCL12  / CXCR4  , have 
been implicated in lymph node (LN)  metastasis   in various cancers [ 113 – 115 ]. 
Lymphatic vessels and secondary lymphoid organs secrete high levels of CCL21, 
which is the ligand for its cognate receptor, CCR7 [ 111 ,  116 ]. CCR7 is indispens-
able for lymphatic homing, as mature DCs in CCR7-defi cient mice fail to migrate 
towards the draining lymph nodes [ 93 ]. Under normal conditions, DCs increase 
their expression of CCR7 upon activation and during maturation. Binding of 
lymphatic- secreted CCL21 to CCR7 mediates directional migration of DCs towards 
the lymphatics [ 111 ]. Recently, Shields and co-workers showed that metastatic 
tumor cells express CCR7 and secrete CCR7 ligands autologously [ 117 ]. Under the 
infl uence of autologous chemotaxis and interstitial fl ow caused by draining 
 lymphatics, these tumor cells were guided to the lymphatics [ 117 ]. Ectopic expres-
sion of CCR7 in B16 melanoma cells results in a signifi cant increase in the number 
of LN metastases in a xenograft mouse model [ 118 ]. LN metastasis in CCR7- 
expressing B16 melanoma mice is inhibited after treatment with anti-CCL21- 
blocking antibodies, indicating a role for the CCL21/CCR7 axis in  lymphatic 
dissemination   of cancer cells [ 118 ]. 
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 In addition to CCL21/CCR7, elevated levels of  CXCL12  / CXCR4   have been 
associated with LN  metastasis   [ 119 – 121 ]. CXCL12 is expressed by the high endo-
thelial venules (HEV) and the T cell zones of the spleen and LNs [ 122 ]. Similar to 
CCL21, CXCL12 plays a crucial role in recruiting immune cells during the initia-
tion of the immune response [ 123 ] (Fig.  13.4 ). T cells, B cells, and mature DCs 
express the receptor for CXCL12, CXCR4 [ 124 ,  125 ]. Activation of CXCR4 by 
CXCL12 increases the adhesion of tumor cells to endothelial cells by upregulating 
the expression of β1-integrin [ 126 ]. Tumor-associated lymphatic vessels can medi-
ate  targeted   migration of CXCR4(+)/CD133(+) melanoma cells through the secre-
tion of CXCL12 [ 127 ]. Inhibiting CXCR4 signaling using the specifi c inhibitor, 
AMD3100, reduces axillary LN metastasis, indicating a role for CXCL12/CXCR4 in 
LN metastasis [ 127 ]. Since both CCR7 and CXCR4 are lymphatic-homing recep-
tors for DCs and have been closely linked with high incidence of LN metastasis 
[ 115 ,  128 ], it is plausible that metastatic tumor cells might exploit the DC traffi ck-
ing route during  infl ammation   by manipulating their chemotactic interaction with 
the lymphatics via CCs/CCRs to mediate lymphogenic  dissemination  .   

13.4     Therapeutic Interventions Targeting Intercellular 
Communication 

 Increasing GJIC in cancers is benefi cial to anti-cancer  therapy   [ 129 ]. Treatments 
that combine a GJ enhancer, quinolones (PQs), with cisplatin decrease mammary 
tumor growth compared to cisplatin treatment alone in a mouse xenograft model of 
 breast cancer   [ 130 ]. Histology analysis revealed that PQ treatment upregulates the 
expression of the GJ proteins, Cx43 and  Cx26  , in the tumor. Similarly, targeting 
paracrine signaling appears benefi cial. The GE11 peptide can bind to EGF receptor 
with high specifi city [ 131 ]. Engineered  exosomes   that contain GE11 allow for tar-
geted delivery of let-7a miRNA to EGFR-positive breast cancer cells in a xenograft 
mouse model [ 132 ]. Systemic administration of GE11-positive exosomes loaded 
with let-7a miRNA suppressed tumor growth in vivo, suggesting the usefulness of 
exosomes to deliver miRNA as a therapeutic approach [ 132 ]. Engineered exosomes 
may also be used for targeted delivery of the chemotherapeutic drug, doxorubicin 
(Dox), to the tumor in a mouse model. Dox was encapsulated into exosomes engi-
neered to express αv-integrin-specifi c iRGD peptide on the surface. Dox-containing 
iRGD exosomes were able to bind to αv-integrin-positive tumor cells and suppress 
tumor growth in tumor-bearing mice more effi ciently than non-targeting control 
exosomes [ 133 ]. 

 Chemotherapy-resistant  breast cancer   cells express high levels of TGFβ and 
acquire CSC-like properties [ 134 ]. The chemotherapeutic drug, paclitaxel, enriches 
the population of breast CSCs by upregulating TGFβ and IL-8 signaling. 
Co-administration of paclitaxel and the TGFβ type I receptor  kinase   inhibitor, 
LY2157299, into a xenograft mouse model inhibited tumor reestablishment, sug-
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gesting that this combination treatment blocks the development of  chemoresistance   
and CSC expansion in breast cancer [ 135 ]. Another study showed that a combina-
tion treatment of  CXCR4  -specifi c inhibitor, AMD3100, and the chemotherapy 
drug, docetaxel, enhanced the antitumor effect of docetaxel in a tumor-bearing 
mouse model. These data reveal the possibility of using the CXCR4 inhibitor as a 
chemosensitizer in cancer treatment [ 136 ]. It is clear from these studies that target-
ing intercellular communication can attenuate tumor growth and metastatic spread. 
However, more studies need to be carried out to assess the usefulness of therapeutic 
interventions that target intercellular communication within the tumor 
microenvironment.  

13.5     Conclusion 

 It is well established that intercellular communication between cancer cells and 
other cells within the surrounding  tumor microenvironment   is critical for tumori-
genesis and tumor progression. Therefore, understanding the mechanisms underly-
ing these interactions might lead to the development of novel therapeutics to block 
tumor progression and  metastasis  .     
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