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    Abstract     Blood vessels and tumor angiogenesis are generally associated with 
tumor growth and poor clinical outcome of cancer patients. However, it has been 
recently discovered that some blood vessels present within the tumor microenviron-
ment can be associated with a good prognosis by contributing to tumor suppression 
rather than tumor growth. These specialized blood vessels, designated high endo-
thelial venules (HEVs), are normally found in lymph nodes where they mediate 
high levels of lymphocyte extravasation from the blood. A high density of tumor 
HEVs in human breast carcinomas and melanomas was associated with high levels 
of cytotoxic lymphocyte infi ltration, indicating that HEVs may participate in the 
eradication of tumors by facilitating the access of “killer” lymphocytes into tumor 
tissues. A better understanding of the mechanisms regulating tumor HEVs could 
thus have an important impact for cancer therapy. Dendritic cells and the lympho-
toxin pathway have been shown to be critical for maintenance of HEV differentiation 
in lymph nodes and may also regulate tumor HEVs. In this chapter, we will fi rst 
describe the unique properties of lymph node HEVs and their role in lymphocyte 
traffi cking. We will then review the phenotypic characteristics of tumor HEVs and 
their association with lymphocyte infi ltration and favorable clinical outcome of 
 cancer patients. Finally, we will discuss the promising potential of tumor HEVs for 
cancer therapy.  
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16.1         High Endothelial Venules (HEVs) and Lymphocyte 
Traffi cking to Lymph Nodes 

 The immune system plays an important role in the homeostatic maintenance of the 
body. It is responsible for detecting and eliminating foreign pathogens as well as 
recognizing and targeting tumor cells. The circulatory system is an important aspect 
of immune surveillance, as it provides the necessary network for immune cells to 
travel through the body, monitoring for disease and infection. Lymphocytes, spe-
cialized immune cells that are designed to interact with specifi c targets, travel to and 
from secondary lymphoid organs, such as the lymph nodes (LNs), Peyer’s patches, 
and spleen, through the blood vessels seeking their specifi c cognate antigens that 
signal an infection (Butcher and Picker  1996 ; von Andrian and Mempel  2003 ). 
Dendritic cells (DCs), multifunctional antigen-presenting cells, reside in tissues 
monitoring their surroundings and then migrate to lymphoid organs to interact with 
lymphocytes. The traffi cking of lymphocytes and DCs to a common location 
(i.e., LNs) maximizes the probability that lymphocytes will encounter their specifi c 
cognate antigens presented by DCs (von Andrian and Mempel  2003 ). 

 Lymphocytes circulating in the blood enter LNs at the level of specialized 
 postcapillary venules designated as high endothelial venules (HEVs; Fig.  16.1 ) 
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  Fig. 16.1    High endothelial venules ( HEVs ): specialized blood vessel for lymphocyte migration. 
HEV endothelial cells exhibit a plump, cuboidal morphology and express high levels of sulfated 
ligands for lymphocytes recognized by the HEV-specifi c antibody MECA-79 (red staining). The 
inset illustrates the unique capacity of HEV endothelial cells to capture lymphocytes circulating in 
the blood       
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(Girard et al.  2012 ; Girard and Springer  1995 ). Lymphocyte extravasation through 
HEVs occurs via a well-defi ned adhesion cascade (Girard et al.  2012 ). First, they roll 
and tether along the surface of the blood vessel wall (von Andrian and Mempel  2003 ). 
During rolling, lymphocytes are stimulated by locally expressed chemokines. 
Lymphocytes then fi rmly adhere to HEVs before transmigrating between endothelial 
cells to the lymph node parenchyma underneath. Once entered, lymphocytes will 
localize to specifi c areas of the lymph node to interact with DCs before exiting through 
the efferent lymph vessel and back into the blood (Girard et al.  2012 ). HEV blood 
vessels are also found in other secondary lymphoid tissues such as Peyer’s patches 
and support a similar process. However, they have not been observed in the spleen.

16.1.1       HEV Morphology 

 HEV endothelial cells were fi rst identifi ed by Thome in 1898 in the  Macacus cyno-
molgus  due to their distinctive morphology that can easily be recognized by light 
microscopy. He described the cells as being plump, cuboidal endothelial cells that 
bulged into the vascular lumen (Thome  1898 ). Von Schumacher confi rmed these 
observations in human LNs in 1899. He noted the close proximity of lymphocytes 
and postulated the importance of these cells in lymphocyte migration (von 
Schumacher  1899 ). Postcapillary venules, in general, consist of an endothelial cell 
layer, a thin basal lamina, and a thin layer of pericytes. They are the site of fl uid and 
protein exchange and immune cell transmigration during infl ammation. HEVs are 
unique in that contrary to other postcapillary venules, their endothelium is tall and 
plump and contains many mitochondria, free ribosomes, multivesicular bodies, and 
a well-developed Golgi apparatus (Girard and Springer  1995 ). Pericyte-like cells 
called fi broblastic reticular cells (FRCs) form a perivenular sleeve that surrounds 
the endothelium and are responsible for a number of homeostatic and maintenance 
functions including the production of fi bronectin, collagen IV, and laminins which 
form a thick basal lamina layer. Between the basal lamina and the FRC sheath, a 
perivascular channel is present through which lymphocytes travel during their 
migration from the blood into the lymphoid organs. HEVs are able to store lympho-
cytes in this area in “HEV pockets,” up to 4 or 5 at a time between an individual 
endothelial cell and the FRC layer underneath (Mionnet et al.  2011 ). These pockets 
act as a sort of waiting area until the LNs can make room for new lymphocytes by 
releasing others that are ready to move on, giving them the role of gatekeepers 
rather than simply passive transfer points for lymphocytes to pass through.  

16.1.2     HEV Ligands for Lymphocyte Homing 
Receptor L-Selectin 

 HEVs have a functionally unique protein expression profi le that distinguishes them 
from other blood vessels. The endothelium expresses a specifi c group of cell surface 
mucin-like glycoproteins, called peripheral node addressins (PNAds), characterized 
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by their ability to be recognized by the HEV-specifi c antibody MECA-79. PNAds, 
which include CD34, podocalyxin, endomucin, endoglycan and nepmucin in human 
and mouse, and glycosylation-dependent cell adhesion molecule-1 (GlyCAM-1) in 
mouse only, are defi ned as L-selectin (CD62L) ligands (Rosen  2004 ). L-selectin is 
a cell surface protein expressed on lymphocytes which together with PNAds 
 mediates the initial tethering and rolling of lymphocytes to HEVs. Specifi cally, it is 
the 6-sulfo sialyl Lewis X  carbohydrate motif presented on PNAds that is the 
L-selectin ligand, and therefore, for L-selectin to be able to bind to PNAds, a series 
of proper posttranslational glycosylation and sulfation modifi cations are required 
(Rosen  2004 ). HEVs express a number of enzymes necessary for these posttransla-
tional modifi cations, some exclusive to HEVs such as  N -acetylglucosaminyl 
6- O -sulphotransferase 2 (GlcNAc6ST2) and fucosyltansferase VII (FUT7) (Girard 
et al.  2012 ). L-selectin has a unique, low-affi nity bond with its ligand on PNAds, 
with rapid association and dissociation constants (“catch bond”), resulting in a 
 rolling behavior of the lymphocytes on the HEVs (Rosen  2004 ). This allows 
 lymphocytes to slow down in the blood stream and navigate their way along the 
endothelium to fi nd an optimal location to transmigrate as well as interact with 
locally expressed chemokines.  

16.1.3     HEV-Associated Chemokines 

 HEVs in LNs produce and/or present a number of different chemokines causing a 
gradient that attracts lymphocytes to the site of highest concentration. HEV- 
associated chemokines include CCL21, CCL19, CXCL12, and CXCL13 (Girard 
et al.  2012 ; Miyasaka and Tanaka  2004 ). CCL21 and CCL19 are two chemokines 
that bind the receptor CCR7 found on lymphocytes and mature DCs (Forster et al. 
 2008 ). In the mouse, CCL21 is produced by HEVs and CCL19 is produced by 
neighboring FRCs and transferred to the luminal surface of HEVs (Miyasaka and 
Tanaka  2004 ). In humans, both chemokines are produced by stromal cells and tran-
cytosed across HEVs (Baekkevold et al.  2001 ). They are held there by sulfated 
glycans such as heparan sulfate (Bao et al.  2010 ). CXCL12 is also presented on 
HEVs but is produced by perivascular cells and transported to the luminal surface 
of the blood vessels (Okada et al.  2002 ). CXCL13, produced by follicular dendritic 
cells and marginal reticular cells, has also been reported to be presented on HEVs in 
Peyer’s patches and mesenteric LNs (Cyster  1999 ; Okada et al.  2002 ). 

 Chemokines presented on HEVs not only are important for attracting lympho-
cytes but also induce signaling that upregulates or activates other cell surface 
molecules. After lymphocytes roll and tether along the blood vessel wall through 
interaction of L-selectin with PNAds, they need to fi rmly adhere with the aid of 
integrins (von Andrian and Mempel  2003 ). Integrins are normally found in a low- 
affi nity conformation on the surface of lymphocytes but can be rapidly activated 
after chemokine stimulation. For example, CCL21 and CCL19 binding to CCR7 
and CXCL12 binding to CXCR4 stimulate a signaling cascade that ultimately 
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results in a conformational change in the integrin α L β 2  (lymphocyte function- 
associated antigen-1 – LFA-1), increasing its affi nity for its two endothelial ligands, 
intercellular adhesion molecule (ICAM)-1 and ICAM-2, expressed on HEVs 
(Shamri et al.  2005 ). This mediates fi rm adhesion on the endothelium. Mesenteric 
LNs and Peyer’s patches HEVs express the adhesion molecule MAdCAM-1. It is 
also an L-selectin ligand; however, its primary binding partner is the integrin α 4 β 7,  
and together they mediate the entry of lymphocytes through Peyer’s patches and 
mesenteric LNs HEVs (von Andrian and Mempel  2003 ). Interestingly, mucosal 
vascular addressin cell adhesion molecule 1 (MAdCAM-1) can be found on 
 peripheral LNs HEVs around the time of birth, and it is important for the initial 
colonization of secondary lymphoid organs; however, it disappears soon after birth 
(Mebius et al.  1996 ).  

16.1.4     Microenvironmental Control of HEVs 

 HEV endothelial cells are highly plastic and their specialized phenotype is heavily 
dependent on their tissue microenvironment (Girard et al.  2012 ; Girard and 
Springer  1995 ). If HEV endothelial cells are isolated from lymphoid organs and 
placed ex vivo, they rapidly lose their cuboidal appearance, their HEV-associated 
genes, and their cell surface markers (Lacorre et al.  2004 ). Mebius et al. demon-
strated the importance of lymph-borne factors since mechanical ligation of afferent 
lymphatics, caused HEVs to lose their morphology in vivo (Mebius et al.  1991 ). 
Interestingly, reestablishment of lymphatic fl ow restored the HEV phenotype, 
demonstrating the phenotypic reversibility of these cells. More recently, it was 
determined that DCs, which enter the LNs in part through the afferent lymph, play 
an essential role in the maintenance of HEVs (Moussion and Girard  2011 ). If 
CD11c +  DCs were depleted in vivo, lymphocyte homing to LNs and overall lymph 
node cellularity were reduced. This can be attributed to the downregulation of 
HEV-specifi c markers such as MECA-79 +  L-selectin ligands and posttranslational 
enzymes which resulted in the inability of lymphocytes to adhere effi ciently on 
HEVs and enter LNs (Moussion and Girard  2011 ). Interestingly, in DC-depleted 
mice, MAdCAM-1 was upregulated in peripheral LNs HEVs, suggesting a rever-
sion back to an immature neonatal HEV phenotype. It was also shown that when 
HEVs were placed ex vivo, they were able to keep their HEV phenotype when DCs 
were present but not if signaling through the lymphotoxin-beta receptor (LTβR) 
was inhibited. Blocking LTβR signaling on high endothelial cells in vivo caused a 
similar phenotype as depleting DCs: reduced cellularity, downregulation of HEV-
associated genes, and impaired lymphocyte homing to LNs (Browning et al.  2005 ; 
Onder et al.  2013 ). Lymphotoxin (LT) α1β2 is expressed by T and B lymphocytes 
as well as DCs; however, HEVs form normally in T and B lymphocyte-defi cient 
mice, suggesting that it is only LTα1β2 expressed on DCs that is required for HEV 
development and maintenance (Moussion and Girard  2011 ). LTβR signaling trig-
gers the alternative NFκB signaling pathway via IKKα to induce the expression of 
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GlyCAM-1, GlcNAc6ST2, CCL21, CCL19, and CXCL13 (Drayton et al.  2004 ). 
Vascular endothelial growth factor (VEGF), an endothelial cell growth factor, is 
produced by DCs and has been suggested to play a role in HEV formation and 
homeostasis; however, studies were done under infl ammatory conditions (Webster 
et al.  2006 ; Wendland et al.  2011 ). 

 One of the unique characteristics of HEVs is their ability to maintain blood ves-
sel integrity and selectivity despite the large quantity of lymphocytes that pass 
between the cells to the parenchyma underneath. HEV endothelial cells are held 
together by junctional proteins, in particular vascular endothelial (VE)-cadherin. 
A recent study has shown that podoplanin on FRCs is an activating ligand for C-type 
lectin-like receptor 2 (CLEC-2) on platelets and together they promote VE-cadherin 
expression on HEVs (Herzog et al.  2013 ). If either molecule is not present, it will 
lead to leaky HEV junctions but only if there is a high rate of lymphocyte extravasa-
tion through HEVs, for example, in mesenteric LNs or during immune challenge. 
CLEC-2 activation by podoplanin on FRCs led to sphingosine-1-phosphate (S1P) 
release from platelets which in turn caused an upregulation of VE-cadherin on 
HEVs. Blocking the activity of the S1P receptor S1PR1 on HEV endothelial cells 
reduced VE-cadherin expression, demonstrating the importance of S1P binding. 
However, it should be noted that S1P is primarily produced by erythrocytes in the 
blood and has been shown to regulate vascular integrity after infl ammatory 
 challenges (Camerer et al.  2009 ). In this HEV study, S1P present in blood was not 
suffi cient to rescue the leaky HEV phenotype seen in podoplanin-defi cient or 
CLEC-2-defi cient mice. It was specifi cally CLEC-2 signaling on platelets and S1P 
release from platelets that increased VE-cadherin expression and overall HEV 
integrity (Herzog et al.  2013 ).  

16.1.5     Remodeling of Lymph Node HEVs in Cancer 

 The immune response against tumor cells is similar to the one against foreign patho-
gens. However, targeting tumor cells is diffi cult because they originate from host 
cells and the immune system has been conditioned to ignore them. Tumors evolved 
several mechanisms to escape immune control including “hiding” from immune 
cells, immune cell elimination, and disabling immune cells. One of the strategies 
used by tumor cells to evade the immune system is to alter LN HEV function. Using 
a melanoma mouse model, Carriere et al. showed that naïve lymphocyte recruitment 
to the proximal LN was impaired after tumor development even in the absence of 
LN metastasis (Carriere et al.  2005 ). The lymphocyte homing defect was not due to 
a change in HEV number or HEV morphology but rather to a progressive decrease 
in the expression of CCL21 within LNs resulting in a diminished capacity of lym-
phocytes to fi rmly adhere to HEVs that express low level of CCL21. 

 Metastasis to the sentinel LN (the fi rst draining LN) is the fi rst step of cancer 
spreading in many malignancies. Using an animal model of nasopharyngeal carci-
noma, Qian et al. showed that prior to the establishment of metastasis in the sentinel 

K.M. Veerman et al.



345

LN, the blood vasculature and lymphatic channels were reorganized (Qian et al.  2006 ). 
Sentinel LN HEVs were highly dilated and branched out into thin walls. 
This remodeling of HEV blood vessels favored cancer cell arrival and was associ-
ated with poor prognosis. Similar changes in HEVs were observed in axillary LNs 
of human breast cancer patients and in LNs in the neck region of patients with 
squamous cell carcinoma of the tongue (Lee et al.  2012 ; Qian et al.  2006 ). HEV 
remodeling preceding metastasis was associated with a poor clinical outcome and it 
was therefore proposed as an early prognosis marker of sentinel LN metastasis.   

16.2     Tumor HEVs and Lymphocyte Traffi cking in Cancer 

 It has recently been discovered that blood vessels with HEV characteristics are fre-
quently found in the stroma of many human solid tumors (Martinet et al.  2011 , 
 2012 ). Interestingly, a high density of tumor HEVs signifi cantly correlated with 
longer survival of breast cancer patients (Martinet et al.  2011 ). Blood vessels and 
tumor angiogenesis are generally associated with poor prognosis, and this is the fi rst 
time that a specifi c type of blood vessel is associated with good prognosis. Therefore, 
although blood vessels are generally believed to promote tumor growth, the pheno-
type of blood vessels is important, and some types of blood vessels present in the 
tumor microenvironment (i.e., tumor HEVs) may contribute to tumor suppression 
rather than tumor growth. Tumor HEVs were generally associated with high levels 
of lymphocyte infi ltration into the tumor microenvironment (Martinet et al.  2011 , 
 2012 ), supporting the possibility that these vessels may limit cancer development 
by functioning as major gateways for tumor-infi ltrating lymphocytes (TILs). 

16.2.1     Phenotype of Tumor HEVs 

 The frequent presence of MECA-79 +  blood vessels within human solid tumors, 
including melanomas and breast, colon, lung, and ovarian carcinomas, was revealed 
for the fi rst time by immunohistochemistry on primary tumor sections (Martinet 
et al.  2011 ). The MECA-79 +  endothelial cells present within human melanomas and 
breast tumors (Fig.  16.2 ) were further characterized and shown to express a panel of 
LN HEV markers: pan-vascular endothelial cell markers CD31 and von Willebrand 
factor (vWB), postcapillary venule marker Duffy antigen receptor for chemokines 
(DARC), and HEV-specifi c markers HECA-452, G72, and G152 (these three HEV- 
specifi c monoclonal antibodies recognize the 6-sulfo sialyl Lewis x  ligands for lym-
phocyte L-selectin) (Martinet et al.  2011 ,  2012 ). In addition, MECA-79 +  endothelial 
cells present within tumors harbored a plump morphology, similarly to endothelial 
cells of LN HEVs. Given their phenotypic and morphological similarities to LN 
HEVs, MECA-79 +  blood vessels present within human solid tumors were named 
tumor HEVs (Martinet et al.  2011 ).
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   Human solid tumors contained a highly heterogeneous number of tumor HEVs 
that varied among tumor types, tumor anatomic locations, and patients (Martinet 
et al.  2011 ,  2012 ). The mean HEV density (HEV absolute number/mm 2 ) measured 
on tumor sections was 10-fold higher in melanomas than in breast cancer (Martinet 
et al.  2012 ). Furthermore, melanomas located in the trunk of the body contained 
more HEVs than melanomas of the limbs. Absolute number and density of tumor 
HEVs were also highly variable among patients without any correlation with 
patient’s age or sex. Tumor HEVs were observed in ~70 % of all primary solid 
tumors analyzed; 11 of 18 melanomas, 94 of 127 breast cancers, 4 of 5 colon and 
lung carcinomas, and 11 of 18 ovarian carcinomas exhibited tumor HEVs (Martinet 
et al.  2011 ). Several studies conducted using independent cohorts of patients have 
also confi rmed the presence of tumor HEVs in ~70 % of human solid tumors (Avram 
et al.  2013 ; Martinet et al.  2012 ). Interestingly, the high variability in the density of 
tumor HEVs was not related to differences in tumor angiogenesis as revealed by the 
absence of a signifi cant correlation between density of tumor HEVs and density of 
CD34 +  microvessels (Martinet et al.  2011 ). This strongly suggests that the factors 
and mechanisms involved in the induction of tumor HEVs are independent of tumor 
angiogenesis. 

MECA-79 (HEVs) CD3 (T lymphocytes)

MECA-79 (HEVs) CD8 (cytotoxic T lymphocytes)

  Fig. 16.2    Tumor HEVs: major gateways for lymphocyte migration into solid tumors. Tumor 
HEVs were associated with high rates of CD3 +  T cell and CD8 +  cytotoxic T-cell infi ltration in 
human breast carcinomas. Serial tissue sections were stained with antibodies against HEV- specifi c 
marker MECA-79 and antibodies against CD3 ( upper panel ) or CD8 ( lower panel )       
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 In addition to primary tumors, tumor HEVs were also observed in human 
 melanoma metastases (Avram et al.  2013 ; Cipponi et al.  2012 ). In contrast to pri-
mary melanoma, HEVs of metastatic lesions were associated with ectopic lymphoid 
structures also called tertiary lymphoid organs (TLOs), which are highly organized 
lymphoid tissues. Similar to secondary lymphoid organs, TLOs contained T-cell 
compartments and organized B-cell follicles surrounded by follicular dendritic 
cells. Some follicles exhibited proliferating germinal centers. Recently, Avram et al. 
showed that the number of tumor HEVs in melanoma metastases was low compared 
to primary melanomas (Avram et al.  2013 ). Furthermore, HEVs associated with 
TLOs were observed in less than 25 % of the metastatic lesions analyzed (Cipponi 
et al.  2012 ). The presence of TLOs containing HEVs has also been reported in non- 
small cell lung cancer (de Chaisemartin et al.  2011 ). In this study, HEVs were never 
observed independently of TLOs.  

16.2.2     Major Gateways for Tumor-Infi ltrating Lymphocytes 

 The density of tumor HEVs within the tumor stroma was a strong predictor of T and 
B lymphocyte infi ltration in both breast cancer and melanomas (Martinet et al. 
 2011 ,  2012 ). Interestingly, similar to HEV density, the mean density of T lympho-
cytes was 10-fold higher in melanomas than in breast cancer. As revealed by immu-
nostaining, tumor HEVs were specifi cally located within lymphocyte-rich tumor 
areas, containing mainly T lymphocytes and, to a lesser extent, B lymphocytes. A 
large proportion of T lymphocytes were cytotoxic CD8 +  T lymphocytes (Fig.  16.2 ). 
In addition, TILs were frequently observed extravasated or attached to the luminal 
surface of tumor HEVs (Martinet et al.  2011 ,  2012 ). This strongly suggested that 
tumor HEVs are actively involved in the recruitment of TILs into human primary 
tumors. Further analysis of TIL populations associated with tumor HEVs using 
large-scale fl ow cytometry revealed that the numbers of naïve (CD45RA + , CD62L + ), 
central memory T cells (CD45RA - , CD62L + ) and effector memory T cells 
(CD45RA - , CD62L + ) positively correlated to the density of tumor HEVs. In addi-
tion, chemokines regulating lymphocyte homing to LNs (e.g., CCL19, CCL21, 
CXCL13) and to peripheral tissues (e.g., CCL5, CXCL9, CXCL10, CXCL11) were 
overexpressed in tumors containing high densities of tumor HEVs (Martinet et al. 
 2011 ,  2012 ).  

16.2.3     Tumor HEVs and Clinical Outcome 

 The presence of a high proportion of TILs within the tumor microenvironment has 
been associated with a favorable clinical outcome in several human solid tumors 
(Galon et al.  2006 ; Pages et al.  2005 ; Zhang et al.  2003 ). The strong correlation 
between the density of tumor HEVs and the density of TILs suggests that tumor 
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HEVs are key players in the recruitment of lymphocytes into tumors and conse-
quently in antitumor immunity and clinical outcome (Fig.  16.3 ). The highest den-
sity of tumor HEVs was observed in melanomas and breast cancers showing signs 
of tumor regression (Martinet et al.  2011 ,  2012 ) supporting tumor HEV density as a 
prognosis marker in solid tumors. One of the most powerful prognostic markers for 
primary melanoma staging is the Breslow tumor thickness. It has been shown that 
the thickness of the tumor lesions was inversely correlated with the density of tumor 
HEVs (Martinet et al.  2012 ). Moreover, in a retrospective cohort of 146 primary 
invasive breast tumors, it was shown that high densities of tumor HEVs were associ-
ated with a lower risk of relapse and signifi cantly correlated with longer metastasis- 
free, disease-free, and overall survival rates (Martinet et al.  2011 ). Remarkably, in 
breast carcinoma sections containing both in situ and invasive carcinoma compo-
nents, the highest density of tumor HEVs was observed within the in situ carcinoma 
component (Martinet et al.  2013 ). This suggests that loss of tumor HEVs may rep-
resent a critical step during breast cancer progression.

16.2.4        Mechanisms Regulating Tumor HEVs 

 Given the association of tumor HEVs with good prognosis, it is important to 
understand the cellular and molecular mechanisms which govern the formation of 

Poor prognosis

Limited
lymphocyte infiltration

Tumor cells Endothelial cells HEVs Dendritic cells T lymphocytes B lymphocytes

High
lymphocyte infiltration

Tregs

Favorable prognosis

HEVs

  Fig. 16.3    Tumor HEVs, lymphocyte infi ltration, and clinical outcome of cancer patients. Unlike 
classical tumor blood vessels, which are generally associated with tumor growth and poor clinical 
outcome, tumor HEVs have been shown to be associated with tumor regression and favorable 
clinical outcome. They may contribute to the eradication of cancer cells by allowing the entry of 
various T and B lymphocyte populations into tumors, including “killer” T lymphocytes       
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tumor HEVs. As described above, CD11c +  DCs are required for the maintenance 
of HEVs in LNs, in an LTα1β2-dependent manner (Moussion and Girard  2011 ). 
Consistent with a potential role of DCs in the maintenance/induction of tumor 
HEVs, mature DCs (DC-LAMP + ) were frequently observed around human mela-
noma HEVs and breast cancer HEVs (Martinet et al.  2012 ,  2013 ). A positive cor-
relation between density of mature DCs and density of tumor HEVs was found in 
both types of solid tumors (Martinet et al.  2012 ,  2013 ). In addition, a decreased 
proportion of DCs was observed in invasive breast carcinomas in comparison to 
in situ carcinomas, similarly to tumor HEVs. Finally, high expression levels of 
LTβ were associated with high densities of tumor HEVs, and DCs were shown to 
be the major producers of LTα1β2 within breast tumor microenvironment 
(Martinet et al.  2013 ). 

 In contrast to DCs, Tregs appear to be potential negative players in tumor HEV 
development. In a methylcholanthrene-induced fi brosarcoma mouse model, the 
presence of tumor HEVs was only observed in the absence of Foxp3 +  Tregs (Hindley 
et al.  2012 ). In human breast tumors, whereas a higher density of Tregs was observed 
in tumors containing high densities of tumor HEVs, the ratio of Tregs to CD3 +  cells 
was diminished (Martinet et al.  2013 ). This suggests that Tregs may not completely 
prevent HEV development but may limit it, possibly by controlling DC production 
of LTα1β2.   

16.3     The Future: Tumor HEVs and Cancer Therapy 

 As discussed in this chapter, blood vessels in human tumors are not all the same, and 
some types of blood vessels found in the tumor microenvironment (i.e., high endo-
thelial venules, HEVs) can contribute to the fi ght against cancer by mediating tumor 
suppression rather than tumor growth. Increasing the density of the “good” HEV 
blood vessels within solid tumors thus represents a promising new strategy for can-
cer therapy. This concept is very novel because the current dogma in the fi eld is that 
blood vessels and tumor angiogenesis contribute to tumor growth and are generally 
associated with poor prognosis. 

 Tumor HEVs were observed in many different types of human solid tumors 
including melanomas and breast, ovarian, lung, and colon carcinomas. The concept 
of “tumor HEVs as the good blood vessels against cancer” is thus not limited to a 
specifi c type of tumor, and it could have broad applications for diagnosis and ther-
apy of many types of human solid tumors. 

 The frequent presence of tumor HEVs in human solid tumors was discovered 
only recently (Martinet et al.  2011 ), and very little is known yet about the character-
istics of tumor HEVs and the cellular and molecular mechanisms governing their 
development. Therefore, a better understanding of the phenotype and regulation of 
tumor HEVs is urgently needed. Similarly, the potential infl uence of tumor HEVs 
on the response to cancer therapeutics currently used to treat patients (chemother-
apy, radiotherapy, and anti-angiogenic therapy) remains to be determined. 
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 In the future, it may be possible to induce the HEV endothelial cell differentia-
tion program in tumor blood vessels in order to transform regular tumor blood ves-
sels into tumor HEVs. This would increase the density of tumor HEVs without 
increasing tumor angiogenesis and would suppress tumor growth through enhanced 
recruitment of cytotoxic T lymphocytes. Concerns have been raised about the idea 
of “opening up a gateway” between the tumor site and the blood circulation and the 
possibility that tumor HEVs may provide a potential route for cancer cell metasta-
sis. However, to our knowledge, cellular migration through HEVs is unidirectional 
and no evidence has yet been provided for the exit of cells from tissues through 
HEVs. Tumor HEVs may rather limit metastasis of tumor cells to distant sites, since 
a high density of tumor HEVs was associated with longer metastasis-free survival 
of breast cancer patients. Novel therapeutic strategies based on the modulation of 
tumor HEVs could thus have a major impact on tumor growth, tumor cell metasta-
sis, and clinical outcome of cancer patients. 

 In conclusion, tumor HEVs constitute a new and potentially invaluable discovery 
in the fi ght against cancer. However, much work remains to be done before develop-
ment of novel therapies for cancer patients.     
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