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Abstract There is ample evidence that the presence of
tumor-inWltrating T lymphocytes is associated with a favor-
able prognostic in patients. These observations suggest that a
limiting step to immune resistance and immunotherapy could
be the capacity of tumor-speciWc T cells to reach tumor bed.
In this article, we review some factors that may inXuence this
inWltration, and in particular the nature of the vasculature, the
expression of chemokines or tumor antigens and the presence
of dendritic cells and CD4+ T lymphocytes.
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There is an increasing evidence that tumor inWltration by T
lymphocytes is associated with a good prognosis, although
the clinical outcome may depend on the composition and
architecture of the immune inWltrate.

Large clinical studies have underscored the prognostic
and predictive impact of the immune inWltrates for colorec-
tal, ovarian, breast cancers, and melanomas. In human colo-
rectal cancer, the presence of CD8+ T cells, expressing
granzyme+ cytoplasmic granules and highly proliferating,
within cancer cell nests was associated with a better survival
of patients [1]. Galon et al. reported that human colorectal
cancers with a high density of memory T cells were associ-
ated with the absence of pathological evidence of early
metastatic invasion and with increased survival [2]. In a

subsequent study, the authors measured the levels of mRNA
for inXammatory and immunosuppressive molecules in
colorectal tumors and found increased levels of CD8�, gran-
zyme, granulysin, T-bet, IFN-�, and IRF-1 in tumors from
patients who had not relapsed [3]. Of note, tumors from
patients without recurrence had higher immune cell densities
in the center and the invasive margin at stages II and III,
suggesting a beneWcial eVect throughout tumor progression.
A recent study conWrmed the role of tumor-inWltrating
CD45RO+ whose density was associated with longer sur-
vival in patients with colorectal cancer [4]. Similarly, the
presence of intratumoral T cells was shown to correlate with
favorable clinical outcome in advanced ovarian carcinoma:
The 5-year overall survival was 38 % among patients whose
ovarian tumors contained T cells and 4.5 % among patients
whose tumors contained no T cells [5]. Sato et al. [6] further
reported that the presence of intraepithelial CD8+ TIL and
high CD8+/CD4+, CD8+/regulatory T cell ratios were associ-
ated with improved survival in ovarian cancer. The biologi-
cal signiWcance of lymphocytic inWltration in malignant
melanomas is still unclear, but several observations suggest
a correlation between regression and ampliWcation of T cells
in situ [7, 8]. Ferradini et al. [9] have characterized the
molecular structure of the T cell receptor � chain of TILs in
a case of regressive melanoma and reported that 84 % of the
V�16 transcripts analyzed in the tumor corresponded to the
same cDNA clone, but were diVerent in PBL from the same
patient. Concerning the V�4 transcripts, one cDNA clone
represented about 45 % of the transcripts in the tumor, while
all transcripts in PBL were diVerent. In resected advanced-
stage melanoma patients, treated by autologous tumor cell
vaccinations, TAA-speciWc TIL could be detected in 75 %
of tumor samples. Of note, the median survival was 22.5 and
4.5 months in case of the presence or absence of detectable
TAA-speciWc TIL, respectively.
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Interestingly, there is evidence that the inWltration of
immune cells is not only a good prognostic factor (as being
involved in immunosurveillance) but also could be predic-
tive of the eYcacy of conventional chemotherapies in
patients. Denkert et al. [10] identiWed a subgroup of breast
carcinomas characterized by tumor-associated lymphocytes
and a particularly strong response to chemotherapy. Other
studies have linked immune-related genes to response to
chemotherapy [11, 12]. Several mechanisms may be
involved in the eVect of conventional chemotherapy on
immune resistance and include reduction of the tumor mass,
lymphopenia-driven homeostatic activation, enhanced anti-
gen presentation, reversal of tumor-induced immune toler-
ance, etc.  [13]. Interestingly, Zitvogel et al. have shown that
chemotherapy can cause immunogenic cancer cell stress or
death, thereby creating a cancer vaccination eVect. In partic-
ular, depending on the cell death inducer, tumor cells can
express factors that favor their uptake by dendritic cells (as
the chaperone calreticulin which translocates from the
lumen of the endoplasmic reticulum to the plasma mem-
brane), or antigen presentation by dendritic cells (as the high
mobility group box 1 protein, or HMGB1, a chromatin-
binding protein that is released by dying cells in some
conditions and interacts with TLR4 to favor the traYcking
of antigen to the antigen-presenting compartment) [13, 14].
It should be noted that the contribution of immunity to
chemotherapy may be one mechanism among others and
requires speciWc factors: deWned cytotoxic agents, tumor
properties, and host immune characteristics.

A recent report raises some doubt on the hypothesis that
the adaptive immune response dictates the eYcacy of che-
motherapy [15]. Indeed, the authors found that the adaptive
immune system was dispensable for the therapeutic eYcacy
of three chemotherapeutics in two spontaneous mammary
mouse tumors. They conclude that the immune system may
contribute to chemotherapy response only in transplanted
tumors which are more immunogenic. Nevertheless, the
observations in patients with cancer suggest that chemo-
therapy may, in some conditions, reactivate pre-therapeutic
immunosurveillance mechanism.

Numerous studies in the mouse have indeed illustrated
the capacity of the immune system to maintain cancer cells
in equilibrium for extended period of time and have high-
lighted the critical function of IFN-� and cytotoxic
responses to control tumor growth [16]. Accordingly, in
patients with colorectal cancer, unsupervised hierarchical
clustering revealed functional clusters of genes associated
with T helper subsets. Patients with elevated expression of
the Th17 cluster had a poor prognosis, whereas high Th1
and cytotoxic gene levels were associated with a good out-
come [17].

Collectively, these observations strongly suggest that
immunosurveillance in patients correlates with tumor

inWltration and in particular with the traYcking of CD8+ T
lymphocytes to the tumor bed. The factors that inXuence
the movement of immune eVector cells inside the tumor are
still poorly deWned. In this article, we will review some
mechanisms governing this migration that have been
explored mainly in murine tumor models.

Tumor vasculature

A critical step in the movement of lymphocytes from lym-
phoid organs into peripheral tissues, including tumors, is
the adhesion of lymphocyte to vascular endothelium. A
recent report examined the presence of high endothelial
venules (HEV, specialized post-capillary venules found in
lymphoid organs that allow high levels of lymphocyte
extravasation from the blood) in various human solid
tumors [18]. The authors show that human tumors (melano-
mas, breast, ovarian, colon, and lung carcinomas) contained
blood vessels resembling HEV, which appear speciWcally
located into lymphocyte-rich tumor areas. A high density of
HEVs was associated with tumor-inWltrating T and B cells
in breast tumors and correlated with higher expression of
genes involved in lymphocyte migration, Th1 adaptive
immune response and cytotoxic function. These features
were associated with a favorable clinical outcome. Another
report demonstrated the presence of tertiary lymphoid
structures in the tumor stroma in human lung cancers,
which correlated with long-term survival in patients [19].
Of note, PNAd+ HEV were detected in these tumors, exclu-
sively associated with the tertiary structures [20]. These
HEV were shown to express adhesion molecules known to
interact with the integrins alpha chains related to T cell
inWltration (see later discussion in “Adhesion molecules
and chemoattractants” section).

However, there is clear evidence that tumor vessels can
become abnormal in their structure and function [21]
(Fig. 1). A role for VEGF as a negative regulator of vessel
maturation has been reported: VEGF appears to play
opposing roles in angiogenesis, stimulating directly endo-
thelial cell proliferation and migration, and inhibiting peri-
cyte coverage of nascent vascular sprouts, leading to vessel
destabilization [22]. The authors examined the vasculature
of murine Wbrosarcomas expressing or not VEGF and
noticed that VEGF¡/¡ tumors produced mature vessels with
pericyte coverage, whereas WT tumors developed an
immature vasculature. To test the role of myeloid-cell-
derived VEGF in tumor progression in mice (tumors
express VEGF-A released by both malignant and stromal
cells), Stockmann et al. [23] created an in vivo, cell-line-
age-speciWc, targeted deletion of Vegfa and reported that
the vasculature in solid tumors lacking myeloid-derived
VEGF-A was normal and resulted in accelerated tumor
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progression. Thus, myeloid-derived VEGF-A causes
tumorigenic alteration of vasculature. However, the clinical
eVect of antiangiogenic therapy is more challenging than
anticipated. Indeed, vessel normalization may increase
tumor responses to conventional therapies and to immuno-
therapy, but antiangiogenic therapy may also increase
hypoxia and create a pro-tumorigenic inXammatory state,
thereby aggravating tumor metastasis. Of note, Shrimali
et al. [24] demonstrated that disrupting VEGF/VEGFR-2
signaling could increase extravasation of adoptively trans-
ferred T cells into established B16 melanoma and enhance
their antitumor eYcacy.

An elegant study by Buckanovich et al. [25] identiWed
the endothelin B receptor as responsible for the endothelial
barrier to T cell homing to tumors. Using transcriptional
proWling of microdissected tumor endothelial cells from
human ovarian cancers, they showed that speciWc endothe-
lial molecules were associated with the presence or absence
of lymphocyte inWltration. In particular, the endothelin B
receptor was highly expressed in 80 % of tumors lacking
intraepithelial TILs. The 5-year survival rate was 6.6 % for
patients bearing tumors expressing high endothelin B

receptor mRNA levels and 52.2 % for individuals express-
ing lower levels. The authors further show that endothelin
B receptor blockade increased T cell adhesion to human
endothelium in vitro through upregulation and relocaliza-
tion of ICAM-1. Finally, they showed that receptor block-
ade in mice in vivo led to an increased inXux of TILs and a
higher expansion of tumor-speciWc T cells in ID8 ovarian
tumors. Accordingly, other reports have demonstrated that
isolated tumor endothelial cells had suppressed levels of
ICAM-1 as compared from normal mouse tissues [26, 27].

In the mouse, two additional genes have been shown to
aVect vascular architecture. Using a mouse model of pan-
creatic islet carcinogenesis, Hamzah et al. [28] highlighted
the role of the regulator of G-protein signaling 5 (Rgs5), a
gene expressed by pericytes in numerous tumors, as a mas-
ter gene responsible for the abnormal tumor vasculature.
Rgs5-deWcient mice displayed normalized vasculature and
were highly responsive to therapeutic vaccination by T
cells. Finally, the thrombospondin-1 (TSP-1) has been
shown to inhibit angiogenesis through induction of endo-
thelial apoptosis in vitro and in vivo in lung metastases of
murine melanoma [29]. TSP-1 is upregulated in the platelets

Fig. 1 Schematic representation of tumor inWltration. Tumor clinical
outcome is often associated with the presence of tumor-inWltrating
lymphocytes (TILs), tertiary lymphoid structures and/or high endothe-
lial venules (HEVs). However, during tumor progression, tumor ves-
sels may become heterogenous and tortuous, which could result from
(1) production by tumor and/or myeloid cells (MC) of VEGF which
induces abnormal diVerentiation and proliferation of endothelial cells

and is a negative regulator of pericyte function [21, 22]; (2) secretion
of endothelin-1 (ET-1) by tumor cells, which upon interaction with its
ligand (ETBR) expressed by tumor abnormal vessels, inhibits T cell
adhesion to endothelium by NO production and downregulation of
ICAM-1 molecules [24]. EC endothelial cells, VEGF vascular endo-
thelial growth factor, VEGFR-P VEGF receptor phosphorylated
123



754 Cancer Immunol Immunother (2012) 61:751–759
of tumor-bearing mice, which may constitute an early critical
host response to suppress tumor growth. TSP-1, produced
by CD4+ T cells, has been shown to favor the shutdown of
angiogenesis and cellular senescence upon inactivation of
MYC oncogene in a mouse model of T cell lymphoma [30].

Adhesion molecules and chemoattractants

Recruitment of blood cells to lymph nodes requires a spe-
ciWc set of adhesion molecules and chemoattractants.
Among others, the L-selectin/CD62L mediates rolling on
HEV, the integrins �4�7 and LFA-1 mediate a Wrm adhesion
and junctional adhesion molecules, such as CD31
(PECAM), CD99, and JAM1, favor their extravasation.
The chemokines CCL19, CCL21 direct the movement of
lymphocytes expressing CCR7. These molecules guide
naive and central memory lymphocytes that constantly cir-
culate between blood and peripheral lymphoid organs [31].
The role of adhesion molecules has been addressed in trans-
genic mice expressing an oncoprotein in islet � cells, lead-
ing to � cell hyperplasia with subsequent progression to
tumors and lymphocytic inWltration [32]. Endothelial
ligands for L-selectin and �4�7 were upregulated only in
inWltrated islets and correlated with tumor immunity. In
inXammatory conditions, lymphocytes activated in the lym-
phoid organs migrate to the pathological sites (inXamma-
tory foci, infected tissues, and tumor, …) using diVerent
receptor/ligands pairs: eVector lymphocytes express P-
selectin glycoprotein ligand 1 (PSGL-1) that binds to P-
and E-selectins present on the surface of inXamed endothe-
lium, and chemokine receptors CXCR3 and/or CCR5
which bind to chemokines CXCL9/10/11 or RANTES (also
named CCL5), respectively.

It is generally believed that tumor-speciWc T lympho-
cytes activated in the lymph nodes reach the tumor through
inXammation-induced ligand/receptor pairs. It is likely that
tumor-speciWc T lymphocytes are activated in the lymph
nodes by CD8�+ dendritic cells specialized in cross-presen-
tation, as elegantly demonstrated in Batf3¡/¡ mice (which
lack the CD8�+ DC subset and are not able to reject immu-
nogenic tumor) [33]. However, naïve T lymphocytes are
able to inWltrate tumors in some conditions and to undergo
activation at the tumor site. Schrama et al. [34] showed that
targeting of lymphotoxin-� to mouse melanoma elicited the
formation of a lymphoid-like tissue comprising high endo-
thelial venules, a potential entry for naïve T cell inWltrates
(one-third of the blood vessels in the tumors had HEV mor-
phology, i.e., endothelial cells of cuboidal shape). Priming
occurred in the tumor, as assessed by the presence of clon-
ally expanded T cells within the tumor, which were not
detected in the lymph nodes. Yu et al. [35] reported that
forced expression of LIGHT in Ag104 murine Wbrosarcoma

induced a massive inWltration of naïve T lymphocytes.
LIGHT is a tumor-necrosis factor superfamily member and
may overcome the tumor barrier by attracting and activat-
ing T lymphocytes into the tumor through LT�R (lympho-
toxin-� receptor) and HVEM (herpes simplex virus
glycoprotein D), respectively, leading to tumor rejection.
Interestingly, recent evidence suggests that naïve T lym-
phocytes can also reach unmanipulated tumors [36]. The
recruitment of naïve T cells occurred in various murine
tumor types and for T cell with diVerent avidities in the
absence of any intentional inXammation and resulted in
their proliferation and diVerentiation into cytotoxic eVec-
tors. An interesting question is whether the movement of
naïve T cells was stochastic, or directed toward tertiary
lymphoid structures present in the tumor mass.

Therefore, the same sets of molecules described previ-
ously (see Table 1) may direct the migration of naïve and
eVector T cells to lymphoid structures and inXammatory
sites in the tumor, respectively. Of note, several reports
support a critical role for CXCR3, a receptor for CXCL9/
10/11 chemokines expressed by still undeWned cells within
tumors. However, speciWc features have been described,
which may impede eVector lymphocyte inWltration in
tumors: (1) the downregulation of ICAM-1 on tumor ves-
sels (see previous discussion in “Tumor vasculature” sec-
tion), (2) the recruitment of regulatory T cells through
CCL22 production by tumor cells (human breast carci-
noma) in the presence of innate eVector cells [37], (3) the
nitrosylation of the chemokine receptor CCL2 in human
and mouse tumors which can prevent T lymphocyte, but
not MDSC, migration thereby enhancing the production of
the radical NO2 inside the tumor [38]. Nitrosylated CCL2
was found in human prostate and colon carcinomas as well
as in several murine tumors and blocking the production of
peroxynitrite reversed the block in T cell traYcking, lead-
ing to enhanced tumor rejection in three mouse models
(colon carcinoma C26GM, EG7-OVA, a spontaneous pros-
tate cancer).

A recent report demonstrates that chemotherapy may
induce intratumoral expression of T cell-attracting che-
mokines in cancer cells [39]. The authors used the
RETAAD mice which develop spontaneous uveal mela-
nomas that metastasize to the skin and visceral organs. A
strong antitumor response is developed which controlled
visceral metastases but had no eVect on cutaneous tumors.
The authors showed that the median percentage of CD3+

T cells was 2.7 times higher in visceral metastases than in
spontaneous cutaneous tumors, but that T cells highly
inWltrated transplanted cutaneous tumors. The comparison
of the repertoire of chemokines expressed in RETAAD
versus transplanted B16 tumors revealed a diVerential
expression of chemokines, with a 105- and 42-fold greater
expression of Cxcl9 and Cxcl10 in B16 tumors, respectively.
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Of note, three chemotherapeutic drugs induced chemo-
kine (CXCR3 ligands and ccl5) expression and T cell
inWltration in Rag¡/¡ mice bearing subcutaneous Melan-
ret tumors as well as in patients with melanoma. This
enhanced expression translates into improved tumor con-
trol and prolonged survival.

Tumor antigens

The dynamics of tumor-inWltrating T lymphocytes with
tumor cells has been analyzed in tumors using two-photon
microscopy. Two reports demonstrate that recognition of
cognate antigen within tumors is critical for optimal T cell
inWltration and target cell interactions. Mrass et al. [40]
reported that TIL migrated randomly both in the EL-4
explants and in tumors in situ but that recognition of cog-
nate antigen was required for the maintenance of a highly
active migratory phenotype. Boissonnas et al. [41] further
showed that CTLs transiently stopped moving only in
OVA-expressing EG7 tumors. Of note, deep tumor inWltra-
tion during rejection required antigen expression, as OT-I
cells inWltrating EL4 tumors (not expressing OVA)
remained in the periphery.

Dendritic cells

An interesting question for cancer immunotherapy is how
the in vivo tissue distribution of antigens recognized by
CD8+ T lymphocytes may regulate the imprinting of their
homing properties. Calzascia et al. [42] monitored the phe-
notypic changes of tumor-speciWc T cells from the priming
phase to the eVector phase in tumors. They implanted the
MC57-GP Wbrosarcoma (expressing the lymphocytic chori-
omeningitis virus glycoprotein) intracerebrally, subcutane-
ously or intraperitoneally and adoptively transferred CFSE-
labeled naïve CD8+ T cells from P14 TCR transgenic mice
recognizing the H-2Db-restricted GP epitope. DiVerent sets
of lymphoid tissues exhibited proliferation of CFSE-
labeled cells and three diVerent adhesion patterns character-
ized GP-speciWc CD8+ T cells, which proliferated in cervi-
cal versus inguinal versus mesenteric LN. The site of tumor
implantation rather than the nature of the LN appeared to
determine the homing phenotype, as subcutaneous implan-
tation of the tumor imprinted a similar phenotype on P14
CD8+ T cells dividing in cervical as that induced in inguinal
LN after subcutaneous implantation in the Xank. The
authors propose a model of phenotypic imprinting that is
dictated not in the LN but rather upstream at the site of anti-
gen capture by cross-presenting APCs. This conclusion is
in agreement with previous reports that underline the role
of dendritic cells in the selective imprinting of tissue-hom-
ing T cells [43–45].

Although their role has not been illustrated in tumor
models, dendritic cells may also regulate vascular growth.
Thus, Webster et al. [46] have reported that immunization
with ovalbumin in CFA induced endothelial cell prolifera-
tion in draining lymph nodes. This early event, which
occurred 24 h after immunization, was strongly diminished
when dendritic cells were depleted by diphtheria toxin
injection (in CD11c-DTR mice). Their observations sug-
gest that DCs which migrate to the lymph nodes after acti-
vation in the periphery, activate endothelial cell
proliferation by inducing the entry through HEVs of circu-
lating cells that directly or indirectly increase LN VEGF
levels.

CD4+ T cells

It has been known for decades that CD4+ T “helper” cells
are critical for the priming of CD8+ T lymphocytes and
their development into eVector and memory cells. Interest-
ingly, CD4+ T cells seem to act also as gate-keepers of CTL
entry into infected tissues. Iwasaki and colleagues reported
that CD4+ T cells controlled the migration of CTL by alter-
ing the microenvironment of the HSV-2 infected tissue in
mice [47]. When inoculated into the vaginal cavity, HSV-2

Table 1 Some receptors and their ligands expressed during lympho-
cyte migration to tumors

Receptor on 
lymphocytes

Ligands References

Chemokines guiding the movement

Naïve TILs CCR7 CCL19 [19]

CCL21

Activated TILs CCR4 CCL22 [19, 34]

CCL17

CXCR3 CXCL9 [36, 48]

CXCL10

CXCL11

CCR5 CCL5/RANTES [36]

CCL3 [48]

CCR2 CCL2 [35]

Rolling

Naïve TILs CD62L/L-selectin PNAd [17, 19]

Activated TILs P- and E-selectin PSGL-1 [53]

Firm adhesion

Naïve TILs �4�7
LFA-1

VCAM, MadCAM
ICAM

[19, 26]
[17, 24],
[25, 26]

Activated TILs

Extravasation

Naïve TILs CD38 CD31 [19, 26]

Activated TILs
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replicates predominantly in the mucosal epithelial cells and
the viral infection remains localized, rendering this infec-
tious model suitable to study lymphocyte inWltration. Both
CD4+ and CD8+ T cells were primed in the draining lymph
nodes and CD8+ T lymphocytes migrated to the infection
site, in the presence but not the absence of CD4+ T cells.
The authors further show that CTL recruitment was depen-
dent on (1) CXCR3 expression by CD8+ T cells and (2)
IFN-� production by CD4+ T cells leading to the production
of CXCL9 and CXCL10 in the infected tissue. Another
report demonstrates that activated CD4+ T cells cause CD8+

T cell accumulation depending on inXammation-induced
CCR5 expression on CD8+ T cells and production of CCL3
and CCL4 by dendritic cells and/or CD4+ T cells [48]. Of
note, this chemokine-guided migration will favor the accu-
mulation of CD8+ T lymphocytes in sites of productive
CD4+ T cell–dendritic cell interaction. In addition, CD4+ T
cells may help primary CD8+ T cell responses by support-
ing expansion of the arteriole feeding the reactive lymph
node, resulting in increased cellular input. Whether the
arteriole remodeling is mediated by DC and/or CD4+ T
cells is unknown at present [49].

A few reports conWrm a role for CD4+ T cells in the
tumor microenvironment (Fig. 2). Wong et al. [50] showed
that the presence of CD4+ T cells facilitated accumulation
of CD8+ T cells, including low-avidity tumor-speciWc cells,
within spontaneous pancreatic tumors in mice. Bos and
Sherman [51] examined the intratumoral accumulation of
tumor-speciWc CD8+ T cells in a mouse model of pancreatic

neuroendocrine tumor. The presence of CD4+ T cells
induced a strong inXammatory environment and correlated
with enhanced inWltration of CD8+ T cells. Several IFN-�-
induced chemokines seemed to be involved: CXCL9, 10,
CCL2, 3 and 5.

There is some evidence that Th17 cells may similarly
promote eVector T cell and NK cell traYcking to the tumor
microenvironment [52], an observation consistent with the
role described for IL-17 in mice vaccinated to M. tubercu-
losis [53]. Indeed, in wild-type but not IL-12p19-deWcient
mice, vaccination induced expression of the genes coding
for CXCL9, 10, 11 (CXCR3 ligands). Treatment with anti-
IL-17 neutralizing antibody inhibited the induction of the
genes encoding all three chemokines and reduced the fre-
quency of antigen-speciWc IFN-� producing T cells in the
lungs of vaccinated wild-type mice. In a mouse tumor
model, IL-17A-deWcient mice were shown to be more sus-
ceptible to developing lung melanoma and therapy using
Th17 cells was remarkably eYcient [54]. The authors fur-
ther showed that Th17 cells induced lung cells to produce
CCL2 and CCL20, which favor leukocyte homing to
tumors. Of note, the predominant DCs recruited were
CD8�+ DCs that are indispensable for cross-presentation.
Kryczek et al. [55] studied the immune and clinical
responses in 201 patients with ovarian cancer and showed
that Th17 cells synergized with IFN-� to stimulate CXCL9
and CXCL10 production in the tumor. A signiWcant associ-
ation was found between ascites IL-17 levels and survival.
However, the role of Th17 in tumor resistance remains

Fig. 2 Potential roles of CD4+ T lymphocytes in chemokine produc-
tion involved in the recruitment of tumor-speciWc CD8+ T lympho-
cytes. In several tumors in mice and humans, Th1 cells have been
shown to produce IFN-� which induces the expression of CXCL9 and
CXCL10 in the tumor microenvironment. Similarly, in one pancreatic
tumor model, CCL3 and CCL5 are induced by CD4+ T cells producing

IFN-� [48]. The role of Th17 cells is less clear: they may act as induc-
ers of the expression of CCL2 and CCL20 in the tumor environment to
recruit CD8+ T lymphocytes [51] and/or as activators of Th1 cells to
produce IFN-� and CXCL9/CXCL10 chemokines required for CD8+ T
cell migration [52]
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controversial and deserves further attention (see earlier dis-
cussion).

Conversely, impaired T cell homing and preferential
recruitment of regulatory T cells have been described in
many human cancers, leading to evasion to the immune
response. Blood vessels of invasive squamous cell carci-
nomas of the skin do not express E-selectin and the
tumors contained few CLA+ (ligand for E-selectin) T cells
but a large population of Foxp3+ T cells. Of note, treat-
ment with the TLR7/8 agonist imiquimod induced vascu-
lar E-selectin and inWltration of CLA+ T cells into the
tumor [56]. A recent report suggests that the CD73, a sur-
face ectonucleotidase expressed in many types of murine
and human tumors, may control antitumor T cell homing
to tumors [57]. Loss of CD73 in mice resulted in
increased inWltration of CD8+ T cells and decreased
Foxp3+ T cell inWltrates. Blockade of CD73 in vitro
restored adhesion of T cells and blockade of CD73 (or
inhibition of its enzymatic activity) increased antigen-spe-
ciWc T cell homing in vivo to EG7 and B16-SIY tumors,
suggesting that CD73 may protect tumors from incoming
speciWc eVector cells.

Conclusion

Although cancer antigens have been discovered several
decades ago in human melanomas, immunotherapy is still
at an early stage. Several limiting steps may hamper the
capacity of existing tumor-speciWc T lymphocytes to con-
trol tumor growth [58]. However, the correlation between
tumor lymphocyte inWltration and favorable prognostic
suggests that antigen expression and immunosuppressive
mechanisms may not be the limiting factors. By contrast,
the coordination of the events required to guide eVector
cells to the tumor bed is clearly more complex than
expected and include the control of tumor vasculature, the
expression of correct sets of adhesion molecules and che-
moattractants (and their receptors) and the prevention of
multiple inhibitory mechanisms [59]. An interesting ques-
tion is whether active immunotherapy may boost tumor-
speciWc T lymphocytes by creating a microenvironment
which favors inWltration inside the tumor, as suggested by
the increased proportion of antitumor (distinct from anti-
vaccine) TIL after vaccination in melanoma patients [60].
Similarly, whether T cell inWltration is the cause or conse-
quence of tumor regression cell in spontaneous or chemo-
therapy-induced regression is still a matter of speculation.
Nonimmunological mechanisms may indeed result in
decreased tumor progression and favor T cell migration in
tumor bed. An in depth analysis of tumor biology (in partic-
ular the proliferation index) and the analysis of the T cell
repertoire at diVerent time points in the tumor and the

draining lymph node, and their correlation with T cell inWl-
tration may help clarify this issue.
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