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Environmentalsignals polarizemononuclearphagocyteswhich macrophages (TAM)to acquire a polarized type II phenotype.
can express different functional programmes. Fully polarized Thesefunctionally polarized cells, and similarly oriented or 1m-
type I and type II (or alternatively activated) macrophages are maturedendritic cells present In tumors, playa key role in sub-
the extremes of a continuum of functional states. Tumor-de- version of adaptive immunity and in inflammatory circuits
rived and T cell-derived cytokines stimulate tumor associated which promote tumor growth and progression.
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Cells belonging to the monocyte-macrophage lineage
have long been recognized to be heterogeneous. For in-
stance, macrophages obtained from certain anatomical
sites exhibit peculiar morphology and function as exem-
plified by lung alveolar macrophages. Since lineage-de-
fined subsets have not been identified to-date,
macrophage heterogeneity is likely to reflect the plastic-
ity and versatility of these cells in response to exposure
to microenvironmental signals. Cytokines and microbial
products profoundly affect the function of mononuclear
phagocytes. In particular, cytokines associated with po-
larized type II responses (IL-4, IL-13, IL-lO) induce an
alternative activation program in macrophages. "Alter-
natively activated"I.2,3 or type II macrophages show dis-
tinct functional properties which integrate them in po-
larized type II responses.

Macrophages are a mltior component of the leukocyte
infiltrate of tumors4,5. Tumor-associated macrophages
(TAM) originate from circulating blood monocytes.
Their recruitment and survival in situ is directed by
chemokines4 and by cytokines which interact with tyro-
sine kinase receptors. TAM have complex dual func-
tions in their interaction with neoplastic cells (the
"macrophage balance" hypothesis)4 but strong evidence
suggests that they are part of inflammatory circuits that
promote tumor progression4,5.

Here we will concisely review the properties of po-
larized macrophages and summarize recent information
consistent with the view that TAM are a polarized type
II (or M2 or alternatively activated) macrophage popu-
lation1,2.6. The characteristics of dendritic cells ..(DC)
which are at least in part related to the myelo-monocyt-
ic differentiation pathway, infiltrating neoplastic tissues
will also be considered. The polarized functions of
TAM integrate them in circuits of subversion of antitu-

mor immunity and in inflammatory mechanisms which
promote tumor growth and progression.

1.Dichotomy of macrophage polarization

Macrophage activation in response to microbial
agents and cytokines, interferon-y (IFNy) in particular,
has long been recognized7• More recently, it was real-
ized that antiinflammatory molecules, such as glucocor-
ticoid hormones, IL-4, IL-13 and IL-lO, are more than
simple inhibitors of macrophage activation, in that they
induce a distinct activation program (alternatively acti-
vated macrophages) 1,2,3.In analogy with the ThlfTh2
dichotomy in T cell responses, macrophages exposed to
IFNy and IL-4 have also been referred to as Ml and
M26. Here we will refer to these polarized ends of the
spectrum of macrophage activation as type I and type II
cells, or M 1 and M2.

Polarized macrophages differ in terms of receptor ex-
pression, cytokine a,nd chemokine production, effector
function. Macrophages exposed to the classic activation
signals IFNy and LPS express opsonic receptors (eg,
FcgRIIIICD 16) whereas M2 cells are characterized by
abundant levels of non-opsonic receptors. (eg the man-
nose receptor). Arginine metabolism is characterized by
high levels of inducible NO synthase (iNOS) in type I
macrophages, whereas the arginase pathway predomi-
nates in the type II polarized macrophages with genera-
tion of ornithine and polyamines.

Differential cytokine production is a key feature of
polarized macrophages. The type I phenotype includes
IL-12 and TNF while type II macrophages typically
produce IL-IO and IL-l receptor antagonist (IL-lra).
Components of the IL-l system are differentially regu-
lated in polarized macrophage populations. IL-4, IL-13
and glucocorticoid hormones induce expression of the
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IL-I type II decoy receptor whereas IFNy and LPS in-
hibit it. The latter signals upregulate the signaling type I
receptor, and IL-I R accessory protein (IL-I Racp)8. IL-4
and IL-13 induce IL-Ira production and inhibit IL-19.
Therefore, pro and antiinflammatory components of the
IL-I system are coordinately regulated by signals that
polarize macrophages in a type I or type II direction.

Components of the chemokine network are differential-
ly modulated in polarized macrophages. IL-lO up-regu-
lates the CC chemokine receptors CCRI, CCR2 and
CCR5. In contrast, CXCR2 and CXCR4 are partially
downregulated under the same conditions 10. An increase
of CCR2 expression is also observed in monocytes ex-
posed to dexamethasonell. IL-4 and IL-13 do not modify
the expression of CC chemokine receptors but induce
functional CXCL8 (lL-8) receptors in human
monocytesl2. On the contrary, monocytes exposed to LPS
or IFNy down-regulated CCRI, CCR2 and CCR513·14.
Similarly to what reported for DC15,exposure of mono-
cytes to clas.sicalpro-inflammatory signals induces the ex-
pression of funftional CCR7 and the effect is inhibited by
IL-IO (Sozzaril,- unpublished). Cytokine mediators that
polarize nlilfi' hages in a type II direction inhibit the pro-
duction . .., .~chemokines. Production of IL-8/CCL8,
RAN', MIPs as well as of the IFNy-in-
ducible c nes IP-lO/CXCLlO and MIG/CXCL9 are
inhibited by IL-4 and IL_1016.On the contrary, IL-4 selec-
tively induces eotaxin-2/CCL2417, CCLl8 and
MDC/CCL22 in macrophages and DC and these effects
are inhibited by IFNy18.19.CCLl8 is also up regulated by
IL-lO and antiinflammatory drugs19,20.Therefore, differ-
entialprodt;!~"n of chemokines which attract Thl (CX-
CL9, CXeLlO) 'and Th2 or T regulatory cells (CCL22)
integrates 'tYpe likd type II macrophages in circuits of
amplification and regulation of polarized T cell responses.

Different inducers of type II polarization, elicit dis-
tinct functional phenotypes in macrophages. Given the
fact that inducers like IL-4/IL-13, IL-lO, glucocorticoid
hormones, vitamin D3, use widely different receptors
and signaling pathways, this is hardly surprising. More-
over, mononuclear phagocytes are exposed to a multi-
plicity of signals in vivo with different temporal pat-
terns. Therefore, polarization of macrophage function
should be viewed as an operationally useful, simplified
conceptual framework describing a continuum of di-
verse functional states. With this general caveat, avail-
able information suggests that classically activated type
I macrophages (Ml) are potent effector cells which kill
microorganisms and tumor cells and produce copious
amounts of proinflammatory cytokines. In contrast,
type II macrophages (M2) tune inflammatory resp0!1ses
and adaptive Thl immunity, scavenge debris, promote
angiogenesis, tissue remodelling and repair.

2. Tumor-associated macrophages (TAM)

2.1 Origin
TAM derive from circulating monocytic precursors

and in situ proliferation is generally not an important

mechanism that sustains the mononuclear phagocyte
population, at least in human tumors4. Several lines of
evidence, including correlation between production and
infiltration in murine and human tumors, passive immu-
nization and gene modification, indicate that chemoki-
nes playa pivotal role in the recruitment of monocytes
in neoplastic tissues21. Indeed, tumors have been invalu-
able for the discovery of several members of the
chemokine superfamily. Chemokines are usually classi-
fied according to their constitutive (eg, CXCLl2) or in-
ducible production (eg, CCL2, CXCL8). Tumors are
generally characterized by the constitutive expression
of chemokines belonging to the inducible realm22. The
molecular mechanism accounting for constitutive ex-
pression have been defined only for CXCLI and in-
volved NF-KB activation. Melanoma cells display high
expression of NF-KB-inducing kinase (NIK)23 and this
phenotype is responsible for constitutive activation of
IkB kinase activity and MAPK signaling cascades, as
well as for constitutive activation' of NF-KB24.This may
represent a general mechanism underlying constitutive
expression of inflammatory chemokines in tumors.

CCL2 is probably the most frequently found CC
chemokine in tumors, since its description as a tumor-
derived chemotactic factor25. Human tumors shown to
express CCL2 in vivo include sarcomas, gliomas, lung
tumors, carcinomas of the breast, cervix and ovary,
melanomas. A recent careful analysis of the impact of
CCL2 on tumor growth in a non tumorigenic melanoma
system revealed a biphasic effect26. Low-level CCL2
secretion, with "physiological" accumulation of TAM,
promoted tumor formation, while high CCL2 secretion
resulted in massive macrophage infiltration into the tu-
mor mass and in its destruction26. These results in a
model of melanoma progression are consistent with the
"macrophage balance" hypothesis4 and emphasize the
protumor potential of levels of macrophage infiltration
similar to those observed in human malignant lesions.

CCL5 is produced by breast carcinoma and
melanoma27,28.In breast carcinoma CCL5 expression by
tumor cells correlates with a more advanced stage of
disease, suggesting that CCL5 may be involved in
breast cancer progression28,29. A variety of other
chemokines have been detected in neoplastic tissues as
products of tumor cells or stromal elements. These in-
clude CXCLl2, CXCL8, CXCLI, CXCL13, CCLl7
and CCL22. CXCLl and related molecules (CXCL2,
CXCL3, CXCL8 or IL-8) have been shown to play an
important role in melanoma progression3o. They do so
by direct stimulation of neoplastic growth, promotion of
inflammation and induction of angiogenesis. CXCL8
and relatedchemokines act primarily on neutrophils.
However, IL-4 and IL-13 render monocytes exquisitely
sensitive to CXCL8 and CXCLlI2. Therefore, in the tu-
mor microenvironment where polarized type II T cells
can be present, CXCL8 and related chemokines may
contribute to guide the positioning and to regulate the
function of TAM. Inspite of constitutive production of
CXCL8 and related chemokines by tumor cells, neu-



trophils are not a major and obvious constituent of the
leukocyte infiltrate. However, these cells, though pre-
sent in minute numbers, may playa key role in trigger-
ing and sustaining the inflammatory cascade.

Vascular endothelial growth factor (VEGF) and
macrophage colony stimulating factor (M-CSF) are cy-
tokines commonly produced by tumors, which interact
with tyrosine kinase receptors and elicit monocyte mi-
gration. There is evidence that M-CSF and VEGF can
significantly contribute to macrophage recruitment in
tumors31-33.These molecules also promote ~IJlacrophage
survival and proliferation, the latter generally limited to
murine TAM. Studies in M-CSF-deficient mice (op/op)
have provided strong support to the concept of the pro-
tumor function of the mononuclear phagocyte system. It
was originally reported that M-CSF-deficiency in op/op
mice diminishes macrophage recruitment, stroma for-
mation and tumor growth in the Lewis lung carcinoma
model34. In a mammary carcinoma model, M-CSF- de-
ficiency did not affect early stages of tumor develop-
ment, but reduced progression to invasive carcinoma
and metastasis3l. Genetic restoration of M-CSF produc-
tion in epithelial cells restored macrophage infiltration
as well as malignant behavior.

Chemokines in tumors are more than leukocyte at-
tractants. Transcriptional profiling has shown that CC
chemokines activate a restricted and distinct program in
human monocytes35. The chemokine activated tran-
scriptional profile includes matrix metalloproteases (see
below for discussion) and cytochrome CYPIBI, in-
volved in carcinogenesis. Moreover, CXC chemokines
with an ELR motif stimulate angiogenesis36. Tumor
cells express receptors for chemokines28.37-39and can re-
spond to these mediators with increased proliferation
and survival. Finally, chemokine-driven leukocyte re-
cruitment results in digestion of the extracellular matrix
which paves the way for tumor cell leaving the primary
lesions (counter-current invasion)4o. Chemokine recep-
tors can then guide localization of neoplastic elements
at distant anatomical sites37-39.Interestingly, recent evi-
dences have shown that plasminogen production by sar-
coma cancer cells acts as a negative regulator of TAMs
recruitment1. Therefore, TAM recruitment is likely to
be the net effect of chemotactic and repulsive inhibitory
signals within the neoplastic tissues.

2.2 Survival and differentiation
It is likely that sustaining macrophage survival in tu-

mors contributes to the levels of infiltration. CSFs, and
M-CSF in particular, are likely to promote the
macrophage lifespan as well as, in some murine tumors,
proliferation of TAM4.31-33.Recently, placenta-derived
growth factor (PIGF), a molecule related to VEGF in
terms of structure and receptor usage, has been reported
to promote the survival ofTAM42.

TAM isolated from various murine tumors and from
human ovarian cancer express very low level of inflam-
matory chemokine receptors, CCR2 in particular43. It
has been shown that primary inflammatory signals, in-

cluding TNFa, downregulate CCR2 in monocytes13
(Figure I). Therefore, downregulation of CCR2 may in
part reflect the monocyte-to-macrophage transition and,
in part, TNFa present in the ovarian cancer microenvi-
ronment44. Downregulation of CCR2 may serve as a
mechanism to localize and retain macrophages in tu-
mors.

Cytokines present in the tumor microenvironment
have the potential to promote and orient the differentia-
tion of recruited mononuclear phagocytes. IL-IO as well
as TGFI3 are produced by a variety of tumor cells (in-
cluding ovarian cancer) and by TAM themselves45-49.
IL-IO has been shown to promote the differentiation of
monocytes to mature macrophages and to block their
differentiation to DC5o. The effect of IL-IO on mono-
cyte differentiation may be an important determinant of
the relative proportion of TAM versus tumor-associated
DC (TADC) and of their relative distribution. For in-
stance, in papillary carcinoma of the thyroid, TAM are
evenly distributed throughout the tissue, in contrast to
DC which are present in the periphery5l. A gradient of
tumor-derived IL-IO may account for differentiation
along the DC versus the macrophage pathway in differ-
ent microanatomical localizations in a tumor. To the ex-
tent that they have been investigated, differentiated ma-
ture TAM have phenotype and function similar to type
II macrophages. TAM from poorly immunogenic malig-
nant tumors have little cytotoxicity for tumor cells and
they actually promote tumor cell proliferation in partic-
ular under suboptimal culture conditions4. In apparent
contrast, a recent report has shown that TAM from vari-
ous cancers appear to be activated by cancer cells to
produce the TNF-related apoptosis-inducing ligand
(TRAIL) and to induce the expression of the TRAIL
death receptors DR4 and DR5 on tumor cells52.Howev-
er, in this study, pleural effusion cells were studied
rather then cells from solid neoplasms. Further work is
needed to investigate expression and significance of
TRAIL in TAM.

TAM are poor producers of N053 and, in situ in ovari-
an cancer, only a minority of tumors and, in these, a mi-
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Figure I - A stop signal in the recruitment of TAM. Inflammatory signals
(eg, TNF in ovarian carcinoma) present in the tumor microenvironment
downregulate expression of CCR2 in recruited monocytes. When these
molecules leak into the systemic circulation as in advanced cancer, they
can paradoxycally inhibit inflammation at distant sites.



nority of macrophages localized at the periphery scored
positive for iNOS54. Moreover, in contrast to MI polar-
ized macrophages, TAMs have been shown to be poor
producers of reactive oxygen intermediates (ROIs), com-
pared to normal macrophages, consistent with the hypoth-
esis that these cells represent a skewed M2 population55.

Arginase expression in TAM has not been studied.
However, it has been recently proposed that the carbo-
hydrate-binding protein galectin-l, which is abundantly
expressed by ovarian cancer56 and shows specific anti-
inflammatory effects, promote the classic pathway of L-
arginine resulting in a strong inhibition of the nitric ox-
ide production by lipopolysaccharide-activated
macrophages57

TAM have high mannose receptor (AlIavena P, un-
published) and are poor at presenting antigen4. As dis-
cussed below, they have an IL-lO high IL-12 low cytokine
repertoire.

Uneven vascularization and hypoxia are characteris-
tics of neoplastic tissues which affect macrophage dis-
tribution and function. TAM accumulate preferentially
in the poorly vascularized region of tumors which are
characterized by low oxygen tension. Recent studies
have shown that macrophage migration is suppressed in
hypoxic condition58,59and that TAM are immobilized in
avasculatJO and necrotic hypoxic areas of tumors61. Evi-
dence suggests that in hypoxia TAM are stimulated to
co-operate with tumor cells and promote
angiogenesis62. Thus, hypoxia represents a stress factor
that, along with other microenvironmental parameters,
such as low pH, low glucose levels and high lactate lev-
els, deeply affects the biology of TAM. Expression of
the Hypoxia-inducible factor-2a (HIF-2a) was ob-
served in TAM from breast carcinoma63, and HIP-I is
produced by macrophages in hypoxia in vitro, and in
avascular areas of breast carcinoma64. Under low oxy-
gen conditions, TAM switch their metabolism to anaer-
obic pathways and this adaptation is achieved by the in-
creased expression of hypoxia inducible genes, such as
VEGF, bFGF and CXCL8, whose transcription is con-
trolled by the transcription factor HIF-I and which
stimulate angiogenesis. The relevance that the hypoxia-
dependent pathways play in macrophage functions was
recently demonstrated by Cramer et a1.65 By using con-
ditional knockouts of the hypoxia responsive transcrip-
tion factor HIP-I a, these authors have provided in vivo
demonstrations that in macrophages this factor is essen-
tial to generate ATP in low-oxygen conditions and to
promote functions such as migration and antibacterial
activity. This observation highlights the relevanc~ that
the hypoxia-HIP-Ia pathway may play in the recruit-
ment and activation of TAM into solid tumors.

T cells infiltrating various types of human tumors
have a type II phenotype, with a predominance of
CD8+ (eg, Kaposi's sarcoma) or CD4+ cells (eg, cervi-
cal carcinoma) in different neoplasms5. By producing
IL-4, IL-13 and IL-lO, tumor infiltrating T cells may re-
inforce the skewing of monocyte differentiation in tu-
mors towards a type II phenotype.

2.3. In the light of adaptive immunity: the chemokines
As mentioned above, chemokines are more than

leukocyte attractants. Chemokine are part of amplifica-
tion and regulation systems of polarized T cell responses.
Work in gene-modified mice has shown that CCL2, pro-
duced by a variety of tumors, can orient specific immu-
nity in a Th2 direction, although the exact mechanism
for this action has not been defined66. It may include
stimulation of IL-I 0 production in macrophages. In addi-
tion to being produced by neoplastic cells, CCL2 is also
expressed at high levels in TAM (Sica A, unpublished re-
sults). Antibody blocking experiments have provided di-
rect evidence that CCL2 secretion in a poorly immuno-
genic tumor blocks the generation of tumor-reactive T
cells2. Reed-Sternberg cells in Hodgkin's lymphoma
have been shown to express CCL22 (MDC) and CCLl?
(TARC)67,68.These chemokines recognize CCR4 which
is preferentially expressed on polarized Th2 cells and on
T regulatory cells (Treg) as well as on monocytes22.69.In-
terestingly, in the same tumor, stromal cells produce
CCLlI (eotaxin), which attracts eosinophils and Th2
cells. Therefore, in this human tumor neoplastic elements
and stroma use complementary tools to recruit cells asso-
ciated with polarized type II responses. In the same vein
of driving into tumors polarized Th2 cells, the oncogenic
virus human herpesvirus 8 (HHV8), involved in the
pathogenesis of Kaposi's sarcoma and hematological
malignancies, encodes three CC chemokines (vMIPI, II
and III) which interact as agonists with CCR3, CCR4
and CCR8 and, accordingly, preferentially attract polar-
ized type II T celIs5 and, presumably, Treg cells69.Con-
sistently with these in vitro observations, Kaposi's sarco-
ma is infiltrated by CD8+ and, to a lesser extent, CD4+
cells with a predominant type II phenotype. Therefore
HHV8 virus-encoded chemokines represent a strategy to
subvert effective antiviral/antitumor immunity by
favouring type 2 responses and, possibly, Treg cells.

In addition to being a target for chemokines, TAM
are a source of a selected set of these mediators (CCL2,
CCL22, CCLl8). CCLl8 was recently identified as the
most abundant chemokine in human ovarian ascites flu-
id7o. When the source of CCLl8 was investigated, it
was tracked to TAM, with no production by ovarian
carcinoma cells. CCLl8 is a CC chemokine produced
constitutively by immature DC and inducible in
macrophages by IL-4, IL-13 and IL_102o. Since IL-4
and IL-13 are not expressed in substantial amounts in
ovarian cancer, it is likely that IL-IO, produced by tu-
mor cells and macrophages themselves, accounts for
CCLl8 production by TAM. CCLl8 is an attractant for
naive T cells by interacting with an unidentified recep-
tor2. Attraction of naive T cells in a peripheral microen-
vironment dominated by type II macrophages and im-
mature DC may induce anergy.

2.4. IL-IO and TGFfJ and the tuning of adaptive
immunity

It has long been known that TAM have poor antigen
presenting capacity and actually can suppress T cell ac-



tivation and proliferation5. The suppressive mediators
produced by TAM include prostaglandins, IL-IO and
TGF~45-49.Moreover, they do not produce IL-12 spon-
taneously and they are refractory to stimulation by lFNy
and LPS. The IL-lO highIL_12lowphenotype is character-
istic of polarized type II macrophages (see above). Anti-
body blocking experiments suggest that autocrine IL-lO
in part accounts for the defective IL-12 production45.

The mechanisms underlying the IL_lOhighIL-121ow
phenotype are complex. IL-lO derived from tumor cells
and T cells may favour differentiation along this path-
way, as discussed above. In a recent elegant study, The
et al.71have recently suggested that during tumor estab-
lishment T cells condition TAM to produce IL-IO and
that inactivation of T cells results in a switch of TAM
towards lFNy production and elicits tumor rejection.

The molecular basis responsible for the unrespon-
siveness of TAM to stimulation ofIL-12 production has
been investigated45. TAM display a massive and costitu-
tive nuclear localization of the NF-1d3 inhibitory p50
homodimer (Sica A, unpublished), which most likely
provides a molecular mechanism for other alterations of
TAM functions dependent on NF-1d3 activation, includ-
ing defective iNOS and defective NO production ex-
pression53,54.

Immature myeloid cells generated as a consequence
of CSF production during tumor.growth have been
shown to be potent suppressors of T cell responses72.
These immature myeloid suppressors have been shown
to respond to undefined tumor attractants and to be pre-
sent in the neoplastic tissue in head and neck squamous
cell carcinoma73. The relation, if any, of immature
myeloid suppressor cells with TAM remains to be de-
fined.

2.5. Links to adaptive immunity: tumor-associated DC
DC are at least in part related to the myelomonocytic

differentiation pathway and some of them can originate
from monocytes. Several reports have documented the
presence of TADC in tumors4.50,74.TADC are differen-
tially localized in tumors. In breast cancer it was found
that immature langerin+ DC are interspersed in the tu-
mor mass, whereas more mature CD83+, DC-LAMP+
DC are confined to the peritumoral area75. In papillary
thyroid carcinoma TADC were localized at the invasion
front of the tumorS1 • Interestingly, this distribution was
clearly different from that of TAM which were evenly
scattered in the tissue5l. More recently ovarian tumors
were reported to be infiltrated by a subset of DC, name-
ly plasmacytoid DC76. •

Tumor cells express many CC chemokines that are
likely involved in the recruitment of leukocyte to the tu-
mor mass, including DC5,74,77.The CC chemokine
MIP3aJCCL20 is a potent attractant of Langerhans-type
DC, but not of monocyte-derived DC which do not ex-
press the cognate receptor CCR6. CCL20 has been
shown to be expressed in pancreatic carcinoma, renal
cancer, breast carcinoma and papillary thyroid carcino-
ma5l,75,7S,79.CCL20 was expressed by carcinoma cells

as well as, in pancreatic cancer, by TAM5l,75,7s.Imma-
ture DC express receptors (eg, CCRI and CCR5) for in-
flammatory chemokines and CCL5 has been suggested
to be a major attractant for immature DC produced by
papillary thyroid carcinoma5l. In this tumor,"hepatocyte
growth factor amplifies chemokine production by inter-
acting with the Met receptor5l. Expression of CX-
CL12/SDF-I, the main chemotactic signal for circulat-
ing plasmacytoid DCsOwas reported to be associated to
the recruitment of this DC subset to ovarian carcinoma
lesions76.

The actual significance of TADC for human tumor
progression is uncertain. TADC generally show an im-
mature phenotype with high CDla and low costimulato-
ry molecules CD80, CD86 and CD4OSl,75,Sl-84.Accord-
ingly, in the few studies conducted so far it was found
that TADC have defective allostimulatory activitySl-s3.
When present, mature DC accumulate in peritumoral
tissues, even after chemokine gene transfer85. Immature
DC would induce tolerance rather than immune reactiv-
ityS6, and induce the generation of Treg cells that will
inhibit the generation of cytotoxic T lymphocytess7. In-
deed, in vivo depletion of CD4+ CD25+ Treg cells leads
to the development of tumor-specific effector cells in
mice that where otherwise unresponsive to tumorsss.
This immature phenotype of TADC may reflect lack of
effective maturation signals in situ, prompt migration to
lymph nodes of mature cells or the presence of matura-
tion inhibitors in the tumor context. These elements
may be operative to different degrees in different tu-
mors. For instance, in papillary thyroid cancer there is
evidence for substantial accumulation of Langerhans-
type DC in regional lymph nodes, presumably reflect-
ing migration from the tumorSl,S9-92.Many tumors pro-
duce IL-lO, IL-6, TGF~ and M-CSF. IL-lO has been
shown to block the differentiation and maturation of
DC, including TADC50.Inhibition of DC differentiation
from bone marrow precursors has also been observed
with IL-6 and M-CSp93. One could speculate that im-
mature DC may maintain tolerance to tumor antigens
and that TADC, in analogy with TAM4, may in some tu-
mors promote tumor progression and dissemination.
Production of PGE2 and release of ATP by dying cells
in the tumor micro-environment might also contribute
to the inhibition of DC maturation and IL-12
production94-96.

2.6. Tissue remodeling, fibrosis and angiogenesis
Phagocytes play a central role in tissue remodeling

and repair during ontogenesis and adult life. This ances-
tral function of mononuclear phagocytes is expressed
by TAM which orchestrate the function of other compo-
nents of the tumor stroma. TAM produce a host of
growth factors which affect tumor cell proliferation, an-
giogenesis, and the deposition and dissolution of con-
nective tissues. These include epidermal growth factor
(EGF), members of the FGF family, TGF~, VEGF,
chemokines. In lung cancer, TAM may favor tumor pro-
gression by contributing to stroma formation and angio-



genesis through their release of PDGF, in conjunction
with TGF-/31 production by cancer cells97•

Macrophages can produce enzymes and inhibitors
which regulate the digestion of the extracellular matrix,
such as MMPs, plasmin, urokinase-type plasminogen
activator (uPA) and the uPA receptor. Direct evidence
have been presented that MMP9 derived from
hematopoietic cells of host origin contributes to skin
carcinogenesis98,99. Chemokines have been shown to in-
duce gene expression of various MMPs and, in particu-
lar, MMP9 production, along with the uPA receptor35.
Induction of these molecules is part of a program of ac-
tivation which arms monocytes with tools (receptors
and enzymes) important for migration in tissues. There-
fore, expression of enzymes and receptors which de-
grade the extracellular matrix could at least in part be
induced and sustained by chemokines. Evidence sug-
gests that MMP9 has complex effects beyond matrix
degradation including promotion of the angiogenesis
switch and release of growth factors98,99. Of relevance,
distant primary tumors may induce premetastatic lung
endothelial cells and macrophages to express MMP-9
via VEGFR-l/Flt-l tyrosine kinase (TK), a mechanism
which potentiates specifically pulmonary metastasis
formation 100.

Angiogenesis is a key event in tumor growth and pro-
gression. Macrophages can exert a dual influence on
blood vessel formation and function. On the one hand
macrophages produce molecules that are proangiogenic,
on the other hand they can express anti-angiogenic mol-
ecules and damage the integrity of blood vessels. On
the anti-angiogenic side, in a murine model, CSF-in-
duced, TAM-derived metalloelastase generates angio-
statinn. In general, as for interaction with neoplastic
cells, the pro-angiogenic functions of TAM prevail. In
several studies, in human cancer TAM accumulation
has been associated with angiogenesis and with the pro-
duction of angiogenic factors such as VEGF and
platelet-derived endothelial cell growth factor5.

More recently, in human cervical cancer, VEGF-C
production by TAMs was proposed to playa role in per-
itumorallymphoangiogenesis and subsequent dissemi-
nation of cancer cells with formation of lymphatic
metastasis 101.Additionally, TAM participate to the
proangiogenic process by producing the angiogenic fac-
tor thymidine phosporylase (TP), which promotes en-
dothelial cell migration in vitro and whose levels of ex-
pression are associated with tumor neovasculariza-
tionlO2• Moreover, TAM accumulate in hypoxic regions
of tumors and hypoxia triggers a pro-angiogenic pro-
gram in these cells (see above). Therefore, macro}>hages
recruited in situ represent an indirect pathway of ampli-
fication of angiogenesis, in concert with angiogenic
molecules directly produced by tumor cells.

Formation of a fibrous capsule and parasite encapsu-
lation are late events associated with polarized Th2 re-

sponses. Fibrosis is a prominent feature of certain hu-
man tumors (eg, scirrhous carcinomas). CCL2 and IL-
13, present in the tumor microenvironment as products
of tumor cells, TAM or T cells, induce TGF/3 produc-
tion and fibrosisI03,104.Therefore, it is tempting to spec-
ulate that polarized type II macrophages are part of the
circuits that regulate the function of fibroblasts in the
tumor stroma.

Mononuclear phagocytes are versatile, plastic cells
that respond to environmental influences with the ex-
pression of distinct transcriptional programmes and func-
tions. Transcriptional profiling is adding a new dimen-
sion to the definition of macrophage differentiation and
heterogeneity (eg, ref 35 and unpublished data). Consid-
erable progress has been made over the last few years in
the characterization of TAM in diverse neoplastic tissues.
The available information suggests that macrophages
which infiltrate tumors acquire the properties of a polar-
ized type II mononuclear phagocyte population.

The view of TAM as a skewed type II macrophage
population is an oversimplification. Indeed tumors are a
diverse set of disorders, and a systematic effort of in vit-
ro and in vivo characterization has been made only in
selected systems (eg, ovarian and breast cancer for hu-
man tumors). Moreover, available information indicates
that the distribution and function of TAM and TADC
differ considerably in different microregions of the neo-
plastic tissue (peripheral versus central; hypoxic versus
normoxic areas). These limitations, as well as techno-
logical developments, call for gene expression profiling
of infiltrating cells directly obtained from different re-
gions of different tumors. Moreover, little dynamic in-
formation, analyzing function in relation to stages of
progression, is available. In spite of these limitations,
the view of TAM as a polarized M2 macrophage is effi-
cacious in summarizing current understanding of the
immunobiology of these cells.

By expressing properties of polarized type II
macrophages, TAM participate in circuits that regulate
tumor growth and progression, adaptive immunity, stro-
ma formation and angiogenesis. In particular, TAM are
a key component of inflammatory circuits which pro-
mote tumor progression and metastasis (for review, ref
5,105). The general hypothesis of a protumor role of in-
flammation, and of macrophages in particular, is sup-
ported by several lines of evidence including genetic
analysis and gene targeting (discussed here and in ref
5,105). The available information suggesting that in-
flammatory reactions, and polarized infiltrating
macrophages in particular, promote tumor progression,
raises the possibility that the molecules and cells in-
volved may represent novel, valuable therapeutic tar-
gets.



1. Stein M, Keshav S, Harris N, Gordon S: Interleukin 4 po-
tently enhances murine mannose receptor activity: a marker
of alternative immunologic macrophage activation. J Exp
Med, 176:287-292, 1992.

2. Goerdt S, Orfanos CE: Other functions, other genes: alter-
native activation of antigen-presenting cells. Immunity, 10:
137-142, 1999.

3. Gordon S: Alternative activation of macrophages. Nat Rev
Immunol, 3: 23-35,2003.

4. Mantovani A, Bottazzi B, Colotta F, Sozzani S, Ruco L:
The origin and function of tumor-associated macrophages.
Immunol Today, 13: 265-270,1992.

5. Balkwill F, Mantovani A: Inflammation and cancer: back to
Virchow? Lancet, 357: 539-545,2001.

6. Mills CD, Kincaid K, Alt JM, Heilman MI, Hill AM: M-
1/M-2 macrophages and the ThlfTh2 paradigm. J Immunol,
164: 6166-6173, 2000.

7. Hamilton, TA: Molecular basis of macrophage activation:
from gene expression to phenotypic diversity. In: The
macrophage, 2nd edition, Bourke B & Lewis C (Eds) Ox-
ford University Press, Oxford, UK, 2002.

8. Mantovani A, Locati M, Vecchi A, Sozzani S, Allavena P:
Decoy receptors: a strategy to regulate inflammatory cy-
tokines and chemokines. Trends Immunol, 22: 328-336,
2001.

9. Dinarello CA: Interleukin-l and interleukin-l antagonism.
Blood, 77: 1627-1652, 1991.

10. Sozzani S, Ghezzi S, Iannolo G, Luini W, Borsatti A, Polen-
tarutti N, Sica A, Locati M, Mackay C, Wells TN, Biswas P,
Vicenzi E, Poli G, Mantovani A: Interleukin-lO increases
CCR5 expression and HIV infection in human monocytes. J
Exp Med, 187: 439-444, 1998.

11. Penton-Rol G, Cota M, Polentarutti N, Luini W, Bernasconi
S, Borsatti A, Sica A, LaRosa GJ, Sozzani S, Poli G, Man-
tovani A: Upregulation of CCR2 chemokine receptor ex-
pression and increased susceptibility to the multi tropic mv
strain 89.6 in monocytes exposed to glucocorticoid hor-
mones. J Immunol, 163: 3524-3529, 1999.

12. Bonecchi R, Facchetti F, Dusi S, Luini W, Lissandrini D,
Simmelink M, Locati M, Bernasconi S, Allavena P, Brandt
E, Rossi F, Mantovani A, Sozzani S: Induction of functional
IL-8 receptors by IL-4 and IL-13 in human monocytes. J
Immunol, 164: 3862-3869, 2000.

13. Sica A, Saccani A, Borsatti A, Power CA, Wells TN, Luini
W, Polentarutti N, Sozzani S, Mantovani A: Bacterial
lipopolysaccharide rapidly inhibits expression of C-C
chemokine receptors in human monocytes. J Exp Med, 185:
969-974,1997.

14. Penton-Rol G, Polentarutti N, Luini W, Borsatti A,
Mancinelli R, Sica A, Sozzani S, Mantovani A: Selective
inhibition of expression of the chemokine receptor CCR2 in
human monocytes by IFN-y. J Immunol, 160: 3869-3873,
1998.

15. D'Amico G, Frascaroli G, Bianchi G, Transidico P, Doni A,
Vecchi A, Sozzani S, Allavena P, Mantovani A: Uncoupling
of inflammatory chemokine receptors by IL-I0: generation
offunctional decoys. Nature Immunol: 1,387-391,2000.

16. Mantovani A, Sozzani S: Chemokines. In: The cytokine
network, Balkwill F (ed), pp 103-125, Oxford UQ,iversity
Press, Oxford, 2000.

17. Watanabe K, Jose PJ, Rankin SM: Eotaxin-2 generation is
differentially regulated by lipopolysaccharide and IL-4 in
monocytes and macrophages. J Immunol, 168: 1911-1918,
2002.

18. Bonecchi R, Sozzani S, Stine JT, Luini W, D' Amico G,
Allavena P, Chantry D, Mantovani A: Divergent effects of
IL-4 and interferon gamma on macrophage-derived
chemokine (MDC) production: an amplification circuit of
polarized T helper 2 responses. Blood, 92: 2668-2671,
1998.

19. Kodelja V, Muller C, Politz 0, Hakij N, Orfanos CE, Go-
erdt S: Alternative macrophage activation-associated CC-
chemokine-l, a novel structural homologue of macrophage
inflammatory protein-l alpha with a Th2-associated expres-
sion pattern. J Immunol, 160: 1411~1418, 1998.

20. Vulcano M, Struyf S, Scapini P, Cassatella M, Bernasconi
S, Bonecchi R, Calleri A, Penna G, Adorini L, Luini W,
Mantovani A, Van Damme J, Sozzani S: Unique regulation
of CCLl8 production by maturing dendritic cells. J Im-
munol, 170: 3843-3849,2003.

21. Rollins B: Chemokines and cancer, Humana PresS, Totowa,
NJ,1999.

22. Mantovani A: The chemokine system: redundancy for ro-
bust outputs. Immunol Today, 20: 254-257,1999.

23. Yang J, Richmond A: Constitutive IkappaB kinase activity
correlates with nuclear factor- kappaB activation in human
melanoma cells. Cancer Res, 61: 4901-4909, 2001.

24. Dhawan P, Richmond A: A novel NF-kappa B-inducing ki-
nase-MAPK signaling pathway up-regulates NF-kappa B
activity in melanoma cells. J BioI Chern, 277: 7920-7928,
2002.

25. Bottazzi B, Polentarutti N, Acero R, Balsari A, Boraschi D,
Ghezzi P, Salmona M, Mantovani A: Regulation of the
macrophage content of neoplasms by chemoattractants. Sci-
ence,220:210-212,1983.

26. Nesbit M, Schaider H, Miller TH, Herlyn M: Low-level
monocyte chemoattractant protein-l stimulation of mono-
cytes leads to tumor formation in nontumorigenic
melanoma cells. J Immunol, 166: 6483-6490, 2001.

27. Mrowietz D, Schwenk U, Maune S, Bartels J, Kupper M,
Fichtner I, Schroder JM, Schadendorf D: The chemokine
RANTES is secreted by human melanoma cells and is asso-
ciated with enhanced tumour formation in nude mice. Br J
Cancer, 79: 1025-1031, 1999.

28. Luboshits G, Shina S, Kaplan 0, Engelberg S, Nass D, Lif-
shitz-Mercer B, Chaitchik S, Keydar I, Ben-Baruch A: Ele-
vated expression of the CC chemokine regulated on activa-
tion, normal T cell expressed and secreted (RANTES) in
advanced breast carcinoma. Cancer Res, 59: 4681-4687,
1999.

29. Azenshtein E, Luboshits G, Shina S, Neumark E, Shahbaz-
ian D, Weil M, Wigler N, Keydar I, Ben-Baruch A: The CC
chemokine RANTES in breast carcinoma progression: reg-
ulation of expression and potential mechanisms of proma-
lignant activity. C,ancer Res, 62: 1093-1102, 2002.

30. Haghnegahdar H, Du J, Wang D, Strieter RM, Burdick MD,
Nanney LB, Cardwell N, Luan J, Shattuck-Brandt R, Rich-
mond A: The tumorigenic and angiogenic effects of
MGSAIGRO proteins in melanoma. J Leukoc BioI, 67: 53-
62,2000.

31. Lin EY, Nguyen AV, Russell RG, Pollard JW: Colony-stim-
ulating factor I promotes progression of mammary tumors
to malignancy. J Exp Med, 193: 727-740, 2001.

32. Barleon B, Sozzani S, Zhou D, Weich HA, Mantovani A,
Marme D: Migration of human monocytes in response to
vascular endothelial growth factor (VEGF) is mediated via
the flt-INEGF receptor. Blood, 87: 3336-3343,1996.

33. Duyndam MC, Hilhorst MC, Schluper HM, Verheul HM,
van Diest PJ, Kraal G, Pinedo HM, Boven E: Vascular en-
dothelial growth factor-165 overexpression stimulates an-
giogenesis and induces cyst formation and macrophage in-
filtration in human ovarian cancer xenografts. Am J Pathol,
160:537-548,2002.

34. Nowicki A, Szenajch J, Ostrowska G, Wojtowicz A, Woj-
towicz K, Kruszewski AA, Maruszynski M, Auk~rman SL,
Wiktor-Jedrzejczak W: Impaired tumor growth In colony-
stimulating factor I (CSF-l)-deficient, macrophage-defi-
cient op/op mouse: evidence for a role of CSF-l- dependent
macrophages in formation of tumor stroma. Int J Cancer,
65: 112-119, 1996.



35. Locati M, Deuschle U, Massardi MI., Martinez FO, Sironi
M, Sozzani S, Bartfai T, Mantovani A: Analysis of the gene
expression profile activated by the CC chemokine ligand
5/RANTES and by lipopolysaccharide in human mono-
cytes. J Immunol, 168: 3557-3562, 2002.

36. Keane MP, Strieter RM: The role of CXC chemokines in
the regulation of angiogenesis; In: Chemokines: chemical
immunology, Mantovani A (ed), vol 72, pp 86-101, Karger,
Basel, 1999.

37. Wang JM, Chertov 0, Proost P, Li JJ, Menton P, Xu L, Soz-
zani S, Mantovani A, Gong W, Schirrmacher V, Van
Damme J, Oppenheim JJ: Purification and identification of
chemokines potentially involved in kidney-specific metas-
tasis by a murine lymphoma variant: induction of migration
and NFkB activation. Int J Cancer, 75: 900-907, 1998.

38. Muller A, Homey B, Soto H,Ge N, Catron D, Buchanan
ME, McClanahan T, Murphy E, Yuan W, Wagner SN, Bar-
rera JL, Mohar A, Verastegui E, Zlotnik A: Involvement of
chemokine receptors in breast cancer metastasis. Nature,
410: 50-56, 2001.

39. Scotton CJ, Wilson JL, Scott K, Stamp G, Wilbanks GD,
Fricker S, Bridger G, Balkwill FR: Epithelial cancer cell
migration: a role for chemokine receptors? Cancer Res, 61:
4961-4965,2001.

40. Opdenakker G, Van Damme J: Chemotactic factors, passive
invasion and metastasis of cancer cells.lmmunol Today, 13:
463-464,1992.

41. Curino A, Mitola DJ, Aaronson H, McMahon GA, Raja K,
Keegan AD, Lawrence DA, Bugge TH: Plasminogen pro-
motes sarcoma growth and suppresses the accumulation of tu-
mor-infiltrating macrophages. Oncogene, 21: 8830-8842,
2002.

42. Adini A, Kornaga T, Firoozbaldit F, Benjamin LE: Placental
growth factor is a survival factor for tumor endothelial cells
and macrophages. Cancer Res, 62: 2749-2752, 2002.

43. Sica A, Saccani A, Bottazzi B, Bernasconi S, Allavena P,
Gaetano B, Fei F, LaRosa G, Scotton C, Balkwill F, Manto-
vani A: Defective expression of the monocyte chemotactic
protein-l receptor CCR2 in macrophages associated with
human ovarian carcinoma. J Immunol, 164: 733-738, 2000.

44. Naylor MS, Stamp GW, Foulkes WD, Eccles D, Balkwill
FR: Tumor necrosis factor and its receptors in human ovan-
an cancer. Potential role in disease progression. J Clin In-
vest, 91: 2194-2206, 1993.

45. Sica A, Saccani A, Bottazzi B, Polentarutti N, Vecchi A, van
Damme J, Mantovani A: Autocrine production of IL-l 0 medi-
ates defective IL-12 production and NF-kB activation in tu-
mor-associated macrophages. J Immunol, 164: 762-767,2000.

46. Kambayashi T, Alexander HR, Fong M, Strassmann G: Po-
tential involvement of IL-.IO in suppressing tumor-associat-
ed macrophages. Colon-26-derived prostaglandin E2 in-
hibits TNF-alpha release via a mechanism involving IL-lO.
J Immunol, 154: 3383-3390, 1995.

47. Loercher AE, NashMA, Kavanagh n, Platsoucas CD,
Freedman RS: Identification of an IL-lO-producing HLA-
DR-negative monocyte subset in the malignant ascites of
patients with ovarian' carcinoma that inhibits cytokine pro-
tein expression and proliferation of autologous T cells. J
Immunol, 163: 6251-6260.

48. Maeda H, Kuwahara H, Ichimura Y, Ohtsuki M, Kurakata
S, Shiraishi A: TGF-beta enhances macrophage ability to
produce IL-lO in normal and tumor-bearing mice. J Im-
munol, 155: 4926-4932, 1995.-

49. Kim J, Modlin RL, Moy RL, Dubinett SM, McHugh T,
Nickoloff BJ, Uyemura K: IL-lO production in cutaneous
basal and squamous cell carcinomas. A mechanism for
evading the local T cell i~une response. J Immunol, 155:
2240-2247, 1995.

50. Allavena P, Sica A, Vecchi A, Locati M, Sozzani S, Manto-
vani A: The chemokine receptor switch paradigm and den-
dritic cell migration: its significance in tumor tissues. Im-
munol Rev, 177: 141-149,2000.

51. Scarpino S, Stoppacciaro A, Ballerini F, Marchesi M, Prat
M, Stella MC, Sozzani S, Allavena P, Mantovani A, Ruco
LP: Papillary carcinoma of the thyroid: hepatocyte growth
factor (HGF) stimulates tumor cell to release chemokines
active in recruiting dendritic cells. Am J Pathol, 156: 831-
837,2000.

52. Herbeuval JP, Lambert C, Sabido 0, Cottier M, Fournel P,
Dy M, Genin C: Macrophages from cancer patients: analy-
sis of TRAIL, TRAIL receptors, and colon tumor cell apop-
tosis. J Natl Cancer Inst, 95: 611-621, 2003.

53. Dinapoli MR, Calderon CL, Lopez DM: The altered tumori-
cidal capacity of macrophages isolated from tumor-bearing
mice is related to reduced expression of the inducible nitric
oxide synthase gene. J Exp Med, 183: 1323-1329, 1996.

54. Klimp AH, Hollema H, Kempinga C, van del' Zee AG, de
Vries EG, Daemen T. Expression of cyclooxygenase-2 and
inducible nitric oxide synthase in human ovarian tumors
and tumor-associated macrophages. Cancer Res, 61: 7305-
7309,2001. .

55. Mantovani A, Sica A: The jury of radicals is still out.
Trends immunology, 24: 234, 2003.

56. Van Den Brule F, Califice S, Garnier F, Fernandez PL,
Berchuck A, Castronovo. V: Galectin-l accumulation in
ovarian carcinoma peritumoral stroma is induced by ovary
carcinoma cells and affects both cancer cell proliferation
and adhesion to larninin-l and fibronectin. Lab Invest, 83:
377-386, 2003. .

57. Correa SG, CE Sotomayor, MP Aoki, CA Maldonato, GA Ra-
binovich: Opposite effects of galectin-l on alternative meta-
bolic pathways of L-arginine in resident, inflammatory, and
activated macrophages. Glycobiology, 13: 119-128,2003.

58. Grimshaw MJ, BalkwillFR: Inhibition of monocyte and
macrophage chemotaxis by hypoxia and inflammation: a
potential mechanism. Eur J Immunol, 31: 480-489, 2001.

59. Turner L, Scotton C, Negus R, Balkwill F: Hypoxia inhibits
macrophage migration. Eur J Immunol, 29: 2280-2287,
1999.

60. Leek RD, Lewis CE, Whitehouse R, Greenall M, Clarke J,
Harris AL: Association of macrophage infiltration with an-
giogenesis and prognosis in invasive breast carcinoma.
Cancer Res, 56: 4625-4629,1996.

61. Leek RD, Landers RJ, Harris AL, Lewis CE: Necrosis cor-
relates with high vascular density and focal macrophage in-
filtration in invasive carcinoma of the breast. Br J Cancer,
79: 991-995, 1999.

62. Lewis JS, Landers RJ, Underwood JC, Harris AL, Lewis
CE: Expression of vascular endothelial growth factor by
macrophages is up- regulated in poorly vascularized areas
of breast carcinomas. J Pathol, 192: 150-158,2000.

63. Talks KL, Turley H, Gatter KC, Maxwell PH, Pugh CW,
Ratcliffe PJ, Harris AL: The expression and distribution of
the hypoxia-inducible factors HIF-lalpha and HIF-2alpha
in normal human tissues, cancers, and tumor-associated
macrophages. Am J Pathol, 157: 411-421, 2000.

64. Crowther M, Brown NJ, Bishop ET, Lewis CE: Microenvi-
ronmental influence on macrophage regulation of angiogen-
esis in wounds and malignant tumors. J Leukoc BioI, 70:
478-490, 2001.

65. Cramer T, Yamanishi Y, Clausen BE, Forster I, Pawlinski R,
Mackman N, Haase VH, Jaenisch R, Corr M, Nizet V,
Firestein GS, Gerber HP, Ferrara N, Johnson RS: HIF-la is
essential for myeloid cell-mediated inflammation. Cell,
112: 645-657, 2003.

66. Gu L, Tseng S, Homer RM, Tam C, Loda M, Rollins BJ:
Control of TH2 polarization by the chemokine monocyte
chemoattractant protein-I. Nature, 404, 407-411, 2000.

67. van den Berg A, Visser L~ Poppema S: High expression of
the CC chemokine TARO in Reed-Sternberg cells. A possi-
ble explanation for the characteristic T-cell infiltrate in
Hodgkin's lymphoma. Ani J Pathol, 154: 1685-1691, 1999.

68. Cossman J, Annunziata CM, Barash S, Staudt L, Dillon P,
He WW, Ricciardi-Castagnoli P, Rosen CA, Carter KC:



Reed-Sternberg cell genome expression supports a B-cell
lineage. Blood, 94: 411-416, 1999.

69. Iellem A, MarianiM, Lang R, Recalde H, Panina-Bor-
dignon P, Sinigaglia F, D'Ambrosio D: Unique chemotactic
response profile and specific expression of chemokine re-
ceptors CCR4 and CCR8 by CD4(+)CD25(+) regulatory T
cells. J Exp Med, 194: 847-853,2001.

70. Schutyser E, Struyf S, Proost P, Opdenakker G, Laureys G,
Verhasselt B, Peperstraete L, Van de Putte I, Saccani A,
Allavena P, Mantovani A, Van Damme J: Identification of
biologically active chemokine isoforms from ascitic fluid
and elevated levels of CCLl8/pulmonary and activation-
regulated chemokine in ovarian carcinoma. J BioI Chern,
277: 24584-24593, 2002.

71. The S, Qin Z, Schuler T, Preiss S, Blankenstein T: Tumor re-
jection by disturbing tumor stroma cell interactions. J Exp
Med, 194: 1549-1559,2001.

72. Dong Z, Yoneda J, Kumar R, Fidler U: Angiostatin-mediat-
ed suppression of cancer metastases by primary neoplasms
engineered to produce granulocyte/macrophage colony-
stimulating factor. J Exp Med, 188: 755-763, 1998.

73. Young MR, Petruzzelli GJ, Kolesiak K, Achille N, Lathers
DM, Gabrilovich DI: Human squamous cell carcinomas of
the head and neck chemoattract immune suppressive
CD34(+) progenitor cells. Hum Immunol, 62: 332-341, 2001.

74. Vicari CP, Caux C: Chemokines in cancer. Cytokine
Growth Factor Rev, 13: 143-154,2002.

75. Bell D, Chomarat P, Broyles D, Netto G, Harb GM,
Lebecque S, Valladeau J, Davoust J, Palucka KA,
Banchereau J: In breast carcinoma tissue, immature dendrit-
ic cells reside within the tumor, whereas mature dendritic
cells are located in peri tumoral areas. J Exp Med, 190:
1417-1426,1999.

76. Zou W, Machelon V, Coulomb-L'Hermin A, Borvak J,
Nome F, Isaeva T, Wei S, Krzysiek R, Durand-Gasselin I,
Gordon A, Pustilnik T, Curiel DT, Galanaud P, Capron F,
Emilie D, Curiel TJ: Stromal-derived factor-l in human tu-
mors recruits and alters the function of plasmacytoid pre-
cursor dendritic cells. Nature Med, 7: 1339-1346,2001.

77. Negus RP, Stamp GW, Hadley J, Balkwill FR: Quantitative
assessment of the leukocyte infiltrate in ovarian cancer and
its relationship to the expression of C-C chemokines. Am J
Pathol, 150: 1723-1734, 1997.

78. Kleeff J, Kusama T, Rossi DL, Ishiwata T, Maruyama H,
Friess H, Buchler MW, Zlotnik A, Korc M: Detection and
localization of Mip-3alphaILARClExodus, a macrophage
proinflammatory chemokine, and its CCR6 receptor in hu-
man pancreatic cancer. Int J Cancer, 81: 650-657, 1999.

79. Fushimi T, Kojima A, Moore MA, Crystal RG: Macrophage
inflammatory protein 3alpha transgene attracts dendritic
cells to established murine tumors and suppresses tumor
growth. J Clin Invest, 105: 1383-1393,2000.

80. Penna G, Sozzani S, Adorini L: Cutting edge: selective us-
age of chemokine receptors by plasmacytoid dendritic cells.
J Immunol, 167: 1862-1866,2001.

81. Chaux P, Moutet M, Faivre J, Martin F, Martin M: Inflamma-
tory cells infiltrating human colorectal carcinomas express
HLA class ITbut not B7-1 and B7-2 costimulatory molecules
of the T-cell activation. Lab Invest, 74: 975-983,1996.

82. Nestle FO, Burg G, Fah J, Wrone-Smith T, Nickoloff BJ:
Human sunlight-induced basal-cell-carcinoma-associated
dendritic cells are deficient in T cell co-stimulatory mole-
cules and are impaired as antigen-presenting cells. Am J
Pathol, 150: 641-651,1997.

83. Viac J, Schmitt D, Claudy A: CD40 expression in epidermal
tumors. Anticancer Res, 17: 569-572, 1997.

84. Enk AH, Jonuleit H, Saloga J, Knop J: Dendritic cells as
mediators of tumor-induced tolerance in metastatic
melanoma. Int J Cancer, 73: 309-316, 1997.

85. Fioretti F, Fradelizi D, Stoppacciaro A, Ramponi S, Ruco L,
Minty A, Sozzani S, Garlanda C, Vecchi A, Mantovani A:
Reduced tumorigenicity and augmented leukocyte infiltra-

tion after MCP-3 gene transfer: perivascular accumulation
of dendritic cells in peritumoral tissue and neutrophil re-
cruitment within the tumor. J Immunol, 161: 342-346,1998.

86. Dhodapkar MV, Steinman RM, Krasovsky J, Munz C,
Bhardwaj N: Antigen-specific inhibition of effector T cell
function in humans after injection of immature dendritic
cells. J Exp Med, 193: 233-238,2001.

87. Roncarolo MG, Levings MK, Traversari C: Differentiation
of T regulatory cells by immature dendritic cells. J Exp
Med, 193: F5-F9, 2001.

88. Shimizu J, Yamazaki S, Sakaguchi S: Induction of tumor
immunity by removing CD25+CD4+ T cells: a common ba-
sis between tumor immunity and autoimmunity. J Immunol,
163: 5211-5218, 1999.

89. Schofield JB, Alsanjari NA, Davis J, MacLennan KA:
Eosinophilic granuloma of lymph nodes associated with
metastatic papillary carcinoma of the thyroid. Histopatholo-
gy,20: 181-183, 1992.

90. Thompson LD, Wenig BM, Adair CF, Smith BC, Heffess
CS: Langerhans cell histiocytosis of the thyroid: a series of
seven cases and a review of the literature. Modem Patholo-
gy,9: 145-149,1996.

91. Safali M, McCutcheon JM, Wright DH: Langerhans cell
histiocytosis of lymph nodes: draining a papillary carcino-
ma of the thyroid. Histopathology, 30: 599-603,1997.

92. Lindley R, Hoile R, Schofield J, Ashton-Key M: Langer-
hans cell histiocytosis associated with papillary carcinoma
of the thyroid. Histopathology, 32: 180, 1998.

93. Menetrier-Caux C, Montmain G, Dieu MC, Bain C, Favrot
MC, Caux C, Blay JY: Inhibition of the differentiation of
dendritic cells from CD34(+) progenitors by tumor cells:
role of interleukin-6 and macrophage colony-stimulating
factor. Blood, 92: 4778-4791, 1998.

94. Kalinski P, Schuitemaker JH, Hilkens CM, Kapsenberg
ML: Prostaglandin E2 induces the final maturation of IL-
12-deficient CDla+ CD83+ dendritic cells: the levels of IL-
12 are determined during the final dendritic cell maturation
and are resistant to further modulation. J Immunol, 161:
2804-2809,1998.

95. Huang M, Sharma S, Mao JT, Dubinett SM: Non-small cell
lung cancer-derived soluble mediators and prostaglandin E2
enhance peripheral blood lymphocyte IL-1O transcription
and protein production. J Immunol, 157: 5512-5520,1996.

96. la Sala A, Sebastiani S, Ferrari D, Di Virgilio F, Idzko M,
Norgauer J, Girolomoni G: Dendritic cells exposed to extra-
cellular adenosine triphosphate acquire the migratory prop-
erties of mature cells and show a reduced capacity to attract
type 1 T lymphocytes. Blood, 99: 1715-1722,2002.

97. Kataki A, Scheid P, Piet M, Marie B, Martinet N, Martinet
Y, Vignaud JM: Tumor infiltrating lymphocytes and
macrophages have a potential dual role in lung cancer by
supporting both host-defense and tumor progression. J Lab
Clin Med, 140: 320-328,2002.

98. Coussens LM, Tinkle CL, Hanahan D, Werb Z: MMP-9
supplied by bone marrow-derived cells contributes to skin
carcinogenesis. Cell, 103: 481-490, 2000.

99. Bergers G, Brekken R, McMahon G, Vu TH, Itoh T, Tamaki
K, Tanzawa K, Thorpe P, Itohara S, Werb Z, Hanahan D:
Matrix metalloproteinase-9 triggers the angiogenic switch
during carcinogenesis. Nat Cell BioI, 2: 737-744, 2000.

100. Hiratsuka S, Nakamura K, Iwai S, Murakami M, Itoh T, Ki-
jima H,-Shipley JM, Senior RM, Shibuya M:MMP-9 in-
duction by vascular endothelial growth factor receptor-l is
involved in lung-specific metastasis. Cancer Cell, 2: 289-
300,2002.

101. Schoppmann SF, Birner P, Stock! J, Kalt R, Ullrich R, Cau-
cig C, Kriehuber E, Nagy K, Alitalo K, KeJjaschki D: Tu-
mor-Associated macrophages express lymphatic endothelial
growth factors and are realated to peritumoral lymphoan-
giogenesis.AmJ Pathol, 161: 947-956,2002.

102. Hotchkiss KA, Ashton AW, Klein RS, Lenzi ML, Zhu GH,
Schwartz EL: Mechanisms by which tumor cells and mono-



cytes expressing the angiogenic factor thymidine phospho-
rHase mediate human endothelial cell migration. Cancer
Res, 63: 527-533,2003.

103. Moore BB, Paine R 3rd, Christensen PJ, Moore TA, Sitterd-
ing S, Ngan R, Wilke CA, Kuziel WA, Toews GB: Protec-
tion from pulmonary fibrosis in the absence of CCR2 sig-
naling. J Immunol, 167: 4368-4377, 2001.

104. Lee CG, Homer RJ, Zhu Z, Lanone S, Wang X, Koteliansky
V, Shipley 1M, Gotwals P, Noble P, Chen Q, Senior RM,
Elias JA: Interleukin-13 induces tissue fibrosis by selective-
ly stimulating and activating transforming growth factor be-
ta(I). J Exp Med, 194: 809-821,2001.

105. Coussens LM, Werb Z: Inflammatory cells and cancer:
think different! J Exp Med, 193: F23-F26, 2001.


