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The development of an invasive cancer is 
not only the result of genetic changes in 
neoplastic cells but also stems from a com-
plex interplay between neoplastic cells and 
their stroma. Immune cells constitute the 
most prominent cellular component of the 
tumor microenvironment. Initially, neo-
plastic and stromal cells respond to hypoxia 
and necrosis (caused by the unrestrained 
tumor cell proliferation), by releasing a 
number of growth factors and cytokines 
that recruit monocytes and macrophages. 
Historically, tumor-infiltrating leukocytes 
have been considered as an endogenous 
defense mechanism against developing 
tumors. However, accumulating evidence 
indicates that diverse immune cells exert 
either antitumor effects (representing an 
aborted attempt of the immune system to 
reject neoplasms) or pro-tumor functions, 
as they secrete cytokines, growth factors, 
chemokines and proteases that stimulate 
angiogenesis as well as the proliferation, 
migration and invasive potential of can-
cer cells.1 All these aspects of the cross-
talk between malignant and stromal cells 
impact on therapeutic responses.2

In order to better characterize the 
mononuclear inflammatory cells (MICs) 
that infiltrate breast cancer lesions and 
their impact on distant metastasis, we 
investigated the expression of matrix 
metalloproteases (MMPs) and tissue 
inhibitors of metalloproteases (TIMPs) by 
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these stromal cells. MMPs play an essen-
tial role in the degradation of stromal con-
nective tissue and basement membrane 
components, which are key elements in 
tumor invasion and metastasis. In addi-
tion, MMPs cleave pro-apoptotic factors 
hence promoting apoptosis resistance in 
tumor cells, and regulate cancer-related 
angiogenesis.3 The activity of MMPs is 
specifically inhibited by TIMPs, a hetero-
geneous group of multifunctional proteins 
that are also involved in the regulation of 
cell proliferation and apoptosis. We found 
that 32% of breast carcinomas analyzed 
were infiltrated by MICs exhibiting a high 
MMP/TIMP expression profile, which 
was associated with a high rate of distant 
metastasis (97.6%). Conversely, patients 
whose tumor-infiltrating MICs exhibited 
a low MMP/TIMP expression profile 
has a comparatively lower propensity for 
metastatic disease (26.9%). Such metasta-
sis-related MICs were specifically charac-
terized by the overexpression of MMP-7, 
MMP-9, MMP-11, MMP-13, MMP-14, 
TIMP-1 and TIMP-2.4 MMP-11 (also 
known as stromelysin 3) was the most fre-
quently expressed factor of all these (as it 
was found in 85.7% of MICs exhibiting a 
high MMP/TIMP profile expression but 
only in 4.6% of MICs exhibiting a low 
MMP/TIMP ratio). Hence, the expression 
of MMP-11 may constitute a useful biolog-
ical marker for pro-metastatic MICs.

As a follow-up of this study, we recently 
investigated the relationship between the 
development of distant metastases and 
65 intratumoral factors associated with 
inflammation and tumor progression in 
a population of cancer patients prognos-
tically stratified in two groups according 
to MMP-11 expression by intratumoral 
MICs.5 Among the 65 factors analyzed, 
only A disintegrin and metalloprotein-
ase (ADAM)-8, ADAM-10, ADAM-15, 
ADAM-23, ADAM with thrombospon-
din motifs (ADAMTS)-1, ADAMTS-2, 
ADAMTS-15, CCL-3, interleukin (IL)-1, 
IL-5, IL-6, IL-8, IL-17, IL-18, interferon β 
(IFNβ) IL-1 receptor-associated kinase 4 
(IRAK-4), MMP-1, myeloid differentia-
tion 88 (MYD88) and NFκB were linked 
to MMP-11 expression by MICs, as dem-
onstrated by real-time PCR, with IL-1, 
IL-5, IL-6, IL-17, IFNβ and NFκB being 
those most differentially expressed in the 
two group of patients. Thereafter, we con-
firmed in a wider patient population that 
these factors are indeed expressed to high 
levels in tumors infiltrated by MMP-11+ 
MICs. Of note, all these proteins are of 
great biological interest because of their 
strict relationship with tumor progression. 
For instance, IL-1 is essentially produced 
by activated macrophages and upregulates 
the expression of a great variety of pro-
teins including IL-5, IL-6, IFNβ, collage-
nases and several oncoproteins (e.g., FOS, 

Breast tumors infiltrated by matrix metalloprotease 11 (MMP-11)+ mononuclear inflammatory cells are prone to form 
metastases; express high levels of interleukin (IL)-1, IL-5, IL-6, IL-17, interferon β (IFNβ) and NFκB; and exhibit an increased 
CD68+/(CD3+CD20+) cell ratio at their invasive front. these factors, which are implicated in the crosstalk between tumors 
and their inflammatory microenvironment, may emerge as attractive prognostic factors and therapeutic targets.
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with the expression of pro-inflammatory 
proteins support tumor escape and inva-
sion, hence promoting metastasis (Fig. 1). 
These considerations led us to believe that 
the phenotype of stromal immune cells, 
in particular MMP-11 expression levels, 
should be included into traditional clas-
sification schemes to provide new prog-
nostic and predictive tools to clinicians. 
In addition, some of the immune cells and 
molecules that are implicated in the cross-
talk between the tumor and its inflam-
matory microenvironment may emerge as 
attractive targets for the development of 
novel therapies against breast cancer.
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itself regulate the expression of several 
fibroblast-derived factors6 that also con-
tribute to inflammatory processes and 
cancer progression.7,8

More recently, we have investigated 
the clinical relevance of the relative 
amount of inflammatory cells, including 
(CD68+) macrophages, (CD3+) T cells 
and (CD20+) B cells, at the invasive of 
breast carcinomas,9 considering that this is 
where some of the most important interac-
tions between cancer cells and the tumor 
stroma take place. We observed that a 
high CD68+/(CD3+CD20+) cell ratio is 
directly associated with a higher probabil-
ity of distant metastases as well as with a 
MMP-11+ MIC phenotype.

Globally, our results suggest that 
MMP-11 expression by MICs coupled 

MYC, JUN). NFκB regulates the expres-
sion of several anti-apoptotic proteins such 
as BCL-X

L
, BCL-2, X-linked inhibitor of 

apoptosis (XIAP), caspase-8 and FADD-
like apoptosis regulator (CFLAR), bacu-
loviral IAP repeat containing (BIRC)2, 
BIRC3 and survivin, as well as of factors 
associated with tumor progression, such 
as cyclin D1, MYC and cyclooxygenase-2 
(COX-2).2 Moreover, our finding that 
IL-17 expression decrease by at least 100-
fold in tumors that do not develop metas-
tasis as compared with tumors that do so 
is particularly interesting. In the last few 
years, indeed, IL-17 has been considered 
as a key link between adaptive and innate 
immunity and also plays a critical role in 
inflammation and autoimmune diseases. 
Of note, T

H
17 cytokines including IL-17 

Figure 1. effects of matrix metalloprotease 11 (MMP-11) expression by mononuclear inflammatory cells on the cytokine profile and metastatic 
potential of breast cancer. tumors infiltrated by mononuclear inflammatory cells (MICs) that do not express MMP-11 release less pro-inflammatory 
factors than tumors containing MMP-11+ MICs. these latter cells mainly express interleukin (IL)-1, IL-5, IL-6, IL-17, interferon β (IFNβ) and NFκB and are 
associated with poor prognosis. MMP-11 expression by MICs coupled to the upregulation of pro-inflammatory proteins appears indeed to promote 
the metastatic spread of breast carcinoma cells.
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