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The six Hallmarks of Cancer (plus one)  

An inflammatory
microenvironment
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Ontogeny and regulation of cells of the monocyte-macro phage lineage



Macrophage Polarization as seen in the Milano Metro Map

Inspired by Luke O’Neill
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Tumor-associated macrophages (TAMs) in tumor progressi on





TRABECTEDIN

TARGETING CANCER-RELATED INFLAMMATION: 
Trabectedin

Germano et al Cancer Res 2005; 2010; Cancer Cell, 2013; 

D’Incalci Mol Cancer Ther 2010

*

IC 50 on tumor cells*



Tumor macrophages and vessels are reduced in treated STS patients
PRE POST

CD31  vessels CD163 macrophages

PRE POST

(PRE: biopsy before surgery;      POST: tumor sample at surgery, after therapy)

Correlation with clinical response

p =  0.07

Blood
monocytes

(Germano et al Cancer Cell 2013 )



Targeting TAM is a key component of the antitumor activ ity of Trabectedin

Germano et al Cancer Cell 2013

• Trabectedin is preferentially toxic for cells of the  monocyte-
macrophage lineage. In these cells it activates a T RAIL-R 
dependent  extrinsic pathway of apoptosis

• TAM depletion is sufficient for the anti-tumor activ ity of 
Trabectedin (resistant lines; macrophage rescue)

• First evidence that targeting tumor-promoting TAM i s 
involved in the anti-tumor activity of a clinically approved 
agent (sarcomas; ovarian carcinoma)

• This finding provides proof of principle for TAM ta rgeting in 
human cancer treatment and has implications for 
combination therapy and design



THE YIN-YANG OF TAM IN ANTI-TUMOR THERAPY

Note: Trabectedin approved for clinical use in Europe 

and USA (Germano et al., Cancer Cell 2013



The IL-1 receptor (ILR) superfamily

(for a review on IL-1/IL-1R family Garlanda et al Imm unity 2013)



I pesci, Museo Archeologico 
Nazionale di Napoli



The prototypic long pentraxin PTX3

(Garlanda et al Annu Rev Immunol 2005, 2010; Bottazzi e t al Curr Op Immunol, 2006,  2008)



RESISTANCE TO SELECTED MICROBES (eg A. fumigatus, P. aeruginosa) –

REGULATION OF INFLAMMATION
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Garlanda et al Nature 2002; Deban al Nature Immunol 2010; Lu et al Nature 2009; Bottazzi et al Annu Rev Immunol 2010



PTX3 translation

• Diagnostic/prognostic (ELISA, genetics): earlier marker 
and better related to prognosis compared to CRP 

• Therapy (A. fumigatus ; P. aeruginosa)



PTX3 translation - Genetics

• IN HUMANS GENETIC POLYMORPHISMS ASSOCIATED 
WITH SUSCEPTIBILITY TO INFECTION (TB+, P. 
AERUGINOSA*, UROPATHOGENIC E. COLI#, 
A.FUMIGATUS$)

* Chiarini, Genes Immun 2010
+ Olesen, Genes Immun. 2007
# Jaillon et al Immunity 2014

$ Cunha et al New Engl J Med 2014



• PTX3 polymorphisms were associated with susceptibility to A. fumigatus

infection in patients undergoing hematopoietic stem cell transplantation

• Haplotype AC was associated  with increased  protein expression 

N Engl J Med. 2014 Jan 30;370(5):421-32.

Results confirmed and extended in 1101 pts in 
the Swiss Organ Transplantation cohort, 2015

(Wójtowicz A, et al, Clin Infect 2015)



Increased susceptibility to carcinogenesis of PTX3 -/-

mice

Bonavita et al Cell 2015 



IL-1 dependent production of PTX3 during 
carcinogenesis

PTX3 derived from both hematopoietic and 
non-hematopoietic cells contributes to 
protection against carcinogenesis
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Bonavita et al Cell 2015 



PTX3-deficiency is associated to increased 
cancer-related inflammation

Injection site

FACS analysis of Tumor

TAM Mo

Bonavita et al. Cell 

2015



Complement 
activation and 

regulation (C1q; 
Factor H)

P-selectin
(leukocyte 

recruitment)

Which are the mechanisms?

(Deban et al Nature Immunol 2010; Jaillon et al Immuni ty 2014; Bonavita et al Cell 2015) 



PTX3-deficiency was associated to higher tumor
incidence regardless of P-selectin competence

Bonavita et al Cell 

2015



PTX3-deficiency is associated to increased 
Complement activation 

Injection site Tumor tissue

Bonavita et al Cell 

2015



Role of C3 and interaction with Factor H: lack of P TX3-
mediated recruitment of the negative  regulator Fac tor 

H is responsible for exacerbated C3 deposition

Bonavita et al Cell 2015 
SRC 19-20, an inhibitor of PTX3-FH interaction, 

dampens inhibition of C3 deposition by PTX3



C3 gene targeting reduces susceptibility 
to papillomas development
[DMBA/TPA-induced carcinogenesis model]
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(Elena Magrini, unpublished data)



CCL2 plays a key role in promoting cancer-related 
inflammation associated to PTX3-deficiency

A: Incidence of 3-MCA-sarcoma in PTX3-deficient and PTX3-competent mice

treated with anti-CCL2, or irrelevant mAb (n=9-11). ***: p<0.001, paired

student's t test. B and C: Analysis by RT-PCR of selected M1 and M2 markers

of macrophages (B) and monocytes (C) infiltrating 3-MCA-sarcoma in PTX3-

deficient and PTX3-competent mice (mean ± SEM). *: p<0.05, **: p<0.01,

***: p<0.001, unpaired student's t test. In B and C, data were relative to

GAPDH expression and normalized versus wild type.
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Bonavita et al Cell 2015 



PTX3-deficiency is associated to increased gene
instability and higher DNA-damage response (DDR)

Bonavita et al Cell 2015 



PTX3-deficiency is associated to increased gene
instability and higher DNA-damage response (DDR)

Bonavita et al Cell 2015



Methylation of the PTX3 gene in human cancer

Bonavita et al, Cell 2015 



Silencing by methylation of the PTX3 gene in 
selected human tumors

Bonavita et al Cell 2015



PTX3 as an extrinsic oncosuppressor in mouse and hum an 
cancer

Bonavita et al Cell 2015 

Genetic or



(NF-κκκκB; STAT3; HIFs)

Transcription factors

(NF-κκκκB; STAT3; HIFs)
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CANCER-RELATED INFLAMMATION

Mantovani A, Allavena P, Sica A, and  Balkwill F, Nature2008

Two pathways link inflammation and cancer

Humoral innate immunity (PTX3; Complement)

(Bonavita et al Cell 2015)
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PTX3 in carcinogenesis: an extrinsic oncosuppressor
taming tumor promoting inflammation

• MCA and DMBA carcinogenesis in PTX3 deficient mice:
– earlier appearence; increased growth; early increase in  TAM; increased angiogenesis; increased

p53 mutations; complement/CCL2 mediated tumor promoti on

• Methylation-dependent gene silencing in selected human  tumors (eg
leiomyosarcomas; CRC)

• The humoral pattern recognition molecule PTX3 acts as an  extrinsic
oncosuppressor by regulating Complement-dependent tumo r-promoting
inflammation

• Complement is a key component of cancer-related inflamm ation

• An effector molecule in innate immunity is a cancer gene  (extrinsic
oncosuppressor): a missing link in the connection be tween inflammation
and cancer



Trabectedin  is selectively cytotoxic for Monocytes 
and reduces some inflammatory cytokines

Allavena et al Cancer Res, 2005, 2010

*

* IC 50 on tumor cells
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Tumor-associated  macrophages but not T cells  
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(Germano et al Cancer Cell 2013 )



The pentraxin superfamily

(Garlanda, Bottazzi and Mantovani, Annu Rev Immunol 20 05, 2010)
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