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Role of Inflammation and Changes in the Circulation of Acute-Phase Proteins

(Mantovani and Garlanda, New England J. Med. 2023)

Erythrocyte Sedimentation Rate, ESR



Innate Immunity — a Cellular Arm and a Humoral Arm

(Mantovani and Garlanda, New England J. Med. 2023)



Innate Immunity — a Cellular Arm and a Humoral Arm

(Mantovani and Garlanda, New England J. Med. 2023)



The Cytokine Cascade and Cellular Sources and Functions of Acute-Phase Proteins

(Mantovani and Garlanda, New England J. Med. 2023)



INFLAMMATION, MACROPHAGES AND CANCER

Balkwill and Mantovani, 
Lancet 2001

RUDOLF LUDWIG KARL
VIRCHOW  (1821-1902)

(Mantovani  et al. Lancet 
2008; Nature 2008)
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(Mantovani A. 1978) (Bottazzi et al Science 1983)

Ilya Mechnikov (1845-1916)
The Nobel Prize in Physiology and Medicine 

1908
(TAM: Robert Evans, Transplantation, 1972; 

Evans and Alexander, Nature, 1970)



Farbstudie Quadrate, Wassily Kandinsky, 1913

M1

M2

(Selected reviews: Sica and Mantovani J Clin Inv 2012; Biswas and Mantovani, Nature Immunol 2010;
Murray et al Immunity 2014; Mantovani and Allavena J Exp Med 2015; Mantovani Nature Immmunol 2016; 

Locati et al, Annu. Rev. Pathol 2020)

M2-like M1-like

«A distinct and unique transcriptional program expressed by tumor-associated 
macrophages (defective NF-kappaB and enhanced IRF-3/STAT1 activation)»
Biswas et al., Blood 2006



Locati et al. Annual Review of Pathology, 2020

MOLECULAR MECHANISMS UNDERLYING MACROPHAGE POLARIZATION



(Locati, Curtale and Mantovani, Annual Review of Pathology, 2020)

DIVERSITY, MECHANISMS AND SIGNIFICANCE OF 
MACROPHAGE PLASTICITY



Cellular and Molecular Mechanisms
Underlying Trained Innate Immunity in 

Response to Vaccines, Microbial
Products and Cytokines

(Mantovani, Netea. Trained Innate Immunity, Epigenetics, and Covid-19, New England Journal of Medicine, 2020 )



(modified from Farbstudie Quadrate, Wassily Kandinsky, 1913, modified from Mantovani, 
Allavena, Marchesi and Garlanda, Nature Rev Drug Discovery, 2022)



(e.g. Mantovani, Sica, Allavena, Balkwill, Nature, 2008; Mantovani, Nature, 2009; Hanahan and 
Weinberg, Cell, 2000; Cell, 2011; Reis et al, Nature Rev Immunol, 2018; Bonavita et al, Cell, 2015;
Magrini et al, Nature Cancer 2021)

Complement 
/ PTX3

Cellular Innate 
Immunity

Humoral Innate 
Immunity



Figure 1
Complement mediates tumour 
cytolysis in the context of 
antibody-based immunotherapy

Figure 2 
Complement activation in the tumour 
microenvironment promotes tumorigenesis 

Reis, Mastellos, Ricklin, Mantovani, Lambris, Nature Rev Immunol, 2018; Ruben Pio et al 2019

Complement in cancer: untangling an intricate relationship 



A systematic analysis of Complement activation pathways in sarcomagenesis

Factor B-/- mice

MBL1/2-/- mice

C4-/- mice

C1q-/- mice

C3-/- mice

C3-upstream mechanism(s)

Modified from Reis E. et al., Nat. Immunol. Rev, 2018.

C3-downstream mechanism(s)

C3aR-/- mice

C5aR1-/- mice

C5aR2-/- mice

C3aR C5aR1 C5aR2

(Magrini et al Nature Cancer 2021)
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C3 deficiency was associated with gene expression reprogramming in tumor infiltrating 
leukocytes leading to increased antigen presentation

Down in C3-/- vs wt
Up in C3-/- vs wt

Macrophages Monocytes Down in C3-/- vs wt
Up in C3-/- vs wt

Macrophages Monocytes

(Magrini et al Nature Cancer 2021)



C3-deficiency associated genes have 
prognostic significance in human sarcoma

TCGA

Undifferentiated 
pleomorphic 
sarcomas - UPS

C3-deficiency signature of 
macrophages    and       monocytes 

High

Low

High

Low

(Magrini et al Nature Cancer 2021)



Complement and PTX3 
in 3-MCA carcinogenesis and selected human tumors

(Bonavita et al, Cell, 2015; 
Ries et al, Nature Rev Immunol, 2018 
Magrini  et al, Nature Cancer 2021 and unpublished data)
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The macrophage balance in cancer

(Mantovani et al, Nature Rev. Clin. Oncol., 2017; Mantovani and Longo,
New England J Med., 2018; Molgora et al Nature 2017;
Locati et al, Annu Rev Pathol, 2020 )

Innate-like
lymphoid



1. Pathology: 
prognostic vs 
predictive

2. Prevention/
Interception

3.  Reeducation
or targeting
corrupted
policemen

TAM, INFLAMMATION AND 
CANCER:  TRANSLATION



THE IL-1 RECEPTOR  (ILR) 
superfamily

(for a review on IL-1/IL-1R family Garlanda et al Immunity 2013; Immunity 2019)





Clonal
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Oncogenes Inflammasomes Cytokines

Microbiome Lifestyle

IL-1
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and adaptive

lymphoid cells
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Treg

(Garlanda et al Immunity 2019; Garlanda and Mantovani, Cancer Cell 2021)

INTERLEUKIN-1 IN TUMOR PROGRESSION, THERAPY AND PREVENTION



(Mantovani, Allavena, Marchesi and Garlanda, Nature Rev Drug Discovery, 2022)



The macrophage balance in cancer

(Mantovani et al, Nature Rev. Clin. Oncol., 2017; Mantovani and Longo,
New England J Med., 2018; Molgora et al Nature 2017;
Locati et al, Annu Rev Pathol, 2020 )

Innate-like
lymphoid



IL-1R8 as a checkpoint of NK cell anti-tumor and anti-viral activity
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(Molgora et al. Nature 2017; Miller et al. Cancer Immunol Res 2018)
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Effect of IL-1R8 silencing on NK cell effector function

(Landolina et al , J Immunotherapy of Cancer. 2022)



Profiling human monocyte-to-macrophage differentiation 
and polarization

Mattiola, … Mantovani and Locati, Nature Immunol,  2019



MS4A1 (CD20)
B lymphocytes. Cell surface molecule involved in BCR signaling (transmembrane
Ca++conductance).

MS4A2 (FcεRIβ)
Mast cells. High affinity receptor for IgE involved in FcεRI signaling (ITAM domain).

Ms4a4b
T cells. Promotes Th1 function  and enhances GITR signaling.

Ms4a8a
Marker of a TAM ubset in murine breast carcinoma and melanoma (Schmieder, 2012; 
Michel, 2013).

MS4A12
Colonic epithelial cells. Involved in cell differentiation

MS4A proteins: a tetraspanin-like superfamily

(Mattiola Mantovani and Locati Trends Immunol 2021)



THE MACROPHAGE TETRASPAN MS4A4A:
FROM IGNOROME TO HUMAN DISEASES (including RA; Alzheimer)

Martinez et al J. Immunol. 2006; Mattiola et al, Nature Immunol, 2019

GENETIC ASSOCIATIONS WITH ALZHEIMER DISEASE



Tetraspanin-like MS4A molecules
in myeloid cells

Cancer metastasis
Mattiola et al. Nat. Immunol. (2019)

Neurodegeneration
Deming et al. Sci. Transl. Med. (2019)
Naj et al. Nat. Genet. (2011)

Autoimmunity
Boutet et al. Unpublished (2023)

Infection (Fungi; COVID-19)

Silva-Gomes et al. Unpublished (2021)
Mattiola et al. Nat. Immunol. (2019)

(Silva-Gomes et al. 2022; Mattiola, Mantovani and Locati Trends Immunol 2022)



Insilico bioinformatics, TCGA

FROM SINGLE CELL ANALYSIS TO BEDSIDE

Ponzetta et al, Cell, 2019

Georges Seurat (Pointillisme)





MACROPHAGE MORPHOLOGY and LOCALIZATION IN CRC 
METASTASIS AS A CORRELATE OF FUNCTION (SINGLE CELL) WITH 

PROGNOSTIC SIGNIFICANCE

S-TAM
Anti-tumor?

L-TAM

Pro-tumor

Lipid metabolism
Complement
………

(Donadon et al., J. Exp. Med. 2020; 
Murray Editorial ibidem:
Cancian et al Deep Learning ..Cancers, 2021
Costa et al Int. J. Surg.  2023, in press)



Cortese et al. Cancer Immunol. Res, 2023

Identification of GPNMB+ TAMs in the invasive margin of human CLM 



(Cortese et al. Cancer Immunol. Res, 2023)

In-depth characterization of inflammatory MoMɸ subsets and TAMs in CLM



(Cortese et al. Cancer Immunol. Res, 2023)

Clinical relevance of SERPINB2+ MoMɸ and GPNMB+ TAMs in CLM and primary CRC



(Cortese et al. Cancer Immunol. Res, 2023)

Spatial assessment of MoMɸ and TAMs in the TME



(Cortese et al. Cancer Immunol. Res, 2023)

Cell-cell interaction networks of MoMɸ and TAMs in the TME



Origin, Spatial Distribution (mfIHC;Transcriptomics) and Significance of  
Mononuclear Phagocytes in Colorectal Cancer Liver Metastasis

(Donadon et  al J. Exp. Med. 2020; Costa et al Int. J. Surg. 2023; Cortese N, Carriero R, Cancer Imm. Res. 2023) 



Conforti et al. Clin Cancer Res. 2021

Sex-based differences of molecular mechanisms of anticancer
immune response and immune evasion



Differences of innate and adaptive immune responses between healthy 
women and men

(Pala et al Cancer Cell 2022)



(Pala et al
Cancer Cell
2022 )

Molecular mechanisms underpinning the sex-based dimorphism of 
anticancer immune response

- like

- like



Pathways connecting inflammation and cancer 
at the tissue level and at the systemic level

Mantovani et al, Nature, 2008; Nature, Rev Clin. Immunol., 2017; Mantovani, Bottazzi and Riboli, Seminars 
Immunology, 2018; World Cancer Report, IARC, Chapter 3.9 - Immune function, Mantovani, 2019
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and Netea, New Engl. J. Med. 2020; Humoral Innate: 
Brunetta et al. Nature Immunol. 2021; Stravalaci et al. 
Nature Immunol. 2022)

PTX3
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Ellinghaus D, et al. Genomewide Association Study of Severe Covid-19 with Respiratory Failure. N Engl J Med. 2020;NEJMoa2020283. 

Timeline of rapid COVID-19 GWAS

Manhattan Plot of the meta-analysis 
highlighting the two susceptibility loci for 
Severe COVID-19 with Respiratory Failure



(Andrea Ganna and the COVID-19 Host Genetics Initiative, Nature, 2021)



THE CHANGING LANDSCAPE OF COVID-19

COVID-19: AT THE INTERCEPTION OF GENETIC PREDISPOSITION,
IMMUNODEFICIENCY UNMASKED BY THE VIRUS, AUTOIMMUNITY

AND UNCONTROLLED INFLAMMATION

«ἔοικα γοῦν τούτου γε σμικρῷ τινι
αὐτῷ τούτῳ σοφώτερος εἶναι, ὅτι ἃ

μὴ οἶδα οὐδὲ οἴομαι εἰδέναι»

(Platone, Apologia)

«Hence, I feel that I am wiser in this
minor respect: what I do not know, I 
do not believe I know». Socrates
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RESISTANCE TO SELECTED MICROBES (eg A. fumigatus, P. aeruginosa) –
REGULATION OF INFLAMMATION and REPAIR – ADAPTIVE IMMUNITY 

ASN220

Chr 3q25
mRNA 1866 bp

Prot 381 aa

PTX signature
(HxCxS/TWxS)

Ex 1 Ex 2 Ex 3

SP     NTD PTX

OmpA
Men B

components

C1q
Factor H

FcγR P-selectinFicolins
MBL

Microbe 
recognition

C activation
and regulation of 

inflammation

Opsonization Regulation of
leukocyte

recruitment 
and inflammation

Repertoire
synergism

Garlanda et al Nature 2002; Deban al Nature Immunol 2010; Lu et al Nature 2009; Bottazzi et al Annu Rev Immunol 2010;
Doni et al J Exp Med 2015; Bottazzi et al PLOSone 2015; Chorny…Cerutti JEM 2016; Garlanda et al Physiol Rev 2018



PROGNOSTIC SIGNIFICANCE OF PTX3: INTEGRATING 
MYELOMONOCYTIC CELL AND ENDOTHELIAL CELL RESPONSE

(Brunetta, Folci, Bottazzi et al., Nature Immunology, 2020; MedRxiv 2021)

CYTOKINES
(IL-1, TNF, IL-6)

Endothelial
cells

MO/MØ PMN

RECOGNITION OF 
MICROBIAL COMPONENTS COMPLEMENT;

Thrombosis

REGULATION OF 
INFLAMMATION

BIOMARKER;PROGNOSIS

SARS-
CoV-2

ASN220

Chr 3q25
mRNA 1866 bp

Prot 381 aa

PTX signature
(HxCxS/TWxS)

Ex 1 Ex 2 Ex 3

SP     NTD PTX

PTX3

(Confirmed and extended by: Schirinzi et al. The Journal of Infection, 2020; Tong et al MJHID 2020; Genc et al  Tur J Med 
Sci 2020; Gutmann et al Nature Com. 2021; Hansen et al J Innate Immunity 2021;  Lapadula et al Front. Immunol 2022;
Long Covid: Phetsouphan et al Nature Med 2022)



PTX3 AS A PREDICTOR OF DEATH IN COVID-19

(Schirinzi et al. The Journal of Infection, 2020. Similar results on PTX3 in: Tong et al 
MJHID 2020; Genc et al  Tur J Med Sci 2020; Gutmann et al Nature Com. 2021; Hansen et 
al J Innate Immunity 2021; Lapadula et al. Front Immunol 2022 )

(PTX3 in Long Covid: Phetsouphan et al Nature Immunology 2022)



Main Acute-Phase proteins and their Role in Covid-19

(Mantovani and Garlanda, New England J. Med. 2023)



Stravalaci, Pagani et al. Nature Immunol. 2022

Interaction of C1q, MBL, ficolins and surfactant 
proteins with SARS-CoV-2 proteins



Model of the interaction between MBL and Spike

A- Trimeric MBL model shows the distance of approximately 40 Å between mannose-binding sites. 
B- 14 mannose-binding sites in Spike, represented as red triangles.
C- Putative binding site of MBL (highest site-specific probability to be glycosylated with oligomannose). 
D- Spike-MBL complex. 
Glycosylation sites are colored according to the oligomannose glycosylation probability. Gold < 60%. Purple > 80% up until S2’ 
region. Blue > 80% in the S2’ region. 

A B C D

Stravalaci, Pagani et al., 2022, Nature Immunology Andrea Cavalli
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- Binding of MBL to S is not affected by mutations of variants

This is in line with the role of innate immunity in recognizing conserved 
and essential microbial moieties (C. Janeway).
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Binding of MBL to SARS-CoV-2 spike protein Omicron subvariants
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(Stravalaci et al unpublished data)



Stravalaci, Pagani et al. Nature Immunol. 2022;  Asselta et al Nature Immunol. 2023

The MBL2 locus: structure and main association signals 
with severe COVID-19



Matter arising



COVID-19 in vivo therapy with MBL

Viral load

MBL treatment protects SARS-CoV-2 infected hamsters

MBL IV

(Garlanda and European Research Biology Center, unpublished)

Body weight loss



Binding of MBL to Spike protein

Protection:

-Mode of action?
Competition with C-
type lectins
Fusion neutralization

Antiviral activity 

Prognostic:

MBL SNPs associated
with susceptibility or 
thrombosis

Pathogenesis:

-Complement activation
-Thromboembolism
-Ante-antibody-dependent
enhancement (A-ADE) 
phenomenon

Tissue damage

Early 
phase

Late 
phase

C-type lectin

(Stravalaci, Pagani et al. Nature Immunol. 2022; and unpublished data)



THE CHANGING LANDSCAPE OF COVID-19

COVID-19: AT THE INTERCEPTION OF GENETIC PREDISPOSITION,
IMMUNODEFICIENCY UNMASKED BY THE VIRUS, AUTOIMMUNITY

AND UNCONTROLLED INFLAMMATION

«ἔοικα γοῦν τούτου γε σμικρῷ τινι
αὐτῷ τούτῳ σοφώτερος εἶναι, ὅτι ἃ

μὴ οἶδα οὐδὲ οἴομαι εἰδέναι»

(Platone, Apologia)

«Hence, I feel that I am wiser in this
minor respect: what I do not know, I 
do not believe I know». Socrates





(Muri…Robbiani Nature Immunol 2023)

ANTI-CHEMOKINE AUTOANTIBODIES IN COVID-19



• Omnipresent in COVID-19 in three independent cohorts (Lugano, Zurich, Milan)

• CXCL5, CXCL8, CCL25 autoantibodies were associated with protection against

hospitalization in severe disease: Neutrophil trafficking?

• CCL21, CXCL13, CXCL16 autoantibodies were associated with no long COVID at

1year: T and B cell trafficking?

AUTOANTIBODIES AGAINST CHEMOKINES IN COVID-19

(Muri…… Uguccioni and Robbiani Nature Immunol 2023) 



PATHOGENESIS 
OR 

PROTECTION 
AGAINST

LONG COVID

Blocking
IFN-

dependent
resistancePROPENSITY 

TO SEVERE 
ACUTE 

DISEASE
DIVERSE OR 

BLOCKING A SUBSET 
OF CHEMOKINES 

THE YING-YANG AUTOIMMUNITY IN COVID-19

(eg Bastard et al Science 2020 ; Muri… Robbiani Nature Immunol. 2023)



Recognition of SARS-CoV-2 by Cellular and Humoral Pattern-Recognition 
Molecules, Including Acute-Phase Proteins

(Mantovani and Garlanda, New England J. Med. 2023)



Inflammation and Immunity as a metanarrative 
of medicine

(Mantovani et al, Immunity, 2019;  Furman et al Nature Med., 2020)

*

* Systemic 
Chronic 

Inflammation
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