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Prognostic value of TAMs in Solid Tumors
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TLR agonists and Combination with other
Anti-tumoral Treatments
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Uptake of Nanoparticles by Macrophages

Immunostimulation/
Immunosuppression

Biodegradation

Bhattacharya K et al.         
Adv Drug Deliv Rev. 2013

Weissleder et al. 
Nat Materials 2014



Delivery of Nanoparticles to Macrophages in Tumors

Wilheim S et al Nature Reviews Materials 2016

Dai Q et al ACS Nano 2018
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Figure 4. Spatial sequestration of nanoparticles by tumour associated macrophages 
(TAMs). A) SKOV-3 xenograft tumour histology slice from CD-1 nude mice were stained for 
DAPI, F4/80, Ki67, and silver for the presence of cell nuclei, macrophage, cancer cells, and 
55nm active targeting nanoparticles, respectively. B) 3-dimensional image of SKOV-3 xenograft 
tumour processed by the CLARITY tissue clearing method. CD-1 nude mice bearing SKOV-3 
xenograft tumour were intravenously injected with Lectin-Alexa fluor 555 and dextran-Cy5 prior 
to sacrifice to stain for blood vessels and TAMs, respectively. Arrows represent the co-
localization of 55nm active targeting AuNPs and Dextran. C) The percentage of blood vessels in 
each histology image were then classified and binned for the presence of perivascular 
macrophage (see method for detailed description). D) Histology image quantification of 
macrophage proportion in respect to distance away from blood vessel. The percentage of TAMs 
within 50µm from the blood vessel were quantified using a MATLAB algorithm, which 
recognizes the fluorescence blood vessel outline and radially expands outwards to form 
concentric rings. E) In vitro evaluation of nanoparticle diffusion in 3D Matrigel co-culture with 
fluorescently labelled SKOV-3 (cancer) and Raw264.7 (macrophage) cells. The microchannel 
were first infused with 25% v/v Matrigel, while the either end of the channel were left empty. 
Nanoparticles were introduced into the reservoir on one end and allowed to diffuse through the 
microchannel setup. The percentage of SKOV-3 and Raw264.7 cells with AuNP binding were 
quantified in the graph. Scale bars: A) 100µm; B) 300µm in the larger image, 150µm in the slice 
images; One-way ANOVA was used for statistical comparison. **P≤0.01, ****P≤0.0001. N=39 
for C-D), while each n represents one field of view of 1mm x 1mm. N=3 for E. 

 

Next, we developed an in vitro Matrigel model to demonstrate two principles: (1) macrophages 

is competitive in nanoparticle uptake and (2) ECM prevents the deep penetration and interaction 
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Re-education of Tumor Associated Macrophages

Biswas SK, Allavena P, Mantovani A.
Semin Immunopathol 2013

Tumor Associated Macrophages (TAM)

↑ Tumor growth and Progression
↑ Angiogenesis and Lymphangiogenesis

↑ Resistance to Chemotherapies
and Radiotherapy

Anti-Tumor Macrophages

Kill tumor cells 
Inhibit angiogenesis

Promote adaptive immune 
responses

NM
NanomedicinesCombination Therapies

o Radiotherapy
o Immunecheckpoint Inhibitors or CAR-T cells
o Immunogenic Cell Death Activators
o Targeted Chemotherapy

Prof. Alberto Mantovani
Prof. Paola Allavena



Molecular Rational for Targeting and Re-education of TAM

Figure 3. We have evaluated the expression of CD206/MRC1 (mannose receptors) on TAM for their targeting; representative
experiments are shown. A) Among different C-type lectin receptors, MRC1 present the higher expression on human TAM; B) flow
cytometry evaluation of TAM isolated from human ovarian ascites shows the % of positive cells for CD14 and CD206; C)
Immunohistochemistry analysis of a representative section of ovarian human tumor shows the expression of CD206 in TAM.

Analysis of C-type lectin
receptors expressed in TAM 

from Human Cancer

Targeting Molecules:
- Mannose

Polymer (i.e. Hyaluronic Acid, PolyArginine, etc.)

Receptors on TAM surface:
- CD206

Anti-Tumor
Macrophages

Tumor 
Associated

Macrophages

Receptor Inside TAM:
- TLR7

- TLR7/8
- TLR3

Molecules to stimulate M1-polarization:
- Imiquimod / Gardiquimod
- Resiquimod
- Poly I:C

Prof. María Jose Alonso



Poly(I:C) + Resiquimod polarize macrophages 
towards M1-like antitumor effector cells in vitro
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Poly(I:C) + Resiquimod inhibit primary tumor growth 
and metastasis in immunocompetent tumor models
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Poly(I:C) + Resiquimod reprogram TAMs in vivo
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Poly(I:C) + Resiquimod combination induces systemic 
response, adaptive immunity and antitumoral memory
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Anti-tumoral TAMs

Cytotoxic activity
Phagocytic activity

Immune activation
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Ø Inhibition of tumor growth

Ø Prevention of metastasis

Ø Antitumor immune memory

Combination of Poly(I:C) + Resiquimod reprograms
Tumor Associated Macrophages
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Nanomedicines to Target and Reprogram TAMPrevious	work	
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Arginine-based Poly(I:C)-nanocomplexes polarize 
macrophages towards M1-like antitumoral effectors
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Tumor Accumulation of Mannose-HA-functionalized-NCs

Fernández-Mariño I, … Andon FT, DDTR 2022 
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Intratumoral injection of poly(I:C) + R848-protamine-NCs:
A) prevents tumor growth in lung and B) fibrosarcoma tumor models
C) and metastasis to the lungs

Antitumoral Efficacy of Poly(I:C) + R848-protamine-NCs
Intratumorally Injected in Immunocompetent Models

CMT167:
xenograft lung tumor

MN/MCA:
orthotopic fibrosarcoma tumor
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Intravenous injection of poly(I:C)+R848-NCs:
A) prevents tumor growth in a lung cancer model
B) metastasis to lungs in an orthotopic model of fibrosarcoma
C) best in terms of immunotoxicity??

Antitumoral Efficacy of Poly(I:C) + R848-HA-Mannose-NCs
Intravenously Injected in Orthotopic Models
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SYSTEMS	 Nanocapsules	

Preparation	technique	 Solvent	displacement	

Polymers	

Dextran	sulfate				Chitosan	
PSA																										Protamine	
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DRUG	
Preliminary	Imiquimod/
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-  FQ	properties	
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under preparation for publication



Combination Antitumoral Immunotherapy

Tumor Cells

Elimination

Anti-PD1

Cytotoxic
T cells

M1
(anti-tumoral
macrophages)

TAM-TNs
(R848 + Poly I:C)

Activation

Tumoral
progression

TAMs Inactiv
atio

n

Elimination

Schematic Diagram
Tumor Microenvironment

Intravenous injection of  
poly(I:C) + R848 
nanocapsules in 

orthotopic lung cancer 
model

Other possible Combination Therapies:
o Radiotherapy
o Immunogenic Cell Death Activators
o Targeted therapies
o Immunecheckpoint Inhibitors or CAR-T cells

Other Tumor Models:
o Pancreatic
o Glioma
o Colon Cancer
o Breast Cancer

Reprogramming
Innate Immunity 

Reprogramming
Adaptive Immunity 

TAM-NCs
Poly(I:C)+R848

María José Oliveira



Antitumoral Efficacy of Poly(I:C) + R848 in 3D spheroids

María José Oliveira

Tumor Spheroids (TS): 
• MDA-MB-231 breast cancer cells
• SW837 rectal cancer cells spheroids

Tumor-immune Spheroids (TIS):
• MDA-MB-231 breast cancer cells + monocytes (35%:65%)
• SW837 rectal cancer cells + monocyte spheroids (80%:20%)
(We have used 3 donors n=3)
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Morphology of 3D spheroids treated with Poly(I:C) + R848

María José Oliveira
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Cell death in 3D spheroids treated with Poly(I:C) + R848

María José Oliveira
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Cell death in 3D spheroids treated with Poly(I:C) + R848

María José Oliveira

The % of macrophages decreased from 
20% to ~1-3% from 0 to 72h, having 
the spheroids treated with Poly(IC) + 
R848 a > % of macrophages
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Antitumoral Efficacy of Poly(I:C) + R848 in 
4T1 Breast Cancer Model In Vivo

María José Oliveira
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Pilot Experiment – Testing Poly(I:C)+R848 combination i.v. and i.t. in Murine Breast Cancer Model
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R848 (IT)

Poly I:C + 
R848 (IV)

Experimental Groups (n =4-5)
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On-going:
A) No toxicity as evaluated by weight of mice along the experiment.
B) Analysis of tumor microenvironment by Immunohistochemistry, FACS and RNA.
C) Metastasis quantification in lungs.
D) Next experiment: evaluation of Poly(I:C) + R848 loaded NPs.

not published
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