Nanomedicines to Target and Reprogram

Tumor Associated Macrophages
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Tumor Associated Macrophages

TAM in Human Lung Cancer

TAM in Immunocompetent Murine Models

Non-Small-Cell Lung Carcinoma CMT167 Lung Tumor MN/MCA Fibrosarcoma
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Pro-tumor Functions of
Tumor Associated Macrophages

Proliferation and Survival
. ®

Angiogenesis / . Invasion and
[ 1| | Metastasis

Genomic }( N\ . Tissue Remodelling
Instability N TN and Fibrosis
X :
Resistance to Suppression of
Antitumoral Adaptive Immunity
Therapies (T cells)

Andon et al Semin Immunol 2017



Prognostic value of TAMs in Solid Tumors

Tumor Type Markers of TAMs Prognostic Impact
CD68, CD163, Bad
CD204
Glioma IBA, CD204 Bad
CD163/CCL3 ratio Bad (if high ratio)
— CD,]63/AIF Bad (if high ratio)
ratio
. CDe68 Bad
Mesothelioma CD163 Bad
CD68 Good (in tumor islets/bad in tumor
stroma)
Lung cancer CD68/iNOS (for
(NSCLC) MT1);zqx 4
CD68/CDI}>3 o Bad @EM2>MD)
M2)
Pancreatic cancer CD68, CD204 Bad
CD163 Bad
Breast cancer CD68, CD163 Bad
iNOS Good (if together with high CD8+ cells)
T I CDe68 Good (at the invasive front)
Wnt5a, CD68 Bad
i amnia CD68, CD163 Bad (CD163 a‘t tum9r stroma and CD68
at invasive front)
Bladder cancer CD68 Bad

TAM: tumor-associated macrophages; NSCLC: non-small-cell lung cancer.

Belgiovine C, ... Andon FT. J Clin Med 2020



Therapeutic Manipulation of
Tumor Associated Macrophages

Bisphosphonates ICD drugs

Trabectedin Radiation/PDT
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Allavena P, ... Andon FT. Clinical Cancer Research 2021



TLR agonists and Combination with other
Anti-tumoral Treatments

TLR 7/8 agonists

TLR 9 agonists

Imiquimod;
Resiquimod;
Motolimod

TLR 3 agonists
STING agonists
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Uptake of Nanoparticles by Macrophages

Inducers
A -
-SWCNT
- MWCNT &
Sensors -
Innate Immune
Mediators 3 > celis
. . - cytokines 5 Ly
Immunostimulation/ e omalitaes ( w
Immunosuppression - weompiemcnt R oy ..
Macrophages  Mast cells I‘,o—s—lnnphlls
aSdes C J
kN(-ulrr;phllq Dendritic cells

Adaptive
immune
cell activation

B cells T cells

Bhattacharya K et al.
Adv Drug Deliv Rev. 2013

Nanopatticle uptake

Macrophages I \

Dendritic cells I \

Ly-6Ch monocytes I
Ly-6C" monacytes
Neutrophils

NK cells

Cancer cells I
Tubular cells

Endothelial cells

T cells
B cells
Other cells
Nanoparticle distribution
Large (>1,000 nm) Medium (-10-300 nm)
- Lungs - Liver
- Liver - Spleen

- Capillaries (emboli) - Lymph nodes
- Bone marrow
- Vessels

Weissleder et al.
Nat Materials 2014

Tiny (<8 nm)
- Kidneys
- Lymph nodes



Delivery of Nanoparticles to Macrophages in Tumors

Analysis of nanoparticle delivery
to tumours

Stefan Withelm, Anthony J. Tavares, Qin Dai, Seiichi Ohta, Julie Audet,
Harold F. Dvorak and Warren C. W. Chan

0.7%

Median in 2006

Wilheim S et al Nature Reviews Materials 2016

Quantifying the Ligand-Coated Nanoparticle
Delivery to Cancer Cells in Solid Tumours

Qin Dai, Stefan Wilhelm, Ding Ding, Abdullah Muhammad Syed, Shrey Sindhwani,
Yuwei Zhang, Yih Yang Chen, Presley MacMillan, and Warren C.W. Chan

Cancer Other  Macrophage NPs ECM
Cell Cell

80

Nanoparticle Delivery Efficiency
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Dai Q et al ACS Nano 2018 Distance from vessel (um)



Re-education of Tumor Associated Macrophages

Thi Immune complex Th2
IL-10  +TLR ligands

| L e

® IL-4Rce

Anti-Tumor Macrophages <:I Tumor Associated Macrophages (TAM)

Kill tumor cells ‘N Tumor growth and Progression
Inhibit angiogenesis -~ ‘N Angiogenesis and Lymphangiogenesis
Promote adaptive immune M Resistance to Chemotherapies

responses and Radiotherapy
J Biswas SK, Allavena P, Mantovani A.
o Semin Immunopathol 2013
Combination Therapies Nanomedicines

Prof. Alberto Mantovani
Prof. Paola Allavena
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o Radiotherapy

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

o Targeted Chemotherapy




Molecular Rational for Targeting and Re-education of TAM

DCL-1 MRC1
Polymer (i.e. Hyaluronic Acid, PolyArginine, etc.) ML % 3%
10%
Targeting Molecules: Receptors on TAM surface:
2~ - Mannose - CD206
. ey MDL-1 Defne
17%
Analysis of C-type lectin
receptors expressed in TAM
from Human Cancer
Molecules to stimulate M1-polarization: Receptor Inside TAM:
- Imiquimod / Gardiquimod - TLR7
- Resiquimod - TLR7/8
- Poly I:C - TLR3
, Prof. Maria Jose Alonso
@ —
Tumor Anti-Tumor | N
Associated Macrophages ONIVERSID D

DE COMPOSTELA

Macrophages



Poly(l:C) + Resiquimod polarize macrophages
towards M1-like antitumor effector cells in vitro

THP-1 NF-kg
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Poly(l:C) + Resiquimod inhibit primary tumor growth
and metastasis in immunocompetent tumor models

Tum. cells injection (s.c.)

Treatments (25 pg) - Intratumoral
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in vivo

imod reprogram TAMs
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Poly(l:C) + Resiquimod combination induces systemic
response, adaptive immunity and antitumoral memory

—»— plC+R848 + anti-NK1.1

1000+ -= PIC+R848 + anti-CD8+anti-CD4 — A-plC+Ra4s
- - pIC+R848 + Isotype r — B(A-pIC+R848)
E 800- o ladivoe — A - Saline
% yP , &~ 15007 — B (A - Saline)
g 600 Control [
3 E
o | ©
E 400 g
E 200+ )
C L} Ll T — 1 g
0 5 10 15 20 =
Time (d)
* Tum. cells injection (s.c.)
500 2501
€400_ "2200- Tum. cells injection (s.c./both flank)
3 3 Naive mice )
g 3004 2 1501 pIC+R848(25 ug)
2 200 Pic+RE4s Tum. cells 2 B o A Intratumoral / tumor A only
g 1 injection (s.c.) g 100+
£ £ .
5 100+ 5 50l Tumor rejected 0 9 12 14 16 19 21
= = 50 * mice
0¥ o4
70 80 90 100 110
Time (d)

Anfray C, ... Andon FT. JITC 2021



Combination of Poly(l:C) + Resiquimod reprograms
Tumor Associated Macrophages

Tumor Associated Macrophages

Poly (I:C) R848

VAN
TLR3 , TLR7/8 f
Cancer cell ~ & J o
1 Type ITFNs » Inhibition of tumor growth
Immune suppression, angiogenesis, L
epithelial to mesenchymal transition IRF3 NF-xB Y . .
P tissue remo delingymetastasis ’ l STATI[[[|STAT2 > Prevention of metastasis
9 b
tumoral growth factors... J_Z j /-fj-”
St » Antitumor immune memory
1T,
Anti-tumoral TAMs Type ITFNs +

target genes

‘ . = \ ‘ \ Adaptive
‘ "o 2 ,: ’ Immunity
e CXCL10
Phagocytic activity CCLS..

Cytotoxic activity L
Immune activation Anfray C, ... Andon FT. JITC 2021



Nanomedicines to Target and Reprogram TAM

Ead
7 \_54
& !/ \
R848 s I & & —> Poly (I:C)
] ] \ -~ 7 Arginine-rich
& T olymers
Poly (1:0) e—N\- % ) &R
Drugs to stimulate H? or _PGA;:PI;G Targeting
M1-polarization: unctionalize ligands:
- Resiquimod - Mannose
- Poly (I:C) Nanocapsules Nanocomplexes
R Polymers: Polymers: R
. e?eptors Inulin / Dextran sulfate Polyarginine eceptors
inside TAM: Polysialic Acid (30 KDa) C12-Octarginine on TAM surface:
) Trlilié/ TLRS Hyaluronic Acid (50 KDa) - CD206
) Polyarginine
Protamine / Chitosan
Characterization: Size: 70 - 150 nm Surface Charge: +50 mV / -30 mV Jose Crecente Campo
Free Endotoxin Contamination Tamara Gomez Dacoba

Carmen Fernandez Varela
lago Fernandez Marifio



Arginine-based Poly(l:C)-nanocomplexes polarize
macrophages towards M1-like antitumoral effectors

@ CD8* T cells

Dacoba TG, ... Andon FT, Crecente-Campo J. Front Immunol 2020



Tumor Accumulation of Mannose-HA-functionalized-NCs

Nanoprimer™

Avg Radiant Efficiency
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Ferndandez-Marinio 1, ... Andon FT, DDTR 2022



Antitumoral Efficacy of Poly(l:C) + R848-protamine-NCs
Intratumorally Injected in Immunocompetent Models
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Intratumoral injection of poly(l:C) + R848-protamine-NCs:

A) prevents tumor growth in lung and B) fibrosarcoma tumor models
C) and metastasis to the lungs

under preparation for publication



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

CMT167 - Lung cancer model MN/MCA - Fibrosarcoma model with lung metastasis
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Combination Antitumoral Immunotherapy

y ¢ M1 c .
(anti-tumoral YrtOt(I)IXIc
. macrophages) cells
"] I“’/‘:‘ &
Activation = @'
@ o @, Reprogramming
: " Adaptive Immunity
Intravenous injection of \ N\
poly(l:C) + R848 O | \( \{
nanocapsules in 00 4 Anti-PD1
orthotopic lung cancer TAM-NCs Elimination
model POIV(I:C)+R848 TAMS (\'b
Reprogramming | N Tumor Cells
| te | it _ Tumoral ‘
hhate immunity - . . progression ' '
Q '
Other possible Combination Therapies: Other Tumor Models:
o Radiotherapy o Pancreatic
o Immunogenic Cell Death Activators o Glioma
o Targeted therapies o Colon Cancer
o Immunecheckpoint Inhibitors or CAR-T cells o Breast Cancer >

Maria José Oliveira



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

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%)

e SW837 rectal cancer cells + monocyte spheroids (80%:20%)
(We have used 3 donors n=3)

not published Maria José Oliveira



Morphology of 3D spheroids treated with Poly(l:C) + R848

MDA-MB-231 MDA-MB-231
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Cell death in 3D spheroids treated with Poly(l:C) + R848

MDA-MB-231 SW837
* % - * %
80 = 80
(2]

= oo 1 < 60+
@ 607 o So o
© 404 © 40+
% o ©
Y - Y=
O o0 °° 20=
X ‘ \ 2 ‘ \

0 T T T T 0 I I

CrT Poly(IC) + R848 CrT Poly(IC) + R848 CrT Poly(IC) + R848 CrT Poly(IC) + R848
TS TIS TS TIS

|||||||||
sssssssssss

;!’ A*:‘ =] _"t_

nnnnnnn
ooooooo

not published Marla José Oliveira



Cell death in 3D spheroids treated with Poly(l:C) + R848
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Antitumoral Efficacy of Poly(l:C) + R848 in
4T1 Breast Cancer Model In Vivo

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. Lo PR
|
C) Metastasis quantification in lungs. \;.) C CcoskE
D) Next experiment: evaluation of Poly(l:C) + R848 loaded NPs. B
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