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Tumor microenvironment composition is ruled by hypoxia

 The hypoxic stress in tumor: an angiogenesis-dependent disease

 The strategies for hypoxia alleviation:  

vessel normalization and stabilization through PTEN

 Clinically related effects on: immunoresistance and perspectives for immunotherapy



Highlights in the development of “angiogenesis” and anti-angiogenesis drugs

U87human glioblastoma

Vakoc et al. nature medicine, 15 | 2009, 2019

optical frequency domain imaging (OFDI)

• Angiogenesis,vascular tonus and erythropoiesis
(VEGF, VEGF-R, NOS2, Epo, …)

• Energy metabolism
(Glut-1, Glut-3,…)

• Cellular proliferation and differentiation
(TGF-β, Cyclin G2, p21…)

ResultsResults??



Main molecular targets of anti-angiogenic drugs approved for patients treatment.

Therapy for Cancer: Strategy of Combining Anti-Angiogenic and Target Therapies

Comunanza, Bussolino Front. Cell Dev. Biol., 07, 2017 https:/doi.org/10.3389/fcell.2017.00101



Approved VEGF-targeted therapy for oncology.

Therapy for Cancer: Strategy of Combining Anti-Angiogenic and Target 

Therapies

Comunanza, Bussolino Front. Cell Dev. Biol., 07, 2017 

https:/doi.org/10.3389/fcell.2017.00101



Signaling molecules and immune checkpoint 

blocked by targeted therapy.

Selected Clinical Trials of VEGF-targeted therapy in 

combination with oncogene-targeted therapy.combination with oncogene-targeted therapy.

Therapy for Cancer: Strategy of Combining

Anti-Angiogenic and Target Therapies

Comunanza, Bussolino Front. Cell Dev. Biol., 07, 2017 

https:/doi.org/10.3389/fcell.2017.00101



Selected Clinical Trials of VEGF-targeted therapy in combination with immune 

checkpoint inhibitors 

Therapy for Cancer: Strategy of Combining Anti-Angiogenic and Target Therapies

Comunanza, Bussolino Front. Cell Dev. Biol., 07, 2017 https:/doi.org/10.3389/fcell.2017.00101



Combining Radiotherapy With Anti-angiogenic Therapy and Immunotherapy

Goedegebuure et al. Front. Immunol.,2019 doi.org/10.3389/fimmu.2018.03107



Therapeutic triad to reach adjuvant effect for radiotherapy anf imunotherapy

Radiotherapy

anti-angiogenic 

therapy
immunotherapy 

Combining Radiotherapy With Anti-angiogenic Therapy and Immunotherapy

Goedegebuure et al. Front. Immunol.,2019 doi.org/10.3389/fimmu.2018.03107



In In tumorstumors: : angiogenesisangiogenesis normalizationnormalization effectseffects

Carmeliet et al. Current Opinion in Genetics & Development 2011, 21:73–79

Goel et al.Physiol Rev 91: 1071–1121, 2011

Immunotherapy ?
Carmeliet et al. Current Opinion in Genetics & Development 2011, 21:73–79

Cancer Cell 2014 26, 605-622



AngiogenesisAngiogenesis normalizationnormalization by by hypoxiahypoxia compensationcompensation

How does repair of the endothelial damage change tumor microenvironment ?

Hemoglobin carries oxygen 

 Strategy directed to hemoglobin properties

Na+

Na+

Na++Na

Na+

Na+

Cyclic pyrophosphate  
able to be delivered 
into RBCs



Can ITPP increase oxygen delivery ?
Oxygen delivery can be increased 

if oxygen affinity for hemoglobin is decreased 
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Decrease oxygen affinity for hemoglobin:
Partial pressure (oxygen)

Decrease oxygen affinity for hemoglobin:

- pH decrease
- 2,3-diphosphoglycerate (DPG)

Na+

Na+

Na++Na

Na+

Na+

Cyclic pyrophosphate  able to be 
delivered into RBCs

Duarte CD et al, Chembiochem. 2010)



Hypoxia compensating strategies are normalizing vessels:



myo-Inositol Trispyrophosphate (ITPP): A novel allosteric effector of hemoglobin with high permeation 

selectivity across the red blood cell plasma membrane:

ITPP uptake is mediated by Band 3 protein (Duarte CD et al, Chembiochem. 2010)

Band 3: anion exchanger (AE1) mediates oxygen-regulated metabolic transitions in RBC

Elevates glycolytic fluxes in deoxygenated erythrocytes by displacing the glycolytic enzymes from their inibitory site 

on Band 3 (Lewis et al, PNAS 2009)

Lowers the pH in RBC ?

31P NMR analysis 2,3 DPG  region chemical shifts acidification  



NMR ITPP detection in vivo  

Effects on angiogenesis ?



New strategies for imaging angiogenesis structure and functionsNew strategies for imaging angiogenesis structure and functions

Optical methods : bioluminescence , fluorescence 

Whole animal imaging : functions MRI, MRA, DCEMRI, BOLD MRI

Evolution of angiogenesis: an important target for novel anticancer 

therapeutics…………….. new challenges for in vivo imaging

Multi modal imaging

In clinical practice: 

•angiogenesis imaging in diagnosis, staging and response monitoring

•assessment of angiogenic process /structural / functional and molecular levels, before, 

during and after antiangiogenic therapy.

Tumor oxygen saturation and hemoglobin concentration can be quantified.  Overall, the tumor has 

very high oxygen saturation.  ROIs were drawn for the whole tumor (green) and for a more hypoxic 

center region (blue).

Photoacoustic Oxygen Saturation



Tumor Model and Treatment:       Tumor F98-Fischer Rat

Treatment start: T0, 23 days after tumor inoculation: D23

MRI parameters: On 3 Regions of Interest (ROI): Cortex (CX), Striatum (STR) and Tumor

- anatomy with T2W map

- apparent diffusion constant (ADC) ~ oedema, necrosis

- cerebral blood volume (CBV)

- cerebral blood flow (CBF)

- integrity of the vascular wall (“permeability”):
area under curve after Gd-DOTA injection (AUCGd-DOTA)

- tissue oxygen saturation (SO ) ~ hypoxia

CX

Blood Blood OxygenOxygen LevelLevel DependentDependent BOLD  MRI BOLD  MRI assessmentassessment

Microvascularization in the F98 rat model of glioma
Grenoble Neurosciences Institute– U836

- tissue oxygen saturation (SO2) ~ hypoxia

- cerebral metabolic rate of oxygen (CMRO2) ~ oxygen consumption

MRI follow-up: D22T-1, D24T1, D26T3, D28T5

Value intervals for each MRI map

ADC 0/5000 µm²/sec

CBV 0/20 %

CBF 0/400 mL/100g/min

SO2 -150/100 %

AUCGd-DOTA 0/1 250 000 s.i.

CMRO2 0/100 mL/100g/min

R2prim 0/30 sec-1

STRTumor

* p<0.05 ANOVA, 

Vehicle vs ITPP  

* p<0.1 ANOVA , 

Vehicle vs ITPP 

*

*

*

*

*

*

*

**
*

*



ESE and MRI Image Registration EPR Oxygen Imaging 

Workshop 2015, Chicago

Real PO2 value

Non invasive

Trityl iv perfusion

Stabilization of the elevated pO2 corresponds to stable vessel normalization: 

effects on tumor  evolution



The Photoacoustic Effect
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creation of image
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Hypoxia compensation affects tumor cell resistance

Kaplan Meyer survival curve

D0: B16 Luc cells injection

D 7,8  14, 15, 21, 22, 28, 29: ITPP injection
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Molecular mechanism: 

1) pO2 increase

2) endothelial PTEN activation 

stable vessel normalization



Hypoxia compensating strategies are normalizing vessels:



Hypoxia compensating strategies are normalizing vessels:

50 µm CD31/PTEN/DAPI

Untreated +ITPP

CD31/PTEN

20µm

Untreated +ITPP

Is ITPP a ligand for PTEN ?



The Role of PTEN in TumorAngiogenesis

Important to stabilize PTEN activation 



Mechanism of PTEN-PI3K-AKT-MDM2 signaling axis control over HIF1α degradation in 

cytoplasm under hypoxic conditions via the MDM2 E3 ligase and 26 S proteasome

Shweta Joshi et al. J. Biol. Chem. 2014;289:22785-22797

Is ITPP a ligand for PTEN ?



Lee et al. Nat. Rev. Mol. Cell Biol. 2018

Is ITPP a ligand for PTEN ?



Activity is measured as the inhibitory effect of antibody binding to  PIP2 Activity is measured as the inhibitory effect of antibody binding to  PIP3 

Surface plasmon resonance analysis of ITPP/PTEN kinetics

PTEN vs ITPP PI3PPTEN vs ITPP PI3P

ITPP is a ligand for PTEN, allosteric phosphatase  activator /inhibitor for PI3K





HypoxiaHypoxia compensation and immune compensation and immune responseresponse

Endothelial cells induce tolerance via PD-L1/2 (Tewalt et al. Blood 2012) in HYPOXIA

PD1 Ligands expression is controlled by PTEN

Y

Y Anti PD1, anti PD-L1/L2

Y Anti CTLA4

O2 increase: in ECs PTEN is activated and express less PD1 Ligands

EC EC ECEC



Endothelial cells induce tolerance via PD-L1/2 in HYPOXIA

ECEC

HypoxiaHypoxia compensation and immune compensation and immune responseresponse
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Treatment by :

hypoxia compensation 

Hypoxia destroys the CTL-specific killing

PD-1/PD-L1 pathway is hypoxia dependent

Mel AgRec

PD-1
PD-L1

Mel Ag

MDSC

CTL Treg

Killing +

TUMOR 

CELL

Hypoxia induced PD-L1/2 expression

Increases suppression by Tumor cells, Tregs, MDSC 

and ECs

Killing restoration of tumor cells

Tumor endothelial cells

PD-L1 expression is modulated

in Ecs and tumor cells as melanoma

Killing +

ECs

Other immune checkpoints ?



Opportunities for pharmacological PTEN reactivation after partial or complete loss of PTEN 

expression

Conclusion 

The angiogenesis normalization-induced activation of  endothelial PTEN  opens 

the perspective of  compensating the tumor suppressor default in tumors
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