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‟Seed and soil”  hypotesis

‟The seed of plants are carried in all direction; but
they live and grow only if they fall on congenial soil”

- Paget 1889

The succesful growth of metastatic cells depends on the interaction and properties of 
cancer cells (seed) and their potential target organs (soil)  
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The Tumor Microenvironment: the making of a paradigm
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We change the depth of focus…

LEUKEMIC CELL



The Leukemia Microenvironment

Modified, Lane SW et al  Nat Biotechnol. 2014



1. Increased Treg cell number

2. Increased T cell exhaustion, such as through upregulation of 
immune checkpoint ligands and receptors, and senescence

3. Diminished function of T helper and alteration in cytokine 
production

4. Deregulated anti-leukemic NK-mediated cytotoxicity

5. Increased myeloid derived suppressor cell and  M2-like 
macrophage populations

The immune landascape in AML 

IMMUNOREACTIVITY

IMMUNOTOLERANCE



Leukemia immune modulation mechanisms:

1. Cell-cell interaction and receptor-ligand interaction

2. Immunosuppressive soluble factors

3. Immunometabolism



1. Cell-cell interaction and receptor-ligand interaction

Swalter J et al. Cancers. 2021 Mar 10;13(6):1203



Clinical Trials of drugs and treatments that target 
immunosuppressive factors in AML

Swalter J et al. Cancers. 2021 Mar 10;13(6):1203



2. Immunosuppressive soluble factors
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Release of IFN-γ by AML cells remodels bone marrow 
microenvironment

IFNγhighAML cells are enriched in IFN-γ signaling, inflammatory and 
immune-response pathways
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IFNγhighAML cells upregulate immune-suppressive genes 
in MSCs, which overexpressed IDO
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IDO EXPRESSION



Corradi G et al. In preparation

Release of IFN-γ by AML cells remodels bone marrow 
immune microenvironment by inducing regulatory T cells
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3. The immunometabolism

AML metabolic alterations could be linked
to immunoregulation:

• Competition over substrated

• Abundant release of bioactive metabolites

Microenviromental metabolic remodelling



Mougiakakos D, et al.Front Oncol. 2019; 9: 1166

The immunometabolic interplay in AML: 
competition for substrates



The immunometabolic interplay in AML: production 
of bioactive metabolites 

Mougiakakos D, et al.Front Oncol. 2019; 9: 1166
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The immunometabolic interplay in AML: production 
of bioactive metabolites 

Mougiakakos D, et al.Front Oncol. 2019; 9: 1166



GLYCOLYSIS

The immunometabolic interplay in AML

Mougiakakos D, et al.Front Oncol. 2019; 9: 1166
Patsoukis N et al. Nat Commun. 2015 Mar 26;6:6692

PD-1

PD-L1
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Do new drugs alter leukemia cross-talk with immune system?

YES

• Interferons treatment increases PD-L1 expression

• MEK inhibitors reduce PD-L1 expression

• Expression of PD-L1, PD-L2, PD-1 and CTLA4 in myelodysplastic syndromes is enhanced 
by treatment with hypomethylating agents

• Patients non-responders to chemotherapy increase TIM3 and Gal9 

• …….

Resistance to therapies is largely influenced by the 
composition of the immunological microenvironment 



Mendez LM, et al.Front Oncol. 2019; 9: 1162
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