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Goals

1. Understand how tumors condition their local 
microenvironment to suppress T cell immunity.

2. Learn the mechanisms by which myeloid stroma, regulatory 
T cells, and cancer-associated fibroblasts suppress immunity.

3. Become familiar with interventions under investigation to 
counteract these diverse extrinsic mechanisms of T cell 
immune suppression.



Most cancers remain resistant to Immunotherapy.

“Hottest” Cancers.

“Coldest” Cancers.

Seiwert, T., and Kaufman D.R. JCO.2018.36.5_suppl.25 Journal of Clinical Oncology 36, 2018.

“Innate” Resistance

Acquired Resistance

Pancreatic Cancer Prostate Cancer

Melanoma
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1) When successful, T cell 
checkpoint blockade frees 
the immune system from 
repression in the tumor 
eliciting durable regression 
of even widespread cancer.

2) Multiple 
mechanisms of 
immune 
suppression can 
repress T cells and 
prevent tumor 
regression even in 
the presence of 
checkpoint blocking 
antibodies.

Extrinsic suppression can be dominant over T cell checkpoint 
blockade



Tumors nucleate a metabolically-hostile micro-environment in 
which T cells fail to thrive

How about

I go to a lymph

node instead?



Resistant tumors become “hyper-metabolic” and outcompete infiltrating T 
cells for essential nutrients.



Tumors metabolically out-compete T cells for glucose leaving them dysfunctional due 
an inability to flux calcium..

A) The TME lacks glucose. B) TME CD4 have low Glu uptake. I) PEP is required for CA2+ flux. G) T cells engineered to make PEP
slow melanoma tumor growth.



Tumors foster hypoxia through dysregulated angiogenesis and 
rapid oxygen consumption.

Immune-resistant melanoma elevates OxPhos metabolism 

but adapts to buffer resulting hypoxic and oxidative stress.

The surrounding stroma, however, suffers metabolic 
depression and experiences elevated hypoxic stress.

Jaiswal, A.R. and M. A. Curran, Manuscript in Revision.

Elevated OxPhos Improved adaptation 

to hypoxic stress.

Improved buffering of 

oxidative stress.



T cell are excluded from hypoxic zones of tumors.

Jayaprakash, P., Ai, M., and Curran, M.A. J Clin Invest. 2018 Hatfield, S.M. and Sitkovsky, M.V. Sci Trans Med. 2015

The hypoxia prodrug,
TH-302 breaks down
hypoxia and allows
checkpoint blockade
mobilized T cells to 
infiltrate throughout 
the prostate tumor.

Hypoxia reduction 
renders checkpoint 
resistant TRAMP 
mice sensitive to 
CTLA-4/PD-1 
blockade.

Jayaprakash, P., Ai, M., and Curran, M.A. J Clin Invest. 2018



Tumor glycolysis and hypoxia act to promote acidification and 
lactate accumulation in the TME.



Hypoxia and recruitment of suppressive stroma result in 
accumulation of extracellular adenosine.

Hypoxia             HIF-1α

CD39

CD73

Adenosine

A2B AR
{

by Halozyme



Adenosine inhibition improves response to T cell checkpoint 
blockade
Mice lacking the adenosine A2A-AR resist
pulmonary engraftment of MCA205 sarcoma

Inhibition of the A2A-AR with small molecule inhibitors cooperates
with T cell checkpoint blockade to reject multiple murine cancers.

NB: CPI-444 is an oral small molecule inhibitor of A2aR



Macrophages and MDSC potently suppress T cells through depletion 
of essential amino acids.



Inhibition of IDO synergizes with checkpoint blockade to reject murine melanoma 

tumors.

Expression of IDO confers checkpoint
blockade resistance to otherwise
sensitive tumors.

IDO inhibition enhances the therapeutic
response to checkpoint blockade by restoring
proliferation and effector function to TIL.



Tumors and their stroma condition vasculature to deny T cells 
access to the TME.



Endothelial cells are among the highest Interferon producers
in response to intra-tumoral STING agonist injection.



Dying to enter the TME: VEGF-A, IL-10, and PGE2 act together to induce Fas-
Ligand on tumor vessels.

Tumors, especially hypoxic ones, produce VEGF-A, Prostaglandin E2 (PGE2)
and IL-10 that induces Fas-Ligand on vessels triggering apoptosis in T cells.

Blocking PGE2 and 
VEGF decreases
vessel Fas-Ligand 

Reducing Fas-L 
expression by 
tumor vessels 
slows tumor 
growth.



Tumors minimize their immune footprint and deprive T cells of local support 
through dendritic cell exclusion.



Restoration of antigen presenting cells can reverse immune 
ignorance in “cold” tumors.

+β-Catenin = CCL4 = no            = no tumor antigen presented to T cells =
Immune
ignorance

Re-introducing DCs and restoring immune infiltration converts “cold”
melanoma back to “hot”.
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CD40 activation can re-activate myeloid antigen presentation in “cold” PDAC 
mobilizing a more diverse T cell response.



Transforming growth factor β (TGF-β) dampens immunity 
throughout the microenvironment.



Adoptively-transferred T cells can be engineered to resist TGF-β
induced immune suppression.

TGFβ resistant T cells
reject tumors

Genetically
Engineer

TGFβ immunity

Patient TIL/CAR
(TGFβ sensitive)

Only EBV-specific T cells rendered
Immune to TGF-β can control tumor.

Also for PSMA-specific 
TCR-transduced TIL



Regulatory T cells (Treg) elaborate additional immuno-regulatory 
cytokines.

In addition to TGF-β, Treg produce either 
IL-10 or IL-35 which further suppress Teff.

IL-35 producing Treg significantly suppress anti-
tumor T cell responses.



Cancer-associated fibroblasts (CAF) can kill tumor-specific CD8 T 
cells.

CAF can cross-present antigen and delete tumor-specific T cells

Exogenous or Tumor-

derived Ovalbumin is 

processed by CAF 

and the SIINFEKL 

peptide presented in 

surface MHCI

Deletion of T 

cells requires 

target antigen 

and CAF but not 

the presence of 

the tumor

Both PD-L2 and

FAS-ligand 

expressed by 

CAF help delete 

T cells and 

protect tumor.



Lessons and Take Home Messages

1. The majority of tumors remain resistant to T cell checkpoint 
blockade.

2. Tumor cells, myeloid stroma, regulatory T cells, and cancer-
associated fibroblasts can all suppress anti-tumor immunity.

3. Extrinsic T cell suppression can be reversed, but knowing the 
relevant mechanisms operating in a given cancer will be critical to 
selecting the most effective therapeutic combination.


