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Immunoediting 
Immune Suppressive Microenvironment

William J. Murphy. Front Oncol. 2013; 3: 197.
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Immune Suppressive Microenvironment

William J. Murphy. Front Oncol. 2013; 3: 197.
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Ipilimumab Augments T-Cell Activation and Proliferation

Adapted from O’Day et al. Plenary session presentation, abstract #4, ASCO 2010.
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Patients at Risk

Ipilimumab 4846 1786 612 392 200 170 120 26 15 5 0
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Ipilimumab Long Term Pooled Survival Analysis: 
4846 Patients

Median OS (95% CI): 9.5 (9.0–10.0)

3-year OS Rate (95% CI): 21% (20–22%)
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Immune checkpoint blockade is effective in a limited fraction of patients



Inhibition of negative immune regulation
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Immune checkpoint blockade is effective in a 
limited fraction of patients

CheckMate 067

Wolchok et al., NEJM 2017

αPD-1 in advanced NSCLC αCTLA-4±αPD-1 in advanced melanoma 

CheckMate 057; Kazandjian et al., The Oncologist 2016
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• Use other means to enhance tumor recognition

• Strategy to address low response rates of checkpoint 
blockade

Rationale for Combination with other therapies:

Checkpoint 
blockade

1. Immune modulation
2. Vaccine/VRPs
3. T cell infusion (CAR)
4. Radiation/VTP/Cryo
5. Targeted therapy
6. Metabolism

Combination
?



Lab “focuses” on overcoming major mechanisms of 
resistance to anti-tumor immunity

Cancer patients

Cured 

Resistant

Immune 

checkpoint 
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Hypothesis – Inhibition of tumor glycolysis to 
overcome resistance to immunotherapy

Hanahan & Weinberg, Cell 2011
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1. Cellular energy metabolism reprogramming is a critical hallmark of cancer



Hypothesis – Inhibition of tumor glycolysis to 
overcome resistance to immunotherapy

Buck M.D., Sowell R.T., Kaech S.M., Pearce E.L., Cell 2017

2. Nutrients and oxygen levels within the TME control immune cell function

/T regs



Hypothesis – Inhibition of tumor glycolysis to 
overcome resistance to immunotherapy
3. Immune checkpoints and co-stimulatory molecules regulate T cell metabolism 

Adapted from Teijeira A. et al, CIR 2019

CTLA-4

GITR



Working Hypothesis

Highly glycolytic tumor microenvironment
(   lactate/glucose) 

Intra-tumor Teff survival, expansion 
and effector functions

Anti-tumor immunity = 
Resistance to IBC

Anti-tumor immunity = 
Response to ICB



Aims

1. Determine how tumor glycolysis impacts on ICB activity;

2. Identify the immune cell types that are potentiated the most by ICB
when tumor glycolysis is hampered;

3. Define the mechanism underlying these effects.

4. Modulate glycolysis pharmacologically.



Glycolysis vs. immune infiltration in human tumors 
before and after immune checkpoint blockadeGlycolysis genes
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Glycolysis-related genes

Heterogeneous 
tumor glycolysis

Melanoma (Post-ipi)Glycolysis genes
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Glycolysis-related genes

• Immune infiltration and glucose catabolism genes are mutually exclusive;
• CTLA-4 blockade facilitates immune infiltration;
• however, expression of key glycolytic genes and immune infiltrate remain negatively correlated after ipilimumab:

 Does CTLA-4 blockade work better in glycolysis-low tumors?

GPI1

SLC2A1
(Glut1)

TPI1 GAPDH

LDHA

ENO1/2/3
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BSG

Glycolysis-related genes
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Zappasodi et al., Nature 2021



Glycolysis vs. immune infiltration in murine tumors 
before and after immune checkpoint blockade

117 kDa

37 kDa

4T1    Sc    KD 

Model System: LDHA knock 
down in aggressive and 
immunotherapy resistant mouse 
tumor models

4T1 mammary carcinoma

4T1    Sc    KD 
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Improved responses of glycolysis-defective tumors to 
CTLA-4 blockade

• Increased efficacy and long-lasting anti-tumor immunity of ICB with anti-CTLA-4 in glycolysis-defective LDHA-KD tumors.
• Activity of PD-1 blockade is not substantially improved in the same experimental settings.
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Aims

1. Determine how tumor glycolysis impacts on ICB activity;

2. Identify the immune cell types that are potentiated the most by ICB
when tumor glycolysis is hampered;

3. Define the mechanism underlying these effects.

4. Modulate glycolysis pharmacologically.



CTLA-4 blockade drives in Treg instability in glycolysis-
defective tumors

Cytokines in TILs
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Does the local lactate:glucose ratio play a role?

Supplying lactate in the KD TME

• Increasing lactate:glucose ratio or boosting tumor glycolysis potentiates Treg stability;
• Loss of Treg stability induced by anti-CTLA-4 in glycolysis-defective tumors is dependent on local lactate:glucose ratio.
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Aims

1. Determine how tumor glycolysis impacts on ICB activity;

2. Identify the immune cell types that are potentiated the most by ICB
when tumor glycolysis is hampered;

3. Define the mechanism underlying these effects.

4.Modulate glycolysis pharmacologically.



Anti-CTLA-4 promotes Treg glucose utilization and IFN- 𝛾
production associated with reduced Treg suppression
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Loss of Treg stability upon anti-CTLA-4 is dependent on 
Treg capacity to metabolize glucose in vivo
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Model & Perspectives

CTLA-4 blockade may be best exploited to treat glycolysis-low
tumors and/or in combination with inhibitors of tumor
glycolysis.



Aims

1. Determine how tumor glycolysis impacts on ICB activity;

2. Identify the immune cell types that are potentiated the most by ICB
when tumor glycolysis is hampered;

3. Define the mechanism underlying these effects.

4.Modulate glycolysis pharmacologically.



Pharmacological Modulation of Metabolism to 
Improve ICB

• Effects of LDH pharmacologic inhibition

• Explore the effects Lactate transport
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105 15

Blood draw 1-4 

hours post-Tx

No tumor Tumor

B16
(2x105)

vs

Serum lactate and LDH levels correlate with B16 
melanoma tumor burden

Days since tumor implantation Serum lactate and 
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Kaplan-Meier curves for 10-year overall survival following cancer diagnosis by serum LDH (above or

below baseline levels) measured within (A) 3 years before diagnosis and (B) 3 months before

diagnosis.

High serum LDH levels are a negative prognostic 
factor for many cancers

Patients with serum LDH levels above baseline prior to diagnosis have a lower survival probability  
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Adaptive immunity is required for the anti-tumor effect of LDHi 
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LDHi combined with CTLA-4 blockade favors CD8+ and CD4+ effector activation
LDHi may be preferentially targeting tumor cells that overexpress LDH, alleviating competition for glucose in the tumor microenvironment
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CD4+Foxp3+ phenotypes

Similarly to when LDH is downregulated within the tumor, LDH inhibition leads to loss of Treg 
stability in the setting of CTLA-4 blockade

We had previously shown that LDHA-deficient Tregs displayed poor expansion and proliferation potential post-treatment with CTLA-4 blockade



Treatment with LDHi increases glucose uptake capacity of tumor-infiltrating T cells, including Foxp3+ 

regulatory T cells, but not splenocytes
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Conclusions

• Serum lactate and LDH levels correlate with B16 melanoma tumor burden, and patients with serum LDH levels above 
baseline prior to diagnosis have a lower survival probability 

• LDH inhibitor GNE-140 reduces tumor cell glycolysis in vitro, lowers tumor and serum LDH in mice, and delays B16 
melanoma growth in immunocompetent but not immunodeficient mice

• Treatment with LDHi alongside CTLA-4 blockade delays tumor growth more significantly than immunotherapy alone

• CTLA-4 blockade combined with LDH inhibition leads to increased CD8+ and CD4+ effector infiltration and activation, 
while resulting in functional destabilization of regulatory T cells 

• Upon treatment with LDHi in vivo, tumor-infiltrating CD8+, CD4+Foxp3-, and CD4+Foxp3+ display a higher capacity for 
glucose uptake, while splenocyte glucose uptake remains unchanged, indicating that LDHi is relatively tumor-specific, 
due to the tumor’s over-reliance on glycolysis and overexpression of LDH



Pharmacological Modulation of Metabolism to 
Improve ICB

• Effects of LDH pharmacologic inhibition

• Explore the effects Lactate transport



Inhibition of MCTs reduces tumor lactate 
production
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Inhibition of MCTs favors T-cell activation in 
tumor-T-cell co-cultures
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Immune mediated effects of pharmacologic 
modulation of tumor lactate metabolism in 
vivo
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Conclusions

1. Co-culture of T cells with 4T1 cells significantly limits their 
immune effector functions

2. Blocking lactate transporters in vitro improves T-cell functions

3. Inhibition of lactate transport in vivo delays tumor progression in 
a manner that is dependent on adaptive immunity

Explore MCT expression patterns in different model systems
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