
Decoding the immune 
paradox in the tumors 

Heidi Ling  



Immune surveillance
Immune Checkpoint 
Blockade TherapyImmune evasion 

Immune checkpoint blockade (ICB) therapy 



Immune checkpoint blockade (ICB) therapy 

What are the mechanisms underlying ICB therapy resistance ?
• focus on how the tumor microenvironment (TME) forms barriers that hinder ICB-mediated T cell reactivation

Our group’s research focuses 

Postow et al NEJM 372;21 (2015) 

Melanoma patients 

Chowell et al Nat. Biotec 40;499 (2022) 

MSK-IMPACT Cohort



Exhausted CD8+T cells (Tex cells)  

• TOX-mediated transcriptional program

• Progressive loss of effector functions and poor self-renewal 
capacity

 
• Co-expression of co-inhibitory receptors : e.g.

• Metabolic defects (suppressed glycolysis and damaged 
mitochondria)

Progenitor Tex 

Terminal Tex 
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Tim-3
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Turner et al. Science (2016) Vol 354: 1104 



Metabolic reprogramming during T cell activation 

• Cells undergo an alteration in their mode of energy metabolism in order to fulfill the bioenergetic 
and biosynthetic needs for proliferation, function and differentiation after activation 

Nat Rev Imm 2018 Vol 18: 19
Nat Rev Imm 2020 Vol 20: 15

Naïve cells

Quiescence exit

Activation 

↑ Nutrient uptake

↑ anabolic metabolism

↑ mitochondrial 
biogenesis and 

metabolism



Coordinated lipid metabolism for T cell function 



TILsEffector  

1. Increase in LCFA uptake 

TILs Effector  

3. Dysfunctional mitochondria 

Depolarized mitochondria 

Metabolic features of tumor-infiltrating T cells (TILs)  
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TILs Effector  

Depolarized mitochondria 

How dysfunctional mitochondria contribute to T cell exhaustion ?



Drivers of CD8+T cell exhaustion  

Persistent exposure 
to antigen 

Unresolved 
inflammatory signals 

Progenitor Tex 

Terminal Tex 
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IFN-Is



Type I interferon (IFN-Is) in the tumor microenvironment 

Tumor cells 

Tumor-associated fibroblasts 

Tumor-infiltrated myeloid cells 

DAPI
PD-L1
CD3
CD68
Foxp3
CD8
CK

• IFN- and IFN-

• Potent anti-virial properties

• Key immuno-modulatory cytokines 

• Signal through the IFNAR 

• Canonical signaling : STAT1/2 
 



Type I Interferon (IFN-Is) 

Anti-tumorigenic 

Yu et al. Cell Mol Life Sci. (2022) Vol 79: 191 



Question :  
Dose chronic IFN-Is signaling in the tumor microenvironment trigger 

metabolic defects that promote terminal Tex differentiation ? 

Chronic IFN-Is signaling 

Pro-tumorigenic ?! 



Intratumoral Tex cells in cancer patients are 
enriched in IFN-I signature genes (ISGs)

IFN-I signature genes
(pan cancer CD8+TIL analysis) 

→ IFN-Is are linked to T cell exhaustion in cancer 



IFN-Is promote terminal Tex differentiation in murine HCC 
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α-CD3/α-CD28 
microbeads
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In vitro Tex differentiation assay with human CD8+T cells 
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Terminal Tex signature 
（pan-cancer T cells atlas）

Teff signature
 (pan-cancer T cells atlas)

NES: 2.13, FDR: 0.000000
NES: 1.47, FDR: 0.00319
NES: -1.37, FDR: 0.00489

Tex signature 
（HCV patients）

(iii) Transcriptional 
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(ii) Functional   
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(iv) Epigenetic 
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Tex cells Tex cells + IFN-Is
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IFN-Is trigger mitochondrial defects that associate with 
terminal Tex differentiation 
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depolarized mitochondria 

Chronic, not acute, IFN-Is stimulation promote terminal 
Tex differentiation 
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How dose chronic IFN-Is stimulation promote T cell exhaustion?
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→ IFN-Is increases intracellular FA contents in Tex cells  



Downregulated pathways 
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Chronic IFN-Is stimulation derails T cell metabolism
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Lipid peroxidation (LPO)

• Chain reaction that a free radical extracts an electron from 
a lipid → oxidative degradation of lipid 

Ferroptosis 

Lipid aldehyde 

Carbonylation sites:
K271, P272

TCF-1 

HMG DNA binding 
domain 

-catenin binding 
domain

Basic tail
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Melanoma
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Toco : 
Tex cells Tex cells 

+ IFN-Is 
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Progenitor Tex 

Terminal Tex 

TOX+

TCF1+

TOXhi

TCF1-

IFN-Is
ROS

PUFA

LPO

Summary I

Question : 
Can blocking IFN-Is signaling 
enhances the efficacy of -PD1 
therapy?  
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Progenitor Tex 

IFN-Is Lipid 
peroxidation

Chen et al. (22) 41(7):111647 

Glucose
Lipid

→ Poor anti-tumor activities
→ Resistance to ICB therapy 

Terminal Tex
Reactive Oxygen 

Species

Polyunsaturated 
Fatty Acids 

Skewed nutrient 
uptake



The janus face of IFN-Is in cancer 
The janus face of immune system in cancer 

Anti-tumorigenic effects
(acute exposure)   

Pro-tumorigenic effects 
(chronic exposure)  

Tumor cells : apoptosis 
DCs : activation 
CD8+T cells : priming/activation 

Tumor cells : DNA-damage resistance genes 
DCs : upregulate PD-L1
CD8+T cells : terminal exhaustion 

Duration ? 
Dose ? 

Stage of cancer development ? 
State of intratumoral T cells ?



Immune contexture in the tumor microenvironment (TME) 

Human lung cancer tissue  
ImmunoAltas: JEDI-21012 

DAPI
PD-L1
CD3
CD68
Foxp3
CD8
CK

Tumor infiltrating CD45+ cells in human HCC
Cell (2019) Vol 179: 829

Gentles et al . 
Nat. Medicine (15) 21:(8) 938-945



Neutrophils 

• Most abundant innate immune cells
• Rapid first responders to invading pathogens 
• Short half-life ( 6-8 hours) 



Hepatocellular carcinoma (HCC)

• Diverse etiologies

• Prototypical inflammation-associated cancer

• Third leading cause of cancer-related deaths 
worldwide

• ~30% of HCC patients respond to immune-
checkpoint blockade (ICB) therapy 

• NASH-HCC patients are most resistant to ICB therapy 
Hep B

Hep C

Alcohol NASH

Aflatoxin



High neutrophil infiltration predicts poor prognosis in HCC, 
but not for all etiologies! 
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TANs are pathogenic in NASH-HCC model
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TANs heterogeneity in HCC

1

2
3 4 5

7 8
9

11
10

6

Tu
m

ou
r

BM

6
7
8
9

Mmp8_mNeu
Sell_mNeu
Csf3r_mNeu
Ifit1_mNeu
Siglecf-Lo_mNeu
Siglecf-Hi_mNeu

Sp
le

en

1
2
3
4
5

Ltf_mNeu
Ifitm6_mNeu
Retnlg_mNeu
Il1b_mNeu
Fgl2_mNeu 10

11

Neutrophil clusters
(AKT/NRAS – HCC model) 79 HCC patients 

Dr Xue Ruidong
(Peking University)

HCC TME Atlas : Xue et al. (22)Nature Vol 612: 141-147 



TANs heterogeneity in HCC
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Pro-tumorigenic SiglecFHiTANs are enriched in NASH-HCC
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Pro-tumorigenic SiglecFHiTANs are enriched in NASH-HCC
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SigleFHiTANs directly promote tumorigenesis via TGF-  
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TANs mediate their pro-tumor roles via TGF- in vivo  
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SiglecFHiTANs downregulate tumor antigenicity via TGF-  
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TANs regulate tumor antigenicity via TGF-



SigleFHi –like TANs regulate tumor antigenicity in HCC patients via TGF-



SigleFHi –like TANs regulate tumor antigenicity in HCC patients via TGF-

SiglecFhi TAN Signature
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IMbrave150 + GO30140 trials HRA001748; Xue et al. 2022
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Proposed new role of TANs in tumor development 
SiglecFhiTANs directly suppress the antigen presentation machinery of tumor cells  

Teo et al. J Exp Med (2025) 222 (1):e20241442
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