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Cytokines: The first immune-targeting drugs that could cure

Atkins et al., Cancer J Sci Am., 2000



The promise and problem with cytokines

Potent control of immune physiology Limitations of natural biology

Anti-tumor

Cytotoxic T cells

IL-2

Pro-tumor

Immunosuppressive Treg

“Pleiotropic”/paradoxical functions



CD8 cells within tumors

Can we avoid pleiotropy w/ more tumor-selective cytokines? 
CD8-centric view of cytotoxic lymphocytes:

Slide adapted from John Wherry



IL-2 receptor expression

(Responsivity to IL-2/15)

Can we avoid pleiotropy w/ more tumor-selective cytokines? 

Slide adapted from John Wherry



IL-18 receptor expression

Can we avoid pleiotropy w/ more tumor-selective cytokines? 

Slide adapted from John Wherry



• Member of the IL-1 family of cytokines (‘alarmins’)

• Activates complementary signaling (MyD88) to most other 

immunotherapeutic agents against other cytokine/immunoreceptors

• Stimulates diverse anti-tumor effector cells of both adaptive and innate 

immune system: NK cells, antigen-experienced CD8 & TH1, & MΦ

• Inhibits/alters Treg function

 Suggests broad utility in both immunogenic and “cold” tumors 

IL-18 delivers a powerful message to the right cells in the TME



IL-18: An amplifier, not an “on” switch 
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IL-18 does not induce IFNγ on resting splenocytes, 

but greatly amplifies the effect of IL-12

In a screen of CD8 stimulation elicited by 1,849 cytokine combinations, 

IL-18 was in 6 of the top 10 combinations. 

Freeman et al., PNAS, 2012

Zhou and Ring, unpublished



rIL-18 therapy: Remarkably well tolerated for a cytokine

Robertson et al., Clinical Cancer Research 2008



Tarhini et al., Cancer, 2009

“Among 63 subjects evaluable for response, [only] 1 achieved 

a partial response... Due to the low apparent level of clinical 

efficacy, the study was terminated at the end of stage 1.”

IL-18 is powerful in a test tube, but a dud in the clinic
IL-18 pharmacodynamic activity wanes with repeated dosing

Robertson et al., Clinical Cancer Research, 2006 

Robertson et al., Clinical Cancer Research, 2008

Q24h dosing: Q7d dosing:

Corresponding to a massive systemic upregulation of IL-18BP:



IL-18BP is an ultra potent soluble decoy receptor that antagonizes IL-18

IL-18 IFN-γ

IL-18BP

PD-L1

IL-18BP is a secreted immune checkpoint
IL-18BP is regulated by IFNγ, akin to other immune checkpoints
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IL-18BP is prevalent in the TME and in cancer patient plasma
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IL-18BP is a barrier to effective rIL-18 immunotherapy
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rIL-18 is ineffective in treating established MC38 tumors in WT mice Knockout of IL-18BP unmasks monotherapeutic activity of rIL-18

Zhou et al., Nature, 2020
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Yummer1.7 melanoma
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DR-18 efficacy is generalizable to numerous syngeneic tumor models:

Zhou et al., Nature, 2020



Miller et al., 

Nature Immunology, 2019

DR-18 treatment expands precursor TCF1+ CD8 >10-fold in the TME

TCF1+ precursor CD8 TIL are key targets of immunotherapy, but 

are not replenished by anti-PD-1 therapy
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TOX is a master regulator of T cell exhaustion

Unopposed NFAT→ Tox

TOX-APC
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DR-18 suppresses TOX expression & promotes polyfunctional TEFF CD8 cells

DR-18 skews CD8 precursor differentiation to Teff from Tex

Zhou et al., Nature, 2020
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Loss of IFN signaling

Mechanisms of resistance to immune checkpoint blockade:

Total MHC class I loss is a common phenomenon:

Tumor Immunology and Immunotherapy, Chapter 5. 2014

IL-18 agonism in ICI resistance
Tapping into innate immunity in the setting of MHC class I loss

0 20 40 60
Days post engraftment

PBS

𝛼PD1+𝛼CTLA4 S
u
rv

iv
a
l 
(%

)

25

50

75

100

0

MC38-B2m-/-

Ardolino et al., JCI, 2014

NK cells infiltrate into MHC-I deficient tumors, but they are highly dysfunctional

Ardolino et al., Journal of Clinical Investigation, 2014
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DR-18 is highly active in ICI-resistant tumors that lack MHC-I
Activity requires NK but not T cells

Zhou et al., Nature, 2020



Conclusions and ongoing studies

• The IL-18 receptor marks key anti-tumor TIL populations in tumors

• IL-18BP is a secreted immune checkpoint and barrier to effective IL-18 immunotherapy

• DR-18 overcomes IL-18BP and exhibits potent anti-tumor activity in immunogenic and ICI-resistant tumors

• DR-18 expands TCF1+ precursor cells and skews their differentiation to a highly polyfunctional Teff population

• DR-18 enhances NK cell maturation and function in MHC-class I deficient tumors
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