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Improving cancer immunotherapy by targeting IL-1
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ABSTRACT
Interleukin-1 (IL-1) is an inflammatory cytokine associated with tumor invasiveness and metastasis. We 
recently found that baseline IL-1 in melanomas promoted resistance to immunotherapy by creating an 
immunosuppressive tumor microenvironment and that IL-1 produced in response to CD40 agonist also 
induced resistance to therapy. Here, we discuss how naturally occurring and immunotherapy-induced IL-1 
in tumors causes immune suppression and resistance to immunotherapy, and we discuss targeting the IL- 
1 pathway to enhance the efficacy of immunotherapy.
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Introduction

Although inflammation helps eliminate pathogens and heals 
injuries, it can induce long-lasting disorders like autoimmune 
diseases, asthma, and cancers. Interleukin-1 (IL-1) is a well- 
known inflammatory cytokine that can cause sterile inflamma-
tion and infection-induced inflammation. IL-1 is also asso-
ciated with tumor invasiveness and metastasis. The two forms 
of IL-1, IL-1α and IL-1β, are derived from different genes but 
are functionally similar, and both bind to IL-1 receptor type 1 
(IL-1R1).1 However, other receptors, such as IL-1R2, can act as 
decoy receptors and bind to pro-IL-1, thus preventing it from 
being cleaved by proteases and released as the active form.2 

Furthermore, IL-1 receptor antagonist binds to IL-1R1, thereby 
inhibiting its activation.3 IL-1 has been associated with 
decreased survival of patients with melanoma,4 and endogen-
ous IL-1 facilitates the growth of human melanoma.5 However, 
the role of IL-1 in suppression of anti-tumor immunity is not 
well studied.

We recently reported that baseline IL-1α in melanomas 
promoted resistance to immunotherapy by creating an immu-
nosuppressive tumor microenvironment and that IL-1α pro-
duced in response to CD40 agonist also promoted resistance to 
immunotherapy.6 Here, we provide a brief overview of the role 
of IL-1 in suppression of anti-tumor immunity and the possi-
bility of enhancing the efficacy of cancer immunotherapies by 
targeting the IL-1 signaling pathway.

Sources of IL-1 in the tumor microenvironment

Baseline IL-1

We recently reported that IL-1α in tumors increased with 
increasing tumor size, and inflammatory monocytes are the 
key cells that produce IL-1 in the tumor microenvironment.6 

Since larger tumors contain more necrotic cells, we speculate 
that the DAMP (damage-associated molecular pattern) 

pathway plays an essential role in IL-1 induction through 
toll-like receptor–nuclear factor kappa B (TLR–NF-kB) activa-
tion in the tumor microenvironment. Indeed, it has been 
reported that DAMPs and acidic environments can induce 
the secretion of IL-1β independently of the inflammasome7 

or through the inflammasome.8 Microbes and microbial pro-
ducts in the tumor can also induce IL-1 through TLR–NF-kB 
activation.

Immunotherapy-induced IL-1

We found that CD40 activation triggered IL-1 production in 
the tumor microenvironment;6 however, we did not study the 
mechanism by which CD40 activation induces IL-1 produc-
tion. Other investigators showed that CD40 activation induced 
IL-1β-converting enzyme (Caspase-1) activity in vascular 
smooth muscle and endothelial cells, thus inducing IL-1β 
production.9 It would be interesting to know whether IL-1 
can also be induced through CD40 ligand–CD40–NF-kB 
activation.

IL-1 mediates suppression of anti-tumor immunity

Our findings showed that both baseline IL-1 and CD40 ago-
nist-induced IL-1 mediated increased accumulation of poly-
morphonuclear myeloid-derived suppressive cells (PMN- 
MDSCs) in tumors.6 Our unpublished data showed that 
tumor-associated monocytes and macrophages are the key 
cells that express IL-1R1 on the surface. Therefore, it may be 
that the IL-1 signaling cascade in monocytes and macrophages 
produces PMN-MDSC-recruiting chemokines (CXCL1, 
CXCL2, and CXCL5), leading to PMN-MDSC trafficking into 
tumors. Since PMN-MDSCs are the key cells expressing pro-
grammed cell death ligand 1 (PD-L1) in the tumor microenvir-
onment, an increase in PMN-MDSCs increased PD-L1 
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expression in tumors.6 These consequences inhibited tumor- 
specific CD8+ T-cell immunity (Figure 1). Thus, IL-1 induces 
an immunosuppressive tumor microenvironment and resis-
tance to immunotherapy through PD-L1-expressing PMN- 
MDSCs.

Similarly, using preclinical tumor models and patient 
samples, Theivanthiran et al.10 found that activation of 
CD8+ T cells through programmed cell death protein 1 
(PD-1) blockade induced a PD-L1/NLRP3 (NOD-, LRR- 
and pyrin domain-containing protein 3) inflammasome sig-
naling cascade and resulted in the recruitment of PMN- 
MDSCs into tumors and suppression of anti-tumor 
immunity.

Targeting the IL-1 pathway in cancer to overcome 
resistance to immunotherapies

We found that blocking the IL-1 pathway by IL-1R1 antibody 
overcame IL-1-mediated resistance to immunotherapies 
(CD40 agonist and anti-PD-1 antibodies) through eliminating 
the PMN-MDSCs in the tumor microenvironment.6 Our find-
ing that the primary source of IL-1 is the monocytes, not the 
tumor cells, indicates that IL-1-mediated immune suppression 
can be found in various cancers. Furthermore, most immu-
notherapies induce IL-1 in cancer through direct or indirect 
activation of monocytes/macrophages. Thus, immunotherapy- 
induced IL-1 production and IL-1-mediated immune suppres-
sion in the tumor are generalized phenomena not limited to 
melanoma.

Kaplanov et al. reported that blocking IL-1β enhanced the 
efficacy of PD-1 blockade against breast cancer.11 A recent 
study by Aggen et al. showed that the combination of IL-1β 
blockade with either anti-PD-1 or a tyrosine kinase inhibitor 
had greater anti-tumor activity than either monotherapy alone 
against mouse renal cell carcinoma.12

A human IL-1R1 blockade antibody, anakinra, is already 
approved by the US Food and Drug Administration (FDA) for 
treating rheumatoid arthritis. Our findings suggest that ana-
kinra can be repurposed for cancer treatment as a monother-
apy or in combination with other immunotherapies.

Future perspective

Because IL-1 induces innate and acquired resistance to 
immunotherapy, it could serve as a predictive marker for 
various immunotherapies for melanoma and a wide vari-
ety of other cancers. It is essential to learn whether FDA- 
approved immunotherapies and immunotherapies in clin-
ical trials induce IL-1 and whether blocking the IL-1 path-
way increases the efficacy of these immunotherapies. 
PMN-MDSCs are the critical cells that cause immune 
suppression in the tumor microenvironment, and there is 
no effective strategy for deleting them. If IL-1 signaling is 
indeed a primary mechanism for recruiting PMN-MDSCs 
in tumors, targeting IL-1 would be a safe and effective 
strategy to eliminate PMN-MDSCs in the tumor micro-
environment, converting immunologically cold tumors to 
hot tumors. Furthermore, since IL-1 can induce immune- 
related adverse events in response to immunotherapies 
through its downstream cytokines IL-6, IL-8, and C-reac-
tive protein, blocking IL-1 signaling may reduce the sever-
ity of immune-related adverse events in addition to 
improving the efficacy of immunotherapy. Thus, targeting 
the IL-1 pathway can benefit cancer patients in multiple 
ways.
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Figure 1. Baseline and immunotherapy-driven IL-1 suppresses anticancer immunity. Activation of the TLR–NF-kB pathway through necrotic cancer cells or microbes/ 
microbial products induces baseline IL-1 production by inflammatory monocytes, and activation of the CD40–NF-kB pathway through CD40 agonist induces 
immunotherapy-driven IL-1 production by inflammatory monocytes. In response to IL-1, IL-1R1-expressing monocytes and macrophages produce PMN-MDSC-recruiting 
chemokines (CXCL1, CXCL2, and CXCL5), leading to PMN-MDSC trafficking into tumors and PMN-MDSC-mediated suppression of anti-tumor immunity. These 
consequences make tumors resistant to immunotherapy. Blocking the IL-1 signaling pathway by anti-IL-1R1 antibody overcome IL-1-mediated resistance to 
immunotherapies by stopping the PMN-MDSC trafficking into the tumor microenvironment (Created with BioRender.com). IL-1: interleukin-1; IL-1R1: IL-1 receptor 
type 1; MyD88: myeloid differentiation primary response protein 88; NF-κB: nuclear factor-kappa B; TLR: toll-like receptor; PMN-MDSCs: polymorphonuclear myeloid- 
derived suppressive cells

e2008111-2 Z. XIAO ET AL.



Funding

This work was supported by the Department of Defense Idea Award 
CA160521 (to M.S.) and The University of Texas MD Anderson Cancer 
Center Specialized Program of Research Excellence in Melanoma 
(P50CA093459 to M.S.)

ORCID

Manisha Singh http://orcid.org/0000-0003-1983-4921

Abbreviations

DAMP damage-associated molecular pattern
FDA US Food and Drug Administration
IL-1 interleukin-1
IL-6 interleukin-6
IL-8 interleukin-8
IL-1R1 IL-1 receptor type 1
IL-1R2 IL-1 receptor type 2
MyD88 myeloid differentiation primary response protein 88
NF-κB nuclear factor kappa B
NLRP3 NACHT, LRR and PYD domains-containing protein 3
PD-1 programmed cell death protein 1
PD-L1 programmed cell death ligand 1
PMN-MDSCs polymorphonuclear myeloid-derived suppressive cells
TLRs toll-like receptors
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