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Immune checkpoint blockade has represented a break-
through for the treatment of human cancers, but only a
minority of patients obtain clinical benefits from this
therapy. A critical issue is how to shape the “cold” tumor,
characterized by desert or suppressive immunity, into a
“hot” phenotype [1]. The cyclic GMP-AMP synthase-
stimulator of interferon genes (cGAS-STING) pathway is a
fundamental regulator of innate immune sensing, with
potential to enhance tumor rejection by activating type I
interferon (IFN)-dependent responses in multiple cell types,
including dendritic cell, monocyte and even tumor cell [2],
illustrated inmany preclinical murine tumormodels treated
with stimulator of interferon genes (STING)-activating
therapies. A plethora of STING agonists have been developed
and dozens of them are forwarded to clinical trials, whereas
none of them show promising outcomes by now, even in
combination with anti-programmed death 1 (PD-1). The
underlying mechanisms are largely unknown.

Now, Li et al. show us their encouraging findings in
recent Nature research article that systemic delivery of
STING agonist suppresses natural killer (NK) cell-mediated
anti-tumor responses via B cell-derived interleukin (IL)-35 in
an interferon regulatory factor 3 (IRF3)-dependent but type I
interferon independent manner [3].

They started with systemic delivery of multiple STING
agonists in mice bearing pancreatic ductal adenocar-

cinoma (PDAC), and found that 2′3′-cyclic GMP-AMP
(cGAMP) increased the percentage and absolute number
of CD19+ B cells in the tumor and inhibition of STING
signaling in B cells limited tumor burden. To better
understand the impact of cGAMP on B cells, RNA-seq
analysis revealed that cGAMP increased IL-10 and Ebi3
mRNA (a subunit of IL-35) in wildtype (WT) but not in
STING-deficient B cells. Moreover, STING activation
contributed to the expansion of IL-35+ and IL-10+ regula-
tory B (Breg) cells. Mechanistically, activation of STING in
B cells induced the direct binding of IRF3 to the promoter of
Ebi3, p35 and Il10 while interferon is not involved, a novel
outcome of STING-IRF3 signal pathway. It is generally
believed that both IL-10 and IL-35 act as negative regula-
tors of immune responses. However, B cell-specific
deletion of Ebi3 or p35 but not IL-10 increased tumor-
infiltrated CD8+ T cells and NK cells, indicating IL-35, but
not IL-10, plays a major role in suppressing antitumor
immune responses.

Consistent with the findings in the mouse study, the
authors found that STING agonists promoted IL-35 expres-
sion in peripheral blood B cells from pancreatic cancer
patients. Therefore, this new axis of B cell-IL-35-NK cell
contributes to understanding the puzzle of clinical failure in
STING agonist-based immunotherapy, meanwhile, provides
a therapeutic strategy to block the negative regulator IL-35
during STING agonist treatment. In several mouse tumor
models, cGAMP combined with IL-35-neutralizing antibody
reduced tumor burden. For immune cells profiling, intra-
tumoral Breg were decreased while effector NK cells and
T cells are increased. To explore the cellular contributor in
the control of PDAC model, NK cells or CD8+ T cells were
depleted by antibodies, and most surprisingly, cGAMP plus
anti-IL-35 mediated tumor control was abolished in the
absence of NK cells but not CD8+ T cells, with a mechanism
given in this study that IL-35 inhibits TRAIL expression in NK
cells. As CD8+ T cells are essential for STING agonists-
mediated tumor regression in many studies, it is necessary
to confirm such NK cell-dependency in additional more
tumor models.
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In addition to B cells, activation of STING in T cells also
leads to impaired anti-tumor immunity due to ER stress-
mediated T cells apoptosis [4, 5]. Therefore, the outcomes of
STING activation are cell type dependent, with opposing
effects in different immune cell subsets (Figure 1). The story
of STING agonist is reminiscent of immune checkpoints
blockade therapy. Though programmed death-ligand-1
(PD-L1) in tumor tissue is a biomarker for effective
anti-PD-L1/PD-1 therapy in clinic, increasing evidence
reveals that it is dendritic cell derived PD-L1 that plays a
critical role in tolerating T cells through interaction with
PD-1. T cell immunoglobulin andmucin-containing molecule
3 (TIM-3) correlates with T cell exhaustion, and anti-TIM-3
antibody can enhance T cell responses and synergizes with
anti-PD-1 in regressing mouse tumors. However, general
blocking of TIM-3 has limited efficiency in clinic. Recent
studies have shown that loss of TIM-3 on dendritic cells but
not on CD4+ or CD8+ T cells—promotes strong anti-tumor
immunity [6]. Similarly, systemically dual blocking of PD-L1
and TGF-β signaling shows very promising anti-tumor
evidence in phase I clinical trial, but fails in phase III ones.
Mechanistic studies reveal that TGF-β acts on CD4+ T cells,
but not CD8+ cell, to foster tumor growth. Blocking TGF-β
signaling in CD4+ T cells induces potent anti-tumor
effects [7, 8]. Together with STING, all these cases show the
importance of cell type-dependent function of a given
molecule, and imply the future of cancer immunotherapy:
cell type-specific targeting.
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Figure 1: Upon different immune cell subsets,
STING agonists have distinct impacts on
tumor. Canonically, STING agonist can induce
the expression of type I IFN via dendritic cells
to promote the anti-tumor effect. However,
STING activation also can cause the opposite
impacts in other cell types. According to Li et al.
[3] in the B cells, STING agonists including
cGAMP increase the production of IL-35 in an
IRF3-dependent manner and further suppress
NK cell-mediated anti-tumor responses. Addi-
tionally, in the T cells, cGAMP also can impair
anti-tumor immunity by inducing T cells
apoptosis in an IFN-independent manner.
STING, stimulator of interferon genes; IFN,
interferon; cGAMP, cyclic GMP-AMP; IL-35,
interleukin-35; IRF3, interferon regulatory
factor 3; NK, natural killer; DC, dendritic cell;
Breg, regulatory B; TRAIL, TNF-related
apoptosis-inducing ligand; GzmB,GranzymeB.
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