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Title 
Immunological mechanism of synergistic anti-cancer activities by activation of TLR9 and STING  
(  ＴＬＲ９とＳＴＩＮＧの活性化による相乗的抗がん作用の免疫学的機序  ) 

Abstract of Thesis 

Agonists for Stimulator of interferon genes (STING), such as the cyclic dinucleotide, 
cyclic guanosine monophosphate–adenosine monophosphate (cGAMP), are capable of 
activating TBK1-IRF3 axis to induce type I IFNs and act as adjuvants that can elicit 
antigen-specific B and T cell responses. On the other hand, TLR9 agonist, K type CpG 
ODN (K3 CpG), is a type 1 adjuvant that has already been used in clinical trials. Yet, 
evidence from previous reports suggested that STING agonists induce 
disadvantageous type 2 immunity, instead of protective type 1 immunity, and K3 CpG 
is only a weak inducer of interferons, thereby limiting their clinical applications both 
as vaccine adjuvants and immunotherapeutic agents for cancer. Current study took 
the advantage of combinatorial use of these two adjuvants and revealed that 
combination of TLR9 and STING agonists synergistically induced innate and 
adaptive IFNγ, becoming a robust type 1 adjuvant, as well as a strong 
immunotherapeutic agent for cancer. In vitro studies using human PBMCs and 
various mouse cells showed that synergism between TLR9 and STING agonists were 
mediated by the co-ordinate action of type I IFNs and the Th1-inducing cytokine 
IL-12 derived from both cDCs and pDCs, to culminate in IFNγ production from NK 
cells. As a consequence, use of TLR9 and STING agonists combination as a vaccine 
adjuvant together with a protein antigen indicated that combination can elicit 
significantly greater antigen-specific IgG2c, Th1 and CTL responses than those 
induced by singular adjuvant treatments. In addition, STING agonist-induced type 2 
immune responses were significantly blunted by the combination. Moreover, in the 
explanted tumor models of thymoma and melanoma, intratumoral combination 
treatment induced robust anti-tumor immune responses via the mechanisms 
depending on both CTL and NK cells. Finally, in Pan02 peritoneal dissemination 
model, combination treatment provided significant protection to tumor-bearing mice, 
leading to long-term survivors through the mechanisms involving co-ordinate action 
of IL-12 and type I IFNs. Therefore, combination of TLR9 and STING agonists are not 
only strong type 1 adjuvants, capable of inducing potent cellular immunity, but also 
efficacious cancer immunotherapy agents that can potently induce not ony CTL, but 
also NK cell responses in several tumor models. Hence, the combinations of TLR9 and 
STING agonists that can activate both mouse and human cells for synergistic IFNγ 
production, may have potential clinical applications as strong IFNγ-inducers.




