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An immune checkpoint inhibitor, anti-PD-1 antibody has revolutionized the cancer
immunothrapy. The PD-1 blockade therapy was approved in melanoma, non-small lung cell
carcinoma, head and neck cancer, and Hodgkin's lymphoma. However, over a half proportion of
cancer patients are still less responsive. In order to improve the response rate of the patients,
developing combination therapy is an urgent task.

Although recent reports have suggested the importance of energy metabolism in regulating the
activation and differentiation of T cells, it is totally unknown how energy metabolism in T cells can
affect the anti-tumor immunity. Using a mouse cancer immunothrapy model with PD-1 blockade, we
found that the mitochondria in tumor-reactive T cells are activated during the tumor regression.
Therefore, we hypothesized that control of energy metabolism enhances the anti-tumor immunity by
PD-1 blockade. Through the screening of mitochndrial activation chemicals by the PD-1 blockade
therapy model in vivo, we demonstrated that mitochondrial uncouplers enhance the efficacy of PD-1
blockade therapy mediated by reactive oxygen spiecies (ROS) with the expansion of
effector/memory CTLs in tumor draining lymphnode (DLN) and within the tumor. Uncoulper
signaling also promoted the Th1 type immunity because uncouplers enhaced the IFN-g roduction and
T-bet in CTLs. Interestingly, uncoupler sinaling activates the both competitive energy sensors AMPK
and mTOR in total CD8" T cells of DLN. This was due to the different regulation of AMPK and
mTOR in different CTL populations, memory and effector CD8" T cells, respectively. Both
activations were necessary for full augmentation of PD-1 blockade therapy even though these
chemicals alone had no effect on tumor growth. Since peroxisome proliferator-activated receptor
gamma coactivator 1-alpha (PGC-1«) is a common downstream signal molecule of mTOR and
AMPK, and plays an important role in mitochndrial biosynthesis, fatty acid B-oxidation and
oxidative phosphorylation, we next investigated the activational status of PGC-1« during the
combination therapy. The protein and transcriptional levels were upregulated by the stimulation of
uncuoplers, AMPK activator and mTOR activator anlong with PD-blockade in the DLN CD8" T cells.
Subsequent screening of chemicals regulating PGC-1 « -associated transcriptional factors revealed
that Bezafibrate, which is an activator of peroxisome proliferator-activated receptor (PPAR),
augmented anti-tumor efficacy and improved survival rates. While Bezafibrate is used as an

anti-hyperlipidemia in the clinic, it is the first time to demonstrate the role of Bezafibrate to activate
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mitochondria and killer T cell function (Chamoto et al, PNAS, 114: E761-E770, 2017).

We will further conduct the screening of low molecular chemicals that augment the efficacy of
the PD-1-blockade therapy from the other aspects. As the one of the readouts of this study, the
clinical trials of combination therapy along with Bezafibrate is planned.
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