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Metformin-induced oxidative stress response mediates anti-tumor immunity

Heiichiro, Udono
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The underlying mechanism of synergistic effect of metformin (Met), type 2
diabetes drug, and anti-PD-1 Ab, was Investigated. Met administration induced ROS-dependent
activation of glycolysis of CD8TILs, which connects with activation of both Nrf2 and mTORC1, leading

to the enhanced cell proliferation. In Nrf2 conditional KO mice, the effect of Met and the
combination therapy was canceled. On the other hand, IFNg production of CD8TILs was solely dependent
on glycolysis but not on Nrf2 and mTORCL.



ROS

ROS
ROS
2
E PNAS, 2009
2 H20,
N- NAC
PNAS, 2014 H,0, peroxiredoxin(PRDX-2)
FDA
Met
complex 1 CI Cl NADH
e- ATP Met CI ATP
e_
0, 02 SOD H202
Met ROS
NAC
Ca2+
Ca2+ NFAT CD8T
ROS
Met
2 T2D
2 Met
1994 FDA T2D
Met T2D Met
BMJ, 330(7503): 1304, 2005 Met
Cancer Res, 69(19): 7507, 2009
Met
RLmalel T SCID PNAS, 112(6):
1809, 2015 Met 5mg/ml
1.7p g/ml Met 0.5 2u g/ml Cancer
Prev Res, 3: 1066, 2010 CD8T CDSTIL
TCM TEM TEM IL-2 TNF
a IFNy CD8T
TEM NBDG
PD-1 T Cell,
162: 1229, 2015 Met PD-1
1 Met PD-1 CD8TIL
Glut-1 Glutl
MethA (## P9 )
CD8T T 20 7 —o—control
g —o—Met
OXPHOS i [
Met Complex 1 E
e- H.0, g 10 1
(ROS) ROS CD8T E
Glut-1 = 51
NADPH ROS 2
0 -+
Met 1 5 9 14 18 23 28 30
ROS days after tumor inoculation
Vet N- =l
NAC NAC  ROS Met
CDSTIL PD-1
NAC CDSTIL Met
ROS PD-1 ROS



Met-ROS- -

1 CD8TIL ROS- -T
CD8T CDSTIL ex vivo Glut-1 ROS
Met PD-1
Glut-1 , ROS
ROS
2
NADPH NADPH
H.0, ROS ROS
Glut-1
G6PDH Nrf2 Nrf2 HO-
1 AMPK
ROS
ROS- -T
Preliminary  CD8STIL MethA CD8TIL
ROS Glut-1 Met PD-1 ROS
Glutl Met Glutl
ROS PD-1 Glutl ROS
Met ROS
PD-1 ROS
ROS Met PD-1
PD-1 TCR
Met ROS
CD8TIL Nrf2 HO-1 G6PDH AMPK
ROS  Glutl Met
ROS Glutl ROS
Glutl Met Glut-1(+)ROS(-)
HO-1
Met PD-1
2
Met ROS
CDSTIL 100 /well well sorting RNA-
seq
Met PD-1
CD8TIL Nrf2
Chip-seq Chip on Chip
Met PD-1 DNA
3 HO-1%f -Cre CcD8T HO-1
1 Met NAC GSH in vivo
PD-1 Met
3 6
CD8TILs Glut-1 Glut-1 Met
GSH in vitro PD-1
Met Glut-1
PMA CD8TILs  IFNy Met
PD-1
Met 6 CD8TILs  mTORC1 S6
p62 Ki67 CD8TILs
mTORC1
Nrf2 GSH 2DG
IFNy GSH 2DG

PD-1 CD8TILs S6 p62 Ki67



Met+ PD-1 Met

Met HO-1 Nrf2
HO-1 Nrf2
2DG

IFNy

2 Met PD-1

CD8TILs RNAseq

IFNy
3 HO-1KO Nrf2

CD8TILs HO-1
CD8TILs S6
CD8TILs Nrf2

NAC GSH
Met Nrf2
Met
mTORC1 Nrf2
Met+ PD-1 4
CD8TILs

Met
p62 Ki67



8 7 2 5

Hirayama T, Nagata Y, Nishida M, Matsuo M, Kobayashi S, Yoneda A, Kanetaka K, Udono H, Eguchi 39

S.

Metformin Prevents Peritoneal Dissemination via Immune-suppressive Cells in the Tumor 2019

Microenvironment

Anticancer Research 4699 4709
DOl

10.21873/anticanres. 13652

Takahara M, Udono H, Okada H. 16 9

Berberine improved experimental chronic colitis by regulating interferon-y - and IL-17A- 2019

producing lamina propria CD4+ T cells through AMPK activation

Scientific Reports 11938
DOl

10.1038/s41598-019-48331-w

Uehara T, Eikawa S, Nishida M, Kunisada Y, Yoshida A, Fujiwara T, Kunisada T, Ozaki T, Udono H. 31

Metformin induces CD1lb+-cell-mediated growth inhibition of an osteosarcoma: implications for 2019

metabolic reprogramming of myeloid cells and anti-tumor effects

International Immunology 187 198
DOl

10.1093/intimm/dxy079

Kubo T, Ninomiya T, Hotta K, Kozuki T, Toyooka S, Okada H, Fujiwara T, Udono H, Kiura K. 19

Study Protocol: Phase-lIb Trial of Nivolumab Combined With Metformin for Refractory/Recurrent 2018

Solid Tumors.

Clin Lung Cancer. e861-e864

DOl
10.1016/j.cl1c.2018.07.010.




Kajiwara C, Kusaka Y, Kimura S, Yamaguchi T, Nanjo Y, Ishii Y, Udono H, Standiford T. J, Tateda 200

K.

Metformin Mediates Protection against Legionella Pneumonia through Activation of AMPK and 2018

Mitochondrial Reactive Oxygen Species.

J. Immunol. 623-631
DOl

10.4049/jimmunol .1700474.

Miyakoda M, Bayarsaikhan G, Kimura D, Akbari M, Udono H, Yui K. 9

Metformin Promotes the Protection of Mice Infected with Plasmodium yoelii Independently of y & 2018

T Cell Expansion.

Frontiers in Immunology 2942
DOl

10.3389/Ffimmu.2018.02942. eCollection 2018.

Bhatia A, 0’ Brien K, Guo J, Gor V, Kajiwara C, Chen M, Woodley D, Udono H, Wei Li 138

Extracellular and Non-Chaperone Function of Heat Shock Protein-90 alpha (Hsp90a ) is Required 2018

for Skin Wound Healing.

J Invest Dermatol. 423-433
DOl

10.1016/j.jid.2017.08.043.

Kunisada Y, Eikawa S, Tomonobu N, Domae S, Uehara T, Hori S, Furusawa Y, Hase K, Sasaki A, 25

Udono H.

Attenuation of CD4+CD25+regulatory T cells in the tumor microenvironment by metformin, a type 2 2017

diabetes drug.

EBioMedicine 154-164
DOl

10.1016/j .ebiom.2017.10.009.




48 34 14

30 2019

2019
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Metabolic Status of Immune Cells links with anti-Tumor Immunity
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