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Maintenance of mitochondrial guality control through mitophagy is essential for
insulin secretion in pancreatic beta cells
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Insulin is _a blood glucose-lowering hormone secreted from pancreatic
beta-cells and is essential for maintenance of normoglycemia. In Japan, a large proportion of type
2 diabetes is caused by deficiency of insulin secretion. It is well known that mitochondria in
pancreatic beta cells play an indispensable role in glucose-dependent insulin secretion, but
morphologically and functionally abnormal mitochondria were accumulated in pancreatic beta cells of
diabetic patients. In this study, using CMR mice which enable to visualize mitophagy (selective
autophagy that specifically targets damaged or dysfunctional mitochondria for degradation), we
revealed that the failure of mitochondrial quality control would cause the deficiency of insulin
secretion in pancreatic beta cells.



B
2 B
B
1) 2 B
B
ATP
B
ATP ROS ROS
2, 3)
ROS
B
B
B
B
conditional mitochondria matrix
targeting mitophagy repoter (CMR) B
B 1 CMR
mCherry EGFP CMR
mCherry  EGFP
EGFP mCherry
CMR
EpHif
itz wide i
) AT — ‘)
CMR B =
CMR (mcherry |JJEGES (mherry | EcFP “
B y
BU1: fERHIRAF R T A R D7D —a1RIE YD X (CMRY I R)
B
(1) CMR
mCherry  EGFP CMR
flox DNA Rosa26 B Cre
recombinase RIP-Cre B CMR
(2) CMR
CMR
EGFP mCherry

EGFP mCherry



®

MitoSOX

*
60%

0.36U7

60 120

@ B

CMR

CMR

CMR

@

Q)

®

B

Hif-1la

B
PINK1/Parkin

BNIP3

PINK1/Parkin
BNIP3

*

ROS
MitoTracker Red CM-H.Xros
6 26 20
14
6
1.25¢g /kg
CMR
CMR
EGFP mCherry
B
DFP mCherry
CMR B
B
20
CMR
B
PINK1/Parkin ) B
B Parkin
PINK1
PINK1/Parkin
PINK1/Parkin
B
Hif-1la
Hif-1a
™ B
Hif-1la BNIP3
B
B BNIP3
B

Hif-1a

ROS

OxyBlot

Tom20

15 30

DFP

Atg7

Parkin

@
BNIP3

-Hif-1la -BNIP3



®

ATP
ROS

Yagihashi S, Inaba W, Mizukami H (2016) Dynamic pathology of islet endocrine cells
in type 2 diabetes: [ -cell growth, death, regeneration and their clinical
implications. J Diabetes Investig, 7: 155-165

Gerber PA, Rutter GA (2017) The role of oxidative stress and hypoxia in pancreatic
beta-cell dysfunction in diabetes millitus. Antioxid Redox Signal, 26: 501-518
Liesa M, Shirihai 0S (2013) Mitochondrial dynamics in the regulation of nutrient
utilization and energy expenditure. Cell Metab, 17: 491-506

Gupta D, Jetton TL, LaRock K, Monga N, Satish B, Lausier J, Peshavaria M, Leahy
JL (2017) Temporal characterization of (3 cell-adaptive and -maladaptive
mechanisms during chronic high-fat feeding in C57BL/6NTac mice. J Biol Chem, 292:
12449-12459

Koyano F, Matsuda N (2015) Molecular mechanisms underlying PINK1 and Parkin
catalyzed ubiquitylation of substrates on damaged mitochondria. Biochim Biophys
Acta, 1853: 2791-2796

Sato Y, Endo H, Okuyama H, Takeda T, lIwahashi H, Imagawa A, Yamagata K, Shimomura
I, Inoue M (2011) Cellular hypoxia of pancreatic beta-cells due to high levels of
oxygen consumption for insulin secretion in vitro. J Biol Chem, 286: 12524-12532
Killackey SA, Philpott DJ, Girardin SE (2020) Mitophagy pathways in health and
disease. J Cell Biol, 219: e202004029



1 1 0 0

Aoyagi Kyota Yamashita Shun-ichi Akimoto Yoshihiro Nishiwaki Chiyono Nakamichi Yoko 66

Udagawa Haruhide Abe Manabu Sakimura Kenji Kanki Tomotake Ohara-Imaizumi Mica

A new beta cell-specific mitophagy reporter mouse shows that metabolic stress leads to 2022

accumulation of dysfunctional mitochondria despite increased mitophagy
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