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Investigation of age-associated mitochondrial disorders caused by mtDNA or
unknown cytoplasmic genetic elements found in mouse strains
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(A) Examination of the roles of human mtDNA mutations in mitochondrial
diseases and tumor metastasis: We generated MELAS model mice by introduction of mouse mtDNA with a
mutation orthologous to that found in patients with MELAS diseases. Moreover, our hypothesis
proposing that ROS-generating mtDNA mutations are responsible for tumor metastasis could be
generalized by providing the evidence that human mtDNA from metastatic tumors possess high frequency
of mutations that possibly induce ROS overproduction.
(B) Examination of the roles of epigenetic regulations of nuclear-coded genes in human aging: We
have proposed that human aging and age-associated mitochondrial respiration defects are caused not
by mtDNA mutations but by epigenetic down-regulation of at_least two nuclear-coded genes (SHMT2 and
GCAT). Moreover, disruption of mouse Shmt2 induces embryonic lethality due to anaemia caused by
mitochondrial respiration defects and growth retardation in fetal liver.

mtDNA Shmt2



i)

mtDNA
mtDNA
ROS Science 1999
mtDNA
mtDNA Nature 2004; Science
2005
K1 EiH Eb=b3d> RUPZEREER) 4 (POREEHL)
..... »=r3> Ry yyrﬁl ES (E%ﬁEM)
MtDNA ZERZE | X @5
2 (C R DI RIE
..... > EicmERE
(B AAL)
------ » oz
Q) 3A1 MELAS
----- E
CPEO(Nat Genet CREIR
2000) MERRF(PNAS 2014) — — —
K2 [SEEOFMRR
A1 =
mIBNA e TR e e
MtDNA ZERZE |
S SRR s ZLEERR ZACEERR
‘*l\—l\ 3 ‘%/D\
MELAS FX AL —>| e
——iB1
&I IMERR = x' 24
(2) 3A2 mtDNA B2
mtDNA RENDHFRERE T > | ZLEhERE
(PR T X | (BERERS
X3 K
A1 =
:EFJ>FUTEF—>-¥%%%%EL
(Science 2008; Pti%%gzk}%g i
C YIRRiE
PNAS 2012) | |A2 pryye
=R
(3) 3B1 s g Bl | 2mmms
A OMIEE T | zwmmers | B2 | sers
(REHEDTILR ?) 7| (BE®EEE) FEREFORE
(Sci Rep 2015)
(4) 3B2 mtDNA (NZB,
SAMP) mtDNA B6
(JEM 2010) mtDNA
(1) A1 (MELAS ) MELAS
MmtDNA mtDNA
ES
mtDNA MELAS
(2) A2 mtDNA
mtDNA mtDNA



(3) B1

SHMT2, GCAT Shmt2KO, GcatKO

(4) B2 B6 NZB SAMP mtDNA

B6
RNA-Seq
(1) A1 (MELAS ) MELAS mMtDNA

mtDNA ES
mtDNA
MELAS
(2) A2 mtDNA
mtDNA mtDNA
@ Koshikawa et al. Sci Rep 2017
ROS mMtDNA
(3)B1 (SHMT2
GCAT) Shmt2

mouse embryonic fibroblasts MEFs
SHMT2

& Tani et al. Sci Rep 2018 Shmt2

1
(4) B2 B6 NZB SAMP mMtDNA
B6
mtDNA NZB SAMP mtDNA
mtDNA
@ Shimizu et al. BBRC 2017 RNA-Seq
mtDNA
9

& Takayuki Mito, Haruna Tani, Michiko Suzuki, Kaori Ishikawa, Kazuto Nakada,
Jun-Ichi Hayashi (2018) Mito-miceA and mitochondrial DNA mutator mice as models of
human osteoporosis caused not by aging but by hyperparathyroidism. Exp. Anim. 67:
509-516.

@ Chisato Sumi, Akihisa Okamoto, Hiromasa Tanaka, Kenichiro Nishi, Munenori Kusunoki,
Tomohiro Shoji, Takeo Uba, Y oshiyuki Matsuo, Takehiko Adachi, Jun-Ichi Hayashi, Keizo Takenaga,
Kiichi Hirota (2018) Propofol induces a metabolic switch to glycolysis and cell death in a mitochondrial
electron transport chain-dependent manner. PLoS ONE 13: €0192796. doi.org/10.1371/journal.pone.

@ Haruna Tani, Sakiko Oonishi, Hiroshi Shitara, Takayuki Mito, Midori Yamaguchi,
Hiromichi Yonekawa, Osamu Hashizume, Kaori Ishikawa, Kazuto Nakada, Jun-Ichi
Hayashi (2018) Mice deficient in the Shmt2 gene have mitochondrial respiration defects
and are embryonic lethal. Sci. Rep. 8: 425. d0i:10.1038/s41598-017-18828-3.

4 Nobuko Koshikawa, Miho Akimoto, Jun-Ichi Hayashi, Hiroki Nagase, Keizo Takenaga
(2017) Association of predicted pathogenic mutations in mitochondrial ND genes with
distant metastasis in NSCLC and colon cancer. Sci. Rep. 7: 15535.
d0i:10.1038/s41598-017-15592-2

® Akinori Shimizu, Haruna Tani, Gaku Takibuchi, Kaori Ishikawa, Ryota Sakurazawa,
Takafumi Inoue, Tetsuo Hashimoto, Kazuto Nakada, Keizo Takenaga, and Jun-Ichi
Hayashi (2017) Cytoplasmic transfer of heritable elements other than mtDNA from SAMP1
mice into mouse tumor cells suppresses their ability to form tumors in C57BL6 mice.
Biochem. Biophys. Res. Commun. 493: 252-257.



® Nurun Nahar Borna, Yoshihito Kishita, Kaori Ishikawa, Kazuto Nakada, Jun-Ichi
Hayashi, Yoshimi  Tokuzawa, Masakazu Kohda, Hiromi Nyuzuki, Yzumi
Yamashita-Sugahara, Takashi Nasu, Atsuhito Takeda, Kei Murayama, Akira Ohtake,
Yasushi Okazaki (2017) A novel mutation in TAZ causes mitochondrial respiratory chain
disorder without cardiomyopathy. J. Hum. Genet. 62: 539-547. doi: 10.1038/jhg.2016.165

d Akimoto M, Hayashi J-1, Nakae S, Saito H, Takenaga K (2016) Interleukin-33 enhances
programmed oncosis of ST2L-positive low-metastatic cells in the tumour microenvironment
of lung cancer. Cell Death Disease 7: €2057. doi: 10.1038/cddis.2015.418

8 (2016)

40: 9-15.
® Jun-Ichi Hayashi, Osamu Hashizume, Kaori Ishikawa, Akinori Shimizu (2016)
Mutations in mitochondrial DNA regulate mitochondrial diseases and metastasis but do
not regulate aging. Current Opinion in Genetics & Development 38: 63-67.

& 69 24
535 harRIT7TH ) AEBEERBE~I a2 U T & ENELEOREHE~
2017.4.15.

@ 40
2017.12.6.
3 64
mtDNA 2017.5.1.
4 39
mtDNA 2016.11.30.
o 0
o 0
(€D)
YONEKAWA, Hiromichi
8 30142110
TAKAHASHI, Satoru
8 50271896
@

TAKENAGA, Keizo

MIYOSHI, Hiroyuki



