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Oxidative stress is a harmful state for the cell. The state arises from exposure to high levels of reactive oxygen
species (ROS). ROS is a key molecule in maintaining cell proliferation, inflammation and cell death. ROS is also
involved in aging and causes many diseases such as Parkinson's disease, Alzheimer's disease, cancer, diabetes
mellitus and periodontal disease. The primary site of ROS generation in vivo is mitochondria. Mitochondria have
its own DNA (mtDNA) that encodes a part of oxidative phosphorylation component proteins in mitochondria,
and mtDNA damage by ROS causes neurodegenerative diseases and various types of cancer. Therefore, these
damaged cells will provide valuable cell models to study oxidative stress and overcome ROS derived diseases. To
analyze the mechanism of oxidative stress and ROS derived diseases, mtDNA depleted cells (p? cells) are
developed by treating low dose ethidium bromide. p° cells do not have mtDNA, can't survive without pyruvate
and uridine, produce little amount of ATP, sensitive to oxidative stress and generate higher ROS compared with
parental cell. In this review, we describe the cellular response by oxidative stress such as radiation and hydrogen
peroxide using p ° cells. We also discuss the relationship among oxidative stress sensitivity, mitochondria damage
and plasma membrane status.
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Fig. 1. Production and degradation of ROS in cells.
Electrons from the mitochondrial respiratory chain
react with oxygen (O,) present in the cells and
produce superoxide (O,7). Superoxide and water
become H,O0, by SOD. Generally, H,O, turns into
harmless water by catalase or GPx. However, Fenton
reaction generates -OH under environment where
abundant iron (Fe?*) exists around H,0,. -OH is
highly reactive and cause lipid peroxidation. Lipid
peroxidation causes cell death.

Superoxide dismutase (SOD) Off) % |2 X ) H,0,
L, W T —BhEO5RBEFRIZL ) IKIZE
. L2LGAS, KT IEEEBU# 2 G S
N7z, HO, IC UV S35 &, R
WSOV -OH 28 L 5. F72, HyOp DL
WZERDSBRIICH D E 7y M URIBASEE, 21D
BAF L HO0, 25 L-OH U 5 (Fig 1).
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Fluorescein (HPF) (2 CTHES L7245 %E, poB LY
BH3.12 flifa 7> & %84 L T A ROS 1% Mitotracker
DOFEBEITIZT—HLTBY, D, BkEILNK
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(&, mtDNABEEIZ LA I a3 K1) 7 H¥EROS
DEBITCHENRNI P F) THETFTHRIZIZT—
FEN2BIETRBAMEICOREL S 2 T0nD 2
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Fig. 2. Gene expressions in p? cells. Ratio of parental cell gene expressions and p ? cell gene expressions are shown. A:
Gene expression ratio of ND1I (mtDNA encoded gene). Gene expression of ND1 in p ¢ cells was undetectable. B: Gene
expression ratio of TFAM (transcription factor of mtDNA). Gene expression of TFAM in p © cells was down-regulated.
C: Gene expression ratio of p53 (apoptosis suppressing gene). Gene expression of p53 in p 0 cells was down-regulated.
D: Gene expression ratio of MnSOD (mitochondrial superoxide dismutase). Gene expression of MnSOD in p © cells was
up-regulated. E, F: Gene expression ratio of GPx1 and catalase (enzyme that turns hydrogen peroxide into water).
These gene expressions in p © cells were individually changed, but constant tendency were not seen. n.d.: not detected.
* statistically significant difference was seen between p © cells and parental cells (p<<0.05 by Student’s t-test).
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D, mtRNA/mtDNA OHRPWATHI L b b
Mo Twab. P PEXD, mtDNA BEEIZ X 2

IS EA N AL ZHLNIZT LI LR, SFE

FRERERRTAZZOOEELEN NI D
EEZOND. LOLEDYS, TOFFMIZONWT
FWF AL SS L. EF LT T EENAM
JatkTdh % HeLa B L INEDVAMIEHKTH 5 SAS
MHHIEO King 5 2 OFFEIZ 7% 5\ p O fllid % 15
L7z B L7z pOMBE I DWW T, mtDNA I —
N fz ¥ CTd % NADH dehydrogenase 1 (NDI)
DFEBEZRR/I2L A, NDLIME SN h o7z
(Fig. 2A). Wi, TN oAMBORRILA b L A2
PEZTANRD 72D ICEBERIKFRUIE 2 T2 25,
p O MIREIE BRI e~ ALK F 6 L Tl 1 %
Rz 0 pOHIREIZ BT AL A b L AL
DWW, BT I M ANVY ) —<IZBWVWTY
BRI BRI K ZE IS L T E2 R T &0
Wi 5. 132 F/2, mtDNA OEGRTTH S
Mitochondrial Transcription Factor A (TFAM) @
FEHLTA->TBY (Fig 2B), 7K b— 2]
BT TH 25 pb3DFEHLMT LT/ (Fig.
20). ViBALBZHEOREBIZ>WwTlE, I ha v
) 7AZRFET A MnSOD OFBIIH A L TV 7278,
GPx X # ¥ 7 — ¥ O#EMEFFEINIMATIZ L ) FEH
Mo Tz (Fig. 2D-F). &6, 79 7—+
DR TR A, Hy 77— EEBRTGNHE
Fp Mgl BVWT EALTWZ, 0 ZhbnZ L
L0, p M BV TNTEE D FUERI LR S 14 1%
WAL AR FIIN R 2 Bz BlE T 5 E8 %
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FEREMBE T CTEO XA EDMREICR 72, 2
DHEZ T, BRICKFLIEICB T 2 M
NOBERILKERDOZEAL 2 BRI L2, 2
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1R TR N O R L K FRE OB RS S 17
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Fig. 3. Internal H;O, amount analyzed by HYDROP™,
Internal H,O, was visualized using HYDROP™ (Goryo
Chemical Inc., Hokkaido, Japan). Cells were treated
with 50 uM H50; for 10 min, 20 min, 1 h and 2 h. After
washing H,O, with medium, cells were subjected to
25 uM HYDROP™ at 37°C for 20 min. After washing
HYDROP™ with medium, fluorescence images were
obtained using a BZ-8000 fluorescence microscope
(KEYENCE Corporation, Osaka, Japan). Fluorescence
intensities were measured using Image] and relative
H,0, amount were calculated (average intensity of
H,0, treated cell / average intensity of H,O, non-
treated cell). Internal H;O, amount increased only
in p? cells after 1 h H,O, treatment. When H,0,
treatment was extended for 2 h, increase in internal
H,0, was observed both in p ¢ cells and parental cells.
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Fig. 4. HNE staining in HeLa and SAS p © cells. One of the most major membrane lipid peroxidation products, HNE was
detected using HNE antibody (Japan institute for the control of aging: JaICA., Shizuoka, Japan; 1:200 dilution). Fixed
cells were visualized using HNE antibody and Alexa 488 goat anti mouse IgG (Thermo Fisher Scientific; 1:200 dilution) .
Nuclei were counterstained with DAPI (1 ug/mL). A: HeLa parental cell. B: HeLa p© cells. C: SAS parental cell. D:
SAS p © cells. In both p © cells, higher HNE staining was observed than parent cells.
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