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Abstract

GPx4 is one of the major antioxidant enzymes that reduce
phospholipid hydroperoxides in biological membranes in a
glutathione-dependent manner. There are three types of GPx4,
each regulating localized lipid oxidation in different organelles.
Mitochondrial-type GPx4 inhibits apoptosis and ferroptosis.
Cytoplasmic GPx4 is essential for cellular and individual survival
and inhibits iron-dependent lipid oxidation-induced cell death
ferroptosis and iron-independent lipid oxidation-induced cell
death lipoxytosis. Nucleolar GPx4 is involved in nucleolar
defense. In this review, we outline the different cell death
regulatory mechanisms of GPx4 from our GPx4 research.
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F—) (3. £FEEICELZ) VBB RONILAF O RETIL
SFFMENITETT DEBETHD, FH2DHRIS. 1995 &F
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EREEEMNFITEDILERELIc, FIMEEL GPx4 1377
TFI/RADUDRRFYNED VR EDRIMEZ ML X &S
HLUMRETZAFI TSI LERELI, INSDHERIZ3ID
DE A TD GPx4 BENZNDF I H 2 ZTHI% DHEEZE LT
DL, Fol ENENOY A T HBERNOBRIOELR LA
BRETDE—ELTHETDIEZRLTND Y,

3.3DMH A TD GPx IC& B HARATEFIH
31 I POV RYPEGPx4 ICKB 7R M= R
IMNOVRUTEGP4 BREBEHIS. RHYTORY > UV
Wo-FAXFUIINIA—BEDI MOV R 7ERERT DR
N—REMFITERZEZBASHICLIZ, ZOFEIANZT L
DOFEFHAS, I FIV R TPE GPx4 3. HR/N—F 3 DiEM L
ICBEBERI NIV RUT7HSDOF NoO—LcDHEMNSITE
2Z2&EAHRLY. I NOVRYTPRHRTERLUEEBERICEY.
SMAVRUTPHEENEHILAIEY (CL) H'BiEIh. B
WoADEE RONRILAF TR (CLOOH) (D&, ALY
FIENHELTWV=F hoO—LcHRENSERHL. I &
OV RUTPHICHEESNDZEZBESHCLIZY, /-0 T O
YRUTPHBIZBNT, FhoO—LcHHEICESTSI OV
RUUTZR7ZOEEESTDANT (PFZUXTLAFRES
V2O —%5—) 3. ZOBEHIFCATPEXICHILDHAE
VEPDBEETDIN. BEZERBICANT 2 &AAAETOTH Y
RY—LZBV- ATPEREEN S, URV—LATHILDF
DE>ERONRILAFT R (CLOOH) (d. AILSAHUEVER
ABEZELT. ANTOBEZEICKY ATPERAMBET S EDHN
RZT7F2)IOA) e RORIVAFT K (PCOOH) Tldd=
B, Z2OZENS. T MOV RYTRGPx4 IS, ALY

ECOBEEMFIL. PRM—XEZEANICHHTESD (B
2)o BiE. HARBIAAB RFVILEVHRESORIIERELTOD
DEMIC. T PAVRUTICBITDHRENLEEREZN L
70— ZAEEL. I bV R TR GPx4 HHIEIT D
BEZHEDIEZRELTND Y,

32 bRV ZyOLRF21—EEHIVE GPx4 RIEV
DRACEITDIEHMIED L X+ 1 —EER
2003 EFH 2 13 GPx4 KO VI R W HEFELBIZED 7.5 HICHKE
HERDIEEZBPOMNMI L, L&, 3.5 H GPx4 RIEZHE5P
DIEE(Z LD Inner Cell Mass (ICM) FERZRICHINT. WTH A
TTI3. 1BE 4 H#EIZ13 Hatching 2 ICHIBEIR A& S NS Lo,
EE10BICIT ICM RN BEZEICEESI NS, LA L. GPx4 KO
SEINTIIEE 4 HEMBRMARRATER I NG, ZDRESR
L hOD A IV RBERIZEKY . 3DDF A TD GPx4 D cDNA %
FNZENEATRE EI POV RY PR GPXx4 DATICMFE
BAHSH. I b R P GPx4 2%/IMEE GPx4 Tl S
nEh o, FEEY I VEAEICAMIT DI ETE GPx4
KOZRBWMDICME RV BER TCEA EY I CP
MnTBAP, N 7 EFIL 2T AV TlEL2F1—T=9, ICM
IS GPx4 MREBETHDENNDKUNIE. EY 2 EA GPx4
ICKBEGBILOIMENNETH DI EERBDIT, T
2. 2O GPx4 KOV I ZIZ, 3DD5 A JDGPx4 DRAAT K
VATGEEFNZENTIGICEES B NS VAT T2V GPx4
NIRRT /) LEBEGEFEEBALIETGVYIRXELD GPx4 KO YD
2ERRITDIET. EOFATD GPxd TY I ZDREMILAE L
2F1—TE2OhEPESMCLIZEC R, FEI TV RY 7R
GPx4 KO L7/=%/ LEGFTIELXF1—T=9 ., HFZI H
O R 78 GPx4 E/IMAR GPx4 DS TIL KO 7/ LNEIGF
TIELAF1—TE=2&nn, FEEBETIII NIRRT
BTIIRL<, I NIV RUTENRETHDZENBPEONE
Hofz0 W, ERLESICHMIE. I O R 7R GPx4
DTPR M= ZIFIEEEE T D EEZBESMIL TV DT,
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FEINIAVRUTEGP4 W RETH DI &S, HFEST
Holco BAITTDINST VR IZYILRAF1I—KT, EED
GPx4 7/ LB F% LoxP BRI THAZTGEGFCL A+ 1—
L7izVo2%&, (WbhipBflox VIZELTHL. SF3F4E
BWIFEM L Crerecombinase B F 2ROV IR ERETH
ETHEBEMN GPx4 KO VU R ZER L. ZOXRBREDBRTE
PBIHEOTND 2, BHEFEK GPx4 KO YT R TIL, B8
MBI ERY ., BFEANEBEL AL L. EOICHBFREEDIT
nmAUhFE SNz, EEE. B4IIBFD GPx4 DERET LI
BURFEEELZSZSHEHLTHY . BFTO GPx4 DRBET
IBEMARATEORRE THDZEEPESHLTNND ®, F/-18
B, D, FFE. SBI5EM GPx4 KO v X3\t GPx4 KO
L= OMRIIET ELDD. EYI VESHANMBDERET
BN L AF1—TED, TWITNOMBBICHNTE. GPx4
DT/ LNEGFDORIEIC KD EBMHRISEIE. Cre recombinase /'
EELTHEICEDSHBIISHMUENN DTS, HAIIZD
GPx4 7/ LHIEIC KD GPx4 KO #BBFE DD F A D Z X L %R
SMCTREHIC. YEF DT 1 UEER GPx4 KO MEF #R3
(ETK1 #0B8) Z1ERLL T. ZD GPx4 KO #iFAFEDHDFAH-X
LEBTLIEEZS, BHRICKHIEND DI, /=2 DHIRESE
IIHEDF L —~— (DFO) TIFMFIa NG, EFY I ETIZH
Hanw, ZOHEE. Conrad 5D T )L— THEIL L /= MEF
#HRE (Pfal #R2) Tld. GPx4 KO (K DHABEFEH" 15-LOX Mk 1ZHY.
AF IREHMRE THDERS L THDH Y, FL4DEIL
MEF #iB2 Cld. 15-LOX A AIF & KD L C £ 2 < #RagE & %I L
Kholze FZTHZIE. TD GPx4 KO HBBFEDDF A H_X
LIZDWTEHEBAEBTERS AL, URF =2 EZDITT
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. 3—7THBTIIY N /RISICED MR ERLIEER L
HFEL. 24 BFBMRICIIEEE LD ERHL. 710
h—22EZDIF (M3)e JTO M= RIEHOFL—5—
(DFO) BXUEZ I VEVPHBLH THD 7 IORXTF > -1
PYTARYF 2 -1ICE&Y. BEER MBI T s,
GPx4 KO ICE > THMRTENFEINDZEN D, BEIFEL
HRETELTEZONTEBINT VD, 70— XDHIH
RAFDOFRZBHARIT. BE. BEFULWBWTEATLDH. Z0OH
FDIFEALEIT. BEORLZBEZEIT D FSP1 KEDMEL
BEEPED FINBEMEDESKHIEHRY. U VEEDOAEME%.
9D ACSLA &, F7= GPx4 DY /SO BDREIROFIHEIZE
32N FTHY . BERIEOTATHIET 29T, HEBED
F )L PIEZO1 ¥ NINJ1 A IFIZ E A EBBS AT,
TIOM =2 2DFIHANZZILISMEOREREESEBL TNV LESE
=V, GPx4 ZBI(Z KO L7272 T, —ffligkidnsst LT 2 A&
WMEEEHBDTENDS, RSLIVPI SR F U T MEkarmtE S
BREANZZILN T IO =2 RADERTFICIIEBETHDEEZD
ns,
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1) P Tsvetkov et al., “Copper induces cell death by targeting lipoylated TCA
cycle proteins”, Science, 2022, 375(6586), 1254-1261.

2) X. Chen et al., “Copper homeostasis and copper-induced cell death in
the pathogenesis of cardiovascular disease and therapeutic strategies”,
Cell Death Dis., 2023, 14(2), 105.
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disease”, Signal Transduct Target Ther., 2022, 7(1), 378.

Fig. 1 was reprinted from Reference 2).
Copyright © X. Chen et al. licensed under CC BY 4.0.
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<HR>
- SRS ATP MIEZERICAETES 70 FILEE
fiDF Y PREEHEASEHLE TEMIBETHMENTED

ATP (MDD I I)LF¥—RE L TEETY AN
patterns; DAMPs) D—f& & L TR {mE B2 1E5E.
&2 ATP MENMRZBLEZFTEIDERESINTINET, Fe.
N— ZMDERBBIC
BETY,

<EHE>
AERTIE. WERBEELBPOATP ZRYIL - LT 55—
ERAEFZZRNTHELE Y,

f 5] st

D-Luciferin my, _gm ATF + 0,

Luciforiia

[
Oxyluciferin 4 =) AMP + CO, + PPi + Light

< KRERIRIE>

)

s /
. = / ’f(\i-
2! :_ | ‘l

= - —=d A
b | '
- e | - - | I - ; = !
T ML EAER
" (8672 T AR T L— RIZBT)

HEACHEEND EI A -V EENTF

/N% — > (damage-associated molecular

RE. RERICICBASLEY, flxl3. & MHBHEFMETII®ILZ N2
ATP |(ZHREFEDMMERIC I SN D=8, o0 h—220/80 0
HARINTNET, FHERITRBELEFROATP Z2RHETED 96 U TILIIEDF Y N T, SREDBEH T

< EER I >
(@ Staurosporine {12 U 7= #§a % FA U V7= 5T

Staurosporine THLIE L 7= Hela A2 35 & U A549 #RE (D RS
S ATP DB ZE L ZTME L £ Lz, R, HREEICKST
BPHELDIENERINFE LI

1000

350
HeLal@iz s | AS<oRIRE

300
800
2% To0
800

200
s
1% 400
100 E
200
b 100
o o

ah 2h 35h 55h 7.5h  2d4h oh 2h 35h 55h TS5k 24h

Staurosporine i1 Staurcsporine W

@ 7R b= ZFEEEIZE B 5T

TR b — ZBAEH Z-VAD THILEE L /= Jurkat #A3 & RILIE
(D#BE% . Staurosporine THLIE L /=155 DRI ATP FUE DAF
BZEEFMLEL . ZDHER. Z-VAD LEDEHEICEK Y.
RSN ATP I DEEN S KU E TR IS LDH 222 1E
NAELNDIENERTEE LI

i {ERASH ATP DZEL WAL EEDE (L
1: ® ZVAD[) e [ Z-VAD{-}
[RE— :m W ZVAD(+) o = zvaDi+)
l ! 1000 g‘w
= 800 % *
RARBEN RLUME w0 -
OvasoO7L— MIMRERERET D w 3
@ MBS U TEHRMEITD T o R
@ MMpESE HEE 96 T ILEB T L — MIBT e B
T INTFroRILERY NEFERT S IS LDH DZAL*
@ FERBERAERFMLTL— N —F—THRABEAE .
og | @ ZVADE)
o7 | M ZVAD(H) i
<Fv rAE> or i
Substrate X 1 5%
0 | o - i
Enzyme Solution 20 4l X 1 2o | i
eATP Assay Buffer ml X1 n:, g | i * /)N #t B4 & D Cell Counting Kit-8
oh 24n & Cytotoxicity LDH Assay Kit-
Staurosporine 0106 WST %E}Eﬁ
4 ) HEMAME (¥) X=H—2—FR
Extracellular ATP Assay Kit-Luminescence 100 tests 29,800 E299




DO_[‘In NEWS No.192 (2025)

SIET

G-Quadruplex Staining Kit
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1) L.-Y. Liu et al., Angew. Chem., Int. Ed. 2020, 59(24), 9719-9726.
2) P A.Summers et al., Nat. Commun. 2021, 12, 162.
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Cellular senescence regulation mechanisms in the longest-lived rodent, the naked mole-rat
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IEFOBRTRMOESICEY . EROETIVEPICITENER
BB, BICREDPECHEREMEZ L OENEZMFATIR
ELT. DAPELRDTHEBZRRT DHANBAICE DTN
Do FACENIATNRXIF YIOREFREDORKESD/NE
BEEACTHULBHD, BREDN 40 EOEREFREETHY.
BELEMMEEBODALHEZRT. MAT, VIoPID
. ARV B EDHDERSE D ATTEEM LN, RBET
DEBAENIIFEISNTSY . EMHEH A - BIEOTHS -
BELRERRETDICHODMICERBEME L THEISTHSN
Thd, KIFTIE. NI HT N2 X I OMREEL & ZDFIEHERE
IS SERMDMARRERENT Do

2.NFHFINRZXIEIT

NS HFT/INH X I (Naked mole-rat. Heterocephalus glaber.
TINCR1E) I3 POUARE (IFAET -7 UV
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Abstract

Naked mole-rats (NMRs) exhibit exceptional longevity and
resistance to age-related diseases such as cancer. Unlike other
long-lived species, NMRs can be maintained in laboratory
settings, making them a valuable model for studying aging
resistance and cancer resistance. We recently identified a
species-specific mechanism in NMRs that prevents
accumulation of senescent cells. Upon cellular senescence
induction, NMR fibroblasts undergo delayed and progressive cell
death mediated by the INK4a-RB pathway, a phenomenon
absent in mouse fibroblasts. NMR fibroblasts uniquely
accumulate serotonin and are sensitive to hydrogen peroxide
(H202). After activation of the INK4a-RB pathway, NMR
fibroblasts increased monoamine oxidase levels, leading to
serotonin oxidization which produces H20z, resulting in increased
intracellular oxidative damage and cell death activation. In the
NMR lung, cellular senescence similarly triggered monoamine
oxidase-mediated cell death, preventing senescent cell
accumulation. These findings suggest that INK4a-RB-mediated
cell death likely acts as a natural senolytic mechanism in NMRs,
contributing to their resistance to aging and age-related
diseases.
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ZO)EFF??I*LJ\ DSB 81812559 % SIRT6 DEM A FEIC & D?
B, PNEECREFOBRBAIIVIRBEDEBRELY
SIRT6 DEMEAB N EEZBEOSMIC Lz, ZDOXDET/HBED
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L— )= —*TRRIZREVIET D ENATRETT

*ARBRBIIRNL)—=F A IO TERLTL— N)—F—HBETT

<70—YA X M)—EEDLEE>

Hela #if2 % Staurosporine THIEL., 7R b= X &EFEL
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A MA=I—THRHEL. £E5—AIFEFY hEANTTL— K
—&—TaXEHLE L, ZOHER. 70— A M X—5—
ETL—R)—=F—BETTR M= ZDETICHNEHEED
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w
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0 6
staurosporine ZLIEREE (h)

(YT

HelLa #HA2

E3-1))

Staurosporine 5 umol/l, 0 ~ 24 hr

(1R SRA]

TL—hr)—=F—

(TECAN %t 2! Infinite M200 PRO 7R kA1) —F 1 > %)
Ex = 488 nm, Em = 525 nm
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(SONY #t# SA3800)

mE BE  AEMAER(Y) A-A—3-F
Annexin V Apoptosis
Plate Assay Kit 100 tests 29,800 AD12
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Cellular Senescence Detection Kit - SPIDER Blue
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SA-B-gal (senescence-associated -galactosidase) HBEIFRRL TL\FT, ZDf=H. SA-B-gal 3. BEILY—H—DUVEDE L/t
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0

10 Aex =403 nm . Aem = 449 nm
i 1
i L]
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08 : ] [\

]
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1
06 ! 1(
]

i
' i
04 i L}
i

MNormalized intensity

Mon-leskage 300 350 aog 450 500 550 &0
Wavelength (nm)
1 SPIDER Blue |Z K2 Z(bHIBADI& HRIE 2 RISEORERENEINRT ML

< Doxorubicin {LIBTEEFEE L /= A549 HIFEHD SA-B-gal DEELT >

HREEHAD G2/M BBICYER LiRRiBE A 2L S B iRt AFEE T2 ENHIS D Doxorubicin (DOX) % A549 HEINRINE.
HRZBEEMLL. ARERBICLDAA-—20T (R3) BLOTL—b7vyta (K4 £2iT0F L, ZOHRE. DOX 0IE L /-#08
TlI. SA-B-gal DRIBHAFTEL TNDZ EANEDRBITIER CHRERINFE L.
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_ Z 300 [
A A= DY T 5 TL— b7 utda
= = J
3 g g 25 g
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- ]
— — S 5 15
BF FL 2
FERLE T
o
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3 E
Z 0
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Ei —_ 3
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Cellular Senescence Detection Kit - SPIDER Blue 1 plate 39,000 SGO07
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Nucleolus Bright Red 60 nmol 34,900 N512
DNA Damage Detection Kit - YH2AX - Green 1 set 42,400 G265
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