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Abstract

Ferroptosis, an iron-dependent cell death, is a cause of
various diseases, including ischemic and neurodegenerative
disorders. Ferroptosis has also been found to work as a cancer
suppressor mechanism in vivo, as well as apoptosis. With the
requirements for new treatments for these diseases, increasing
attention has been paid to the regulatory pathways of ferroptosis
and the effects of ferroptosis on tissues. Here, we summarize
our latest discoveries: the promoting mechanism of ferroptosis
by the transcription factor BACH1 (BTB domain and CNC
homology 1) and the propagating phenomenon of ferroptosis
associated with the diffusion of lipid peroxidation from ferroptotic
cells. These two findings may lead to the realization of new
ferroptotic therapy in the future, in which BACH1 is
overexpressed in immune cells that have invaded tumors,
thereby propagating ferroptosis within tumors.
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Abstract

Ferroptosis is a newly identified iron-dependent programmed
cell death, which is distinct from apoptosis, autophagy,
necroptosis and pyroptosis. The major characteristics of
ferroptosis is the accumulation of lipid peroxidation. Mounting
evidence suggests ferroptosis plays a pathogenic role in a
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plethora of human diseases, such as tissue injuries,
cardiovascular and neurodegenerative diseases, cancer, and
inflammatory diseases. Therefore, many efforts have been made
to discover ferroptosis inhibitors and activators for potential
therapeutic implications. This review summarizes current
progress of ferroptosis and its potential applications in the
biology and medicine.

1. Basic characteristics of ferroptosis
Ferroptosis is an iron dependent and lipid peroxidation-driven
form of cell death (Figure 1). Since it was discovered in 2012, the
biological function and disease relevance of ferroptosis has been
recognized. Although much progress has been made, the
biological signaling pathways and underlying mechanisms
remain to be elucidated. The intracellular iron homeostasis is
tightly regulated by the hepcidin-ferroportin axis and other
important proteins, such as TfR (Transferrin Receptor), metal
transporter SLC39A14, Heme oxygenase-1 (HO-1) which have
been associated with ferroptosis”#. Under normal condition,
there is a delicate balance between the oxidation and reduction
of phospholipids. Ferroptosis occurs when the lipid oxidative
products are accumulated. The oxidative state of cellular lipids is
regulated by ACSL4 (Long-chain-fatty-acid—CoA ligase4), LOXs
(lipoxygenase), GPX4 (Glutathione Peroxidase 4), FSP1
(Ferroptosis Suppressor Protein 1) and the newly discovered
mitochondrial-located DHODH®?, The synthesis of GPX4
requires cystine, which is taken up by the system XC- (xCT) on
the plasma membrane. By inhibiting xCT, erastin induces
ferroptosis by reducing cystine uptake, which in turn decreases

GSH and GPX4 levels and ultimately leads to ferroptosis[8]. Iron
homeostasis was modulated by RNF217, a newly identified E3

Current understanding of ferroptosis regulatory pathways

Figure 1.
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ubiquitin ligase, which mediates ferroportin degradation[9].
Further studies are warranted to explore the precise mechanism
of lipid peroxidation-triggered ferroptosis.

During the process of ferroptosis, cell organelles, including the
mitochondria, lysosome, endoplasmic reticulum (ER) and Golgi
apparatus have been reported to have functions in regulating
ferroptosis. Among these organelles, the mitochondria play an
essential role in regulating many types of cell death, including
ferroptosis. Morphologically, the smaller size and condensed
mitochondria membrane densities, the diminished/vanished
mitochondria crista, and ruptured outer membrane were
observed during ferroptosis'. To date, although there is no
direct evidence that the ER has a direct role in the regulation of
ferroptosis, recent studies suggest that the ferroptotic
modulators could induce ER stress response'’. The Golgi
apparatus has been implicated in ferroptosis by regulating the
cellular redox state'®. Lysosomes might be involved in ferroptosis
by affecting intracellular iron through the decreased transferrin or
degradation of ferritin.

Different types of cell death have different morphological
characteristics. In comparison to other forms of cell death, such
as apoptosis or necrosis, the ferroptotic cell death is mainly
manifested as mitochondrial atrophy and damage whereas the
nucleus remains intact. By contrast, typical morphological
apoptosis is characterized by chromatin condensation, DNA
cleavage, and nuclear fragmentation. Necroptosis-mediated cell
rupture is morphologically characterized by the loss of cell
plasma membrane and the swelling of organelles.

2. Targeting ferroptosis related metabolic
pathways

Ferroptosis is regulated by multiple pathways and many
molecules. Since it has been linked to many human diseases,
enormous effects have been made to screen both agonists and
antagonists of ferroptosis for the development of potential
therapeutics.

2.1 Iron metabolism

Fenton reaction catalyzed by free iron in cells causes H:0: to
generate OH radicals and hydroxides, which is one of the key
steps for the initiation of ferroptosis. As a result, excess free iron
promotes ferroptosis whereas decreasing overloaded iron blocks
ferroptosis™. Among iron chelators, a large class of ferroptosis
inhibitors, deferoxamine (DFO) potently inhibits ferroptosis
agonist RSL3-induced ferroptosis, which has been widely used
in a variety of diseases, including neurodegenerative diseases,
cardiovascular diseases, hematologic diseases and various
tumor types. Deferiprone (DFP) is the first oral iron chelator to be
used in long-term clinical trials since 1980. Until 2019, our group,
for the first time, identified ferroptosis as the major pathogenic
mechanism for doxorubicin-induced cardiomyopathy, and
Dexrazoxane (DXZ), the only FDA-approved cardiac iron
chelating drug, protects against doxorubicin-induced
cardiotoxicity through blocking ferroptosis of cardiomyocytes®.

On the contrary, dietary iron supplementation could enhance
ferroptosis-induced heart injury.

2.2 Regulators of lipid peroxidation

GPX4 is a critical molecule to suppress lipid peroxidation and
ferroptosis™. It is a popular target to intervene ferroptosis.
Dopamine is a key neurotransmitter in the hypothalamus and
pituitary gland, and processes multi-functions in the nervous and
immune system. It was reported that dopamine could rescue
ferroptosis by stabilizing GPX4 activity, which maybe significant
in ferroptosis-induced neurological diseases'. Carvacrol, a food
additive, has been widely used in food industry, which was
demonstrated to inhibit ferroptosis by upregulating GPX4
expression. It is well-known that selenium is essential for GPX4
activity. Supplementation of selenium has a positive effect on
restoring GPX4 activity. On the contrary, GPX4 inhibitors
promote ferroptosis. Compounds, like RSL3, DPI7 and DPI10,
directly act on GPX4 to inhibit its activity, thus reducing the
antioxidant capacity of cells and accumulating ROS, leading to
ferroptosis. FIN56 promotes GPX4 degradation and
consequently induces ferroptosis.

System Xc- is an amino acid anti-transporter that mediates
cystine uptake'. It is the heterodimer protein complex
composed of two subunits, SLC7A11 and SLC3A2, which
coordinatively regulate ferroptosis by mediating the synthesis of
GSH and GPX4 activity. B-mercaptoethanol (3-ME) inhibits
erastin-induced cell death but not RSL3-induced ferroptosis,
suggesting B-ME regulates ferroptosis through system Xc- but
not GPX4. Similarly, N-acetylcysteine (NAC, an antioxidant) also
suppresses erastin-induced ferroptosis, indicating system Xc- as
its target. Erastin was the first discovered typical ferroptotic
inducer to reduce the GSH levels by directly inhibiting system
Xc-. In addition to the cancer treatment, erastin has also been
shown to have a synergistic effect with traditional
chemotherapeutic drugs. Similar to erastin, Sulfasalazine (SAS),
an anti-inflammatory drug, triggers ferroptosis also through
inhibiting system Xc-, although to the less extent. Sorafenib, a

Understanding and Targeting Ferroptosis
in Metabolic Diseases

Research Focus
B BWangMin Lab

Figure 2. Our research focus: understanding and targeting
ferroptosis in metabolic diseases.
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clinically approved multi-kinase inhibitor for the treatment of
advanced carcinoma, such as hepatocellular carcinoma and
renal cell carcinoma, has been demonstrated to activate
ferroptosis by blocking system Xc- mediated the import of
cystine.

To suppress lipid peroxidation, there are a class of compounds
directly influence phospholipids rather than ferroptosis-related
proteins'. Ferrostatin-1 (Fer-1), the first identified ferroptosis
specific inhibitor, blocks ferroptosis by scavenging free radicals
via inserting into the hydrophobic phospholipid bilayer. Due to
the poor physicochemical properties and metabolic instability of
Fer-1, many efforts have been made to optimize the structure of
Fer-1. Compared to Fer-1, UAMCs are a series of optimized Fer-
1 like compounds with better metabolic kinetic characteristics
and water solubility. Among these UAMCs, UAMC-3203 is the
most potent lipophilic basic compound with improved
pharmacological properties'®. Liproxstatin-1 (LIP-1) was also
found as a potent ferroptosis inhibitor containing amide and
sulfonamide subunits through screening small molecule
compounds'. Compared to Fer-1, LIP-1 has the same mode of
action but with better physical and chemical properties.
Therefore, LIP-1 showed better stability, drug absorption and
distribution in vivo. In addition, tocopherol (vitamin E),
suppresses ferroptosis through inserting into phospholipid
bilayer by trapping free radicals.

3. Pathogenetic role of ferroptosis in
human diseases

Heart and liver diseases remain one of the leading causes of
death in China. There is an unmet medical need to discover
novel targets to prevent and treat heart and liver diseases. It is
known that the death of cardiomyocytes and hepatocytes is an
important pathogenic factor in the development of heart and liver
injuries. As shown in the Figure 2, our team (Dr. Fudi Wang &
Junxia Min) has been working on understanding and targeting
ferroptosis in metabolic diseases, such as liver and heart
diseases. During years of efforts, our team has made series
findings not only elucidated iron overload-induced ferroptosis as
the leading mechanism for triggering various liver and heart
diseases, but also demonstrated that targeting ferroptosis as a
potential effective strategy for treating these diseases in animal
disease models. These discoveries have been well recognized as
the breakthrough and milestone in the field of novel targets for
the prevention and treatment of heart and liver diseases.

3.1 Heart injuries

Dysregulated iron metabolism plays an important role for heart
damage. Our previous meta-analysis of human cohort studies
reported that dietary heme iron intake is significantly related to
the increased risk of heart disease in a dose-dependent
manner?,

To our knowledge, we are the first to demonstrate blocking
ferroptosis, such as Ferrostatin-1 (Fer-1), could significantly

prevent the DOX-induced cardiotoxicity by screening cell death
inhibitors in mice®. To identify the key regulators of ferroptosis in
the DOX-induced cardiomyopathy model, we performed RNA-
seq and found that upregulation of Hmox1 might be involved.
The activation of Hmox1 was found to induce ferroptosis by
mediating the release of free iron ions from heme and
accumulated in cardiomyocytes. Further functional studies have
confirmed that iron accumulation and ferroptosis mainly
occurred in the mitochondria of cardiomyocytes upon treatment
with DOX. Notably, ferroptosis inhibitors can also significantly
reduce the heart damage caused by ischemia-reperfusion, and
provided promising novel strategies for the prevention and
treatment of clinical myocardial infarction and other related heart
diseases.

Recently, our group functionally characterized the important
function of ferritin H (Fth) in cardiac ferroptosis cardiomyocytes,
which published on Circulation Research?". Fed with a high-iron
diet, Fth-deficient in cardiomyocytes caused severe cardiac
injury and hypertrophic cardiomyopathy by ferroptosis.
Mechanistically, downregulation of SLC7A171 in Fth-deficient
cardiomyocytes through exacerbated ferroptosis via the
decreased cystine and GSH.

3.2 Liver damage

In 2017, our team published a cover paper entitled
“Characterization of Ferroptosis in Murine Models of
Hemochromatosis” in Hepatology®?, which was the first to reveal
that the in vivo function of Sic7a11 in the process of ferroptosis,
and ferroptosis as an important pathogenic mechanism in iron
overload induced liver injury by using multiple hemochromatosis
gene knockout mouse models.

Transferrin (Trf) serves as one of the iron-containing proteins in
the blood circulation, which is mainly secreted by the liver. It
binds and transports ferric iron from the blood circulation to
various tissues and organs. We demonstrated that hepatic Trf
had an important regulatory function in systemic iron
homeostasis®. Hepatic Trf knockout mice were more susceptible
to ferroptosis-induced liver injuries. Interestingly, inhibition of
either ferroptosis or Slc39a14 could potently rescue Trf-
deficiency induced liver injuries in mice, providing a possible
therapeutic strategy for preventing ferroptosis-induced liver
fibrosis.

3.3 Other ferroptosis-related diseases

In addition to the organ injuries, ferroptosis has been indicated
to play a role in many other pathological processes. Activation of
ferroptosis is a promising strategy in tumor treatment®2%, For
example, many studies showed that erastin analogs and
nanoparticles potently suppressed xenograft tumors in mice by
inducing ferroptosis. Importantly, ferroptosis has also been
shown to increase efficacy of tumor immunotherapy by
accelerating ferroptosis of tumor cells®.

Many neurological diseases are closely related to ferroptosis®”.
It has been shown that accumulated iron and lipid peroxidation
are related to a variety of neurological diseases, with the
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decreased levels of GSH and GPX4. GPX4-knockdown leads to
neurodegenerative disorders and neuronal loss in mice, which
could be rescued by ferroptosis inhibitory function of vitamin E.
Additionally, inhibiting ferroptosis in neurons could effectively
improve the prognosis of Alzheimer’'s disease. As an inhibitor of
ferroptosis, DFO has also been shown to have a protective effect
on neurons in patients with early Parkinson’s disease. Further
studies are needed to explore the underlying molecular
mechanism of ferroptosis in neurodegenerative diseases to
develop novel therapeutic strategies.

4. Future perspectives on ferroptosis
research

As a newly defined form of cell death, ferroptosis is emerging
as a target for many diseases. The number of ferroptosis-related
research papers drastically increased since the “ferroptosis” was
firstly reported in 2012. Drs. Fudi Wang and Junxia Min groups
have been awarded the TOP 10 Zhejiang University Academic
Advances 2020, which entitled “Identification of ferroptosis as a
target for heart and liver diseases” (Figure 3). It is exciting that
we organized a new book entitled “ferroptosis and human
health” by a group of Chinese scientists will soon be published.
Compared to other well-characterized apoptosis, autophagy and
necrosis, the field of ferroptosis is growing very fast. It remains
unknown with respect to the physiological role of ferroptosis.
Considering its pathogenic roles in many diseases, the regulatory
networks of ferroptosis are worthy of further investigation. In
addition, the complex relationship between ferroptosis and other
types of cell death in the progression of diseases also needs to
be explored. Nevertheless, targeting ferroptosis holds a great
promise for developing effective therapeutics for many diseases.

Figure 3. Drs. Fudi Wang and Junxia Min attended the awarding
ceremony for the TOP 10 Zhejiang University Academic
Advances 2020 on June 7, 2021.
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Topics on Chemistry

Analysis of EPR/ESR (electron paramagnetic/spin resonance spectroscopy) in

Ferroptosis

In 2003, Dolma et al. discovered that the small molecule
erastin (an xCT inhibitor) kills cells. However, compared with
camptothecin, erastin does not cause DNA fragmentation,
caspase 3 activation and other classical characteristics of
apoptosis”. Instead, erastin was the first compound used to
induce ferroptosis.

Ferroptosis, first named by American scientist Stockwell in
201229, is a type of iron-dependent non-apoptotic cell death
characterized by the accumulation of lipid peroxides in cell
membranes. Mechanistically, several proteins regulate ferroptosis
by limiting the production of lipid peroxides, including xCT?,
GPX4%, FSP1%9 and GCH17.

However, further research revealed that limitations exist within
the current biological technology and some controversies
remain. Ferroptosis is ROS (reactive oxygen species)-dependent
and there are different kinds of ROS, such as peroxide,
superoxide, hydroxyl radical and singlet oxygen. Identification of
the ROS associated with the corresponding protein mechanism
is required. It can readily catalyze the formation of ROS through
processes such as the Fenton reaction because it can coordinate
iron ions, which makes this compound highly toxic (Fig. 1)'.
Therefore, the hydroxyl radical and superoxide anion are the
focus of research.

Fe?" + O —= Fe®" + Oz
Fe?* + H202 —= Fe?* + HO" + OH~
Fig. 1 Fe* reacts with oxygen and hydrogen peroxide to form the
superoxide anion and hydroxyl radical, respectively.

Although numerous reports on the cellular reduction system
(antioxidant system) have been published, there remains a
paucity of information about the oxidation system in the process
of lipid peroxidation that causes ferroptosis. These missing data
continue to drive controversy in this research field. Thus,
determining the ability of drugs to produce free radicals is
important when screening for ferroptosis inducers.

EPR/ESR (electron paramagnetic/spin resonance
spectroscopy) is commonly used in environmental and catalytic
chemistry research. In recent years, EPR/ESR has gained
increasing popularity in biological research. Spin trapping is the
mutual transformation of free radicals. Active free radicals are
transformed into stable or semi-stable free radical addition
products by using trapping agents. The use of spin trapping
reagents such as DMPO and BMPO can facilitate classification
and quantification of free radicals by using an electron spin
resonance paramagnetic spectrometer. There is a large body of
published work that has used this method in ferroptosis research
journals®®19,

Of note, the molecular weight (MW) of the spin trapping
reagent is generally large (DOMPO MW: 113; BMPO MW: 119) and
cannot easily pass across the cell membrane. Moreover, the
large number of different redox proteins in the organism reduce
the stability of the DMPO/BMPO-radical in a cellular
environment. Therefore, at present, DMPO/BMPO is primarily

10
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used for the analysis of free radicals in drugs, and there are only
a few reports describing the direct detection of these reagents in
cells or cell lysates.
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T i) 3o e i) 3l 3l
A—H—I—R L248 M466 M489 F374 R252
o GSSG/GSH Glutamate Assay Kit-
- Quantification Kit WST
1512 GSSG/GSH JIVE I
xB TJL—hU—4— TJL—hJ—45—
ke 5 q=:!
i 412 nm 450 nm
ki)
< HE A2 TP oo
— LI=®EmDE BEDBERIS.
gL 3 W pririiacrb i
Rk
A—H—Td— K G257 G269 A=H—A-F Bt
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—BE7 U= 3 D8N —
NASH EFILY 0 ZDKHZAL

FET7 )L O—UIEBEBRBTX  (nonalcoholic steatohepatitis, NASH) (JBERARTICBEE @B A N HA >, BB EICKDBIER ML
ZHMbURETDEEZON., BEBHDATP, a- 7 MIILYIVEE (a-KG). NADTEAEADTDZENHMONTINET,

4B SSREELIE (NASHEE) L2 1 BERBTETILYIXR (STAM /L) OFEE#EZR. BEAD ATP. a-KG.
NADTEZEREL F LTz MtFy FZ2RWTHE LR, NASH FFEZ 10 BHOVY D BB T3 ATP. o-KG. NADTEN' 4 B
EHBLTEIPLTNWDZ ENERINE L,

| S o |

NAD*J ATP § ROS o-KG §

HCC

(Hepatocellular

HHBMPINAD* EDZ L HHEMRNATPENDZL BN o-KGEDZE Y
4.0 16 80
3.5 14 70
= 3.0 ~ 12 =
8 = 5 60
325 5 10 3 50
220 o 8 2 4
g 3 3
£E1s E 6 E 30
1.0 4 20
o5 2 II 10
0 0 0
4w 10w 4w 10w aw 10w
Week old Week old Week old
(RERSE k)
ATP Francesco Bellanti, et al., “Synergistic interaction of fatty acids and oxysterols impairs mitochondrial function and limits liver adaptation during

nafld progression”, Redox Biology, 2018, 15, 86-96.

Jianjian Zhao, et al., “The mechanism and role of intracellular a -ketoglutarate reduction in hepatic stellate cell activation”, Bioscience Reports,

2020, 40, (3).

a-KG
Ali Canbay, et al., “L-Ornithine L-Aspartate (LOLA) as a Novel Approach for Therapy of Non-alcoholic Fatty Liver Disease”, Drugs, 2019, 79, 39-
44,

NAD* Jinhan He, et al., “Activation of the Aryl Hydrocarbon Receptor Sensitizes Mice to Nonalcoholic Steatohepatitis by Deactivating Mitochondrial

Sirtuin Deacetylase Sirt3”, Mol. and Cell. Biol., 2013, 33, (10), 2047-55.

T B2 FEMAMIE(¥)  A=pn—13-F
NAD/NADH Assay Kit-WST 100 tests 54,000 N509
a-Ketoglutarate Assay Kit-Fluorometric 100 tests 64,000 K261
. . 50 tests 25,000
ATP Assay Kit-Luminescence 200 tests 45,000 A550

188 L - READFM PG EDFERIS.
MEHP 2 ZELSEE LY,

NASH E7)L B

12
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SIET

IV A— 2B A A EE Y b
Glucose Uptake Assay Kit-Blue, -Green, -Red

Glucose Uptake Assay Kit ') — X3, BREICTI/ILD— DAY A EATRETEDF Y FTT, T TICEFTZRBL.
W TENTIND Green 1 TDF Y MMIlAx. BEDZH D/ Blue LU Red 1 7DF Y bEZDEERIEELF LT,
I D—ZDOMBAE AR ZRBICA A= TTE, F70—H1 M= —ZBAELAEETY, 512 Green & Red
ZATOF Y MIBLTITL— )= —CTDRAEELHTEETY, F/=. /IEHBF L 7= Washing and Imaging (WI) solution ZFF(\
SZETHREANSOTO-TOREZMNHTEZENTE, BRUEDOSWNVT—YZEET DI ENFRETT,

<IN A—ZDHKEAEN Y AHDE 1L >

#HAD - A549
IS : DMEM

(0 mmol/I Glucose)
F@EM : x500 Glucose Uptake Probe

37C, 15 min
RHEE | BCBRRIER

(BZ-X700, Keyence *t)

RS
Glucose Uptake Probe
-Blue : Ex 360/40 nm, Em 460/50 nm
Slicose Lptaks Probe-Green  — g -Green : Ex 470/40 nm, Em 525/50 nm
-Red : Ex 545/25 nm, Em 605/70 nm

15 53F 15 5378 ﬁﬁ’!‘ﬁ
JIaA—2 s Sk
BEEE 4 e A BT
JO—HA P A—5—
TL—hy—5—*2

¥ 1 ZSAE ICSE L L7z WI Solution 2R3 Z & THIBAA S DBEDRNE LA IHITEEY,
% 2---Glucse Uptaka Probe-Green. -Red |3 7L— ) —4—AIENTEETY,

FFEH
7 I/ BREVIAAREF Y b
Amino Acid Uptake Assay Kit

WA I /BERVACKEAMET I /B NS AR—5— (LAT) (J. DAMBDEM L L REHRICS D TRIRATTEL TH
HIEDHONTNE T, BIC. LA BB AMTICENT. HFRNA AT —H—ROBES—7 Y bOUEDELTHFENTH
F9o MTIIREARMT I/ BBAMMATHDRDERT I /B (boronophenylalanine : BPA) ZRRN\HfRMD 77 I / BBV JAAKBE
MEEEBAELE L, BPAIE. KEAMT I /BEBRKIC LAT 2B L CHENICERYA EN, BPA EHENICKIGY DHE T
O—JZBW\SIETRIETDIENTRET T, &AFY MIBHRKA AT T TL—MIJ—F=FE. 701 b A—5—HE
ICERTEST

<HERE> < LATE# BCH 2R0V:7 I /BRI ASAERER >
Fluorescence
Bl
BPA ——> ':_1”"--' . ’
Amino Acid Transporter
Step1. 7 X / B 58{{K BPA DERY) A Step2. Probe /° BPA &#E& L FEBE
o LT J-W C.

[ BCH(—) BCH(+)
BPA : Boronophenylalanine Probe : BPA &itA®&R BCH : 2-aminobicyclo[2.2.1]heptane-2-carboxylic acid
. e s S 4SS e 7 — o #HA2 : HelLa IRHEEE © BRI
E%y MIARFIAZ OUIBHGRSE N S BAHEEL S VI SRR R A AL el s RIS | S
THRELTHEY, 8 : 1 mmol/l BCH DAPI (Ex 360/40 nm, Em 460/50 nm)

247 —)U/N— 120 um
[(B& 3]
1) Y. Hattori et al., “Visualization of Boronic Acid Containing Pharmaceuticals in Live Tumor Cells Using a Fluorescent Boronic Acid Sensor”, ACS Sens., 2016,
1(12), 1394-1397.
2) Y. Hattori et al., “Development and Elucidation of a Novel Fluorescent Boron-Sensor for the Analysis of Boronic Acid-Containing Compounds”, Sensors,
2017, 17(10), 2436.
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FFEH

2 AT VHARBWNER W A AEE Y b

Cystine Uptake Assay Kit

DRFV - TIVI I VBT IR—
TI/BNTYRIR—
FRINDBIER b RE
AERARICH T xCT 7‘J‘

BEELGHEZLTNET,

— (xCT) (&, EIHRENBRDIZAF U EMIBROIIVEY I VE%E 11 TRIBEXT S

EEXCT 1E. HA. BREMMERE.
EBEL WD EMmN . xCT BERIIH-EH

9 "C?'o xCT’énb?HﬂU AENIEDRF U BBRIEMETHD IS FAUDEMELTHRAS N,
RBEDOEECTEESNTNET, HICH

BEREE L THR/HINTNET,
NETIID ZF HEUME (Cystine Analog @ CA) ZRWVE#ROD xCTEMAEEZRAEL L Lt ZDCAE. P XF 2 EARKIC

xCT Z#ZH L THBNICERWIAE N, CA ERENICRIST 28X TO—TZ2AN\DIETREITDIENTRTT, &+ Y MIVA
07— bERBW-ZIEELEN TG, MDD ZF VI IAHRENDREZ T THELERZ -V J%IZEBATY,

<HEERE> KIZRAFUERAWEORF VR AHBEEEER >
cx_‘-uuii-f in:nlcg > #HBE : HelLa .
(L] D AE: TL—hJ)—5—
t S IR © 490 nm
$ Eluarescen] Proba - T——— E HRE 535 nm
= T ©
=y e o
=3 Ly
@ — bl g
— TA) Gy Gy 2
IL_F:) o, L - 9
Cell =) g
Step 1 : Cystine Analog (CA)@D Step 2. CAMNECE 2 To—TF e
RS L R —
Erastin - +

Nty MERB)  AS549 MR xCT PER Erastin (K Dk 2 RAHZE1L
(A) Amino Acid Uptake Assay Kit (B) Cystine Uptake Assay Kit (C) GSSG/GSH Quantification Kit
" C25o ossom T3/ BORUABENOZ S2F U DRIRHEENDE INEFA U BOELL
73/ 2 3
525 z S
ur) ot £
TI/ B t (] 2 é
w250 IIE IR 2
B) oum 100 uM 0uM 100 uM 0 M 100 uM
Fe2+ t(D) RFAY Erastin Erastin Erastin
- . . (D) FerroOrange (E) ROS Assay Kit-Highly Sensitive DCFH-DA-  (F) Liperfluo
L Cbiasad do HBFe2: DT HRMROS DEAE AR EE O
e 7 RE G oo
100 pM 100 pM 100 uM
Erastin Erastin Erastln
m& () FEMAAR(¥) A—H—T—R
Glucose Uptake Assay Kit-Blue 1 set 40,000 UPO1
Glucose Uptake Assay Kit-Green 1 set 38,000 UP02
Glucose Uptake Assay Kit-Red 1 set 40,000 UP03
GSSG/GSH Quantification Kit 200 tests 54,800 G257
1 tube 14,000
FerroOrange 3 tubes 32,000 F374
ROS Assay Kit-Highly Sensitive DCFH-DA- 100 tests 18,000 R252
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FEZRR

I bR TREHE

MitoBright LT Green, Red, Deep Red

<HE>
I AV RY P A EHEEETA =
- MSEA W TR E AL —
CAS—#Ua— R TL— FETEELAEBEOI POV KU PEENY 2559 KTRIETA e

I PAV R 7ERIB8RE
Hela #ifd % & MitoBright LT £ 7z (3B FARTREL. 4 HBBERI NIV RUT7ZBRL I LI, ZOER. BREAROEHY
BEIIAE AT LADICIFL. MitoBright LT IFEEEEN TSN, I IV RUTPEBRRICRETCEX L,

B3 (17
Green Deep Red Green Deep Red

® <HEHSMH>

% MitoBright LT Green.

5 BE7zEAEE (T %) Green:

: Ex 488 nm / Em 500-560 nm
MitoBright LT Red.

e BR7FEdEE (T #1) Red:

H Ex 561 nm / Em 560-620 nm

i

o MitoBright LT Deep Red.

& Bi7553E (T #1) Deep Red :

E Ex 640 nm / Em 650-700 nm

B
24 —)L/N— 120um

m& B8 ) A=pH-2-F
20 ul X1 6,000
MitoBright LT Green 400 ul X 1 12,000 MT10

400 ul X 3 30,000

20 ul X1 6,000
MitoBright LT Red 400 ul X 1 12,000 MT11

400 ul X' 3 30,000
SSICHMAARERIINLHP T !
20 ul X1 6,000

MitoBright LT Deep Red 400 WX 1 12,000 MT12 MitoBright LT (=
400 4l X3 30,000

MT-1 I 32 MU PREBURET Y b

MT-1 MitoMP Detection Kit <HR>
- SHRTHERTES. £BEICEE(RTES

_ CIPAVRUPRBROE=SY L IHTES
(REEELELRETES) - IRV KUY PRBHOZLEBEEICRETES

MT-1 Jc-1 TMRE

ENLGHBEREBOZICEY) I NIV R VREBMAISZEE T D/
O, F—YOBRUEREBICISHODEENRET L, SNBEOI MO
VR PEBAMBHEAE (UC-1. TMRE) &, HEAEZET(LLIETS
@AM EHLND=H. £HRERVRRSAENRET L=,

MT-1 13, FBEOD PFA BELIBEEZT O TCEBANRITIND -
H. BEUEOBSWREBEEITOENTRETT,

§§ =g IO
Ha (fﬁﬂj%f—*) [a=] =] ?ﬁzﬁﬂ)\ )( jj
° Ex: 530-560 nm, Em: 570-640 565 a5 fiitg (¥) J—FR
nm .
. MT-1 MitoMP
T — 24 —)L/\—:100 U ; !
BEELEED I PV K PEEMORES A HoLa g m Detection Kit 1set 28,000 MT13

X <EREHOEZ> 35 mm dish 30 5

15
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SIET

MitoBright IM Red for Immunostaining

<HER>
REREBEEHRETED
BNV OIS R DOBBICRETES

IPIAVRUTIEHRAD T R F—EEDIFTHDREIITTEL, BAPEL. PILIYNAT—P/NN—=F 2 UREDBEEIER
BRECERICBETIHREICEZLANAARSD—2TY, EEOBEMBRMOFERICH. [I b3V RUPISBEIRTHET D]
EWDEABIE [T AV RUTIEIMBOTIVAXSEEEFRBLTHET D] ENWDOEAKICELOTETCHSY.,. I AV T7%E
HMICHETORENEATNET ., FBRIIREREELHLETDIHSIC. RELLOTNVHBSZRHRLLBETT,

<HERFI>

Hela #fifd % MitoBright IM % /= 1J
BEORAFHAEZBINVCI MOV
R T7ZERELTHEE. TOM20
IMAZRZ 2RMERBIEICT 2 .
hOvRUTEREL. BELEL R
feo ZOHRER. BEHAFEEFI OV
RUTZUADINY 0TS RS
MO DIZF L. MitoBright IM (&
Ny OIS RAME I MOV R
TEEBICEEBLTINDZ ENHER
TnFElLi

s B S (T 4)

Ex: 561 nm, Em: 560-620 nm Red
247 —=)U/N— 110 um

MitoBright IM Red

< ISR >
MitoBright M [ICT I O RUT
A LT Hela MBI % %5% & PFA
B 5 & O BB BB N ED
7 —H—% )\ T B KDEL $ifh o
AR RBEREHEEARELEL Rt
fro ZOREE. BIICI ROV KU

FIOEET 2 NBEOREEBET

MitoBright IM Red

pIEnTEEL,
/NRatE
. (anti-KDEL #i{f
< >
MitoBrrght IM Red (7%) Ex: 561 nm, Em: 560-620 nm - Alexa 488)
KDEL 11k -Alexa 488 (#%) Ex: 488 nm, Em: 490-550 nm
27 —=)U/X— 110 um
R IMAVRUT KR /MR (KDEL)
4 B2 FEMAMIZ(Y) AX—H—TO—FR
) ) o 20 ul X1 12,000
MitoBright IM Red for Immunostaining MT15
20 ul X 3 25,000

16
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NI RUTPR=/N=FFH A1 MEHAREEER

mtSOX Deep Red —Mitochondrial Superoxide Detection

<HR>
IPAVRITPR=N—FAFY A F2RERMETHRETES
BevienEiteREqRENTED
R=IN—FFH A FEREHBO

IPAVRUTTIIATP ZEMT DRITCEEBRRBO—DTHDX—/\=FFH A RERELTNE T, EBREOHETHN
I3 MBBEEDBERELEMRBRRZHELI TN I MV FUPHRERENRI S EMBRNVBRICEEL. MIICKELE
BEREZ3ITRILET, ZOLOGHIRORRIER MR Z2ZERT DRIC. MEAOEERRP I bOY RN PREMENRER
ZEKBNT 2 —XMBATECLE T, AHRIIII IV R TPI—N—=FFH 4 REBROICKRIS L THREEBHELEZFE L. B
BFOEBMUER (C-174L) W b—%)L ROS EIHFHE (DCFH-DA) EDHFENFEEICKU I L .

<#IEBAROS &I FOY RUPR—N—FFH 4 FORIFAES >

Hela #fifa % HBSS (CTHt##&. mtSOX Sl b —% )L ROS & +Y b (ROS Assay Kit — Highly Sensitive DCFH-DA-, X—71—
J—R:R252) ZAWNWTHZFEEL., I IV RUFI=NN—=FFHA1 RELEH (Antimycin) £ L < ITBRLKEICKDELDHHY
LTEREAZITNELE, ZORR. MRESEDOROSFELE I NIV RYTHERDI—/IS\—FFH A RBFEEEDITDIENTEFL
1=o

#HAERN ROS mtSOX Merge

Control

H20.

£
]
>
£
<
<<

<HREFRMG> 24 —)L/N— 10 um
- #EB2A ROS (Ex: 488 nm, Em: 490-520 nm)
- mtSOX (Ex: 633 nm, Em: 640-700 nm)

< JC-1 EDHFEM >
Hela #fifd & HBSS (C T &, mtSOX &/t X bV R PEEBAFEER JC-1 (X—A—0— K MT09) ZRNTHREEL.
FELLIPAVRUTZA=—N=FAFTA RERBAUZABICAREL I Lz, ZORR. I IV RIUTPR—N—FFH A FOFEE
ICHES I NIV RUTEBHOETZEARICRET LN TER L
Jc-1

Green Red mtSOX Merge

°
S TRIRE (S L — o —SOLTRE)

JC-1 : #% Ex = 488 nm, Em = 490-520 nm,

7% Ex = 561 nm, Em = 560-600 nm
mtSOX : Ex = 633 nm, Em = 640-700 nm
27 =)= 110 um
£
<
& B8 FEMAME(Y) A—H—T—F
mtSOX Deep Red — Mitochondrial Superoxide Detection 100 nmol 20,000 MT14

X <fEREIEOEZ > 35 mm dish 12 . 96-well microplate 1 #
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EIETA—SL - 12 - R—IUBfEEER
[MRRRRDTAF IZXL-FNARSHE) BTHED F57]

192 FENORY—MLIETA—=SL - A2 - R=DUI3HFE
DOAOFREDIMLKICK IO TDRIBE LY . ZDRBHREED
FWMERCA VT UBEEERLU, X773 —3LARMEEA
DEBEEND. [EHOAINAXSHEET DEUCTHAIEE
TWBHEMDZETINETOAINARSEIZRBDENRR
T B, HAATHIGHRMTONTNDSZHTHY . SEID
TS LNHRDERICESTDEDERDIEZMFLE
Vol EMNONFRHIDEY 3 VA 5 — LT,

BUDEETHDEKEEL [FILHXSOBFRICER S NS
EDHEEAERIBEY DIEN BV ZDEEICL DTN EET D 2
EDPDDOTER, ZOFIVHRT - =Vl K DIMBEEBEDFE
RISHRENZICBITDHIHRNSIA LT N THD,] &t
REN, FIVART - J=2DBEEFINHE S DBENEME
FIVAXSHEEEERB T ZE. —FIELTI NIV RUTPDB
FRCOTRN— 2D, JIVAKDFHT=HES /NI BHRRIG
& J—> (GOMED) [ZDWTBN TNz, ZDOHRTEHEDEHK
TO—TJ72BWVEBTICDWWTEMn SNz, SEIZREZD
BRHISDEBIETF Y MIBESETIV=/Z00V =0 ZRICHh
l=2EBM’RE<Ftonz, BNEENDIE. T OV RUT
DEMHEDERICEE CTHDIEEDE X ICEKEF-NI-RE
&. ERMES E&1KIC) VIEBZRURALRTY B, FIL
A ZEBEBSZET) VIEEDOBEBOKEROBE = 40T
ICPADS PEICEBEZmINDZ EWD, MBRIEI M ISHT
DEEBEDRIN=, BEEHLSIIBMRRTDEE. U U
BN DEEANDESRZEDBRE LR ENH DIz, RIC. LLUOKE
Do, [BEEIDHDEIOEHFUHDDFZEEID] ELTB.
Si. P. SOEBRY. PFZMNEICTH AT EICKUMmMNA
HRFIHT R TREE R EREEBEICRD I ENTEDZEN
e/, P=028ALAEO—43I2>7O0—-JIESTEDICE
MECEDIMAMZR A I AR SOWMBERTICERTE
5, ZMD—D MitoPB Yellow [IZEIDtz Y 3 & BLTEZLD
Yo TIVKED B DT,

FHDOE Y aTIE, ABELENSHREEDIHEAE BT
FIMDRELEICDNTDERBAH Y . BEIEIHHEOMESS/)FAE
EZRNOAVRUTED®IEUNEBETHDZ EX. PNEMER b
L2 —0—DPERK MIFARER ) VER{LIS/NRIEZ b L
2 EFEFEET. PMBEEEI NI RYPHERLTNDERAIT
Jomgfban, T AR T7ORMLRICEWERSNDZ &
BENREIN, BRI LUTPERK ) VBItFF—CEDEE
EREFLTIND I EXP, DM TOREBICDNTRENT,
RIC, BHEEIICNETORROEGRICDNTHN SNE.
TJIARICER LTIV AREEE — > DEISIEIIC DLNTREN
TN HEBEBICADDV—UNBELTHY ., BUELSHED
EEBIDEERFICE D TERbtSNY — %8BT DI R E

BNENfce —DOFIHRSTI -V EDREBEREESER
Dh DEILIEAINAA T TERETEDDTIEENDERBICY
L. HBIZEONTWDEDEHDDT, —HICTDHI ETHE
EEWDRTERA DD, HDWIIELNBIENELNANE
il_ﬁ/\‘l’j)hf:o

BHBODEYaVTIE BREELY., BYOMNERY b
D—ODK/ENELT, AIWAXTDRBBELTOMEEEFDOZ
&L NBRIETF 1T OMNERENBRELES D2 &, MBS
NRAOBEICISHEENHDZ & MAEIT OO 1 ILDERK
ICEEBTHDIEHENRSI NG, BRICEL T, BYH#REIdK
DB MBIHEBEES B DICITIY /N OBEEDDINENHY.
EFNHMINELETHRY NRRY NaEODTHERE EIF2HHEAD
HBEDTIIEDZ EEZE RSN, AT, kLD DL D71
SOBIMPATODEZEL ZT LI DWTORBN D B2z, LT
FTHMIRAN TR Y 2B F AN TEYZMIEMBET L. 7Y
TEHEAEANH D ENTRS N T A—/I\DREEEBS X
EVoOT77—UDERDOAEAMNMEO TS EMD, LY
TR DRFIEDOREII-BDEFBRICL DA TEERIAA
TLEOIEEREENWADEDZETH DT

RARMEFEATHD=BEREDBAZDHRISTIE. MDA I FH
SEMEERALTHETDSZ 2P T RLTULVERN
foo BAREDREEDLY A LS TREEHNBRRMOELRIC
SOTHIART - =V DEIEA DN, SEDTH—F A
ZRLCZORTICRRER DB L4ELZNEBSDT, BED
FREHEDERZRF OTCNWKIEEERI LN ETH D,
O BNE. BRTHNUE. DB EEDERESESM

BEEDZREMHY . ZIHED—DDT A4 XA Y3 DIBT
HEN, BRENASSEITEAN LA DIz, REIFESAE
—BIELTDTA—TLERDZEZEFLIEL,

(FBES)

URL : https://www.dojindo.co.jp/
E-mail : info@dojindo.co.jp

Free Dial : 0120-489-548 (St #as 00~ 1700
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