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Apoptosis

Chemicals, radiation &
growth factor withdrawal

Death receptors:
TNFRI, CD95/Fas,
TRAILR

In highly organized biological systems like
multicellular organisms, tight regulation of growth
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Caspase-6 Antibody
(600-401-AD7)

Apoptosis is an energy-dependent biochemical Caspases, a family of cysteine proteases, are major mediators of
process characterized by distinct morphological apoptosis. Caspase-6 is classified as an apoptotic effector and

features including cell shrinkage nuclear it mediates nuclear shrinkage during apoptosis, but it possesses

) ) ) unique activation and regulation mechanisms that differ from
frogmentohon, chromatin condensation, and those of other effector caspases. Increasing evidence has shown

membrane blebbing. It is a vital component of that caspase-6 is highly involved in axon degeneration and
normal cell turnover proper development and neurodegenerative diseases, such as Huntington’s disease and
functioning of the immune system, hormone-

dependent atrophy, embryonic development, and

chemical-induced cell death, among others.

Alzheimer’s disease.

Fig. Immunofluorescence microscopy

of anti-Caspase-6 antibody. Cell Type:

MCF7 cells. Fixation: 0.5% PFA. Antigen
retrieval: not required. Primary antibody:
Caspase-6 antibody at 10 ug/mL for1h at
RT. Secondary antibody: Fluorescein rabbit
secondary antibody at 1:10,000 for 45 min at
RT. Localization: Caspase-6 is cytoplasmic.
Staining: Caspase-6 as red fluorescent
signal.

Because apoptosis cannot stop once it has begun,
It is a highly regulated process. Apoptosis can be
initiated through one of two pathwauys.
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Extrinsic Intrinsic

Pathway Pathway In the intrinsic pathway, the cell kills itself because

It senses cell stress that results in the activation of
one or more members of the BH3-only family of
proteins.

Chemicals, radiation &
growth factor withdrawal

Death receptors:
TNFRI, CD95/Fas,
TRAILR

In the extrinsic pathway, the cell kills itself because
of signals from other cells as a result of binding

proteins
} extracellular death ligands (such as FasL or tumor
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necrosis factor-alpha, TNF alpha).
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e J | | proteins. The two pathways activate initiator
Cospase CGSpqseggf_1 caspases (caspase 8, caspase 9, and caspase 10),
@ Non-degradative U ® which then activate executioner caspase (caspase
© oegrodative ub v O — — €D 3, caspase 6, and caspase 7) that will kill the cell by

Apoptosis

(© cutochrome c degrading proteins indiscriminately.
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Apoptosis Antibodies

Product Reactivity Applications Item No.
, Human, Mouse, WB, IHC, IF,
APAF1 Antibody ot cLiA 600-401-Y26
H M
APAFT Antibody R;Jtmgn’ °Y5S WB, IHC, ELISA  600-401-Y27
APAF1 Antibody Human, Mouse,
WB, IHC, ELISA  200-301-A35
[2E10] Rat
. . . APAF1 Antibody Human, Mouse, IHC. ELISA 200-301-Y28
Defective apoptosis pathways can result in @ [5EM] Rat
wide variety of diseases including autoimmune BAK Antibody Human, Mouse WB, IHC, ELISA 200-401-723
disorders, neurodegenerative diseases, and many
BAX Antibody Human IHC 200-C0O1-B34
types of cancer.
WB, IHC, IF,
BCL2 Antibody Human, Mouse 200-401-743
ELISA
H M
BCL2 Antibody HMan, TIOUSE e, ELIsA 200-401-222
Rat, Bovine
BCL-xL Antibody Human WB, ELISA 200-401-Z50
, WB, IHC, IF,
Jump to: BID Antibody Human, Mouse ELISA 200-401-Z65
Parthanatos Pathway _
BID Antibody Human, Mouse WB, ELISA 200-401-Z66
Caspase-3 Antibody Human IHC, ELISA 600-401-AD2
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Human, Mouse,

ELISA, IF, IHC,

DcR2 Antibody Rat WB 600-401-G93
_ WB, IHC, IF,
DR4 Antibody Human ELISA 200-401-AX5
Death Receptor 4 WB, IHC, IF,
H -401-982
Antibody Hman ELISA £00-401-98
, Human, Mouse, WB, IHC, IF,
DR5 Antibody Rat ELISA 600-401-G96
DR5 Antibody Human WB, IHC, IF, FC  200-401-H72
_ WB, IHC, IF,
Mcl-1 Antibody Human ELISA 200-401-C50
RIP1 Antibody Human IHC, ELISA 600-401-EA2
, Human, Mouse, WB, IHC, IF, IP,
Smac Antibody Rgt ELISA 600-401-ER4
TNF ps> Receptor Human, WB, ELISA 109-401-308
Antibody Primate
TNFpoo Receptor | on WB, IP, ELISA  209-401-308
Antibody
TRAF2 Antibody Human WB, ELISA 600-401-B27
Human, Mouse, WB, IHC, IP
i ’ ’ ' S -401-FM
TRAF2 Antibody Rat ELISA 600-40 5

Caspase-3 Antibody Human WB, IHC, IF, FC 200-301-H63
WB, IHC, IF,
Caspase-6 Antibody Human  1HC TR 600-401-AD7
ELISA
Caspase-6 Antibody Human WB, IHC, ELISA 600-401-ADS8
. Human, Mouse,
Caspase-7 Antibody Rat WB, IHC, ELISA 600-401-AD9
_ Human, Mouse,
Caspase-7 Antibody Rot WB, IHC, ELISA 600-401-AEO
H M , WB, IHC, IF,
Caspase-8 Antibody R;JTO” OUSE CLen 600-401-AFE]
Caspase-8 Antibody Human WB, IHC, IF 200-301-He64
. Human, Mouse,
Caspase-9 Antibody Rot WB, ELISA 600-401-AE3
, WB, IHC, IF,
Caspase-9 Antibody Human ELISA. [P 600-401-AE4
Caspase-10 WB, IHC, IF,
H 200-401-AC6
Antibody Hrman ELISA
WB, IHC, IF,
CIAP Antibody Human, Mouse 600-401-AK2
ELISA
Human, Mouse, WB, IHC, IF
DcR1 Antibod ’ ’ ' T 600-401-AT
i ANTROCY Rat ELISA 00-401-ATS
H M
DcR1 Antibody AN, TOUSE B, IF ELISA 600-401-AT6

Rat
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395-417.
3. Van Opdenbosch, N., & Lamkanfi, M. (2019). Caspases in Cell Death, Inflammation, and Disease. Immunity, 50(6),
Product Activity CAS Item No. 1352-1364.

Actinomycin D Transcription inhibitor 50-76-0 10-2054

Disrupts actin

Cytochalasin D _
filaoments

22144-77-0 10-2071

lonomycin Ca Calcium ionophore 56092-82-1 10-2078

Induces rapid
Nigericin Na intracellular 28643-80-3 10-2089
acidification

Puromuycin Translation inhibitor ~ 58-58-2 10-2100
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https://focusbiomolecules.com/cell-death/staurosporine-kinase-inhibitor-pan-specific/
https://doi.org/10.1038/s41423-020-00630-3
https://doi.org/10.1038/s41423-020-00630-3
https://doi.org/10.1038/s41571-020-0341-y
https://doi.org/10.1038/s41571-020-0341-y
https://doi.org/10.1016/j.immuni.2019.05.020
https://doi.org/10.1016/j.immuni.2019.05.020

PG rthanatos Parthanatos Antibodies

Product Reactivity Applications Item No.
Poly (ADP-ribose) polymerase-1 (PARPT) is o | Hurmnan, Mouse,
. . . . AIF Antibody WB, IHC, ELISA  200-401-985
chromatin-associated, ADP-ribosylating enzyme Rat
essential for multiple cellular functions, including AIF Antibody Human \éVL?élAHC’ . 200-401-X83
cardiac remodeling, vasoconstriction, regulation PARPI (N-term ZF) WB. IHC, 0401 M
of astrocyte and microglial function, long-term Antibody 2D-PAGE
memory, aging, transcription regulation, and DNA PARP(internal) W 15 200-401-X51
. . . . Antibody 2D-PAGE
repair. [t has also been implicated in a form of cell
death termed parthanatos(? ), which is distinct
. L . Referen
SiShSathae tocic bhasamn i ie ~measasindependent, ererences
Derived from the Greek Oavato¢ meaning “death”
U e o TIUL T U wu o LU LI U UTw D, U |d does not 1. Fatokun, A. A, Dawson, V. L., & Dawson, T. M. (2014). Parthanatos: mitochondrial-linked mechanisms and therapeutic
MY~ 2 opportunities. British journal of pharmacology, 171(8), 2000-2016.

lead to membrane blebbing. Apoptosis and
parthanatos still share some features including
the involvement of the mitochondrial-associated
apoptosis-inducing factor (AlF).
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Ferroptosis

xCT

Death is part of the natural process of all living

[ Fe ) H,0, things, including individual cells. This process can
ocCurin G variety " mnd o e e
cell death continue . . ve uiscuveieu. Ulie Ul uie,
Porss. —— @ named ferroptosis (?), was first described in 2012
as a non-apoptotic, iron-dependent form of cell
Lipid PZroxides GSSH death.
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Ferroptosis
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Years earlier, in the search for compounds that

are selectively lethal to RAS-mutated tumor cells, GPX4 Antibody
researchers already identified two structurally (600-401-972)
Independent small molecules named erastin and

RSL3 that were able to induce a unique form of Glutathione peroxidase 4 (GPX4) is a main regulator of the

g h 2 ferroptosis process. Its unique function is to interrupt the lipid
ce eatn.s peroxidation chain reaction by reducing complex hydroperoxides
by converting them into non-toxic lipid alcohols.

Further investigation revealed that this type of cell

w g

death does not share classic features of apoptosis, K Fig. Western blot using anti-GPX4 antibody.

. . . 2 Rockland’s affinity purified anti-GPX4 antibody
such as caspase activation and chromatin i wos used to detect GPX4 in testis extract (arrow),

. . . . Tissue extract (40 ug) was electrophoresed and
frOgmeﬂtOtIOﬂ, Oﬂd IS ChOrOCterlzed bg the Iron- 3H— transferred to nitrocellulose. The membrane was
. .. . 28— probed with the primary antibody at a 1:1,000
dependent accumulation of lipid hydroperoxides _—— dilbtion: Personallcommunication; Dolphitiathelcl
4— B CCR-NCI, Bethesda, MD.

to lethal levels. In contrast, cells that undergo
ferroptosis seem to exhibit distinct morphological

characteristics such as shrunken and damaged

mitochondria.2

< ﬂ Continue: Ferroptosis >
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Lipid Peroxides
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Ferroptosis

Lipid Alcohols

xCT

GSH

GSSH

While several proteins have been shown to regulate
ferroptosis, glutathione peroxidase 4 (GPX4) is the
central enzyme of this pathway. GPX4 effectively
iInhibits ferroptosis by reducing and thus limiting
lipid peroxides and reactive oxygen species (ROS).4
This process requires the substrate glutathione
(GSH), which is provided by the enzyme xCT via an
Intermediate step.

Continue: Ferroptosis >



Since its initial discovery, ferroptosis has attracted
great interest in its process and function. According
to PubGrade, the number of publications has
increased exponentially in past years, from 405 in
2019, 849 in 2020, to 1670 in 2021.

Go to products:

Cystein Metabolism Lipid Metabolism
DNA Damage Pathway Lysosome & Autophagy
Epithelial-Mesenchymal Pathway Mitochondrial Function

ER Stress NRF2 Pathway
Glutamine Metabolism NOX Pathway

Iron Metabolism RNS Pathway

KRAS Pathway Ferroptosis Reagents
Jump to:

Necroptosis Pathway
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Calcium Pathway

Dysregulated ORAIT-mediated Ca2+ influx contributes to ferroptosis
induced by GSH depletion.”

Product Reactivity Applications Item No.
ORAIT Antibody Human WB 100-401-P17
WB, IHC, IF,
ORAIT Antibody Human, Mouse ’ T 600-401-C0O0
ELISA
WB, IHC, IF,
ORAIT Antibody Human, Mouse ’ T 600-401-DG9
ELISA
ORAIT Antibody Human, Mouse, WB, IHC, IF,
200-301-DHO
[3F6HS5] Rat ELISA
ORAIT Antibody Human, Mouse, WB, IHC, IF,
200-301-DH1
[6D11ATT] Rat ELISA
Cell Adhesion

Cadherin-mediated intercellular interactions suppress ferroptosis by
activating intracellular NF2 8

Product Reactivity Applications Item No.

NF2 phospho S518

: Mouse WB, IF, ELISA 600-401-414
Antibody
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Cysteine Metabolism

The availability of free cysteine determines the extent of GSH synthesis
and protection against ferroptosis.?

DNA Damage Pathway

ATM has been identified as a target for tumor cell ferroptosis, as it can be
activated by radiotherapy and increases lipid oxidative damage.”®

Product Reactivity Applications Iltem No.

ATF3 Antibody Human WB, ELISA 600-401-493

CD44 Antibody Human WB, ELISA 600-401-GT4

MUCT Antibody Human, Mouse WB, ELISA 600-401-CWO
_ WB, FC, IF,

xCT Antibody Human ELISA 600-401-GU3

Epithelial-Mesenchymal Transition Pathway

ZEBI provides a bridge between mesenchymal gene expression and lipid
peroxide susceptibility.!

Product Reactivity Applications Iltem No.
WB, IHC, IF,
ZEBT Antibody Human ELISA 600-401-GDO

(ft

Product Reactivity Applications Item No.
ATM Protein Kinase WB, IHC, IF, FC

H M ’ 7 77 600-401-398
S1981 Antibody HaAn, FOUSE g 1sa
ATM phospho S1S8T - 1 an WB, ELISA 600-601-400
Antibody

WB, IHC, IF,
ﬁzrbzgospho 51981 E';T‘O”’ Mouse. chip ip Fe, 200-301-400
R FISH, ELISA

ATM phospho S198T WB, IHC, IF, IP,

H M 200-301-500
Antibody Hman, FOUSE e 1sa
ATM phospho S1981 Human. Mouse
Biotin Conjugated Rat ’ * WB, ELISA 200-306-400
Antibody
ATM phospho
S19§1 Peroxidase Human, Mouse, WB. ELISA 200-303-400
Conjugated Rat
Antibody

H M
TFAM Antibody Hman, ToUse e 100-401-X30

Rat
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ER Stress

Ferroptosis is associated with increased ER stress. The chaperone GRP/8

(through activation of ATF4) inhibits GPX4 degradation and promotes
oxidative stress resistance.’2

Iron Metabolism

Iron is required for the accumulation of lipid peroxides. In this context, the
iron carrier protein transferrin plays a key role in the import of iron into the

Product Reactivity Applications Iltem No.

ATF4 Antibody Human, Rat WB, IHC, IF 200-301-W6l
GRP78 Antibody Broad WB, IF 100-401-F38
GRP78 Antibody Broad WB, IF 200-301-F37
GRP78 Antibody Broad WB, IF 200-301-F36

Glutamine Metabolism
GLS2-mediated glutamate production is required for erastin-induced

ferroptosis.

Product

Reactivity

Applications

Item No.

GLS2 Antibody

Human, Mouse, WB, IHC, IF,

Rat

ELISA

600-401-BL8

(ft

cell 2
Product Reactivity Applications Item No.
. Human, Mouse, WB, IHC, IF,
CISD2 Antibody Rat ELISA 600-401-ALlT
H M
HO-1 Antibody <N, TOUSE e 600-401-F48
Rat, Dog
HO-1 Antibody Broad WB, IHC, IF, IP 200-301-F47
HSF’B2 (MKBP) Human, Mouse, WB, IF 600-401-F76
Antibody Rat
Hsp25/Hsp27 WB, IHC, IF, IP,
Broad 200-301-F55
Antibody od FC
HSP27 Antibody Human WB, ELISA 200-301-243
SLC40Al Antibody Human WB, IF, ELISA 600-401-MGl
Mouse Transferrin -\ | e EM, ELISA 600-401-255
Antibody
Transferrin Antibody Human WB, ELISA 109-4134
Transferrin Antibody Human WB, IHC, ELISA 209-4134
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KRAS Pathway

Mutations in the oncogene B-raf render cells more susceptible to erastin-

induced ferroptosis.”

Product

Reactivity

Applications Item No.

B-raf Antibody

Human, Mouse

WB, IHC, IF,

Lipid Metabolism
Glutathione peroxidase 4 (GPX4) is the central enzyme of the ferroptosis
pathway. GPX4 effectively inhibits ferroptosis by reducing and thus
limiting lipid peroxides and reactive oxygen species.?

600-401-Z87

B-raf Antibody

Human, Mouse,
Rat

WB, ELISA 200-901-286

(ft

Product Reactivity Applications Item No.
Glutathione Guinea Pi
Peroxidase 4 9 WB, ELISA 600-401-972
, Mouse, Rat

Antibody

Bovine
HIF-1-alpha ’ WB, IHC, IF,

H M 200-301-F45
Antibody AN, TOUSE E 1sa

Rat
HIF-1-alpha
hydroxy P564 Human WB, ELISA 100-401-A25
Antibody
HIF2 alpho Hurnan WB, IHC 209-301-F46
Antibody
MDM2 Antibody Mouse WB, ELISA 600-401-927
Mdmz2 phospho Human, Mouse WB, ELISA 600-401-423

S185 Antibody
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Lysosome & Autophagy

Several autophagy-related genes modulate ferroptosis by autophagic
degradation of cellular iron storage proteins.®

Product Reactivity Applications Item No.
, Human, Mouse, WB, IHC, IF,
ATG3 Antibody Rat ELISA 600-401-Y8]1
ATGS5 Antibody Human, Mouse WB, IHC, ELISA 200-901-Y86
_ Human, Mouse, WB, IHC, IF,
ATG5 Antibody Rat ELISA 600-401-Y87
H M
ATG8 Antibody R;*tmon’ O W, IHC 200-401-H57
ATG13 Antibody Human WB, ELISA 600-401-C50
ATG13 phospho WB, IF, FC,
H 600-401-C49
S318 Antibody Hman ELISA, Dot Blot
WB, IHC, IF,
BECLINT Antibody  Human, Mouse 600-401-Z53
ELISA
WB, IHC, IF,
Beclin 1T Antibody Human, Mouse ’ T 600-401-MG4
ELISA
HSF’9O total Human, Mouse, WB. IHC. IF. IP 200-301-E74
Antibody Rat

, Human, Mouse, WB, IHC, IF,
PINK1 Antibody Rot ELISA 600-401-DN9
PINKItruncoted Human, Mouse WB, IF, ELISA  600-401-GUS
Antibody
H M
PINKI Antibody R;Jtmon’ °Y5S W, IHC, IF 200-301-W64
RAB7 Antibody Human, Mouse WB, IHC, IF 600-401-105
Human, Mouse, WB, IHC, IF,
. J ) ) J ) _ _ 6
SQSTM1 Antibody 1, Lo 600-401-EU
SQSTM1/p62 WB, IHC, IF,
H M 600-401-HB8
Antibody HmAn, TOUSE e 1sa
STATS {nssrinel) Human Dot Blot 600-401-GH6
Antibody
TAT3 R31-Me2
SIATS RIMeEZA yman Dot Blot 600-401-GH3
Antibody
STAT3 phospho
H WB, IHC, ELISA  600-401-C64
Y705 Antibody Hman T
Human, Mouse, WB, IHC, IF,
. J J ) J J _ _ 4
ULKT Antibody ot Lo 600-401-FU
WB, IHC, IF
. J J J _ _F
ULK2 Antibody Human ELISA 600-401-FU5

(ft
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https://www.rockland.com/search/?searchString=600-401-HB8
https://www.rockland.com/search/?searchString=600-401-GH6
https://www.rockland.com/search/?searchString=600-401-GH3
https://www.rockland.com/search/?searchString=600-401-C64
https://www.rockland.com/search/?searchString=600-401-FU4
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NRF2 Pathway

NRF2 is an important transcriptional reqgulator of anti-ferroptotic genes
and is itself requlated by enzymes such as KEAP1.2

Mitochondrial Function

The ferroptotic small molecules, erastin and artesunate, induce
pro-apoptotic PUMA expression.®

Product Reactivity Applications ltem No. Product Reactivity Applications ltem No.

BID Antibody Human, Mouse \éVL?,SL\HC, IF, 200-401-765 ACVRIB Antibody ~ Human, Mouse WB, ELISA 600-401-X67

BID Antibody Human, Mouse WB, ELISA 200-401-766 CDKN2A Antibody E;m e \I;vLElg,SlAHCJ " 600-401As

NEDD4 Antibody Human WB, IF, ELISA 600-401-BO5 Nrf2 Antibody Human, Mouse WB, ELISA 600-401-GT6

PUMA Antibody Human \éVLEf’S'AHC’ " 600-401-DVO PKR Antibody :;Jtm on. Mouse. \éVLElgélAHC’ . 600-401-DP7

PUMA Antibody  Human, Mouse \éVLEi,SIAHC, IF, 00401987 PKR Antibody Human, Rat  WB, IHC, ELISA  600-401-DP8
H M

;ggﬁG@?“bOdg Human, Rat  WB, ELISA 200-301-DV2 :zize:t:z‘igtoﬂ Al VWV: :ECEL::A 600-401-CEl

Etigégntibodg E;J:non, Mouse, WB, ELISA 200-301-DV4 Antibody . Human, Mouse ELI,SA S 600-401-MG6

Eig?é?ntib()dg Human, Rat WB, ELISA 200-301-DV3

ESZISA G?]”tibOdg Human, Rat  WB, ELISA 200-301-DVI
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https://www.rockland.com/search/?searchString=200-301-DV3
https://www.rockland.com/search/?searchString=200-301-DV1
https://www.rockland.com/search/?searchString=600-401-X67
https://www.rockland.com/search/?searchString=600-401-AJ9
https://www.rockland.com/search/?searchString=600-401-GT6
https://www.rockland.com/search/?searchString=600-401-DP7
https://www.rockland.com/search/?searchString=600-401-DP8
https://www.rockland.com/search/?searchString=600-401-CE1
https://www.rockland.com/search/?searchString=600-401-MG6

NOX Pathway RNS Pathway

The NOX family of proteins promote lipid peroxidation in ferroptosis via Scaffolding protein Cav-1is involved in erastin-induced ferroptosis and
ROS production . links reactive nitrogen species (RNS) to ferroptosis.Z
Product Reactivity Applications Item No. Product Reactivity Applications Item No.
Nox1 Antibody Mouse, Rat WB, IHC 600-401-R15 Caveolin-1 Antibody Human WB 600-401-J62
: WB, IHC, IF, : :
NOX1 Antibody Human ELISA 600-401-DD8 Caveolin-1 Antibody Human wWB 600-401-J63
Human, Mouse Caveolin-1 phospho
' ’ ’ -401- H WB 600-401-J64
NOX2 Antibody Rat WB, IHC 600-401-R16 S168 Antibody uman
H M
NOX2 Antibody Human, Mouse, WB, IHC, IF, 600-401-DD9 NOS2 Antibody Hman, FOUSE \we 600-401-P89
Rat ELISA Rat
Human, Mouse, WB, IHC, IF
NOX4 Anti ’ ’ ' T -401-
O ntibody Rat ELISA 600-401-DET
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Ferroptosis Reagents

Product

Artesunate
Erastin
Ferrostatin-1
FIN56
Liproxstatin-1
ML210
Nocardamine
RSL3

SRSI16-86

(ft

Activity

Ferroptosis inducer
Ferroptosis inducer
Ferroptosis inhibitor
Ferroptosis inducer

Ferroptosis inhibitor

GPX4 inhibitor,
Ferroptosis inducer
lron chelator,
Ferroptosis inhibitor
GPX4 inhibitor,
Ferroptosis inducer

Ferroptosis inhibitor

Provided by

Fi

“CUS

UM OQLECH EES

88495-63-0

571203-78-6

347174-05-4

1083162-61-1

950455-15-9

1360705-96-9

26605-16-3

1219810-16-8

1793052-96-6

Item No.

10-2411
10-3406
10-1380
10-4666
10-4670
10-4002
10-2775
10-3417

10-4668
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Necroptosis
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Necroptosis

Derived from Greek nekros, meaning “dead” )
Among tll\, 1 Al Iy vvuy._) 11T VVILIIIGCTI T CCl1o \.ull dle,

necroptosis(?)is a caspase-independent form
of programmed cell death induced by certain

changes in cellular homeostasis or when apoptosis
Is blocked.!

It has roles in normal biological processes like
inflammation, wound healing, combating
iInfectious disease, as well as in disease states
like cancer, and chronic inflammation.2 In fact,
necroptosis can protect or kill tumor cells,
depending on the context.:
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Necroptosis can be viewed as a combination of
apoptosis and necrosis.t [t begins with external or
internal triggers such as TNFa, TRAIL, interferony,
genotoxic stress, viral DNA/RNA, bacterial LPS, or
caspase 8 inhibition.

These signals are transduced by receptors and
binding proteins such as the toll-like receptor
(TLR), tumor necrosis factor receptor 1, FAS, or
Z-DNA binding protein 1(ZBP1).2

The most understood pathway is the one
beginning with TNF-a binding to its receptor,
TNFRI. This results in the formation of complex |,
which comprises RIPK1, TRADD, TRAF2 & -5, clAP1
& -2, and LUBAC. If RIPKT is polyubiquitinated by
clAP1/2 and LUBAC, cell survival is achieved by
activation of the NF-kB pathway.#
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If instead RIPKT is deubiquitinated by CYLD or
A20, TRADD and RIPKI are released and form
either complex lla (TRADD, FADD, and RIPK1) or
complex llb (FADD, RIPK1).

If caspase 8 is present and active, apoptosis
ensues via complex lla or llb. However, if caspase
8 is inhibited or absent, RIPK3 is recruited, causing
RIPK3 oligomerization and autophosphorylation.s
RIPK3 then phosphorylates MLKL, causing its
oligomerization, which induces (among other
things) Ca2+ influx via TRPM7¢, promoting

cell membrane perforation and eventually
necroptosis.:

Alternatively, in the presence of reactive oxygen
species (ROS) RIPK1 autophosphorylation recruits
RIPK3 to form the necrosome, again leading to
necroptosis.’
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Necroptosis
Continue: Necroptosis >



RIPK1 Antibody
(600-401-EA3) Components of necroptosis can overlap with other

RIPKI1 plays a key role in apoptosis and necroptosis. RIPKI forms of cell death.

interacts with RIPK3 through receptor homology domain (RHD)

leading to formation of necrosome which further initiates the For exctmple:

downstream signaling resulting in necroptosis. a. Parthanatotic death is driven bg DNA
Fig. Immunofiuorescence microscopy damage and its pathways can involve
e o b Ao RIPK1 and RIPK3 stimulation of PARP1e
RIPR) artond t 20 vl b b. NETotic cell death can be blocked by RIPKI
e e 000 or MLKL small molecule inhibitors?
S S c. Autophagy can mediate necroptosis
Sl via formation of necrosomes on

autophagosomes®

View Featured Product Online
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Necroptosis is a key player in pathologies such

as neurodegeneration, inflammmation, kidney
damage, and cancer (proliferation, invasion,
angiogenesis, metastasis)z thus many small
molecule modulators of necroptotic pathways
have been developed for use as research tools and
therapeutics.2

For example:
a. Necrostatin-1 (Nec-1) and RIPA-56 are
potent and selective inhibitors of RIPKI
b. Ponatinib inhibits both RIPK1 and RIPK3
c. Necrosulfonamide has a different
mechanism of action, specifically blocking
the interaction of MLKL with RIPK3

{ft

Compounds like these are important tools for
necroptosis research, and many are currently in
clinical trials for cancer, colitis, arthritis, psoriasis,

Alzheimer’s, and ALS4.

Go to products:

Necroptosis Reagents
Necroptosis Antibodies

Jump to:
Cuproptosis Pathway
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Necroptosis Reagents

Provided by

i

CUS

BN ECH EES

Product Activity CAS

7-Cl-O-Necl RIP1 inhibitor 852391-15-2
Necroptosis

GSK872 inhibitor, RIP3 1346546-69-7
inhibitor

Matrine Necroptosis inducer 519-02-8

Necrostatin-1 RIPT inhibitor 4371-88-0

Necrosulfonamide MLKL inhibitor 1360614-48-7

Ponatinib Multikinase inhibitor 943319-70-8

RIPA-56 RIPKT inhibitor 1956370-21-0

(ft

Item No.

10-4544

10-4861

10-4612

10-T162

10-4860

10-5064

10-4611

Necroptosis Antibodies

Product Reactivity Applications Item No..
WB, IHC, IF, IP,
A20 Antibody Human C ’ 77 200-301-H52
WB, IHC, IF
CIAP Antibody Human, Mouse ' o 600-401-AK2
ELISA
, Human, Mouse, WB, IHC, IF, FC,
FLIP Antibody Rat ELISA 600-401-BF3
H M
IKB alpha Antibody R;Jtmon’ OY5% B, EMsA 100-4167C
, WB, IHC, IF,
IKK alpha Antibody Human ELISA 600-401-BT9
, WB, IHC, IF,
IKK alpha Antibody Human ChiP. 1P, FC 200-301-H82
WB, IHC, IF, IP,
IKK beta Antibody  Human, Mouse cC 200-301-H83
, Human, Mouse,
IKK beta Antibody Rat WB, IHC 100-401-220
NERIO/ I F—- WB, IP 200-401-GM7
Antibody
, WB, IHC, IF,
NFkB p65 Antibody Human EMSA. ELISA 600-401-271
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https://www.rockland.com/search/?searchString=200-401-GM7
https://www.rockland.com/search/?searchString=600-401-271
https://focusbiomolecules.com/kinases-view/7-cl-o-nec1-rip1-inhibitor/
https://focusbiomolecules.com/cell-death/gsk872-necroptosis-inhibitor-rip3-inhibitor/
https://focusbiomolecules.com/cancer/matrine-induces-rip3-dependent-necroptosis/
https://focusbiomolecules.com/cell-death/necrostatin-1-inhibits-necroptosis/
https://focusbiomolecules.com/cancer/necrosulfonamide-necroptosis-inhibitor-mlkl-inhibitor/
https://focusbiomolecules.com/kinases-view/ponatinib-bcr-abl-and-multikinase-inhibitor/
https://focusbiomolecules.com/cell-death/ripa-56-rip1-kinase/

WB, IHC, IF,

NFkB p65 Antibody Human, Mouse ChlP, IP, EMSA, 100-4165
ELISA
Recombinant Anti-
TNF alpha Fab Human WB, ELISA 400-001-MT3
Antibody
. Human, Mouse, WB, IHC, IF,
RIPK1 Antibody Rat ELISA 600-401-EA3
, Human, Mouse, WB, IHC, IF, IP,
RIP3 Antibody Rat ELISA 600-401-H16
WB, IHC, IF,
TABT Antibody Human, Mouse  IHC IR, 600-401-EZ1
ELISA
TAB2 Antibody Human IHC, ELISA 600-401-EZ2
, Human, Mouse,
TAKT Antibody Rat WRB, IF, ELISA 600-401-EZ6
WB, IHC, IF,
TLR3 Antibody Human, Mouse  1RG IR, 200-401-FF9
ELISA
WB, IHC, IF, IP,

TLR3 Antibody Human C  HG IR IR 200-301-124
TLR4 Antibody Human WRB, IHC, ELISA 600-401-MK3
Human, Mouse WB, IHC, 1R
TLR4 Antibody ’ " ChIP, FC, EMSA, 200-301-125

Rat

ELISA

(ft

TNF alpha Antibody Human WB, IHC, IF 209-401-306
TNF alpha Antibody Mouse WB, IHC 210-401-321

. Human, Mouse, WB, IHC, IP,
TRAF2 Antibody Rat ELISA 600-401-FM5
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Cuproptosis

Copper
lonophores

SLC31A1

Although it has long been known that copper

has a lethal effect on cells at higher doses, only

o

o — = recently has a possible explanation been found.
In the March 2022 issue of Science, Tsevtkov et al.

l I reported a copper-induced cell death associated

_ cur with lipoylated tricarboxylic acid cycle proteins.! By
gl analogy with other types of cell death, this newly
. |
BEAT discovered form has been termed cuproptosis. (?
Aggregation

Derived from Latin cuprum, meaning “copper”

|

Cuproptosis
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The researchers used various copper ionophores
as tools to shuttle copper ions into the cells in
specific concentrations and observe the effects
they triggered. By using copper-free, as well as
copper-containing cell culture media and copper
chelators as controls, the relationship between cell
death and intracellular copper accumulation was
proven. But could it be that the elevated copper
concentration triggers an already known form of
cell death?

To answer this question, the researchers led by
Peter Tsvetkov investigated the effect of blocking
known signaling pathways using knock-outs and
Inhibitors. It was clearly shown that cell death
triggered by copper ionophores differs in its
signaling pathway from apoptosis, necroptosis,
pyroptosis, and ferroptosis.

{ft

Copper
lonophores

SLC31A1

DLAT

FDX1

> Cu*

LIAS

T
@&

Lipoylation

G =

DLAT

|

Cuproptosis

Aggregation
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The question of identifying the proteins involved in

cuproptosis was subsequently investigated using
FDX1 Antibody CRISPR-CAS?9 screens. Seven genes were identified
(ABING140571) that were able to escape copper-induced cell
death. Surprisingly, some of them were found to be
involved in a rare post-translational modification
that has so far been documented for only five

FDXI1 is considered a central requlator of cuproptosis as depletion
of FDX1 has led to complete loss of protein lipoylation.

s proteins. This modification, named lipoylation,
425 . . - -
e ) L i SHCIER G e o ) is characterized by the covalent attachment of
55kDa— various cell lines, using anti-FDX1/ADX
40kDa— antibody at 1:1000 dilution. Secondary 1 1 1 1 2
3skDa—| .- - antibody: HRP Goat Anti-Rabbit (H&L) at ||pOOm|de to |gS|ne reSIdueS'_
25KDa— 110000 dilution. Lysates/proteins: 25ug
per lane. Blocking buffer: 3% nonfat dry . . e
milk in TBST. Detection: ECL Enhanced Kit One of the candidates found in the initial screens
15kDa—-._ N— (RMO0O021). Exposure time: 90s. . . .
| attracted particular interest as deletion of FDXI
10kDa=|__|

resulted in consistent resistance to cuproptosis.
Further immunological experiments demonstrated
that the knockout of FDXI1 also leads to a complete
loss of protein lipoylation, identifying FDX1 as a
previously unknown regulator of this pathway.
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Cuproptosis Antibodies an 1‘ | b 0] d | es

Most interestingly is how copper-induced cell
death and lipoylation are related. The paper

strongly suggests that copper is bound to the
lipoyl moiety of lipoylated proteins and leads to DLAT Antibody rluman; Mouse, WB, IHC ABING629688

Product Reactivity Applications Item No.

H M
ATP7B Antibody R;T‘G”’ °U5% \WB, IHC,IF. 1P ABIN1686618

. . Rat, Dog
the aggregation of those proteins and subsequent
L FDX1 Antibod H WB, IHC ABING140571
HSP70 activation. MHPOCY Hman
GSH Antibody Broad IHC, ELISA ABING6994369

It remains to be seen whether exploiting these WB. [HC. EC

. : Hsp70 Antibody Broad ' T 200-301-A27
findings can provide new momentum for the ELISA

research on copper-related disorders, such as LIAS Antibody Human WB, IHC, ELISA  ABIN2145837
Menkes disease, occipital horn syndrome, and H M
. , CIPILE Y SLC3IAT Antibody o I TIOMSS B e ABIN1842164

Wilson disease, or if it will provide a new approach Rat

to treating certain types of tumors.
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Pyroptosis

Cytokine release

IL-18

LPS GSDMD pore DAMPs, PAMPs
: formation : H,0
j ; Although already discovered in 1992 as a form of
' X ' programmed cell death (PCD) caused by pathogen
o Swelling . . .
X P infection of macrophages, the term pyroptosis (?
pro-CASPTI . . .
.NLRP3 . ) Combination of Greek words pyro meaning
L B S ra IOId release of infl “fire” or “fever” and ptosis meaning “falling”
Secondary interleukin-1B (IL-18) and IL-18 from dying cells.2
inflammasome ro-
v activatioon N-terminal

domain l
CASP4
CASP5 B —— GSDMD < CASP1 I
CASP11

pro-1L-1B pro-I1L-18
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Pyroptosis thereby helps to combat intracellular
infections by eliminating the affected cell and
exposing the pathogen but is not limited to host
defense. Some viruses such as SARS-CoV-2

can induce pyroptosis, which contributes to the
development of an excessive immune response
known as the “cytokine storm”:2

Over the years, several mediators of pyroptosis
were identified. While initial studies showed a
dependence on caspase-14, it is now clear that
other caspases such as caspases 4, 5, and 11 can
also mediate pyroptosis.:

(ft

Caspase-1 Antibody
(200-301-H62)

Pyroptosis is triggered by Caspase-1 after its activation by
various inflammasomes and results in lysis of the affected cell.
Caspase-1(ICE, IL-1B converting enzyme) is similar to the cell
death gene CED-3 of Caenorhabditilis elegans and regulates
multiple proinflammatory cytokines, including interleukin-13 and
interferon-gamma-inducing factor.

Fig. Immunohistochemistry of mouse anti-
Caspase-1 antibody. Tissue: human colon
cancer. Fixation: formalin fixed paraffin
embedded. Antigen retrieval: not required.
Primary antibody: Caspase-1at 5 ug/mL for
1h at RT. Secondary antibody: Peroxidase
mouse secondary antibody at 1:10,000 for
45 min at RT. Localization: Caspase-1lis a
cytoplasmic protein. Staining: Caspase-1
has a DAB chromogen and Hematoxylin
counterstain. A). Only rare staining is
observed. B). Abundant staining is observed.
A and B). Two of these sections are shown at
higher magnifications. C). Differential staining

Was observed.
View Featured Product Online
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Cytokine release Based on the activating caspases, the signaling

h be divided i ical
s SSOMD pore DAMPS, PAMPS pathways can be divided Into canonica
' . ' H O . . .
: formation : : (caspase-1) and non-canonical signaling pathways
} . i (caspase-4, 5, and 11).¢
v X \
Swelling . . .
s d . In the canonical pathway, caspase-1is activated
— e by inflammasomes such as the NLRP3
NLRP3 . . . . .
inflammasome Inflammasome, which are multimeric protein
Secondary complexes reacting to different stimuli such as
o[ mosome Nt damage- or pathogen-associated molecular
domin ' oatterns (DAMPs or PAMPs respectively).
L — @D —
On the non-canonical pathway, the pyroptosis-
triggering caspases directly serve as receptors
— JITg P - °

for intracellular lipopolysaccharide (LPS) from
Non-cononical Cononical Gram-negative bacteria, activating the NLRP3
pyroptosis RUIBRECELE inflammasome in a secondary step.
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The effector of pyroptosis that ultimately leads to
cell death by membrane rupture was not identified
until 2015.

Gasdermin D (GSDMD), as it is called, belongs

to a protein family with a conserved structure.
Gasdermin D is activated by proteolytic cleavage
by caspases, releasing its n-terminal gasdermin
domain and forming a pore in the plasma
membrane. Caspase-1 cleaves pro-IL-13 and pro-
IL-18 to generate mature cytokines which are then
released through these pores prior to H O influx
and membrane rupture.?

Since we are only beginning to understand the

various components and interactions of this
pathway, the future will hold many more insights.

{ft

Pyroptosis Antibodies

Product Reactivity Applications Item No.
ASC Antibody Human WB, IHC, ELISA 600-401-Y67
Caspase-1 Antibody Human WB, IHC, ELISA 600-401-AC4
WB, IF, IHC
-1 Anti H 7 ’ -401-
Caspase-1 Antibody Human ELISA 600-401-AC5
Caspase-1 Antibody Human, Mouse WB, IF, IHC 200-301-H62
Caspase-4 WB, IF, IHC,
H M -401-AD
Antibody uman, Mouse ELISA 600-40 3
Caspase-4 WB, IF, IHC,
H 600-401-
Antibody uman CLISA 00-401-AD4
C _
aspase-> Human WB, ELISA 600-401-AD5
Antibody
Caspase-5 WB, IF, IHC,
H 600-401-AD6
Antibody Hman ELISA 00-40
IL-1 Beta Antibody  Mouse WB, IF, IHC 210-401-319
WB, IHC, ELISA
IL-1 Beta Antibody Human Functional 209-401-301
Assay
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Human, Dog, References

IL-1 Beta Antibody . WB 209-401-B73
Primate
1. Zychlinsky, A., Prevost, M. C., & Sansonetti, P. J. (1992). Shigella flexneri induces apoptosis in infected macrophages. Nature,
Mouse IL-18 M WB, IF, IHC 210-401-323 350(6302), 167169,
Antl bOd g ouse ’ 4 2. D'Souza, C. A, & Heitman, J. (2001). Dismantling the Cryptococcus coat. Trends in microbiology, 9(3), 112-113.
3. Ferreirg, A. C, Soares, V. C,, de Azevedo-Quintanilhg, I. G, Dias, S. D. S. G, Fintelman-Rodrigues, N., Sacramento, C. Q., Mattos,
WB. |IF ||—|C M., de Freitas, C. S., Temerozo, J. R, Teixeira, L., Damaceno Hottz, E., Barreto, E. A,, Pdo, C. R. R, Palhinha, L., Miranda, M., Bou-
NALP3 Ant| bOdU Huma n, Mouse T ’ 600—401 - H02 Habib, D. C., Bozza, F. A, Bozza, P. T, & Souza, T. M. L. (2021). SARS-CoV-2 engages inflammasome and pyroptosis in human
El_l SA primary monocytes. Cell death discovery, 7(1), 43.

4. Hilbi H, Moss JE, Hersh D, Chen Y, Arondel J, Banerjee S, Flavell RA, Yuan J, Sansonetti PJ, Zychlinsky A. Shigella-induced

N LRP3 AntlbOd g H uma n: MOUSG, WB | F |HC FC 600 401 R.I4 apoptosis is dependent on caspase-1 which binds to IpaB. J Biol Chem. 1998 Dec 4;273(49):32895-900.
P) ) b) - - 5.

ROt Man SM, Kanneganti TD. Converging roles of caspases in inflammasome activation, cell death and innate immunity. Nat Rev
Immunol. 2016 Jan;16(1):7-21.

6. Wei, X, Xie, F,, Zhou, X., Wu, Y., Yan, H., Liu, T., Huang, J., Wang, F., Zhou, F., & Zhang, L. (2022). Role of pyroptosis in
inflammation and cancer. Cellular & molecular immunology, 19(9), 971-992.

° 7. Downs, K. P, Nguyen, H., Dorfleutner, A., & Stehlik, C. (2020). An overview of the non-canonical inflalmmasome. Molecular
PU ro ptos I S ASSG U S aspects of medicine, 76, 100924.

8. Kovacs, S. B., & Miao, E. A. (2017). Gasdermins: Effectors of Pyroptosis. Trends in cell biology, 27(9), 673-684.

Product Reactivity Detection Range Item No.

:EEAO%LH PEER | iuman 25 /F:T?L/ mb-230 L ona0209

II‘E/I[)'L;sAePLIi_tJ beta Mouse sz/rZ?_/mL - 800 KOAO2T]

E;t IL-1beta ELISA igyggp/gn}anL KOAOTO

E;:mgn 18 ELISA Human 31020%gé§/:| KOAQ523
15.6 pg/mL - 1000

Rat IL-18 ELISA Kit  Rat KOAQ362

pg/mL
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Erebosis

More and more cell death mechanisms are
being discovered at an increasing rate. One of
the newest members is erebosis, which was first
described in the April 2022 issue of PLoS Biology
by Ciesielski et al! This novel form of cell death
was found in the Drosophila intestine and was
named erebosis. (?

Ancient Greek €pefo¢ meaning “deep darkness”

During erebosis, the cells lose important cytoskeletal proteins while the microvilli on the apical surface UL ML CCTTS DU U Ll Ubgtes are in d

of the gut cell shrink. The nucleus initially enlarges, then flattens, shrinks, and finally fragments. COﬂStO ﬂt Stdte O.I: renewaq I . Howeve r, Cel IS d g | ng bg
apoptosis were always difficult to detect in this
environment.
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GFP Antibody

(600-901-215)

With new methods and the use of Rockland’s anti-GFP
antibody, researchers from Japan were able to discover an
alternative signaling pathway featuring the accumulation of
angiotensin-converting enzymes.

During their staining analysis with DAPI, Hoechst, GFP, and
RFP, it emerged that DNA staining was occasionally weak,
while staining with fluorescent proteins was gradually lost in
this process.

The loss of signal started with cytoplasmic GFP, nuclear
GFP, and lastly nuclear RFP. This observation raised
the question of whether these proteins are denatured

or degraded. Fortunately, this question could be easily
answered with GFP and RFP antibodies that detect
denatured but not degraded proteins.

Consistent with other experiments shown in the paper,
this proved that the loss of signal was due to degradation.

In addition, flat nuclei and loss of cytoskeleton and cell
organelles add to the features of erebosis. The authors
speculate that erebosis is a coordinated cell death
mechanism that enables the enterocyte flux under normal
physiological conditions.
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Fig. Immuno-electron microscopy of (A) GFP-negative and (B) GFP-positive cells using
Rockland’s anti-GFP antibody #600-901-215. Arrowheads in (A’) and (B’) indicate sparse
GFP labeling in GFP- cells. (A”) Erebotic cells show short microvilli and fewer mitochondria
when compared to (B”) GFP+ cells. (Image used under CC BY 4.0 from Ciesielsi et al.)

View Featured Product Online
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The observation of gradual GFP and RFP loss

In erebosis makes fluorescent proteins and
antibodies targeted against them versatile tools in
the study of this new form of cell death. Utilizing
these tools might also help to discover even more
cell death pathways. As Andreas Bergmann

aptly summarizes in his commentary on the first
publication of erebosis: “Although there are over

a dozen types of cell death known, there is clearly
more to discover in this field.”2

(ft

Anti-GFP Antibodies

Product Reactivity Applications Item No.
WB, IHC, IF,
. eGFP, rGFP, Dot Blot,
GFP Antibody WT Purification. 600-901-215
ELISA
WB, IHC, IF, IP,
, eGFP, rGFP, EM, FC, FISH,
GFP Antibody WT Purification, 600-101-215
ELISA
eGFP, RS- WB, IHC, IF, IP
GFP Antibody GFP, S65T- EM, Purification, 600-401-215
GFP, WT, YFP ELISA
WB, IHC, IF, IP
FPM I I FP, rGFP ’ S
intibognoc one \eNGT OFP P FC. Dot 600-301-215
J Blot, ELISA
1 1 ™
GFP Antibody DUIGt™ o cen B IHC, IF. 1P
488 Conjugated Pre- 600-141-215
WT FC, Dot Blot
Adsorbed
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