Apoptosis, Cytotoxicity and Cell Proliferation




Intended use

Our preparations are exclusively intended to be used in life science research applications.
They must not be used in or on human beings since they were neither tested nor intended
for such utilization.

Preparations with hazardous substances

Our preparations may represent hazardous substances to work with. The dangers which,
to our knowledge, are involved in the handling of these preparations (e.g., harmful, irri-
tant, toxic, etc.), are separately mentioned on the labels of the packages or on the pack
inserts; if for certain preparations such danger references are missing, this should not lead
to the conclusion that the corresponding preparation is harmless. All preparations should
only be handled by trained personnel.

Preparations of human origin
The material has been prepared exclusively from blood that was tested for Hbs antigen
and for the presence of antibodies to the HIV-1, HIV-2, HCV and found to be negative.

Nevertheless, since no testing method can offer complete assurance regarding the absence
of infectious agents, products of human origin should be handled in a manner as recom-
mended for any potentially infectious human serum or blood specimen.

Liability

The user is responsible for the correct handling of the products and must follow the in-
structions of the pack insert and warnings on the label.

Roche Diagnostics shall not assume any liability for damages resulting from wrong han-
dling of such products.

Impressum

© 2008 by Roche Diagnostics GmbH

Editor in Chief: Hans-Jiirgen Rode, Ph. D.
Editorial Management: Doris Eisel

Layout, Design and 4 ALL Medien GmbH
Typesetting: Frankenthal-Eppstein



Apoptosis, Cytotoxicity and Cell

Proliferation o
4" edition




Chapter 1

Introduction

Chapter 2
Apoptosis -
Caspase Activity

Chapter 3
Apoptosis -
Membrane Alterations

Chapter 4
Apoptosis -

DNA Fragmentation in
Cell Populations

Contents

How cells die: Apoptosis and other cell death pathways ............. 2
Lo U e 1 o] o PP 2
Terminology of Cell Death ...t 3
Molecular Basics 0f APOPLOSIS .....cceereereemrermmeesrersrensreessesseessessesaseens 6
ASSAYS TOr APOPLOSIS ..eereeeeceeceeceeerreeeseeseesseesseessesssessseseseesssessessessseens 10
Apoptosis Product Selection GUIdE .......ccceeeeeeeereeeecrreesneseeseeseesnenes 16

Assays that Measure Apoptosis-induced Proteases

(CASPASES) eereercereeererrreeeeesseessesssesssesssess s essss s sssesass st et essens 20
M30 CytoDEATH/ M30 CytoDEATH, Fluorescein ........ccoveeuuenn. 21
Caspase 3 ACLIVILY ASSAY ...ccccccreereererrnessesssssesssssssssssssssssssssssssssssnsans 26
Homogeneous Caspases Assay, fluorimetric .......cccoveoveceneeen. 30
Anti-Poly (ADP-Ribose) Polymerase (Anti-PARP) ......covveveene.. 34
Assays that Measure Membrane Alterations .........cccoeceeueecuneee. 38

Annexin-V-FLUOS/Annexin-V-FLUQS Staining Kit/

ANNEXIN-V-AIEXA 5B8 ...ttt sssss s sssss e senssasssnas 39
ANNEXIN-VBIOIN ettt ee e e st se e e eeeeeeeees s s s asnens 45
Assays that Use DNA Stains (DAPI, Propidium iodide) ............. 49

Assays that Measure DNA Fragmentation in Cell

0] 0T =T} 1P 54
Apoptotic DNA Ladder Kit ........oeeeseeeeseceseceseeeseesssesseesseens 57
Cell Death Detection ELISAPIUS ......ooeeeeereeeeesseeeessseeesssseesessanns 62
Cell Death Detection ELISA ... eeeeeneeeseeesseeesseessseessssesenne 67



Chapter 5
Apoptosis -

DNA Fragmentation in
Individual Cells

Chapter 6

Chapter 7

Chapter 8

Assays that Measure DNA Fragmentation in Individual Cells
(TUNEL I1abeling @SSAYS) ...cccveereerrrermesrresmesrsssessesssessessassssssssssssssssessssses 70

In Situ Cell Death Detection Kit, Fluorescein / /n Situ Cell
Death Detection Kit, TIMIR ... eeeeeeeeeeeseseeesesesesseseseessssnessseees 74

In Situ Cell Death Detection Kit, AP / In Situ Cell Death
Detection Kit, POD ...t eteeeeeeeseeseseesesssese s s sesesenassnenen 79

Relationship between Cytotoxicity, Apoptosis and Necrosis .... 88

Cytotoxicity Product Selection GUIde .......ccvveveevereeererseereeseererens 90
Assays that Measure Plasma Membrane Leakage ..........c.......... 92
Cytotoxicity Detection Kit (LDH) .....ooveereereereeeireeesseeeeseeesseeeseeeens 94
Cytotoxicity Detection Kit"'VS (LDH) .....c..cocevueeeereeerreeeereesereeesseeessennne 98
Assays that Measure DNA Synthesis .......ooovveeveeiseserscenenns 101
Cellular DNA Fragmentation ELISA ... 103
Terminology of Cell Proliferation and Viability ........ccccoeveenennee. 110
CeII CYCIE ottt 111
Cell Proliferation / Viability Assay Methods .........cccoeereeereceneees 113
Cell Proliferation Product Selection Guide ........ccueeneeereeennens 114



Chapter 9

Chapter 10

Chapter 11

Chapter 12

Methods for Studying Cell Proliferation and Viability in

Cell POPUIALIONS ...ceeoreeeeeeeeeeeeseeesseeesseeesseeessesessseesssesssessssssssssssssessseees 116
Assays that Measure Metabolic ACLIVILY .....cccveeeeerverenessreeenens 116
Cell Proliferation Reagent WST-T ........cneeneenecesseeseeesreesineens 120
Cell Proliferation Kit I (IMTT) ..ooooeeeeeeeeeceeeeeeeeceeeeseeeeeeseseeeseseesaeeseseens 124
Cell Proliferation Kit Il (XTT) oo eeeeseesssessesesesessnees 127

ATP Bioluminescence Assay Kit H5Il / ATP Bioluminescence
ASSAY KIt CLS [l oottt sssase s snsans 130

Assays that Measure DNA Synthesis in Cell
POPUIALIONS ..ttt 136

5"-Bromo-2"-deoxy-uridine Labeling and Detection

KIt TTT (PODY) et eees s ees s e s snes s sn s 139
Cell Proliferation ELISA, BrdU (colorimetric) .....ooeeeeeeeeenen. 143
Cell Proliferation ELISA, BrdU (chemiluminescent) .................. 143
Assays that Measure DNA Synthesis in Individual Cells ......... 150

5°-Bromo-2"-deoxy-uridine Labeling and Detection Kit | /

5°-Bromo-2"-deoxy-uridine Labeling and Detection Kit I ...... 151
In Situ Cell Proliferation Kit, FLUOS ..o 156
Anti-Bromodeoxyuridine Antibodi€s .......coreeneenneeneenecereceneeens 160

Apoptosis - related Parameters - Abbreviations and

RETEMENCES ..ot s e 168
General ADDreviationS.......oooeeeerecereeereeeseeesee e ssseessesssessseeens 173
Ordering INfOrMAatioN ... eeesseees e seeesseeessessseees 175
INAEX ettt e e sees e es s 176



Introduction

How cells die: Apoptosis and other cell death pathways
Introduction

Terminology of Cell Death

Molecular Basics of Apoptosis

Assays for Apoptosis

Apoptosis Product Selection Guide

—_
A OS AWNoN




How cells die: Apoptosis and other cell death pathways

How cells die: Apoptosis and other
cell death pathways

by Klaus Schulze-Osthoff

Introduction

Cell death is an essential part of normal development and continues into adulthood. The
human body, for instance, is composed of approximately 10" cells. Every day billions of
cells die an altruistic death in order to secure the functionality of the whole organism.
Thus, we remain the same size only because cell division exactly balances cell death.

During development, cell death helps sculpt organs or separate fingers and toes. It also
eliminates structures that once served a function but are no longer needed, such as the
tail of a tadpole during amphibian metamorphosis. Most of the neurons die during
development before having any chance to function in the nervous system. Cell death also
eliminates most newly formed lymphocytes, especially those that are useless or danger-
ous, by targeting self-antigens. Neutrophils, for instance, are produced continuously in
the bone marrow, but the vast majority die within a few days. This apparently futile cycle
of cell proliferation and cell death serves to maintain a supply of cells that can be readily
mobilized when needed [1].

As cell death is intimately linked to tissue homeostasis, its disruption has, not surpris-
ingly, been implicated in numerous pathological conditions. A reasonable estimate is
that either too little or too much cell death contributes to approximately half of all
medical illnesses, for many of which no adequate therapy exists. Abnormalities in cell
death regulation can be a significant component of diseases such as cancer, autoimmune
syndromes, AIDS, ischemia, liver diseases and neurodegenerative disorders including
Parkinson’s and Alzheimer’s disease [2]. Consequently, considerable interest has emerged
in devising therapeutic strategies aimed at modulating cellular life-and-death decisions.

Since it was first described more than 40 years ago, tremendous progress has been made
in our understanding of programmed cell death [3]. The importance of these discoveries
was highlighted by the award of the 2002 Nobel Prize for Physiology or Medicine to S.
Brenner, R. Horvitz and J. Sulston for their discoveries of the genetic regulation of organ
development and programmed cell death in the nematode worm Caenorhabditis elegans
[4]. Together with many other investigations, these have underscored the high degree of
conservation of cell death pathways from nematodes to humans. Much of the attention
in the field has been focused on a major cell death mechanism, apoptosis, which is often
considered to be synonymous with cell death

However, the elucidation of additional programmed cell death pathways is gradually
changing this notion. Indeed, it is now evident that cells have many options for dying,

and that apoptosis is just one particular, albeit certainly the most prominent, form of cell
death.

In recent years the molecular mechanisms of apoptosis have been deciphered at an
unprecedented rate in biomedical research. As more than 10,000 papers are published
annually in cell death research, it is impossible to keep track of all the developments in
this exciting research area. In this survey I will try to provide an overview of cell death
research that is mainly intended for newcomers to this field. I will focus on the regula-
tion of apoptosis and methods for detecting apoptotic cells, but I will also explain its
dynamic crosstalk with other modes of cell death.
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Terminology of Cell Death

As our understanding of programmed cell death has evolved, it has become evident that
cells can die by various mechanisms. A recent classification delineated eight different
types of cell death, while some researchers describe as many as eleven pathways of cell
death in mammals [5,6]. However, whether these various cell fates are indeed based on
distinct molecular mechanisms remains unclear. Historically, three types of cell death
have been distinguished in mammalian cells by morphological criteria.

Apoptosis, also termed type I cell death, is defined by characteristic changes in the
nuclear morphology, including chromatin condensation and fragmentation, overall cell
shrinkage, blebbing of the plasma membrane and formation of apoptotic bodies that
contain nuclear or cytoplasmic material.

Autophagic cell death, also known as type II cell death, is characterized by a massive
accumulation of double-membrane containing vacuoles known as autophagosomes,
which subsequently fuse with lysosome vacuoles.

Type III cell death, better known as necrosis, is often defined in a negative manner as
death lacking the characteristics of the type I and type II processes.

To simplify matters I will explain these three major cell death mechanisms (Figure 1).
Distinction of different cell death forms is not only relevant for semantic reasons, but
can also have important clinical implications when considering the potential therapeutic
targeting of cell death processes. Nevertheless, in some conditions these distinct cell
modes may only be the extremes, and there are numerous examples in which cell death
demonstrates a continuum of intermediate features, for instance of both apoptosis and
necrosis. In the literature we occasionally find newly coined expressions such as
necrapoptosis or aponecrosis. As we shall discuss later, the inhibition of a particular type
of cell death does not prevent cell death in many cases, but simply shifts the phenotype
to alternative modes of cell death [7].

Furthermore, in some cases it is the cell type or the nature and duration of cellular
injury that determine whether cells die by apoptosis, necrosis or other default mecha-
nisms. At low doses, a variety of harmful stimuli such as radiation, hypoxia and antican-
cer drugs can induce apoptosis, but the same stimuli can result in necrosis at higher
doses. Therefore, in many situations cell death may not occur as a clear-cut and paradig-
matic form of cell death.
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A Apoptosis
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Figure 1: Three forms of cell death: Upon cell death induction cells can undergo different cell fates and
morphological alterations including apoptosis, autophagy and necrosis. A) Apoptotic cells cells reveal
characteristic changes in nuclear morphology, including chromatin condensation and fragmentation, overall cell
shrinkage, blebbing of the plasma membrane and formation of apoptotic bodies that contain nuclear or
cytoplasmic material. B) Autophagy is characterized by a massive accumulation of double-membrane
containing vacuoles, called autophagosomes, which originate from phagophores or isolation membranes and
encapsulate cytoplasmic material. The autophagosomes subsequently fuse with lysosomes to form autolyso-
somes, which causes the degradation of the autophagosomal contents. Under physiological conditions,
autophagy is a survival mechanism that enables adaptation to starving conditions, whereas excessive autophagy
can lead to cell death. C) Necrosis is morphologically defined by cytoplasmic swelling, dilation of organelles
which causes cellular vacuolation and rupture of the plasma membrane, resulting in the proinflammatory
leakage of the intracellular content.

Apoptosis

Apoptosis occurs in a well-choreographed sequence of morphological events. This
process usually starts with the blebbing of the plasma membrane, which breaks up into
membrane-enclosed particles, termed apoptotic bodies, containing intact organelles as
well as portions of the nucleus. In fact the word ‘apoptosis’ comes from the ancient
Greek, meaning ‘falling off” (of petals from a flower) and refers to the morphological
feature of the formation of apoptotic bodies [8]. These apoptotic bodies are rapidly
recognized, ingested and eaten by professional phagocytes or neighboring cells. Under
physiological conditions certain modifications occur in the plasma membrane which
function as ‘eat-me’ signals and enable the apoptotic bodies to be recognized by phago-
cytic cells. Since the apoptotic bodies are surrounded by an intact plasma membrane,
apoptosis usually occurs without any leakage of cellular contents and therefore without
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provoking an inflammatory response. Moreover, the engulfment of apoptotic cells by
macrophages triggers the production of anti-inflammatory cytokines.

Because apoptotic cells are eaten and digested so quickly, there are usually few dead cells
to be seen in tissue sections, even when large numbers of cells have died. This probably
explains why apoptosis was neglected by pathologists for a long time. Looking inside the
cell, one of the most noticeable features of apoptosis is the condensation of the nucleus
and its fragmentation into smaller pieces, a highly distinctive event that is not seen in
other forms of cell death. Another defining feature is the extensive hydrolysis of nuclear
DNA into internucleosomal fragments (Figure 1A).

Apoptosis is the major cell death pathway for removing unwanted and harmful cells in a
clean or silent manner during embryonic development, tissue homeostasis and immune
regulation. In addition, most anti-cancer therapies rely on the activation of apoptotic
pathways. As the alterations of apoptosis are stereotypical and similar in all cell types
irrespective of the death stimulus, the biochemical mechanisms underlying these
changes also follow a similar built-in program. In nematodes, insects and human cells,
most, if not all, morphological alterations of apoptosis are mediated by the activation of
an evolutionarily conserved and unique class of intracellular proteases known as
caspases [9].

Autophagy

Like apoptosis, autophagy is a highly conserved and genetically controlled process
involving a cascade of molecular events [10]. Autophagy (meaning self-eating) is
classically activated in response to nutrient starvation, but is also observed during
development, differentiation and various forms of environmental stress. In addition,
defective autophagy underlies a number of pathological conditions, including myopa-
thies, neurodegenerative diseases, liver diseases, and some forms of cancer [11].

Autophagy is a major catabolic mechanism by which long-lived proteins and organelle
components are directed to lysosomes and recycled in order to maintain energy and
protein synthesis. It is characterized by the appearance of numerous cytosolic vacuole-
like structures known as autophagosomes, which are formed by the assembly of double-
layered, membrane-bound structures of still largely undefined origin. The autophago-
somes encapsulate cytosolic materials and subsequently fuse with lysosomes, which
causes the autophagosomal contents to degrade (Figure 1B).

Although the role of the autophagic process in protein and organelle degradation, and in
protection during nutrient starvation is readily accepted, its function in programmed
cell death is controversial [12]. This is partly because the term ‘autophagic cell death’ has
been applied to two distinct observations: cell death associated with autophagy and cell
death through autophagy.

Under normal physiological conditions autophagy occurs at low basal levels, contribut-
ing to the turnover of cytoplasmic components and promoting cell adaptation and
survival during stress, e.g. starvation. Excess autophagy, on the other hand, leads to
autophagic cell death.

Interestingly, in cells deficient for apoptosis, apoptotic signals can trigger massive
autophagy and cell death, which is prevented by the inhibition of autophagosome
formation. Thus, a complex relationship also exists between autophagy and apoptosis, in
that autophagy can both promote and inhibit apoptotic cell death. Interestingly, some of
the regulators of apoptosis also interfere with autophagic processes [13]. At present, it
would seem that, while the predominant function of autophagy is to promote cell
survival, extended autophagy will result in autophagic cell death. Clearly, more work is
needed to elucidate the role of autophagy as a cell death mechanism and the complex
crosstalk with other cell death pathways.
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Necrosis

Necrotic cell death is often defined negatively as a form of cell death that lacks signs of
apoptosis or autophagy. Necrotic cells typically show cytoplasmic swelling and vacuola-
tion, rupture of the plasma membrane, dilation of organelles (mitochondria, endoplas-

= mic reticulum and Golgi apparatus), as well as moderate chromatin condensation. When
cells swell and burst they spill their contents over their neighbors and elicit a damaging
inflammatory response [14] (Figure 1C).

Necrosis is usually considered to be an uncontrolled and accidental cell death which,
unlike apoptosis, is not energy-dependent. Biochemically, most prominent features
include massive energy depletion, the formation of reactive oxygen species and the
activation of non-apoptotic proteases. All these events result in a loss of function of
homeostatic ion pumps and damage to membrane lipids with cell membrane swelling
and rupture.

Furthermore, during necrosis a substantial rise in intracellular calcium is observed. The
elevated calcium levels in the cytosol trigger mitochondrial calcium overload, leading to
depolarization of the inner mitochondrial membrane and a shut-down of ATP produc-
tion [15]. While depletion of ATP impedes the function of membrane channels, in-
creased calcium activates calcium-dependent proteases, e.g. calpains. Calcium fluxes,
ATP depletion and oxidative stress involve complex and interactive feedback loops that
self-amplify and potentiate each other, leading to exaggerated cell death. Such processes
are most relevant under conditions of excessive trauma and ischemia-reperfusion.
Necrosis, however, can also be observed in response to death receptor activation or
chemotherapy, conditions that were originally believed to mediate cell death exclusively
via apoptosis.

In addition, the inhibition of specific proteins involved in regulating apoptosis or
autophagy can switch the type of cell death to necrosis. Finally, secondary or post-apop-
totic necrosis occurs when massive apoptosis overwhelms the scavenging activity of
phagocytes, thereby resulting in leakage of the cell contents with induction of inflamma-
tory responses.

There is increasing evidence that necrosis is more tightly regulated than previously
thought and underlies a genetic control that might be relevant in multiple physiological
and pathological scenarios [14]. Necrosis might therefore serve as a backup cell death
mechanism when apoptosis or autophagic cell death fails.

Molecular Basics of Apoptosis

Although any form of regulated cell death is potentially relevant, we will focus below on
apoptosis, which is the best-defined and most prevalent form of cell death. In view of the
recent explosion of publications, it is often difficult for newcomers in the field to grasp
the essentials of apoptosis regulation. As we will see later, the basic molecular machinery
of apoptosis is relatively simply, even though its complexity has increased through
evolution.

The demolition machinery

Apoptosis results from a collapse of the cellular infrastructure through internal prote-
olytic digestion, which leads to cytoskeletal disintegration, metabolic derangement and
genomic fragmentation [9]. Members of the caspase family of proteases form the core
engine of apoptosis and are involved in the initiation, execution and regulatory phases of
the pathway. Caspases are cysteine proteases that cleave substrates after certain aspartate
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residues within specific tetra- or pentapeptide recognition sequences [16]. The fourteen
different caspases identified in mammals are expressed in most cell types. To preclude
unwarranted cell death, however, each caspase is maintained as an inactive zymogen
consisting of a prodomain followed by two subunits with the catalytic domain. Caspases
operate in hierarchical cascades that serve to amplify the apoptotic signal.

Based on their structure and sequence in cell death pathways, caspases can be divided
into upstream initiators and downstream effectors of apoptosis. Effector caspases such as
caspase-3, -6, and -7 contain only a short prodomain and cleave diverse cellular sub-
strates, whereas initiator caspase-8, -9, and -10 have a long prodomain and exert
regulatory roles by activating downstream effector caspases. While it was previously
assumed that all caspases are activated by proteolytic cleavage, recent results suggest that
the mode of activation differs considerably between initiator and effector caspases [17].

Effector caspases are constitutive homodimers that are always activated by initiator
caspases through proteolytic cleavage.

By contrast, the zymogens of initiator caspases are predominantly present as mono-
mers. Their activation is achieved by the binding of their long prodomains to high-mo-
lecular weight adaptor complexes that stimulate the homodimerization of the initiator
caspases. The dimerization in turn causes a conformational change in the initiator
caspases, resulting in their activation. Thus, the most important event for initiator
caspase activation is their recruitment into caspase activation platforms.

Once activated, effector caspases cleave an estimated 400 substrates, including proteins
involved in scaffolding of the cytoplasm, signal transduction and transcription-regulato-
ry proteins, cell cycle-controlling components and proteins involved in DNA replication
and repair [18]. For many of the identified substrates the functional consequences of
their cleavage are unknown and have only been inferred from their normal functions. In
other cases, proteolysis of certain components can be linked to discrete morphological
changes. A classical example is the DNase inhibitor ICAD (inhibitor of caspase-activated
DNase). Cleavage of ICAD by caspase-3 liberates the active CAD nuclease which, in turn,
mediates apoptotic DNA fragmentation. The cleavage of several other substrates,
including gelsolin as well as the kinases ROCK-1 and PAK2, has been implicated in
membrane blebbing of apoptotic cells.

Moreover, caspases destroy several proteins required for maintenance of the cytoskeletal
architecture, such as the intermediate filament cytokeratin-18, which is involved in
filament organization. A large percentage of caspase substrates are further involved in
cell adhesion or mediate cell—cell communication in adherens and gap junctions.

However, caspase activation is not necessarily synonymous with cell death: on the one
hand, it is apparent that cells can survive limited caspase activation and, conversely, that
inhibiting caspases blocks the morphological manifestations of apoptosis, but does often
not influence final cell death [7]. Moreover, certain caspases such as caspase-1 are
involved in the regulation of inflammation, rather than of apoptosis, by controlling the
maturation of cytokine precursors, e.g. pro-interleukin-1 . Additionally to their estab-
lished function in cell death, caspases may also participate in several non-apoptotic
processes by controlling events in cell proliferation and differentiation [19,20].

Introduction 7
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Activation pathways

Caspase activation is initiated by two major signaling routes, namely the extrinsic death
receptor pathway and the intrinsic mitochondrial pathway (Figure 2). Death receptor-
mediated apoptosis plays a fundamental role in the maintenance of tissue homeostasis,
especially in the immune system, whereas the mitochondrial pathway is used extensively
in response to extracellular cues and internal insults such as DNA damage [21,22].

Death receptors form a subgroup of the tumor necrosis factor (TNF) receptor superfam-
ily that includes TNF-R1, CD95 (Fas/APO-1) and receptors binding to the TNF-related
apoptosis-inducing ligand (TRAIL). All death receptors are characterized by an intracel-
lular motif, termed the death domain, which is important for transmission of the
apoptotic signal. Upon ligand binding, the death receptors interact via their death
domain with a corresponding protein motif in adapter proteins such as FADD. These
adapters also contain a second homotypic protein interaction motif, the death effector
domain, which facilitates their binding to the prodomain of the initiator caspase-8.
Taken together, these components form the death-inducing signaling complex (DISC)
which, when assembled, activates caspase-8 through a proximity-induced dimerization
mechanism [23,24]. At this point a high local concentration of dimerized caspase-8 leads
to its autocatalytic activation and the subsequent activation of downstream effector
caspases.

DNA damage Death receptor

GED— @D

FADD
Procaspase -8/10

Mitochondrium T e i / DISC

active
Caspase-8/10

Apaf-1

active

Apoptosome

APOPTOSIS

Figure 2: The two major routes to apoptosis. The intrinsic mitochondrial pathway is triggered in response to
various forms of cellular stress, such as DNA damage, which provokes the activation of one or more proapop-
totic BH3-only proteins. BH3-only proteins act as sensors for various death stimuli and relieve the inhibitory
action of antiapoptotic Bcl-2 proteins. The activation of BH3-proteins results in the oligomerization of Bax and
Bak, which are thought to form pores in the outer mitochondrial membrane causing the release of cytochrome
c. Subsequently, cytosolic cytochrome c binds to the adaptor protein Apaf-1 and initiates formation of the
apoptosome and activation of initiator caspase-9. The extrinsic death receptor pathway is initiated by binding of
death ligands to their cognate death receptors and subsequent recruitment of the adaptor protein FADD and
caspase-8/-10 into the caspase-activating death-inducing signaling complex (DISC). In both pathways effector
caspases, such as caspase-3, are activated cleaving selected target proteins. The two pathways are intercon-
nected by the Bcl-2 protein Bid that is cleaved by caspase-8/10 resulting in its mitochondrial translocation and
subsequent cytochrome c release.
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The death receptor pathway plays an important role in the immune system. For instance,
when we become infected by a virus, cytotoxic T lymphocytes are activated and then
express CD95 ligand. By binding to its receptor, CD95 ligand induces apoptosis in the
infected cells to prevent the virus from replicating and spreading to other cells. Cytotoxic
T cells, in addition, utilize a granule-exocytosis pathway for the elimination of virus-
infected cells. Cytotoxic granules contain a pore-forming protein, perforin, and serine
proteases known as granzymes. Granzyme B can directly cleave proteins after aspartate
residues and can therefore also activate caspase-3. In this way the upstream events of
death receptor signaling are bypassed, and apoptosis is induced directly (Figure 2).

Most cell death, however, proceeds via the mitochondrial pathway, which integrates
signals generated by a variety of stressors including DNA damage, loss of adhesion,
growth factor withdrawal and others [25]. As a key event these apoptotic stimuli evoke
the release of cytochrome ¢ from the mitochondrial intermembrane space into the
cytosol. Cytochrome ¢ normally functions in electron transport processes of the respira-
tory chain to generate ATP. In the cytosol of apoptotic cells, however, it serves as a
cofactor for the adapter protein Apaf-1. Upon binding of cytochrome ¢, Apaf-1 oli-
gomerizes and recruits the initiator caspase-9 to trigger the formation of the apopto-
some [26]. In this case the binding of caspase-9 to Apaf-1 is mediated by a shared
homotypic interaction motif known as the caspase recruitment domain (CARD). Thus,
like the DISC, the apoptosome is a high-molecular weight complex that serves as a
caspase activation platform. Once assembled in the apoptosome, caspase-9 becomes
activated and subsequently triggers the caspase cascade (Figure 2).

Although, at first glance, both pathways of caspase activation appear to trigger apoptosis
in a straightforward manner, the circuitry of the system is often more complicated. In
some cell types, for example, activation of caspase-8 at the DISC is insufficient to
stimulate the direct activation of effector caspases, and this reaction requires an amplifi-
cation step with cytochrome c-dependent apoptosome formation. In this scenario
caspase-8 cleaves and activates the pro-apoptotic Bcl-2 protein Bid, which catalyzes
cytochrome c release. Bid cleavage thereby links the death receptor to the mitochondrial
pathway. Furthermore, in addition to these two pathways, a number of other pathways of
caspase activation have been reported, including an initiator role of caspase-2 or of
caspase-12 in apoptosis triggered by endoplasmic reticulum stress. However, unlike the
well-established role of the death receptor and mitochondrial pathway, the physiological
relevance of these death routes remains controversial and is currently not supported by
the phenotype of knockout models.

Intracellular controls

The decision to die must be tightly controlled, and so it is not surprising that the death
program is regulated not only by proapoptotic mediators, but also by various apoptosis
inhibitors. In the death receptor pathway this is accomplished by the caspase-8 inhibitor
c-FLIP, which has a structure very similar to caspase-8 but without the catalytic protease
domains. Upregulation of c-FLIP expression can therefore compete efficiently with
caspase-8 for DISC binding [24].

A crucial point in the intrinsic pathway is an event known as mitochondrial outer
membrane permeabilization (MOMP), which often defines the point-of-no return
[27,28]. MOMP is thought to involve the formation of mitochondrial membrane-span-
ning pores that mediate the release of cytochrome c and other cytotoxic proteins. During
apoptosis MOMP is essentially controlled by proteins of the Bcl-2 family. The prototype
member of this family, Bcl-2 itself, was initially identified in a common form of B-cell
lymphoma, where a chromosome translocation causes overproduction of the Bcl-2
protein. The high levels of Bcl-2 promote cancer by inhibiting apoptosis, thereby
prolonging cell survival.
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Meanwhile, more than 20 members of the Bcl-2 family have been identified, which are
all defined by the presence of one to four Bcl-2 homology (BH) domains [29]. Bcl-2
proteins come in two flavors including, firstly, anti-apoptotic proteins that prevent the
release of cytochrome ¢ and, secondly, proapoptotic proteins that trigger MOMP.

The proapoptotic Bcl-2 proteins can be further subdivided into two subfamilies based
on the sharing of BH domains. BH multidomain proteins, such as Bax and Bak, are the
triggers of MOMP, most likely as a result of their ability to form pores in the outer
mitochondrial membrane. The other subfamily, the BH3-only proteins, which contain
only the BH3 domain, act as upstream regulators by controlling the allosteric activation
of the gatekeepers Bax and Bak. It is therefore not surprising that the activity of BH3-
only proteins is under tight transcriptional and posttranslational control. While, in
healthy cells, BH3-only proteins are either not expressed or are conformationally
restrained, they rapidly become activated following exposure to cellular stresses. Interest-
ingly, different types of stresses can evidently activate distinct sets of BH3-only proteins,
suggesting that BH3-only proteins act as essential sensors of different death stimuli [29].

In addition to cytochrome c, activation of the proapoptotic Bcl-2 proteins results in the
release of toxic mitochondrial mediators, including the protein Smac and the serine
protease Omi/HtrA2 [30]. Both proteins can promote apoptosis by counteracting the
inhibitor-of-apoptosis proteins (IAPs), which comprise a family of endogenous caspase
inhibitors. Interestingly, Omi/HtrA?2 is also thought to promote caspase-independent cell
death, apparently due to its serine protease activity.

Another group of proteins released from mitochondria comprises apoptosis-inducing
factor (AIF) and endonuclease G. Both can promote cell death in a caspase-independent
manner by inducing chromatin condensation and DNA degradation. Thus, if for some
reason cells do not activate caspases after MOMP, these mediators might still ensure that
cell death proceeds.

Assays for Apoptosis

Since apoptosis occurs via a tightly regulated cascade, there are many possibilities to
measure the activity of these regulators or the functional consequences of their action
(Figure 3). A large number of apoptosis assays for detecting and counting apoptotic cells
have been devised. All of these assays have advantages and disadvantages. For instance,
certain features of apoptosis might only appear transiently, while others might partially
overlap with necrosis. It is therefore crucial to employ two or more distinct assays to
confirm that cell death is occurring via apoptosis. In addition, certain assays might be
suitable for cultured cells, but inappropriate for investigating apoptosis in tissue sections.
Therefore, when choosing methods of apoptosis detection in cells, tissues or organs, we
should understand the pros and cons of each assay

Caspase activation

When caspases become activated during apoptosis, they cleave specific substrates, either
activating or inactivating them. These cleavages produce the morphologic changes
associated with apoptosis [9,18]. Caspase activation also provides us directly or indi-
rectly with markers of apoptosis. An indication that caspase activation has occurred in a
cell can be provided by the detection of cleavage of known caspase substrates. Antibodies
against a variety of caspase substrates, such as PARP-1 (see Anti-Poly (ADP-Ribose)
Polymerase (Anti-PARP), page 34) and many others, are available and can be employed
in immunoblot analysis. Moreover, some companies have developed antibodies that
solely detect the caspase-cleaved form, but not the native form, of a substrate protein.
Such cleavage site-specific antibodies against caspase substrates, e.g. those against cleaved
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cytokeratin-18 (see M30 CytoDEATH, page 21), are particularly convenient for detecting
early apoptosis in cellular assays and even in archived tissue biopsies by means of

immunohistochemistry.

An alternative that is often used to obtain evidence for the involvement of a particular
caspase is to monitor its proteolytic cleavage as an indicator of caspase activation. While
the proteolytic processing of effector caspase-3, -6 and -7 faithfully reflects their activa-
tion, this does not hold true for initiator caspases [17]. As mentioned above, in contrast
to a widespread misinterpretation seen in many publications, the mere cleavage of an
initiator caspase does not activate it, and therefore this cannot be taken as sufficient
evidence for its activation. Furthermore, certain caspases are also cleaved by non-caspase
proteases at a non-relevant site, which might incorrectly indicate that caspase-mediated

proteolytic activation has occurred.

Caspase activity is most frequently detected in synthetic substrates assays. The substrates
are generated by fusing a preferred tetrapeptide cleavage sequence at the aspartate
residue to a fluorogenic or colorimetric reporter, so that a signal is produced upon
substrate cleavage (see Homoegeneous Caspases Assay, fluorimetric, page 30). The
knowledge of the inherent substrate specificity of individual caspases has further been
employed to construct peptide-based substrate reporters that are often claimed to
measure the activity of specific caspases. However, although these substrates are useful
for characterizing individual purified caspases, they are unable to distinguish a role of a
certain caspase in cell lysates. This is due to a significant overlap between individual
consensus sequences, because the caspases are promiscuous on these sequences. This
specificity problem, however, can be solved by the use of ELISA-based capture assays for
individual caspases that are coupled with a substrate reaction (see Caspase 3 Activity
Assay, page 26). Thus, by employing adequate tools and appropriate assays, detection of
caspase activity or its cleavage products might still constitute a specific approach for

measuring apoptosis.

Caspase Activation
» Peptide substrate cleavage
# Substrate cleavage
(e.g. PARP, M30)
~ Caspase processing

Membrane Alterations

# PS exposure
(Annexin-V binding)

» LDH release

# Impermeable DNA dyes

DNA Fragmentation

» DNA laddering

# Cytoplasmic nucleosomes

» TUNEL

» Hypodiploid DNA

» Release of incorportated
nuleotides (e.g. BrdU)

Mitochondrial Damage

» Cytochrome c release

» Mitochondrial membrane

» potential (MPT)

» ATP production

» Electron transport activity
(WST-1, MTT assay)

Figure 3: Methods to detect apoptosis. Hallmarks of apoptosis include caspase activation, DNA fragmenta-
tion as well as alterations of the plasma membrane and mitochondria, which can be assessed by a variety of

methods in cell lysates, cell culture or tissue biopsies.
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Membrane alterations

Another characteristic feature of apoptosis is the exposure of the phospholipid phos-

phatidylserine (PS) to the outer cell membrane. PS is normally confined to the inner

plasma membrane in healthy cells, but is translocated to the outer membrane leaflet in
= response to proapoptotic stimuli. This flip-flop mechanism is caspase-dependent,
although how caspases promote PS externalization remains a mystery. PS exposure is
important for the elimination of apoptotic cells, because it represents an ‘eat-me’ signal
for the engulfment by professional phagocytes following binding to a putative PS
receptor. This process therefore ensures the early uptake of apoptotic cells with no
release of cellular contents and without provoking an inflammatory response [31].

PS exposure is experimentally detected most commonly using annexin-V, a PS-binding
protein. Various annexin-V derivatives coupled to different fluorochromes are available,
providing versatile possibilities for apoptosis measurement, for instance by multicolor
flow cytometry or fluorescence microscopy (see Annexin-V products on page 39-45).
The advantages are sensitivity and rapidity; the disadvantage is that necrotic cells are
labeled upon rupture of their plasma membrane. Therefore, it important to control the
membrane integrity of the PS-positive cells by double-staining with membrane-imper-
meable DNA dyes such as propidium iodide. In these assays, healthy cells are doubly
negative to annexin-V and propidium iodide, whereas cells in the early phases of
apoptosis are annexin-V-positive but propidium iodide-negative, and secondary necrotic
cells are doubly positive to annexin-V and propidium iodide.

DNA fragmentation

The internucleosomal cleavage of DNA is a classical feature of apoptosis and fulfills the
physiological function of eliminating DNA that is highly immunogenic. The failure to
degrade DNA can give rise to autoantibodies that can cause lupus erythematosus-like
autoimmune disease. DNA fragmentation during apoptosis is induced by caspase-medi-
ated cleavage of ICAD (inhibitor of caspase-activated DNase), with the ensuing activa-
tion of CAD (caspase-activated DNase). This event then leads to characteristic internu-
cleosomal DNA double-strand breaks with fragments of multiples of 180 base pairs in
size. In contrast, necrotic cell death is accompanied by late and random DNA fragmenta-
tion through the release of lysosomal DNases. Techniques that detect DNA fragmenta-
tion are thus not necessarily specific to apoptosis, but may detect DNA damage in a
variety of cell death paradigms.

Detection of DNA fragmentation is currently one of the most frequently used tech-
niques for highlighting apoptotic cells in tissues. A traditional method for demonstrating
internucleosomal DNA degradation is gel electrophoresis of genomic DNA (see Apop-
totic DNA Ladder Kit, page 57). In these experiments, apoptotic cells show a characteris-
tic DNA ladder, while necrotic cells reveal a smear of randomly degraded DNA. Another
assay is the detection of hypodiploid nuclei from apoptotic cells, which is usually
performed in a flow cytometer using DNA-binding fluorochromes such as propidium
iodide. The technique determines the DNA content, and therefore the number of
apoptotic cells, but also allows the simultaneous analysis of cell cycle parameters of
surviving cells. It should be stressed, however, that necrotic cells sometimes also display a
certain degree of DNA degradation that may result in hypodiploid nuclei. Therefore, the
presence of a hypodiploid DNA peak does not provide unequivocal proof of apoptotic
cell death but should be adequately controlled.

A very elegant manner for quantifying apoptotic cells is the detection of cytoplasmic
mono- and oligonucleosomes that originate from internucleosomal DNA cleavage and
disruption of the nuclear envelope during apoptosis (see Cell Death Detection ELISAP'YS,
page 62). Cytoplasmic nucleosomes can be measured reliably by sensitive ELISA tech-
niques using a combination of anti-histone and anti-DNA capture and detection
antibodies.
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In tissue sections, the TUNEL (terminal dUTP nick end-labeling) method is widely used
to measure DNA fragmentation (see In Situ Cell Death Detection Kits, page 74-79). The
principle of the assay is that endonuclease-generated DNA breaks are enzymatically
labeled by terminal transferase with UTP derivatives coupled to fluorochromes or biotin
that can be detected in an immunoperoxidase reaction. This assay is very sensitive, and
allows DNA fragmentation to be assessed quantitatively by light and fluorescence
microscopy or by flow cytometry. However, since this method can also be subject to
pitfalls, such as false positives from necrotic cells, it should be paired with additional
assays.

Mitochondrial changes

Apoptosis-specific alterations of mitochondria are more difficult to detect. The mito-
chondrial pathway begins with the permeabilization of the mitochondrial outer mem-
brane by proapoptotic members of the Bcl-2 family, resulting in a release of cytochrome
¢ and other toxic proteins from the intermembrane space into the cytosol. The release of
these proteins is generally determined by immunocytochemistry or by Western blotting
of cytosolic, mitochondrial and nuclear fractions.

In addition to MOMP, another event observed during cell death is the loss of the inner
mitochondrial transmembrane potential, the electrochemical proton gradient generated
by the respiratory chain. This process is called mitochondrial permeability transition
(MPT) and involves the opening of a largely undefined, non-selective pore in the inner
mitochondrial membrane [28]. MPT also causes mitochondrial swelling, which can
eventually result in rupture of the outer mitochondrial membrane and release of
cytochrome ¢ and other intermembrane proteins. It has therefore previously been
claimed that MPT and the loss of the mitochondrial transmembrane potential can
actively contribute to cytochrome c release.

The mitochondrial transmembrane potential can be measured easily using a variety of
potentiometric dyes, together with flow cytometry or fluorescence microscopy. In many
publications MPT is considered to be an early marker of mitochondrial alterations,
which is thought to precede cytochrome c release and apoptosome formation. However,
with rare exceptions, this hypothesis seems to be largely incorrect. Only a few cytotoxic
(in fact necrotic rather than apoptotic) stimuli, such as calcium overload or oxidative
stress, seem to cause cytochrome c release downstream of permeability transition. In
most cases, MOMP caused by proapoptotic Bcl-2 proteins, but not by the transmem-
brane potential, is the primary mechanism of cytochrome c release. This assumption is
supported by the fact that loss of MPT does not precede cytochrome c release and is
generally prevented by caspase inhibition. Therefore, the loss of the transmembrane
potential should be regarded rather as a good marker of mitochondrial damage that may
occur in late apoptosis, but also during necrosis.

Caveats and cautionary notes

The recent interest in cell death pathways other than apoptosis has revealed that cells can
die by different modes. For most cells examined, apoptosis is the preferred physiological
response to stress, but cells can also undergo autophagy and, failing that, can succumb to
necrosis. Importantly, inhibition of one pathway, e.g. apoptosis, will mostly not restore
clonogenic survival but will just shift a particular mode of cell death to another pheno-
type. A failure to activate caspase-3 or fragment DNA certainly does not prove that a
given cell is rescued from cell death and able to proliferate. Even without caspase
activation, MOMP generally results in cell death through the release of multiple caspase-
independent death effectors, which will disrupt essential vital functions. Thus, many
studies concerned with caspase inhibitors, for example, are flawed when they claim that
caspase inhibition is cytoprotective and prevents cell death without a clear demonstra-
tion of cell survival. It is therefore crucial that we measure cell death by more than one
means and implement complementary methodologies.
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Another important issue concerns the timing of the experiments. Apoptosis proceeds
very rapidly, often within a few hours, whereas necrosis is typically much slower. Thus, if
an injured cell fails to undergo apoptosis and remains viable for a few hours, it might
well die through alternative pathways a few hours later. In many instances, the suppres-
sion of signs of apoptosis has been misinterpreted as inhibition of cell death, which is
often an incorrect statement. Therefore, I strongly recommend the use of additional
clonogenicity and viability assays. Traditional assays measuring cell proliferation (see
chapter 9), ATP content (see ATP Bioluminescence Assay Kits, page 130) or the release of
marker enzymes such as lactate dehydrogenase (see Cytotoxicity Detection Kit"™V®
(LDH), page 98) are well-suited for this purpose. Implementation of those methods will
provide us not only with better insights into cell death mechanisms, but can also
demonstrate whether short-term inhibition of cell death is connected to long-term
survival.

Klaus Schulze-Osthoff
Professor of Molecular Medicine
Institute of Molecular Medicine
University of Diisseldorf
D-40225 Diisseldorf, Germany
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Apoptosis Product Selection Guide

DNA fragmentation, qualitative
m Apoptotic DNA Ladder Kit 11 835 246 001

Caspase activity, indirect

m Anti-Poly (ADP-Ribose) 11 835 238 001
Polymerase (PARP)

ction by
gel
electro-
phoresis

western blot

or gel electrophoresis studying

single cells

) ction by
ection by light

fluorimetric microscopy
ELISA

DNA fragmentation, quantitative DNA fragmentation
m Cell Death Detection ELISAPtYS 11 774 425 001 m /n Situ Cell Death Detection Kit, 12 156 792 910
11 920 685 001 TMR red
BrdU incorporation in DNA fragments, quantitative m /n Situ Cell Death Detection Kit, 11 684 795 910
m Cellular DNA Fragmentation 11 585 045 001 Fluorescein
ELISA Caspase activity, indirect
m M30 CytoDEATH, Fluorescein 12 156 857 001
Caspase activity, quantitative = M30 CytoDEATH 12 140 322 001
m Caspase 3 Activity Assay 12 012 952 001 12 140 349 001
" joresiens Cogowss o8 Rtn| [Wambrane moteton
® Annexin-V-Alexa 568 03 703 126 001
m Annexin-V-FLUOS 11 828 681 001
® Annexin-V-FLUOS Staining Kit 11 858 777 001

11 988 549 001
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Apoptosis Product Selection Guide

Follow the selection guide below to determine the
appropriate Roche Applied Science product for the
study of apoptosis to meet your needs.

See page 90 for products to study cytotoxicity and
page 114 for products to study cell proliferation. If
you need additional help, please visit
www.roche-applied-science.com/apoptosis

DNA fragmentation

m /n Situ Cell Death Detection Kit, 12 156 792 910
TMR red

m /n Situ Cell Death Detection Kit, 11 684 795 910
Fluorescein

Caspase activity, indirect
m M30 CytoDEATH, Fluorescein 12 156 857 001
m M30 CytoDEATH 12 140 322 001

12 140 349 001

in FACS or
tissue fluorescence microscopy
sections
DNA fragmentation
m /n Situ Cell Death Detection Kit, POD 11 684 817 910
m /n Situ Cell Death Detection Kit, AP 11 684 809 910
DNA fragmentation Caspase activity, indirect
® /n Situ Cell Death Detection Kit 11 684 817 910 = M30 CytoDEATH 12 140 322 001
it G ection &b 12 140 349 001

POD
m /n Situ Cell Death Detection Kit, AP 11 684 809 910

Caspase activity, indirect

M M30 CytoDEATH 12 140 322 001
12 140 349 001

Membrane modification
= Annexin-V-Biotin 11 828 690 001
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Apoptosis Autophagy Necrosis
Morphological features
= Membrane blebbing, no u Cell membrane stays u Loss of membrane integrity
loss of integrity intact, weak membrane
blebbing
u Aggregation of chromatin = Marginal chromatin con- = No chromatin condensa-
at the nuclear membrane densation tion

= Begins with shrinking of = Begins with sequestration = Begins with swelling of

cytoplasm and condensa- of cytoplasmic material cytoplasm and mitochon-
tion of nucleus in autophagosomes and dria
autolysosomes
= Mitochondria preserve = Damaged mitochondria m Disintegration (swelling) of
normal ultrastructure, outer  degraded within autopha- organelles
membrane permeabilization ~ gosomes
= Ends with fragmentation = No cell lysis, ends with = Ends with total cell lysis
of cell into small vesicles self-digestion

(apoptotic bodies)
Biochemical features

m Tightly regulated process  m Tightly regulated process  m Loss of ion homeostasis

involving mediators and involving various regula-
enzymes tory steps

m Energy (ATP)-dependent m Generates ATP in the m No energy requirement
(active process) absence of exogenous (passive process)

energy supply

= Non-random internu- = No DNA fragmentation m Random digestion of DNA
cleosomal DNA fragmenta- (smear of DNA after aga-
tion (ladder pattern after rose gel electrophoresis)
agarose gel electropho-
resis)

u Release of several apop- m Involvement of Atg m Oxidative stress, calcium
togenic mitochondrial (autophagy related gene) overload, ATP depletion
proteins (cytochrome c, products; ubiquitin-like
AIF etc.) activation cascades

m Activation of caspase m Activation of lysosomal m Activation of calcium-
cascade proteases and hydrolases dependent proteases

m Loss of plasma membrane
asymmetry (i.e., transloca-
tion of phosphatidylserine
from the inner to the outer
side of the membrane)

Physiological significance

m Serves to eliminate dam- m Serves primarily to main- = Physiological role unclear,
aged, transformed or tain cellular energy and to potential backup mecha-
infected cells; functions recycle damaged organ- nism during apoptosis
in organ development elles failure.
and regulation of immune
responses

= Induced by physiological m Triggered by nutrient u Evoked by severe injuries
stimuli (death ligands), deprivation and other cel- (complement attack, lytic
growth factor deple- lular stresses. pathogens, hypoxia,
tion and different cellular ischemia, toxins)
stresses

m Phagocytosis by adjacent = Self-digestion, late het- u Phagocytosis by
cells or macrophages erophagy by other cells macrophages

= No inflammatory response = No inflammatory response = Severe inflammatory
response

Table 1: Differential features of apoptosis, necrosis and autophagy
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Apoptosis — Caspase Activity

Assays that Measure Apoptosis-induced Proteases (Caspases)
M30 CytoDEATH/ M30 CytoDEATH, Fluorescein

Caspase 3 Activity Assay

Homogeneous Caspases Assay, fluorimetric

Anti-Poly (ADP-Ribose) Polymerase (Anti-PARP)
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Assays that Measure Apoptosis-Induced Proteases (Caspases)

Assays that Measure Apoptosis-
Induced Proteases (Caspases)

Several caspases are thought to mediate very early stages of apoptosis'’. For instance, one
of these, caspase 3 (CPP32) is required for the induction of apoptosis by certain effectors
[especially tumor necrosis factor and the cytotoxic T cell ligand effector, CD95 (also
called Fas)] Enari et al. (1996), Nature 380, 723-726.

These proteases cleave numerous substrates at the carboxy site of an aspartate residue.
All are synthesized as pro-enzymes; activation involves cleavage at aspartate residues that
could themselves be sites for the caspase family. As caspases are probably the most
important effector molecules for triggering the biochemical events which lead to
apoptotic cell death, assays for determination of caspase activation can detect apoptosis
earlier than many other commonly used methods.

The most elucidatory assay for these caspases involves western blot detection of prote-
olytic cleavage products found in apoptotic cells. An antibody, Anti-PARP, sold by Roche
Applied Science, can be used in such an assay. The antibody can detect intact and cleaved
forms of Poly-ADP-Ribose Polymerase, a target for some caspases.

For specific and quantitative measurement of caspase activity Western blotting is not
suitable. To quantify caspase activation enzyme activity assays based on detection of
cleaved caspase substrates have been developed recently. However most of the caspase
substrates are not exclusively cleaved by a specific caspase but only preferentially, while
other members of the caspases family act on these substrates to a lower extent. Roche
Applied Science offers a caspase 3 activity assay with highest specificity by the use of an
immunosorbent enzyme assay principle.

If you are studying... and you wish to detect... using detection by... then use ...
Caspase Activity

Caspase cleavage of Western blot, M30 CytoDEATH 21
cytokeratin 18 flow cytometry, M30 CvtoDEATH 21
fluorescence i yto_ ’
microscopy, or light uorescein
microscopy
Caspase 3 activity Fluorescence ELISA Caspase 3 Activity Assay 26
Caspases Fluorescence ELISA Homogeneous Caspases 30
Assay, fluorimetric
Caspase cleavage of PARP Western blot, Anti-Poly (ADP-Ribose) 34

immunoprecipitation,  Polymerase (PARP)
immunohistology
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M30 CytoDEATH / M30 CytoDEATH, Fluorescein

M30 CytoDEATH*

Cat. No. 12 140 322 001 50 tests
Cat. No. 12 140 349 001 250 tests

M30 CytoDEATH, Fluorescein*

Cat. No. 12 156 857 001 250 tests

Type Monoclonal antibody, clone M30, IgG2b, mouse

Useful for Detection of apoptosis in epithelial cells and tissues (formalin grade)

Sample material ~ Adherent cells, tissue samples (routinely fixed and paraffin-embedded tissue sections,
cryostat sections)

Method Detect apoptosis by applying the M30-antibody to fixed samples, then using secondary
detection systems. Suitable for immunohistochemistry, immunocytochemistry, and flow
cytometry

Significance of Use the M30 CytoDEATH antibody for the determination of early apoptotic events in
reagent cells and tissue sections by detection of a specific epitope of cytokeratin 18 that is
presented after cleavage by caspases.

Specificity The M30 CytoDEATH antibody binds to a caspase-cleaved, formalin-resistant epitope of
the cytokeratin 18 (CK 18) cytoskeletal protein. The immunoreactivity of the
M30 CytoDEATH antibody confined to the cytoplasma of apoptotic cells.

Time 2 h for immunofluorescence on cells, 3.5 h for staining of tissues (excluding dewaxing)
Antibody Mouse monoclonal antibody (clone M30), lyophilized, stabilized. Formalin grade.
supplied as

Background During Apoptosis, vital intracellular proteins are cleaved. The proteases that mediate this
information process are called caspases (Cysteinyl-aspartic acid proteases). Caspases are expressed as

zymogenes, which are activated by different apoptosis inducers. Once activated, a single
caspase activates a cascade of caspases.

It has been shown that the M30 antibody recognizes a specific caspase cleavage site
within cytokeratin 18 that is not detectable in native CK18 of normal cells. Consequent-
ly, the M30 CytoDEATH antibody is a unique tool for the easy and reliable determina-
tion of very early apoptotic events in single cells and tissue sections.

Benefits Detect early apoptosis in epithelial cells and tissue sections with high sensitivity.

Determine caspase activity — even in formalin-fixed, paraffin-embedded tissue.

Choose from two antibody formats to meet your specific application needs.

Easily perform fluorescence and FACS analysis with M30 CytoDEATH, Fluores-

cein.

= Use in dual-labeling applications, for example, in combination with the In Situ Cell
Death Detection Kit, TMR red (TUNEL technique, see page 71-73).

= Save time with a convenient, easy-to-use protocol.

*The M30 antibody is made under a license agreement from Peviva AB, Sweden. US Patent No. 6,296,850; 6,706,488 and 6,716,968.
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M30 CytoDEATH / M30 CytoDEATH, Fluorescein

How to use the reagent

l.a Assay procedure overview

for immunofluorescence and flow cytometry on cells for M30 CytoDEATH and M30 Cy-
toDEATH, Fluorescein:

© Fix cells. ® Add Anti-Mouse-lg-Fluorescein
(not necessary for M30 CytoDEATH,

Fluorescein).

@ Add M30 CytoDEATH antibody or M30 O Analyze under a fluorescence
CytoDEATH, Fluorescein microscope or in FACS.

Staining procedure for fluorescence microscopy and flow cytometry (FACS)

Apoptosis, Cytotoxicity, and Cell Proliferation Manual
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M30 CytoDEATH / M30 CytoDEATH, Fluorescein

I.Lb Assay procedure overview

for formalin-embedded tissue for M30 CytoDEATH

@ Dewax formalin-fixed, paraffin-embedded | & Add Streptavidin-POD.
tissue sections.

@ Retrieve antigen by heating in citric acid | @ Add substrate solution (DAB or AEC).

buffer.
© Add M30 antibody. @ Counterstain with Harries hematoxilin.
@ Add Anti-Mouse-Biotin. © Analyze under a light microscope.

Staining procedure for immunohistochemistry

Antigen retrieval:
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M30 CytoDEATH / M30 CytoDEATH, Fluorescein

Typical results with the reagent

Y
Figure 4: Detection of apoptosis in Hela cells, Figure 5: Detection of apoptosis in human colon
treated with TNF and Actinomycin D, using M30 using M30 CytoDEATH (blue filter). Secondary
CytoDEATH. Secondary detection with Anti-Mouse- detection with Anti-Mouse-Biotin, Streptavidin-POD
Fluorescein and propidium iodide. and AEC as substrate, counterstained with hematoxi-
lin.
e
& : (O Hela control cells
‘“ @ Hela cells treated
I with TNF-ot/
n ! Actinomycin D
I

Events

o
100 10! 102 108 104
Anti-M30-FITC

Figure 6: FACS analysis of apoptosis in HeLa
cells, using M30 CytoDEATH, Fluorescein.
White: untreated control cells. Red: Cells treated with
TNF and Actinomycin D.
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Caspase 3 Activity Assay

Caspase 3 Activity Assay

Cat. No. 12012952 001 96 tests

Type

Immunosorbent enzyme assay, fluorometric

Useful for

Specific, quantitative in vitro determination of caspase 3 activity

Sample material

Cell lysates, recombinant caspase 3

Method

Cell lysis, followed by capturing of caspase 3 by a specific antibody and fluorometric
determination of proteolytic cleavage of the substrate

Test principle
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After washing, Ac-DEVD-AFC
=p  substrate is added and
cleaved by caspase 3 to
form free fluorescent AFC

Coat the Add sample
microplate with === containing activated
anti-caspase 3 caspase 3

Significance of kit

This kit allows specific, quantitative detection of caspase 3 activity in cellular lysates after
induction of apoptosis. Caspase 3 activation play a key role in initiation of cellular events
during the early apoptotic process. The immunosorbent enzyme assay principle of this
kit guarantees high specificity without cross-reactions with other known caspases. The
fluorochrome generated by proteolytic cleavage of the caspase substrate is proportional
to the concentration of activated caspase 3 in the lysates.

Sensitivity

In a model system, caspase 3 activity was clearly detectable in lysates of 10° cells with 5 %
apoptotic cells (Figure 7). However, the lower limit for determination of caspase 3
activity in cellular lysates of dying cells in a particular sample varies with the kinetics of
the apoptotic process, the apoptotic agent used, and the number of affected cells within
the total cell population.

Specificity

This fluorometric immunosorbent enzyme assay is highly specific for caspase 3 by the
use of an anti-caspase 3-specific monoclonal capture antibody in combination with a
specific caspase substrate. Enzyme activity of natural and recombinant human caspase 3
is detected by this assay. Cross-reactions with other caspases are not known.

Time

Approx. 5 h (after induction of apoptosis)

Benefits

= Specifically detect caspase 3 activity. Detect only natural and recombinant human
caspase 3 activity in research samples.

= Detect low levels of caspase 3 activity — even in populations where as little as 5% of
cells are apoptotic.

= Detect and obtain semiquantitative data from samples undergoing the early stages
of apoptosis.

m Perform kinetic assays. Lysates are stable for up to six months, allowing studies at
multiple time points.

= Screen multiple samples simultaneously. Take advantage of a convenient 96-well
microplate format when screening multiple samples.
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Caspase 3 Activity Assay

How to use the kit

I. Assay procedure overview

The assay uses a fluorometric immunosorbent enzyme assay (FIENA) principle. The
procedure involves:

@ Inducing apoptosis in cells by desired method (for instance 2 x 10° cells). After the
induction, the cells are washed and pelleted by centrifugation.

Preparing samples by resuspending and incubating cells in lysis buffer. After lysis and
following centrifugation, samples can be removed for direct analysis or storage.

Coating microplate with anti-caspase 3 solution and blocking of unspecific binding.

Transferring a sample to the anti-caspase 3-coated well of a microplate and capturing
of caspase 3.

Washing the immobilized antibody-caspase 3 complexes three times to remove cell
components that are not immunoreactive.

Incubating sample with caspase substrate (Ac-DEVD-AFC) that is proteolytically
cleaved into free fluorescent AFC.

© © 6 66| ©

Measuring generated AFC fluorometrically.

Sample preparation

Coating microplate

Assaying protease activity
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Caspase 3 Activity Assay

Il. Kit content

. Coating buffer, 10 x

. Anti-caspase-3, 20 x

. Blocking buffer, ready-to-use

. Incubation buffer, 5x

DTT, 100 x

. Substrate solution Ac-DEVD-AFC, 20 x
AFC

9. Microplate modules (12 x 8-wells)
10. Adhesive plate cover

. Positive control, apoptotic U937 cell lysate

Typical results with the kit

The caspase 3 activity assay has been used to detect caspase 3 activation in U937 cells
exposed to different concentrations of the apoptosis inducing agent camptothecin
(CAM) (Figure 7, dose response curve). In this model system, the induction of apoptotis
in only 5% of U937 cells is sufficient for detection of caspase 3 activation. Caspase 3
activity/fluorochrome development is proportional to the percentage of apoptotic cells.

Figures 7 and 8, demonstrate that Caspase 3 activity and Annexin-V binding correlate
very closely in both dose-response and kinetic studies

14 45
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Figure 7: Dose-response experiment analyzed by
the caspase 3 Activity Assay. U937 cells were
exposed to different concentrations of camptothecin
(CAM) for 4 h at 37°C. Lysates were analyzed for
caspase 3 activity and standardized values are plotted
versus concentration. Additionally, an aliquot of the
same cells was analyzed for Annexin-V binding.
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Figure 8: Kinetic study of caspase 3 activation by
camptothecin exposure in U937 cells. U937 cells
were exposed to 4 pg/ml camptothecin for different
time intervals at 37°C. Lysates were analyzed for
caspase 3 activity and fluorescence (minus fluores-
cence of blank) is plotted versus time. Additionally, an
aliquot of the same cells was analyzed for Annexin-V
binding in parallel.
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Homogeneous Caspases Assay, fluorimetric

3% Homogeneous Caspases Assay,
fluorimetric

Cat. No. 03 005 372 001 100 assays (96-well plates)
400 assays (384-well plates)

Cat. No. 12236 869 001 1,000 assays (96-well plates)
4,000 assays (384-well plates)

Type One step assay, fluorimetric
‘/ Useful for Specific, quantitative in vitro determination of caspases in microplates
Sample material Cell cultures, recombinant caspases
Method Cell lysis, followed by detection of caspases activity (fluorimeric determiantion of

proteolytic cleavage of the substrate)

Test principle
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Cells are cultured Add incubation-lysis buffer DEVD-R110 substrate
in microplates; .- With caspase substrate g is cleaved by activated
apoptosis is induced (DEVD-R110) and caspases to form
incubate 2 hours free fluorescent R110

Significance of kit The Homogeneous Caspases Assay is a fluorimetric assay for the quantitative in vitro
determination of caspases activity in microplates, which makes it especially useful for
high throughput screening. Apoptotic cells are incubated with DEVD-Rhodamine 110
for 1-24 h. Upon cleavage of the substrate by activated caspases, fluorescence of the
released Rhodamine 110 is measured.

Specificity Specifically detects caspases 2, 3 and 7, caspases 6, 8,9 and 10 to a lesser extent
Time Approx. 2 h (after induction of apoptosis)
Benefits = Detect several types of activated caspases in a single assay.

Easily obtain results from this one-plate assay by performing experiments directly
in a culture plate or a microplate (MP).

= Use a convenient, one-step fluorimetric assay — no washing step is needed.
Save time with an assay that takes just 2.5 hours.

= Simultaneously analyze large numbers of samples in this high-throughput format.

% Suitable for high-throughput screening.
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Homogeneous Caspases Assay, fluorimetric

How to use the assay

I. Assay procedure overview

The assay can be used for the quantification of activated caspases of human as well as
animal origin, or screening for caspase inhibitors. It is a one step assay, including the cell
lysis step.

@ Cells are cultured in microplates and apoptosis is induced, causing an activation of
caspases.

@ Caspase substrate, prediluted in Incubation buffer, is added and incubated for 2 h at
37°C. The incubation buffer is lysing the cells during this incubation.

© Free R110 is determined fluorimetrically at X = 521 nm. The developed fluorochrome
is proportional to the concentration of activated caspases and could be quantified by a
calibration curve.

Il. Assay content

Substrate stock solution, 10 x
Positive control, 10 x
Rhodamine 110, standard
Incubation buffer

Ll e
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Typical results with the assay

Figure 9: Kinetics of caspase

2500 activation in U937 cells by
camptothecin (384-well plate).
_ 15,000 cells/well U937 cells were exposed to 4 pg/ml
= 2,000 == camptothecin for different time
=] intervals at 37 °C, analyzed for
= 1500 caspase activity with the Homoge-
'g ! neous Caspases Assay and
= fluorescence plotted versus time.
£ 1,000
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Figure 10: Dose-response curve of
6.000 U937 cells exposed to different
- 10,000 cells/well concentrations of camptothecin
© 50000 + 3500 celicfe (CAM) (384-well plate). U937 cells
2 /500 celis/well were exposed to camtothecin for 4 h
c ~ 1,200 cells/well P i
S 4000 ! at 37 °C, analyzed for caspase activity
:. ' - 400 cells/well with the Homogeneous Caspases
_"E’ 3.000- Assay and standardized values plotted
g : versus concentration.
°
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£
5]
I?_ 1,000
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Anti-PARP

Anti-Poly (ADP-Ribose) Polymerase
(Anti-PARP)

Cat. No. 11 835238 001 100 pl (50 blots)

Type

Polyclonal antiserum, from rabbit

Useful for

Detection on Western blots of PARP cleaved by caspases during early stages of apoptosis

Sample material

Crude cell extracts

Method

Western blot of apoptotic cell extracts, followed by indirect immunodetection of PARP
cleavage fragment

Significance of

Anti-PARP recognizes Poly-ADP-Ribose-Polymerase (PARP), a 113 kD protein that

reagent binds specifically at DNA strand breaks. PARP is also a substrate for certain caspases (for
example, caspase 3 and 7) activated during early stages of apoptosis. These proteases
cleave PARP to fragments of approximately 89 kD and 24 kD. Detection of the 89 kD
PARP fragment with Anti-PARP thus serves as an early marker of apoptosis.

Sensitivity PARP cleavage fragments from 3 x 10° apoptotic cells could be detected on a Western
blot (Figure 11).

Specificity On Western blots, Anti-PARP recognizes intact PARP from primates or rodents, as well
as the large PARP fragment generated by caspases. Anti-PARP will immunoprecipitate
intact PARP from primates or rodents.

Time Approx. 5.5 h (immunodetection only)

Antibody supplied Polyclonal antiserum from rabbit, stabilized.

as

Benefits Detect early apoptosis by determining caspase cleavage of PARP.

Use in dual-labeling applications, for example, in combination with the In Situ Cell
Death Detection Kit, TMR red (TUNEL technique, page 74).
m Detect full-length PARP, as well as large PARP fragments generated by caspases.
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How to use the reagent

l.  Assay procedure overview

The Anti-PARP antibody may be used to detect the 89 kD PARP fragment (and intact
PARP) from apoptotic cell extracts on a Western blot. The procedure involves:

@ Preparing crude extracts of apoptotic cells (for instance, by sonication and incubation
of 10°-107 cells in the presence of urea, 2-mercaptoethanol, and SDS).

Separating proteins in the crude cell extracts on an SDS-polyacrylamide gel.

Transferring the separated proteins to a membrane by electroblotting.
Detecting PARP fragments (and intact PARP) on the membrane with the Anti-PARP
antibody.

Visualizing the antibody-protein complexes with an enzyme-conjugated anti-rabbit IgG
secondary antibody and a chromogenic or chemiluminescent enzyme substrate (see
page 36).

® 0|00
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Anti-PARP

Typical result with the reagent

The appearance of a large (89 kD) cleavage fragment is indicative of caspase proteolytic
activity.

1 2 3 4

\ e Se— Gy gy | 4— 113 kD
S SO | (59 kD

PARP

Figure 11: Detection of cleaved PARP in cell extracts of apoptotic CEM T cells. CEM T cells were
incubated with one of three apoptosis-inducing drugs. Cell extracts from 3 x 10° treated or untreated cells were
fractionated on an 10% polyacrylamide gel in the presence of SDS. After electrophoresis, proteins on the gel
were transferred to a PVDF membrane by electroblotting and the blot was blocked with 5% powdered milk. The
blocked membrane was incubated with a 1:3000 dilution of Anti-PARP. Subsequent incubations with a
peroxidase-conjugated anti-rabbit secondary antibody and a peroxidase substrate revealed the presence of
PARP cleavage products on the blot. Note that the antibody recognizes both uncleaved PARP (113 kD) and the
larger cleavage fragment (89 kD).

Lane 1: Untreated control cells

Lane 2: Cells treated with 100 ng/ml doxorubicin for 24 h

Lane 3: Cells treated with 1 mg/ml methotrexate for 24 h

Lane 4: Cells treated with 1 mg/ml cytarabin for 24 h.

(Data is courtesy of Dr. Ingrid Herr, German Cancer Research Institute, Department of Molecular Oncology,
Heidelberg, Germany)

Related products for visualization of Anti-PARP

Product Cat. No. Pack Size

BM Chemiluminescence Western Blotting 11520 709 001  for 2,000 cm? membrane
Kit (Mouse/Rabbit)

BM Chemiluminescence Blotting 11 500 708 001  for 1,000 cm? membrane
Substrate (POD) 11 500 694 001 for 4,000 cm? membrane

CSPD (chemiluminescent AP substrate), 11755633 001 2 x50 ml
ready-to-use

CDP-Star (chemiluminescent AP 11 685627001 1 ml

substrate) ready-to-use 11759 051 001 2x1ml

BM Blue POD Substrate, precipitating 11 442 066 001 100 ml

BM Purple AP Substrate, precipitating 11 442 074 001 100 ml
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Apoptosis - Membrane
Alterations

Assays that Measure Membrane Alterations
Annexin-V-FLUOS/Annexin-V-FLUOS Staining Kit/
Annexin-V-Alexa 568

Annexin-V-Biotin

Assays that Use DNA Stains (DAPI, Propidium iodide)
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Assays that Measure Membrane Alterations

Assays that Measure Membrane Alterations

In contrast to necrosis, apoptosis occurs without inflammation. In the end stages of
apoptosis, apoptotic bodies are engulfed by macrophages and other phagocytic cells in
vivo. Thus, apoptotic cells are removed from the population without spilling their
contents and eliciting an inflammatory response.

It has been shown that a number of changes in cell surface (membrane) markers occur
during apoptosis, any one of which may signal “remove now” to the phagocytes. These
membrane changes include:

m  Loss of terminal sialic acid residues from the side chains of cell surface glycoproteins,
exposing new sugar residues.

m  Emergence of surface glycoproteins that may serve as receptors for macrophage-
secreted adhesive molecules such as thrombospondin.

m  Loss of asymmetry in cell membrane phospholipids, altering both the hydrophobic-
ity and charge of the membrane surface.

m In theory, any of these membrane changes could provide an assay for apoptotic cells.
In fact, one of them has — the alteration in phospholipid distribution.

In normal cells (Figure 12, left diagram), the distribution of phospholipids is asymmet-
ric, with the inner membrane containing anionic phospholipids (such as phosphatidyl-
serine) and the outer membrane having mostly neutral phospholipids. In apoptotic cells
(Figure 12, right diagram) however, the amount of phosphatidylserine (PS) on the outer
surface of the membrane increases, exposing PS to the surrounding liquid.

Annexin-V, a calcium-dependent phospholipid-binding protein, has a high affinity for
PS. Although it will not bind to normal living cells, Annexin-V will bind to the PS
exposed on the surface of apoptotic cells (Figure 13, 14). Thus, Annexin-V has proved
suitable for detecting apoptotic cells. Roche Applied Science supplies a number of
products for the detection of PS translocation by Annexin-V.

Figure 12: Detection of surface
morphology changes during
apoptosis. During apoptosis, the
distribution of neutral phospholipids
(black symbols) and anionic phospho-
lipids such as phosphatidylserine (red
symbols) in the cell membrane changes.
Phosphatidylserine is present in the
outer membrane of apoptotic cells, but
not of normal cells. An exogenously
added molecule specific for phosphati-
dylserine, such as Annexin-V-FLUOS,
will bind to phosphatidylserine on the
outer membrane of apoptotic cells, but
cannot react with the phosphatidylser-

normal cell

apoptotic cell

outer leaflet outer leaflet
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No access for
annexin-V-FLUOS
to phosphatidylserine

Selective binding of annexin-V-FLUOS
to phosphatidylserine on the outer
leaflet of apoptotic membranes

ine of normal cells.

If you are studying... and you wish to detect... using detection by...

then use ...

Membrane Alterations Phosphatidylserine Flow cytometry, Annexin-V-FLUOS 39
in the outer layer of the flqorescence Annexin-V-FLUOS 39
plasma membrane microscopy,

or light microscopy

Staining Kit
Annexin-V-Alexa 568 39

Annexin-V-Biotin 45

Apoptosis, Cytotoxicity, and Cell Proliferation Manual



Annexin-V-FLUOS/Annexin-V-FLUOS Staining Kit/Annexin-V-Alexa 568

Annexin-V-FLUOS

Cat. No. 11 828 681 001 250 tests

Annexin-V-FLUOS Staining Kit

Cat. No. 11 858 777 001 50 tests
11 988 549 001 250 tests

Annexin-V-Alexa 568

Cat. No. 03703 126 001 250 tests

Type

Direct fluorescence staining for flow cytometric or microscopic analysis

Useful for

Detection of apoptotic cells with membrane alterations (phosphatidylserine transloca-
tion); differentiation of apoptotic from necrotic cells

Sample material

Cell lines (adherent or suspensions), freshly isolated cells

Method

Simultaneous staining of cell surface phosphatidylserine [with Annexin-V-FLUOS
(green dye) or Annexin-V-Alexa 568 (red dye)] and necrotic cells (with propidium
iodide)

Test principle

Annexin-V-FLUOS (green dye) and Annexin-V-Alexa 568 (red dye) serves as a fluores-
cent probe for apoptotic cells. They will not bind normal, intact cells. However, since
necrotic cells are leaky enough to give Annexin-V-FLUOS and Annexin-V-Alexa 568
access to inner membrane PS, apoptotic cells have to be differentiated from necrotic
cells. Thus, the assay involves simultaneous staining with both Annexin-V-FLUOS
(green) and the DNA stain propidium iodide (red) or Annexin-V-Alexa 568 (red) and
BOBO-1 (green). Exclusion of propidium iodide or BOBO-1, coupled with binding of
Annexin-V-FLUOS or Annexin-V-Alexa 568, indicates an apoptotic cell (Table 2).

Significance of

Annexin-V is a phospholipid-binding protein with a high affinity for phosphatidylserine

reagent (PS). Detection of cell-surface PS with annexin-V thus serves as a marker for apoptotic
cells. Analysis may be by flow cytometry or by fluorescence microscopy.

Specificity Annexin-V-FLUOS and Annexin-V-Alexa 568 bind apoptotic cells and leaky necrotic
cells. Propidium iodide and BOBO-1 are excluded from apoptotic and normal cells, but
is taken up by necrotic cells.

Time Approx. 15 min (after induction of apoptosis)

Benefits Detect apoptosis using flow cytometry or microscopy with your choice of Annexin-V

conjugates

= Rapidly quantify apoptotic cells in cell suspensions by flow cytometry with
Annexin-V-FLUOS.

= Distinguish necrotic cells from apoptotic cells by using the Annexin-V-FLUOS
Staining Kit, which includes propidium iodide.

= Analyze cell cultures or tissues by fluorescence microscopy using the FLUOS or
Alexa 568 conjugates.
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How to use the reagents and the kit

I. Assay procedure overview

The procedure involves:

@ Washing suspended cells, then pelleting the cells.

© Resuspending cells in a staining solution containing Annexin-V-FLUQOS and propidium
iodide or Annexin-V-Alexa 568 and BOBO-1.

Cells may also be labeled with other membrane stains, such as a fluorescein-,
phycoerythrin- or TRITC-labeled monoclonal antibody simultaneously.

©® Analyzing samples in a flow cytometer or under a fluorescence microscope.

===

Normal cells Apoptotic cells Necrotic cells

Table 2: Distinguishing apoptosis from necrosis using Annexin-V, propidium iodide, or BOBO-1.

Ila. Reagent content

®  Annexin-V-FLUOS solution, 50 x concentrated
m  Annexin-V-Alexa 568, 50 x concentrated

IIb. Kit content

Annexin-V-FLUOS Staining Kit

1. Annexin-V-FLUOS, 50 x concentrated
2. Propidium iodide solution, 50 x concentrated
3. Incubation buffer (Hepes Buffer), ready-to-use
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Typical results with the reagents and the kit
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Figure 13: Apoptotic and necrotic U937 cells identified in FACS analysis after staining with Annexin-V-
FLUOS and propidium iodide (PI). Cells were then stained with the components of the Annexin-V-FLUOS
Staining Kit and analyzed.

Panels A (upper and lower), single parameter analysis, Annexin-V-FLUOS only;

Panels B, single parameter analysis, propidium iodide (PI) only;

Panels C, dual parameter analysis, Annexin-V-FLUOS and propidium iodide. FL1, Annexin-V-FLUOS; FL2,
propidium iodide.

Result: Flow cytometric analysis clearly differentiates normal (living) cells with low Annexin and low Pl staining,
apoptotic cells with high Annexin and low PI staining, and necrotic cells with high Annexin and high PI staining.

Figure 14: Discrimination between
apoptotic and necrotic U937 cells treated
with camptothecin. Early-stage apoptosis
detected with Annexin-V-FLUOS (green), and
counterstained with propidium iodide (red

apoptotic 3 cells).
apoptotic

necrotic

Results: The apoptotic cells are visible in
green and can be differentiated from necrotic
cells by the propidium staining. Necrotic cells
take up propidium iodide and stain orange/
green, while apoptotic cells stain green only.

Figure 15: Discrimination between

/ apoptotic and necrotic U937 cells treated
with camptothecin (CAM) and stained
with Annexin-V-Alexa 568 (red) and
BOBO-1 (green).

Results: The apoptotic cells are visible in red
necrotic and can be differentiated from necrotic cells
by the BOBO-1 staining. Necrotic cells take up
BOBO-1 and stain green/red, while apoptotic
cells stain red only.

apoptotic

necrotic
~ .‘
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Annexin-V-Biotin

Cat. No. 11 828 690 001 250 tests

Type Indirect fluorescence staining for flow cytometric, fluorescence or light microscopic
analysis
Useful for Detection of apoptotic cells with membrane alterations (phosphatidylserine transloca-

tion); differentiation of apoptotic from necrotic cells

Sample material

Cell lines (adherent and suspensions), freshly isolated cells

Method

Simultaneous staining of cell surface phosphatidylserine (with Annexin-V-Biotin) and
necrotic cells (with propidium iodide), followed by detection of biotin (with streptavi-
din/avidin conjugate)

Test principle

Annexin-V-Biotin serves as a probe for apoptotic cells. It will not bind normal, intact
cells. However, since necrotic cells are leaky enough to give Annexin-V-Biotin access to
inner membrane PS, apoptotic cells have to be differentiated from necrotic cells. Thus,
the assay involves simultaneous staining with both Annexin-V-Biotin, Avidin-Fluoresce-
in and propidium iodide. Exclusion of propidium iodide, coupled with binding of
Annexin-V-Biotin, indicates an apoptotic cell. Annexin-V-Biotin is visualized with a
streptavidin/avidin conjugate. Analysis may be by flow cytometry, by fluorescence
microscopy, or by light microscopy.

Significance of
reagent

Annexin-V is a phospholipid-binding protein with a high affinity for phosphatidylserine
(PS). During apoptosis, PS translocates to the outer surface of apoptotic cells. Detection
of cell-surface PS with annexin-V thus serves as a marker for apoptotic cells. Labeling of
cells with the Biotin-conjugate of Annexin-V allows fixation after Annexin-V binding for
further analysis of additional cellular parameters in combination with detection of
apoptosis. For distinguishing apoptosis using Annexin-V, see Table 2, page 40.

Specificity

Annexin-V-Biotin binds apoptotic cells and leaky necrotic cells. Propidium iodide and
BOBO-1 are excluded from apoptotic and normal cells, but is taken up by necrotic cells.

Time

Approx. 75 min (after induction of apoptosis)

Benefits

= Identify individual apoptotic cells by light microscopy
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How to use the kit

I. Assay procedure overview

The procedure involves:

@ Washing suspended cells, then pelleting the cells.

© Resuspending cells in a staining solution containing Annexin-V-Biotin and propidium
iodide.
Cells may also be labeled with other membrane stains, such as a fluorescein-,
phycoerythrin- or TRITC-labeled monoclonal antibody simultaneously.

Washing labeled cells.

Incubating cells with a streptavidin (SA) conjugate (Table 3).

®00

Analyzing samples in a flow cytometer, under a fluorescence microscope, or under a
light microscope (depending on the SA conjugate).

Il. Reagent content

= Annexin-V-Biotin solution, 50 x concentrated.

Related products for visualisation of Annexin-V-Biotin

Product Application Cat. No. Pack Size

Table 3: Streptavidin (SA) conjugates available for the indirect assay of apoptotic cells with
Annexin-V-Biotin.
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I1l. Protocol for staining of cell suspensions

Preparation of solutions

= Predilute 20 ul Annexin-V-Biotin labeling reagent in 1 ml incubation buffer and add
20 pl Propidium iodide solution.

1 ml is enough for 10 samples.

Wash 10° cells with PBS and centrifuge cells at 200 x g for 5 min.

Resuspend the cell pellet in 100 pl of Annexin-V-Biotin labeling solution.
Incubate 10 - 15 min at +15 to +25°C.

Centrifuge cells at 200 x g and wash once in incubation buffer.

Incubate in Avidin-Fluorescein staining solution for 20 min at 42 to +8°C with occa-
sionally gentle shaking.

Centrifuge cells at 200 x g and wash once in incubation buffer.

06 00 o0

Analyze by fluorescence microscopy or on a flow cytometer.

Typical results with the reagent

Figure 16: Flow cytometric analysis of
apoptotic U937 cells stained with Annexin-V-
Biotin, Avidin-FLUOS and propidium iodide.
U937 cells (a leukemic cell line) were cultivated for
4 h with 4 pg/ml campothecin. Cells were stained
with Annexin-V-Biotin and propidium iodide (PI),
then incubated with Avidin-fluorescein and
analyzed. Single parameter histograms are shown
at the top (Annexin-V-Biotin/Avidin-FLUOS) and on

. the right side (PI) of the diagram. Two parameter
] histograms are shown in quadrants 1-4. PI,
propidium iodide; FLUQS, fluorescein.
Result: Flow cytometric analysis clearly differenti-
1 ates normal cells (quadrant 3) with low FLUOS and

T T T T,

low PI staining, apoptotic cells (quadrant 4) with
high FLUOS and low PI staining, and necrotic cells
(quadrant 2) with high FLUOS and high PI staining.

= . 4 2
.1 1 18 160 1edg
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Assays that Use DNA Stains

One can differentiate between three methods for studying cell death that use DNA stains:
dye exclusion method, profile of DNA content, morphological changes.

Dye exclusion method

Viable (intact plasma membrane) and dead (damaged plasma membrane) cells can be
discriminated by differential staining. Cells with disturbed plasma membrane perme-
ability are stained, whereas undamaged (viable) cells are not stained with dyes that do
not penetrate the plasma membrane (“exclusion dyes”). The most frequently used dye
for exclusion tests is trypan blue. In addition, the fluorescent dye, propidium iodide (PI)
which becomes highly fluorescent after binding to DNA, can be used in the same
manner. The stained and unstained cells are counted with a standard light microscope
(trypan blue), or flow cytometer (PI) (Table 4).

Profile of DNA content

If cells are permeabilized, the LMW DNA inside the cytoplasm of apoptotic cells leaks
out during the subsequent rinse and staining procedure. The lower DNA content of
these cells means they contain less DNA stained by the fluorochrome. Thus, cells with
lower DNA staining than that of G1 cells (the so-called “sub-G, peaks”, “A” cells) have
been considered apoptotic. The reduction in staining/DNA content of these cells is
measured by flow cytometry (Figure 17). The major disadvantage of this technique is
that apoptotic G,-Phase cells exhibit a reduced DNA content, which could represent the
DNA content of a G -cell. Therefore it may not be detected as apoptotic. This would
result in an underestimation of the apoptotic population.

DNA-binding dyes Dye enters Dye stains
(Fluorochromes)

Viable cells Non viable Nucleus Cytoplasm

cells (DNA) (RNA)

Acridine orange Yes Yes Green Red-orange
Hoechst 33342 Yes Yes Blue No
Hoechst 33258 No Yes Blue No
DAPI No Yes Bright blue No
Ethidium bromide No Yes Orange Slightly red
Propidium iodide  No Yes Red No

Table 4: Common fluorochromes used to stain the genomic DNA of viable and/or non-viable cells.
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Figure 17: Typical flow cytometric profile of the DNA content in normal (A) and apoptotic cells (B),
stained with PI.
Result: A prominent “sub-G1” peak (earliest peak) appears in apoptotic cells, but not in normal cells.

Morphological changes

On the other hand, the bisbenzimidazole dye, Hoechst 33342 (and also acridine orange),
penetrates the plasma membrane and stains DNA in cells; without permeabilization. In
contrast to normal cells, the nuclei of apoptotic cells have highly condensed chromatin
that is uniformly stained by Hoechst 33342. This can take the form of crescents around
the periphery of the nucleus, or the entire nucleus can appear to be one or a group of
featureless, bright spherical beads. These morphological changes in the nuclei of
apoptotic cells may be visualized by fluorescence microscopy. They are also visible in
permeabilized apoptotic cells stained with other DNA binding dyes like DAPI (Figure
18).

During a short exposure to Hoechst 33342, apoptotic cells have stronger blue fluores-
cence compared to non-apoptotic cells. Co-staining of the cells with propidium iodide
(PI) allows the discrimination of dead cells from apoptotic cells. If 7-amino-actinomycin
is used instead of PI, cell surface antigens immunostained with fluorescein and phyco-
erythrin may be quantitated simultaneously.

One drawback of using any vital staining method for measuring apoptosis is the
variability of active dye uptake in different cells and its possible change during certain
treatments. Therefore, the ability of Hoechst 33342 to discriminate apoptotic cells from
normal cells by increased uptake of dye has to be tested for each new cell system.

EET [ Cat. No. Pack size Fluorescence Typical results

Propidium iodide* 11348 639001 20 ml red orange See Table 4,
Figure 13 and 14

DAPI 10236276 001 10 mg blue See Table 4 and

4’,6-Diamidine-2’- Figure 18

phenylindole dihydro-

chloride

Table 5: Fluorescent dyes that stain double-stranded DNA
*Only sold in the US
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Figure 18: Fluorescent microscopic analysis of
apoptotic cells stained with DAPI. DAPI stains the
nucleic of all cells (blue).

Result: The characteristic condensed nuclei of
apoptotic cells are clearly visible here.

Figure 19: Fluorescent microscopic analysis of
mitotic cells stained with ethidium bromide. DNA
was stained with ethidium bromide (orange). Mitotic
spindles were stained with anti-tubulin antibody
(green).

Result: Mitotic cells (with condensed DNA) are brightly
stained. Without the double stain, mitotic cells could be P)
mistaken for apoptotic cells, since both have condensed

DNA.
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Assays that Measure DNA Fragmentation in Cell Populations

Assays that Measure DNA Fragmentation in
Cell Population

The biochemical hallmark of apoptosis is the fragmentation of the genomic DNA, an
irreversible event that commits the cell to die. In many systems, this DNA fragmentation
has been shown to result from activation of an endogenous Ca** and Mg?*-dependent
nuclear endonuclease. This enzyme selectively cleaves DNA at sites located between
nucleosomal units (linker DNA) generating mono- and oligonucleosomal DNA frag-
ments (Figure 20). These DNA fragments reveal, upon agarose gel electrophoresis, a
distinctive ladder pattern consisting of multiples of an approximately 180 bp subunit.

Radioactive as well as non-radioactive methods to detect and quantify DNA fragmenta-
tion in cell populations have been developed. In general, these methods are based on the
detection and/or quantification of either low molecular weight (LMW) DNA which is
increased in apoptotic cells or high molecular weight (HMW) DNA which is reduced in
apoptotic cells (Figure 21). The underlying principle of these methods is that DNA,
which has undergone extensive double-stranded fragmentation (LMW DNA) may easily
be separated from very large, chromosomal length DNA (HMW DNA), e.g., by centrifu-
gation and filtration.

“Beads-on-a-string” Mono- and Oligonucleosomes “DNA ladder”
form of chromatin (HMW-DNA) (LMW-DNA) after gel electrophoresis

Histone octamer of
nuclensome core

Base pairs

180

Distance between cuts =
multiple of 180 base pairs
Linker DNA
— —— £ 700
Endonuclease DNA subjected to 520
gel electrophoresis
360
&

Figure 20: The biochemistry of DNA fragmentation and the appearance of the “DNA ladder”.

For the quantification of DNA fragmentation, most methods involve a step in which the
DNA of the cells has to be labeled: Prior to the addition of the cell death-inducing agent
or of the effector cells, the (target) cells are incubated either with the [*H]-thymidine
([*H]-dT) isotope or the nucleotide analog 5-bromo-2’-deoxyuridine (BrdU). During
DNA synthesis (DNA replication) these modified nucleotides are incorporated into the
genomic DNA. Subsequently, those labeled cells are incubated with cell death-inducing
agents or effector cells and the labeled DNA is either fragmented or retained in the cell
nucleus. Finally each type of DNA (HMW and LMW) is quantitated. Because the
labeling of the cellular DNA has to be done prior to the induction of cell death, this
labeling is also called “prelabeling”
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Assays that Measure DNA Fragmentation in Cell Populations

The prelabeling of one cell population (e.g., the target cells) allows the behavior of the
labeled cells to be traced specifically when different cell populations are mixed.

@ Because cell-mediated cytotoxicity (CMT) proceeds, at least in part, by apoptotic
mechanisms, the DNA fragmentation assay may also be used as a CMT assay.

In a study of cell-mediated cytotoxicity the target cell population is labeled before the
effector cells (e.g., CTL) are added. Subsequently, due to pore formation in the target cell
plasma membrane, the fragmented LMW DNA is released from the cytoplasm of the tar-
get cell into the culture supernatant (Table 6). The cytotoxic potential of the effector cells
is measured by quantification of the label released from the damaged target cells.

Because this metabolic prelabeling of the genomic DNA requires DNA synthesis, only
cells proliferating in vitro (e.g., cell lines) may be labeled in this way; cells which do not
proliferate in vitro (e.g., primary cell cultures, tumor cells ex vivo) do not replicate their
DNA and therefore, do not incorporate labeled nucleotides (see “Cellular DNA Frag-
mentation ELISA” page 103).

To detect fragmented DNA in cells which do not replicate in vitro, the DNA has to be
isolated and analyzed by agarose gel electrophoresis (“DNA ladder assay”, Figure 20, see
also Figure 22). Roche Applied Science offers a kit, the Apoptotic DNA Ladder Kit, that
simplifies this assay.

normal cell apoptotic cell

HMW-DNA HMW-DNA LMW-DNA
(condensed

compartiment HMW LMW HMW LMW
Nucleus + - 4 i
Cytoplasm - = - 4

Figure 21: Compartmentalization of HMW and LMW DNA in normal and apoptotic cells.
(| =decreasing, 1 =increasing)

Apoptosis Cell mediated cytotoxicity

Compartment HMW DNA LMW DNA HMW DNA LMW DNA
Nucleus = F I +
Cytoplasm - + - +
Supernatant - - - +

Table 6: Distribution of HMW and LMW DNA in cells undergoing apoptosis and target cells during cell
mediated cytotoxicity.

@ In the early phases of apoptosis, no DNA is released into the supernatant (prelytic
DNA fragmentation). However, in vitro, the apoptotic cells will lyse (“secondary
necrosis“). Therefore, LMW DNA is found in the supernatant late in apoptosis.
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An alternative method which circumvents the isolation and electrophoretic analysis of
DNA is the immunological detection of LMW DNA (histone-complexed DNA frag-
ments) by an immunoassay (Cell Death Detection ELISAP'Y, see page 62).

This nonradioactive immunoassay, offered by Roche Applied Science quantifies that
hallmark of apoptosis. The Cell Death Detection ELISAP™S has been designed for relative
quantification of DNA fragmentation in cells which do not proliferate in vitro (since the
kit requires no prelabeling of the cells). This kit measures the enrichment of histone-
complexed DNA fragments (mono- and oligonucleosomes) in the cytoplasm of apop-
totic cells.

Each of the methods to detect and measure apoptosis has its advantages and limitations.
Because the cellular mechanisms that result in apoptosis are complex, most published
methods cannot by themselves detect apoptosis unambiguously.

To ensure that the mode of cell death in the individual cell system or experiment is
apoptotic, one also has to consider other criteria like the cellular morphology. Morpho-
logic criteria for apoptotic cell death include, for example, chromatin condensation with
aggregation along the nuclear envelope and plasma membrane blebbing followed by
separation into small, apoptotic bodies. When internucleosomal DNA fragmentation is
accompanied by these morphological features it provides an additional useful criterion
to define cell death as apoptotic.

If you are studying... and you wish to detect... using detection by... then use ...
DNA Fragmentation =~ DNA fragments Gel electrophoresis Apoptotic DNA Ladder Kit 57
ELISA Cell Death Detection 62
ELISAPLUS
Cell Death Detection 67
ELISA
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Apoptotic DNA Ladder Kit

Apoptotic DNA Ladder Kit

Cat. No. 11 835 246 001 20 tests

Type

DNA purification kit

Useful for

Preparation of apoptotic DNA fragments for display on electrophoretic gels

Sample material

Whole blood or cells in culture

Sample size

200 — 300 pl whole blood or cell suspension (for instance, 2 x 10° cells). The kit allows
simultaneous processing of multiple samples.

Method

Cell lysis, followed by binding of cellular DNA on glass fiber, removal of impurities, and
DNA recovery

Test principle

Apoptotic DNA binds quickly to glass fiber fleece in the presence of a chaotropic salt,
guanidine hydrochloride (guanidine HCI). After cellular impurities are washed off the
fleece, the DNA is released from the fleece with a low salt buffer.

Significance of kit

This kit offers the easiest way to isolate apoptotic DNA fragments for DNA ladder
analysis. The purification method outlined in the kit is much faster than other DNA
purification methods (e.g., phenol/chloroform extraction, DNA precipitation). Purified
DNA may be mixed directly with gel loading buffer and analyzed on an agarose gel.

Specificity Only nucleic acid will bind to the glass fiber filters under the conditions outlined in the
kit. Salts, proteins, and other cellular components do not bind.

Time DNA preparation: < 20 min (after induction of apoptosis)

Benefits = Purify DNA from cell samples in less than 20 minutes.

= Simplify DNA extraction by eliminating organic extractions and DNA-precipitation
steps.

= Compare your results to the kit’s supplied control (fragmented DNA purified from
lyophilized apoptotic U-937 cells), simplifying data interpretation.

Apoptosis - DNA Fragmentation in Cell Populations
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Apoptotic DNA Ladder Kit

How to use the kit

I. Assay procedure overview

The procedure involves:

@ Incubating an aliquot of apoptotic cells with an equal volume of binding/lysis buffer.
After the incubation, the lysed sample is poured into a filter tube containing glass fiber
fleece.

@ Using centrifugation to separate the DNA in the lysate (which binds to the glass fiber
fleece) from unbound lysate components (which flow through the fleece into a
collection tube).

Washing the bound DNA twice.
Eluting the purified DNA from the filter tube and collecting it by centrifugation.

o0

Sample Preparation

DNA Ladder Assay

Yield
Sample Sample volume Yield of purified DNA
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Apoptotic DNA Ladder Kit

Il. Kit content

Nucleic acid binding/lysis buffer, ready-to-use
Washing buffer (ethanol to be added before use)
Elution buffer, ready-to-use

20 Glass fiber filter tubes, 700 pl capacity

20 Polypropylene collection tubes, 2 ml (for washes)
Positive control, apoptotic U937 cells, lyophilized

AU e

I1l. Protocol for the use of the Apoptotic DNA Ladder Kit on
tissue samples

The package insert for our Apoptotic DNA-Ladder Kit, Cat. No. 11 835 246 001, de-
scribes the purification of nucleic acids from whole blood and cultured cells. By follow-
ing the modified procedure decribed here it is also possible to use tissue samples.

Preliminary Information

m  Weight of sample: The tissue sample should weight between 25 and 50 mg.
= Additional required solutions:

—  Lysis buffer: Prior to extraction of DNA, prepare a lysis buffer. 200 pl of this
buffer are sufficient for one tissue sample. The lysis buffer consists of 4 M urea,
100 mM Tris, 20 mM NaCl and 200 mM EDTA, pH 7.4 (25°C).

— Proteinase K solution: 20 mg/ml in 50 mM Tris-HCI (pH 8.0) and 1 mM CaCl.,.

Protocol for isolation of DNA from tissue samples

Add 200 pl lysis buffer and 40 pl proteinase K solution to 25-50 mg tissue, mix.
Incubate for 1 h at 55°C.

Add 200 pl binding buffer, mix.

Incubate for 10 min at 72°C.

®000e

Proceed with the addition of 100 pl isopropanol as described in the pack insert
(step 4).

@ Be aware, that apoptosis is a single cell event, and therefore in most tissues you will
not find a sufficient number of apoptotic cells to produce a DNA ladder.
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Apoptotic DNA Ladder Kit

Typical results with the kit

Figure 22: DNA ladder assayed

with the Apoptotic DNA Ladder Kit

M = Size marker

- = Control cells without
camptothecin

+ = Cells treated with
camptothecin
C = Positive control from the

kit
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Cell Death Detection ELISA'YS

3% Cell Death Detection ELISAPLUS

Cat. No. 11774425001
Cat. No. 11920 685 001

96 tests
10 x 96 tests

Type

One-step sandwich ELISA, colorimetric

Useful for

Relative quantification of apoptosis without cell labeling; differentiating apoptosis from
necrosis

Sample material

Cell lysates, cell culture supernatants, serum, or plasma
Adherent cells, cells in suspension

Method

Cell lysis, followed by immunochemical determination of histone-complexed DNA
fragments in a microplate well (Note: For detection of necrosis, histone-complexed DNA
fragments are detected directly in the culture supernatant, without cell lysis)

Test principle

Sample preparation

- -

£

After incubating cells with an apoptosis-inducing agent, pellet the cells by
centrifugation.

For the detection of necrosis retain a sample of the supernatant, which may contain
necrotic DNA that leaked through the membrane during the incubation.
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Incubate cells with lysis buffer.

Pellet the intact nuclei by centrifugation. Take an aliquot of the supernatant (cell
lysate) and determine the amount of apoptotic nucleosomes present.
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normal  necrolic apoptotic
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Streptavidin

Wall of Anti-histone- Sample Anti-DNA- ABTS
microplate biatin containing peroxidase substrate
nucleosomes (HRP-horseradish
peroxidase)

Significance of kit

Use this kit for relative quantification of histone-complexed DNA fragments (mono-
and oligonucleosomes) out of the cytoplasm of cells after the induction of apoptosis or
when released from necrotic cells. Since the assay does not require prelabeling of cells, it
can detect internucleosomal degradation of genomic DNA during apoptosis even in cells
that do not proliferate in vitro (for example, freshly isolated tumor cells). The antibodies
used in the assay are not species-specific, so the kit may be used to assay cells from a
wide variety of species.

% Suitable for high-throughput screening.

Apoptosis, Cytotoxicity, and Cell Proliferation Manual




Cell Death Detection ELISAP'VS

Sensitivity In a model system, nucleosomes were detectable in as few as 600 campothecin-induced
U937 cells (Figure 23). However, the lower limit for detecting dying/dead cells in a
particular sample varies with the kinetics of the apoptotic process, the cytotoxic agent
used, and the number of affected cells in the total cell population.

Specificity The ELISA is specific for nucleosomes containing single- or double-stranded DNA
(Figure 24). It is not species specific.
Time Approx. 3 h (after induction of apoptosis)
Benefits = Obtain reproducible relative quantification of cell death that correlates well with
the DNA ladder method.

= Perform high-throughput analysis of cell death with a one-step ELISA that
processes hundreds of cell samples in parallel, saving time and effort.

= Discriminate between cells undergoing apoptosis and those undergoing necrosis
using one sample.

= Achieve high sensitivity by detecting apoptosis in as few as 600 cells.

= Choose the improved Cell Death Detection ELISA'S and obtain all the benefits of
the Cell Death Detection ELISA with the added advantages of fewer steps, a shorter
assay time, and an ABTS Stop Solution.

/
e
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Cell Death Detection ELISA'YS

How to use the kit

I. Assay procedure overview

The assay uses an one-step sandwich immunoassay to detect nucleosomes. The proce-
dure involves:

@ Incubating cells in a microplate well (for instance, 10* human cells in 200 pl culture)
with an agent that induces cell death (for example, campothecin (CAM)). After the
incubation, the cells are pelleted by centrifugation and the supernatant is (containing
DNA from necrotic cells that leaked through the membrane during incubation)
discarded.

Resuspending and incubating cells in lysis buffer. After lysis, intact nuclei are pelleted
by centrifugation.

Transferring an aliquot of the supernatant to a streptavidin-coated well of a microplate
module (included in kit).

Binding nucleosomes in the supernatant with two monoclonal antibodies, anti-histone
(biotin-labeled) and anti-DNA (peroxidase-conjugated). Antibody-nucleosome
complexes are bound to the microplate by the streptavidin.

Washing the immobilized antibody-histone complexes three times to remove cell
components that are not immunoreactive.

Incubating sample with peroxidase substrate (ABTS).

)

Determining the amount of colored product (and thus, of immobilized antibody-histone
complexes) spectrophotometrically.
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Cell Death Detection ELISAP'VS

Kit content

Anti-histone antibody (clone H11-4), biotin-labeled
Anti-DNA antibody (clone M-CA-33), peroxidase-conjugated
DNA-histone complex (positive control)

Incubation buffer, ready-to-use

Lysis buffer, ready-to-use

Substrate buffer, ready-to-use

ABTS substrate tablets

ABTS stop solution

. Microplate modules 12 x 8 wells (streptavidin-coated)

10. Adhesive cover foils

0PN U W

Typical results with the kit

Figure 23: Sensitivity of Cell Death Detection
ELISAPLYS,

3 Different cell concentrations of U937 cells were
incubated with camptothecin (CAM) (2 ug/ml) or
without CAM for 4 h at 37°C. 20 pl of cell culture
supernatant and cell lysates were analyzed in the
ELISA. Substrate reaction time: 10 min. @ Lysate with
24 CAM, @ Lysate without CAM, Il Supernatant with
CAM, M Supernatant without CAM.

Result: The ELISA can clearly detect apoptosis-related
nucleosomes in as few as 600 cells.

o S | " L | o Ly |
10 100 1000 10000
cells / well

Figure 24: Dose-response experiment analyzed by
the Cell Death Detection ELISAPUS,

U937 cells (10* cells/well, in 200 pl) were incubated
with different concentrations of camptothecin (CAM)
for 4 h at 37°C. Before and after lysis, cells were
centrifuged and a 20 pl aliquot of the supernatant was
analyzed with the Cell Death Detection ELISAPUS,
Results were plotted as dose vs. response. Substrate
reaction time: 5 min. 4 Lysate, M Supernatant, ®
Enrichment factor of the lysate.

Result: Amounts of cytoplasmic oligonucleosomes (an
indicator of apoptosis) increase as CAM concentration
increases. Cell culture supernatants removed from the
cells after treatment (but before lysis) gave no signal,
indicating that there are no necrotic cells during the
treatment.
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Cell Death Detection ELISA

Cell Death Detection ELISA

Cat. No. 11 544 675 001

Type

Three-step sandwhich ELISA, colorimetric

Useful for

Specific determination of mono- and oligonucleosomes in the cytoplasmic fraction of

cell lysates.

Sample material

Cytoplasmic fractions (lysates) of cell lines, cells ex vivo, or tissue homogenates

Method Cell lysis, followed by immunochemical determination if histone-complexed DNA
fragments in a microplate well
Time 5-6 h

Apoptosis - DNA Fragmentation in Cell Populations

How to use the kit

I. Assay procedure overview

The procedure involves:

Kit content

Anti-histone, (clone H11-4)
Anti-DNA-POD, (clone MCA-33)
Coating buffer

Washing buffer

Ll S

o 0N

Incubation buffer, ready-to-use
solution

Substrate buffer, ready-to-use solution
ABTS substrate tablet

Microplate modules

Adhesive plate cover foils
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Assays that Measure DNA Fragmentation in Individual Cells

Assays that Measure DNA Fragmen-
tation in Individual Cells

The methods used to assess DNA strand breaks are based on labeling/staining the
cellular DNA. The labeled/stained DNA is subsequently analyzed by flow cytometry,
fluorescence microscopy or light microscopy (Figure 25). In general, two different
labeling methods may be used to identify DNA in apoptotic cells:

= Enzymatic labeling: Cellular DNA is labeled with modified nucleotides (e.g.,
biotin-dUTP, DIG-dUTP, fluorescein-dUTP) using exogenous enzymes (e.g.,
terminal transferase, DNA polymerase). This labeling detects extensive DNA strand
breaks. Enzymatic labeling is discussed in detail below (page 71 of this guide).

= Staining with fluorochromes: Cellular DNA is stained with fluorescent DNA-bind-
ing dyes (DNA-fluorochromes) capable of intercalating into DNA. Upon binding to
DNA these dyes become highly fluorescent. Apoptotic cells are binding less dye
molecules, since they characteristically lose DNA during the staining process
(described on page 49 of this guide).

l Apoptosis

HMW DNA

e enzymatic
\ i labeling

visualization quantification l staining l staining
with with

apoptotic cells fluorochrome fluoro-
chrome

ik

DNA strand breaks Altered nucleus morphology REdé'DC:giE:NA

Figure 25: Schematic illustration of the two basic principles for detecting DNA fragmentation in single
cells.
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The TUNEL enzymatic labeling assay

The TUNEL enzymatic labeling assay

Extensive DNA degradation is a characteristic event which occurs in the late stages of
apoptosis. Cleavage of the DNA may yield double-stranded, LMW DNA fragments
(mono- and oligonucleosomes) as well as single strand breaks (“nicks”) in HMW-DNA.
Those DNA strand breaks can be detected by enzymatic labeling of the free 3’-OH
termini with modified nucleotides (X-dUTP, X = biotin, DIG or fluorescein). Suitable
labeling enzymes include DNA polymerase (nick translation) and terminal deoxynucle-
otidyl transferase (end labeling) (Figure 26)

In Situ Nick Translation (ISNT) In Situ End Labeling (TUNEL)
(template dependent) (template independent)

nick
/ 3 3
| | I | |
|II|II||I||I|J| II|II||I||I||I

5 5

+ DNA polymerase + Terminal transferase
+ X-dNTP (m) + X-dNTP (m)

3

r
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Figure 26: Schematic illustration of two enzymatic DNA labeling methods nick translation and end
labeling.

Nick translation

DNA polymerase I catalyzes the template dependent addition of nucleotides when one
strand of a double-stranded DNA molecule is nicked. Theoretically, this reaction (In Situ
Nick Translation, ISNT) should detect not only apoptotic DNA, but also the random
fragmentation of DNA by multiple endonucleases occurring in cellular necrosis.

End labeling

Terminal deoxynucleotidyl transferase (TdT) is able to label blunt ends of double-
stranded DNA breaks independent of a template. The end-labeling method TUNEL
(TdT-mediated X-dUTP nick end labeling) enables the highly sensitive detection of
apoptosis in tissue and single cells (Figure 27 and 28).

The TUNEL method is more sensitive and faster than the ISNT method. Cells undergo-
ing apoptosis were preferentially labeled by the TUNEL reaction, whereas necrotic cells
were identified by ISNT. Thus, experiments suggest the TUNEL reaction is more specific
for apoptosis and the combined use of the TUNEL and nick translation techniques may
be helpful to differentiate cellular apoptosis and necrosis.

For a comparison of results with the TUNEL and ISNT methods, see Figure 27.

To allow exogenous enzymes to enter the cell, the plasma membrane has to be permeabi-
lized prior to the enzymatic reaction. To avoid loss of LMW DNA from the permeabi-
lized cells, the cells have to be fixed with formaldehyde or glutaraldehyde before permea-
bilization. This fixation crosslinks LMW DNA to other cellular constituents and
precludes its extraction during the permeabilization step.
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The TUNEL enzymatic labeling assay
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Figure 27: Comparison of TUNEL and ISNT methods for detecting apoptosis in CD8* T cells from TcR
transgenic mice. F5 mice are transgenic for a T cell receptor (TcR) specific for a peptide derived from a
nucleoprotein of influenza virus ANT/1968. In this experiment, the nucleopeptide protein was injected into F5
mice to activate T cells in vivo. After 4 days, mice were sacrificed and lymphoid organs were removed. Cell
suspensions were prepared and incubated 4 h at 37°C. To allow detection of T cells which were dying after the in
vivo immune response [Pihigren, M., Thomas, J. and Marvel, J. (1996) Biochemica, No. 3, 12-14], cells were
stained for CD8 (with a fluorescent antibody), fixed, permeabilized, and then labeled by either the TUNEL
(TdT-mediated dUTP Nick End Labeling) or the ISNT (/n Situ Nick Translation) method. Labeled and control cells
were analyzed by flow cytometry, with CD8+ cells gated. Spleen cells from a control (not immunized) mouse
(red) and from two mice immunized 4 days earlier (green) are shown.

Result: The TUNEL method detected approximately 15% apoptotic cells among CD8+ T cells from the
immunized mice. No positive cells were found in the control mouse. In contrast, the ISNT method was unable to
detect any apoptotic cells, possibly due to the lower sensitivity of the technique.

If free 3’ ends in DNA are labeled with biotin-dUTP or DIG-dUTP, the incorporated
nucleotides may be detected in a second incubation step with (strept)avidin or an
anti-DIG antibody. The immunocomplex is easily visible if the (strept)avidin or an
anti-DIG antibody is conjugated with a reporter molecule (e.g., fluorescein, AP, POD).

In contrast, the use of fluorescein-dUTP to label the DNA strand breaks allows the
detection of the incorporated nucleotides directly with a fluorescence microscope or a
flow cytometer. Direct labeling with fluorescein-dUTP offers several other advantages.
Direct labeling (Figure 28A) produces less nonspecific background with sensitivity equal
to indirect labeling (Figure 28B) and, thus, is as powerful as the indirect method in
detecting apoptosis. Furthermore, the fluorescence may be converted into a colorimetric
signal if an anti-fluorescein antibody conjugated with a reporter enzyme (Table 7) is
added to the sample.

Although the enzymatic labeling methods are time-consuming (due to multiple incuba-
tion and washing steps), they are very sensitive and specific.

One has to keep in mind that these methods are based on the detection of DNA
strand breaks. There are rare situations when apoptosis is induced without DNA
degradation. Conversely, extensive DNA degradation, even specific to the internu-
cleosomal linker DNA, may accompany necrosis. Thus, one should always use
another independent assay, along with the TUNEL method, to confirm and charac-
terize apoptosis.

Roche Applied Science offers four kits for the detection of DNA strand breaks in
individual cells using the TUNEL method. Each is described on the following pages.
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Figure 28: Comparison of direct and indirect labeling of DNA strand breaks in apoptotic cells. PBL were
incubated with 1 pM dexamethasone for 24 h at 37°C and then labeled by TUNEL. Recordings were made at the
same photomultiplier settings.

(Data were kindly provided by R. Sgonc, University of Innsbruck, Austria).

Result: Direct labeling is as sensitive as indirect labeling, but produces less non-specific background.

Method/RAS Label Indirect (secondary) Analysis by

product detection system

In Situ Cell Fluorescein-dUTP  None (direct detection) Flow cytometry 74
Death Detection Fluorescence

Kit, Fluorescein microscopy

In Situ Cell TMR-dUTP None (direct detection) Fluorescence 74
Death Detection microscopy

Kit, TMR red

In Situ Cell Fluorescein-dUTP  Anti-Fluorescein-AP Light microscopy 79
Death Detection

Kit, AP

In Situ Cell Fluorescein-dUTP  Anti-Fluorescein-POD  Light microscopy 79
Death Detection

Kit, POD

Table 7: Four different kits for the enzymatic labeling of DNA and the secondary detection systems
required.
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In Situ Cell Death Detection Kits, Fluorescein/TMR red

In Situ Cell Death Detection Kit,
Fluorescein

Cat. No. 11684 795910 50 tests

In Situ Cell Death Detection Kit,
TMR red

Cat. No. 12 156 792 910 50 tests

Type

Direct TUNEL labeling assay

Useful for

Detection of DNA strand breaks in apoptotic cells by flow cytometry or fluorescence
microscopy

Sample material

Cells in suspension, adherent cells, cell smears, frozen or paraffin-embedded tissue
sections

Test principle

The assays use an optimized terminal transferase (TdT) to label free 3’OH ends in
genomic DNA with fluorescein-dUTP or TMR-dUTP.

Fluorescein-dUTP TMR-dUTP

DMA of fixed cells labeled by the addition of
fluorescein- or TMR-dUTP
at strand breaks by terminal transferase

Method

End-labeling of DNA with fluorescein-dUTP or tetramethylrhodamine-dUTP (TMR-
dUTP), followed by direct analysis of fluorescent cells

Significance of the
kit

This two In Situ Cell Death Detection Kits, measure and quantitate cell death (apoptosis)
by labeling and detection of DNA strand breaks in individual cells by flow cytometry or
fluorescence microscopy. The kits offer a direct TUNEL detection method, for maximum
sensitivity and minimal background.

Sensitivity

The enzymatic labeling allows the detection of an apoptotic event that occurs, prior to
changes in morphology and even before DNA fragments become detectable in the
cytoplasm. It detects early stage of DNA fragmentation in apoptotic cells. This is
especially important if apoptosis is studied in vivo, e.g., in tissue sections, since apoptotic
cells are rapidly and efficiently removed in vivo.

Specificity

The amount of DNA strand breaks in apoptotic cells is so large that the degree of cell
labeling in these assays is an adequate discriminator between apoptotic and necrotic
cells.

Time

1-2 h (+ sample preparation, permeabilization, etc.)

Benefits

» Easily obtain results as no secondary detection system is required.

= Identify apoptosis at a molecular level (DNA-strand breaks) and cells at the very
early stages of apoptosis.

m Achieve maximum sensitivity with minimal background.
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In Situ Cell Death Detection Kits, Fluorescein/TMR red

How to use the kits

I. Assay procedure overview

The procedure involves:

@ Fixing and permeabilizing apoptotic cells.

@ Incubating the cells with the TUNEL reaction mixture containing TdT and fluorescein-
dUTP or TMR-dUTP. During this incubation step, TdT catalyzes the attachment of
fluorescein-dUTP or TMR-dUTP to free 3'OH ends in the DNA.

® Visualizing the incorporated fluorescein with a flow cytometer and/or a fluorescence
microscope (fluorescein/TMR red).

Il. Kits content

In Situ Cell Death Detection Kit, Fluorescein

1. Enzyme solution (TdT), 5 tubes

2. Labeling solution (fluorescein-dUTP), 5 tubes
In Situ Cell Death Detection Kit, TMR red

1. Enzyme solution (TdT), 5 tubes

2. Label solution (TMR-dUTP), 5 vials

@ The TUNEL reaction mixture is prepared by mixing the Enzyme solution and the
Label solution prior to use.
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Typical results with the kit
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Figure 29: Detection of apoptotic cells by flow cytometry using the /n Situ Cell Death Detection Kit,

Fluorescein. HL60 cells were cultured in the absence (A) or presence (B) of 2 pg/ml Camptothecin for 3 h at
37°C. Cells were incubated either with TUNEL reaction mixture (M) or label solution as negative control (M) or
PBS for autofluorescence ().

Figure 30: Detection of apoptotic cells (green) by
fluorescence microscopy in a tissue section from
rat. A tissue section from a rat spinal cord was prepared
and assayed with the /n Situ Cell Death Detection Kit,
Fluorescein. The treated section was viewed under a
fluorescence microscope. (Photomicrograph was kindly
provided by R. Gold, University of Wiirzburg, Germany.)
Result: A subpopulation of apoptotic cells, scattered
throughout the tissue section, are intensely stained
(green) by the TUNEL treatment and are easily visible
under the microscope.

Figure 30a: Cell suspension stained with the

In Situ Cell Death Detection Kit, Fluorescein. U-937
cells induced with 4 pg/ml camptothecin show positive
staining of apoptotic nuclei.

Note: This figure shows a high number (>80%) of
apoptotic cells. To avoid detecting cells that are
undergoing secondary necrosis, analyze cells earlier in
the process after induction of apoptosis.

Figure 31: Use of the In Situ Cell Death Detection
Kit, TMR red to detect apoptotic cells (red) by
immunohistochemical staining. Tissue from rabbit
endometrium was assayed with the kit and viewed
under a fluorescence microscope. Apoptotic nuclei stain
bright red; limited fluorescence is visible in background
tissue.
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In Situ Cell Death Detection Kits, AP/POD

In Situ Cell Death Detection Kit, AP

Cat. No. 11 684 809 910 50 tests

In Situ Cell Death Detection Kit, POD

Cat. No. 11684 817 910 50 tests

Type

Indirect TUNEL labeling assay

Useful for

Detection of DNA strand breaks in apoptotic cells under a light microscope

Sample material

Cell smears, adherent cells, cytospins, frozen or fixed tissue sections

Test principle

The assays use an optimized terminal transferase (TdT) to label free 3’OH ends in
genomic DNA with fluorescein-dUTP.

Fixed cells with Anti-fluorescein-AP Substrate
fluorescein-labeled or
DMA-strand breaks Anti-fluorescein-POD

Method

End-labeling of DNA with fluorescein-dUTP, followed by detection of incorporated
fluorescein with an antibody and visualization of the antibody

Significance of the
kit

These two In Situ Cell Death Detection Kits measure cell death (apoptosis) by detecting
DNA strand breaks in individual cells by light microscopy. The AP and POD Kkits offer an
indirect TUNEL detection method, which is a fast, sensitive, and specific light micro-
SCOpIc assay.

Sensitivity

The enzymatic labeling allows the detection of an apoptotic event that occurs, prior to
changes in morphology and even before DNA fragments become detectable in the
cytoplasm. It detects early stage of DNA fragmentation in apoptotic cells. This is
especially important if apoptosis is studied in vivo, e.g., in tissue sections, since apoptotic
cells are rapidly and efficiently removed in vivo.

Specificity

The amount of DNA strand breaks in apoptotic cells is so large that the degree of cell
labeling in these assays is an adequate discriminator between apoptotic and necrotic
cells.

Time

Approx. 3 h (+ sample preparation, permeabilization, etc.)

Benefits

= Achieve maximum sensitivity - intensity of labeling (cell staining) of apoptotic cells
is higher than the nick translation method.

= The direct labeling procedure using fluorescein-dUTP allows verification of the
efficiency of the TUNEL reaction during the assay procedure

= Identify apoptosis at a molecular level (DNA-strand breaks) and at very early stages.

= No substrate included - provides the opportunity to select the staining procedure of
choice.
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In Situ Cell Death Detection Kits, AP/POD

How to use the kit

I. Assay procedure overview

The procedure involves

@ Fixing and permeabilizing apoptotic cells or tissue sections.

© Incubating the cells with the TUNEL reaction mixture containing TdT and fluorescein-
dUTP. During this incubation step, TdT catalyzes the attachment of fluorescein-dUTP to
free 3'0OH ends in the DNA.

©® Detecting the incorporated fluorescein with an anti-fluorescein antibody AP conjugate
(/n Situ Cell Death Detection Kit, AP) or an anti-fluorescein antibody POD conjugate (/n
Situ Cell Death Detection Kit, POD).

O Visualizing the immunocomplexed AP or POD with a substrate reaction.

il
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In Situ Cell Death Detection Kits, AP/POD

Il. Kits content

In Situ Cell Death Detection Kit, AP

1. Enzyme solution (TdT), 5 tubes
2. Labeling solution (fluorescein-dUTP), 5 tubes
3. Anti-Fluorescein-AP conjugate, ready to use

In Situ Cell Death Detection Kit, POD

1. Enzyme solution (TdT), 5 tubes
2. Labeling solution (fluorescein-dUTP), 5 tubes
3. Anti-Fluorescein-POD conjugate, ready to use

@ For added flexibility and convenience, the components of these kits, as well as several
AP and POD precipitating substrates are also available as single reagents (Table 8,

page 84).

I1l. TUNEL protocol for tissues which tend to give false
positive results

The protocol given below has been found to eliminate the TUNEL labeling “false
positives” seen with certain paraffin-embedded tissue sections (for example, of rabbit
endometrium). The key step is pretreatment of the slide with microwave irradiation
rather than proteinase K.

Sample:  Paraffin-embedded tissue sections (e.g., of rabbit endometrium)

Reagents: [n Situ Cell Death Detection Kit, POD, Cat. No. 11 684 817 910
DAB Substrate, Cat. No. 11 718 096 001

Dewax paraformaldehyde- or formalin-fixed tissue sections according to standard
procedures.

Place the slide(s) in a plastic jar containing 200 ml 0.1 M citrate buffer, pH 6.0, put the
jar in a microwave oven, and apply 750 W (high) microwave irradiation for 1 min. For
rapid cooling, immediately add 80 ml redist. water (20°-25°C) to the jar, then transfer
the slide(s) into PBS (20°-25°C).

© poNor perform a proteinase K treatment!

Immerse the slide(s) for 30 min at 15-25°C in a blocking solution containing 0.1 M
Tris-HCI, 3% BSA, and 20% normal bovine serum, pH 7.5.

Rinse the slide(s) twice with PBS at 15-25°C. Let excess fluid drain off.

Apply 50 pl of TUNEL reaction mixture to the section and incubate for 60 min at 37°C
in a humidified atmosphere.

Rinse slide(s) three times in PBS (5 min for each wash).
At this stage, you can evaluate the section under a fluorescence microscope.

Block endogenous peroxidase activity by incubating slides for 10 min at 15-25°C with
0.3% H,0, in methanol.

Repeat steps 3 and 4 to block nonspecific binding of the anti-fluorescein-antibody to
the tissue.

Add 50 pl Converter-POD, pre-diluted 1:2 in blocking solution (from Step 3), and
incubate for 30 min at 37°C in a humidified atmosphere.

Rinse slide(s) three times in PBS at 15-25°C for 5 min each.
Add 50 pl DAB substrate solution and incubate for 1-3 min at 15-25°C.

Wash slide(s) extensively in tap water and counterstain if needed.

®ee 6 6 © 0 6006| ©
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In Situ Cell Death Detection Kits, AP/POD
Technical tips on the TUNEL method

IV. Troubleshooting

Tips for avoiding or eliminating potential TUNEL labeling artifacts

High background

82

used to polymerize tissue embedding
material such as methacrylate)

m Acid tissue fixatives (e.g., mathacarn,
Carnoy’s fixative) cause DNA strand
breaks

= Endogenous nuclease activity which
occurs soon after tissue preparation (e.g.,
in smooth muscle tissue slices)

= TdT concentration too high during
TUNEL labeling

= Endogenous alkaline phosphatase
activity during converter reaction

= Endogenous peroxidase activity during
converter reaction

= Nonspecific binding of anti-fluorescein
antibody conjugate during converter
reaction

= Formalin fixation, which causes yellow
staining of cells containing melanin
precursors

= TUNEL labeling mix too concentrated
(e.g., for carcinomas)

= Endogenous alkaline phosphatase
activity during converter reaction

= Endogenous peroxidase activity during
converter reaction

= Nonspecific binding of anti-fluorescein
antibody conjugate during converter
reaction

To avoid this artifact Which may be caused by Try the following
Nonspecific TUNEL = DNA strand breaks induced by UV = Use a different embedding material,
labeling irradiation during tissue embedding (UV which does not require UV irradiation

= Use an alternate polymerization method

u Use buffered 4% paraformaldehyde as
fixative

m Fix tissue immediately after organ harvest
Perfuse fixative through liver vein in
intact animal

= Reduce concentration of TdT by diluting
it 1:2 or 1:3 with TUNEL Dilution Buffer
(Cat. No. 11 966 006 001) containing
30 mM Tris (pH 72) containing 140 mM
sodium cacodylate and 1 mM CoCl,

= Block endogenous AP activity by adding
1 mM levamisole to the AP substrate
solution

u Before permeabilizing cells, block
endogenous POD activity by immersing
the slides in a solution of 0.3% H,0, in
methanol

= Block nonspecific sites with normal anti-
sheep serum

u Block nonspecific sites with PBS con-
taining 3% BSA (20 min)

m Use 1:2 dilution of converter solution in
PBS

= Use methanol fixation

This fixation may lead to a reduction
in TUNEL labeling sensitivity

= Reduce concentration of labeling mix by
diluting it 1:2 with TUNEL Dilution Buffer
(Cat. No. 11 966 006 001) containing
30 mM Tris (pH 7.2) containing 140 mM
sodium cacodylate and 1 mM CoCl,

u Block endogenous AP activity by adding
1 mM levamisole to the AP substrate
solution

u Before permeabilizing cells, block
endogenous POD activity by immersing
the slides in a solution of 0.3% H,0, in
methanol

u Block nonspecific sites with normal
anti-sheep serum

u Block nonspecific sites with PBS con-
taining 3% BSA (20 min)

m Use 1:2 dilution of converter solution in
PBS
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In Situ Cell Death Detection Kits, AP/POD

Typical results with the kit

Figure 32: Detection of apoptotic cells by TUNEL and
peroxidase staining in rabbit endometrium. A tissue section
from rabbit endometrium was prepared and assayed with the /n
Situ Cell Death Detection Kit, POD. Slide was counterstained
with hematoxylin and viewed under a light microscope.

Result: A subpopulation of apoptotic cells, scattered through-
out the tissue section, are intensely stained (brown) by the
TUNEL treatment and subsequent peroxidase immunostaining.

Figure 33: Detection of apoptotic cells by TUNEL and alkaline phosphatase staining in rat spinal cord.
A tissue section from rat spinal cord was prepared and assayed with the /n Situ Cell Death Detection Kit, AP. The
slide was viewed under a light microscope (Panel A). After viewing, the same slide was stained with propidium
iodide and viewed by fluorescence microscopy (Panel B).

Result: A few apoptotic cells (red) are clearly visible after TUNEL treatment and subsequent alkaline phos-
phatase immunostaining (Panel A). However, the apoptotic cells are not visible in the same slide after staining
with propidium iodide (Panel B).

For your convenience, we offer a number of additional single reagents to optimize your
TUNEL reaction (Table 8)

Product Cat. No. Pack Size

TUNEL Label Mix 11767 291910 3 x 550 pl (30 tests)
TUNEL Enzyme 11 767 305001 2 x 50 pl (20 tests)
TUNEL POD 11772 465 001 3.5 ml (70 tests)

(Anti-Fluorescein, POD conjugate)
TUNEL AP (Anti-Fluorescein, AP conjugate) 11 772 457 001 3.5 ml (70 tests)
TUNEL Dilution Buffer 11966 006 001 2x 10 ml

DAB Substrate, metal enhanced, 11718 096 001 1 pack
precipitating (Peroxidase (POD) substrate)

NBT/BCIP Stock Solution (AP substrate) 11681 451001 8 ml
Fast Red Tablets (AP substrate) 11 496 549 001 20 tablets

Table 8: Single reagents available for the TUNEL technique.
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Relationship between Cytotoxicity, Apoptosis and Necrosis

Examples of cytotoxicity

Relationship between Cytotoxicity,
Apoptosis and Necrosis

As discussed in Chapter 1 of this guide, there are two experimentally distinguishable
mechanisms of cell death: necrosis, the “accidental” cell death that occurs when cells are
exposed to a serious physical or chemical insult, and apoptosis, the “normal” cell death
that removes unwanted or useless cells.

In contrast to these two cell death processes, cytotoxicity does not define a specific
cellular death mechanism. Rather, cytotoxicity is simply the cell-killing property of a
chemical compound (such as a food, cosmetic, or pharmaceutical) or a mediator cell
(such as a cytotoxic T cell), independent from the mechanisms of death.

@ Cytotoxicity may also be used, as it is in this guide, to denote a laboratory method for
detecting dead cells, regardless of the mechanism of their death.

Uptake of dyes (e.g., Trypan blue, propidium iodide)

Release of artificial label (e.g., ['Cr], [H])

Release of cytoplasmic enzymes (e.g., LDH)

Figure 34: Schematic illustration of the three basic principles to assess plasma membrane leakage.

Example of cytotoxicity

A common example of cytotoxicity is cell-mediated cytotoxicity. Cells of the immune
system [such as cytotoxic T cells, natural killer (NK) cells, and lymphokine-activated
(LAK) cells] can recognize and destroy damaged, infected and mutated target cells.
Although the recognition machinery used by these cells is very different, their mecha-
nism of target cell destruction may be very similar.

Two possible cytocidal mechanisms have been proposed for cell-mediated cytotoxicity:
(1) the apoptotic mechanism, in which the effector cell triggers an autolytic cascade in
the target cell and the genomic DNA fragments before cell lysis; and (ii) the lytic
mechanism, in which lytic molecules, notably perforin, are secreted by the effector cell
into the intercellular space and polymerize to form pores in the target cell membrane,
leading to cell lysis. These two mechanisms are not mutually exclusive and, quite
possibly, are complementary.
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Methods for studying cytotoxicity

Methods for studying cytotoxicity

Most current assays for measuring cytotoxicity are based on alterations of plasma
membrane permeability and the consequent release (leakage) of components into the
supernatant or the uptake of dyes, normally excluded by viable cells (Figure 34) (see also
on page 49 “Dye exclusion method”). A serious disadvantage of such permeability assays
is that the initial sites of damage of many, if not most cytotoxic agents are intracellular.
Therefore, cells may be irreversibly damaged and committed to die and the plasma
membrane is still intact. Thus, these assays tend to underestimate cellular damage when
compared to other methods. Despite this fact, some permeability assays have been
widely accepted for the measurement of cytotoxicity.

Alternatively, dead cells are unable to metabolize various tetrazolium salts (see also
Chapter 9). This allows the use of the colorimetric assays MTT, XTT, or WST-1 to
measure cell survival. Apoptosis, however, is an active mode of cell death requiring the
metabolism of cells. Thus, like the permeability assays mentioned above, the colorimet-
ric assays may underestimate cellular damage and detect cell death only at the later
stages of apoptosis when the metabolic activity of the cells is reduced.

Regardless of this disadvantage, the colorimetric assays are very useful for quantitating
factor-induced cytotoxicity within a 24 to 96 h period of cell culture. However, these
colorimetric assays are of limited value for measuring cell mediated cytotoxicity, since
most effector cells become activated upon binding to the target cells. This activation
results in an increased formazan production by the effector cell, which tends to mask the
decreased formazan production resulting from target cell death.

Assays for cytotoxicity can be, and frequently are, used to measure cell necrosis.
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Cytotoxicity Product Selection Guide

Follow the selection guide below to determine the appropriate Roche Applied Science
product for the study of cytotoxicity to meet your needs. If you need additional help,
please visit www.roche-applied-science.com/apoptosis

LDH released from damaged cells

m Cytotoxicity Detection Kit™'S (LDH) 04 744 926 001
04 744 934 001

no

Do your cells proliferate in vitro?

LDH released from damaged cells

1 Cytotoxicity Detection Kit™VS (LDH) 04 744 926 001
04 744 934 001

BrdU incorporation during DNA synthesis
i Cellular DNA Fragmentation ELISA 11 585 045 001

cytotoxic
substances
and you are studyin

LDH released from damaged cells

m Cytotoxicity Detection Kit™'S (LDH) 04 744 926 001
04 744 934 001

Metabolic activity: tetrazolium salt conversion

m Cell Proliferation Reagent WST-1 11 644 807 001
05 015 944 001

no

using de

S chemilu-

minescent
ELISA

Do your cells proliferate in vitro?

Metabolic activity: tetrazolium salt conversion

1 Cell Proliferation Reagent WST-1 11 644 807 001
05 015 944 001

LDH released from damaged cells

m Cytotoxicity Detection Kit™VS (LDH) 04 744 926 001
04 744 934 001

BrdU incorporation during DNA synthesis

1 Cell Proliferation ELISA, BrdU 11 647 229 001
(colorimetric)

1 Cellular DNA Fragmentation ELISA 11 585 045 001

BrdU incorporation during DNA synthesis

m Cell Proliferation ELISA, BrdU 11 669 915 001
(chemiluminescent)
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Assays that Measure Plasma Membrane Leakage

Assays that Measure Plasma
Membrane Leakage

Widely used standard methods for measuring plasma membrane leakage are based on
the uptake or exclusion of molecules with special light-absorbing or fluorescent proper-
ties. Viable (intact plasma membrane) and dead (damaged plasma membrane) cells can
be discriminated by differential staining. Because dyes stain individual cells, each sample
has to be analyzed by flow cytometry or microscopy. This kind of single cell analysis is
not suitable if many different samples have to be measured. In contrast, assays which
quantitate plasma membrane disintegration in cell populations allow many different
samples to be handled simultaneously in a single MTP.

One group of standard assays performed in a MTP is based on the release of radioactive
isotopes ([*'Cr], [’H]-thymidine, [’H]-proline, [*S]- or ["°Se]-methionine, 5-['*I]-2-
deoxy-uridine) or fluorescent dyes (bis-carboxyethyl-carboxyfluorescein (BCECF) or
calcein-AM) from prelabeled target cells. The disadvantages of such assays however, are
(i) the use of radioactive isotopes in most of them, (ii) the necessity for prelabeling of
the target cells, and (iii) the high spontaneous release of most labels from the prelabeled
target cells.

Another group of assays is based on the measurement of cytoplasmic enzymes released
by damaged cells. The amount of enzyme activity detected in the culture supernatant
corresponds to the proportion of lysed cells. Enzyme release assays have been described
for alkaline and acid phosphatase, for glutamate-oxalacetate transaminase, for glutamate
pyruvate transaminase, and for argininosuccinate lyase. However, their use has been
hampered by the low amount of those enzymes present in many cells and by the
elaborate kinetic assays required to quantitate most enzyme activities.

In contrast to the above mentioned cytoplasmic enzymes, lactate dehydrogenase (LDH)
is a stable cytoplasmic enzyme present in all cells. It is rapidly released into the cell
culture supernatant when the plasma membrane is damaged. With the Cytotoxicity
Detection Kits (see page 94 and 98), LDH activity can easily be measured in culture
supernatants by a single point assay. The use of a spectrophotometric microplate reader
(ELISA plate reader) allows the simultaneous measurement of multiple probes and
thereby guarantees the easy processing of a large number of samples (Figure 35).

92 Apoptosis, Cytotoxicity, and Cell Proliferation Manual




Assays that Measure Plastna Membrane Leakage

Incubation
(2-48h)

+ reaction mixture l

Incubation
(0.5-4h)

Measurement

ELISA-reader

Figure 35: Measurement of LDH activity (¢) using the microplate format.

If you are studying... and you wish to detect... using detection by... then use ...
Plasma Membrane Release of lactate dehydro- Colorimetric assay Cytotoxicity Detection Kit 94
Damage genase (LDH) (LDH)
Cytotoxicity Detection 98
Kit"tVs (LDH)
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Cytotoxicity Detection Kit (LDH)

Cytotoxicity Detection Kit (LDH)

Cat. No. 11 644 793001 2,000 tests

Type

Colorimetric assay, microplate format

Useful for

Quantitation of LDH activity released from damaged/dying cells

Sample material

Cell-free supernatants from cells in culture

Method

Preparation of cell-free supernatant, followed by incubation of supernatant with INT to
form colored formazan, a product which may be quantitated colorimetrically

Test principle

The assay is based on the cleavage of a tetrazolium salt when LDH is present in the
culture supernatant.

1" enzymatic reaction

pyruvate lactate
coo” coo”
| LOH |
T —0 « HO— T —
CH, \ CH,
NADH + H* NAD™

2™ enzymalic reaction

H/O/
= N—»/O/ K / _-N—N
& or , g cr
\N:N*‘\O\ - \NzNU
H
NO, NO,

tetrazolium salt (pale yellow) formazan salt (red)

Biochemistry of the Cytotoxicity Detection Kit (LDH): In the first enzymatic reaction LDH reduces NAD* to
NADH + H* by oxidation of lactate to pyruvate; in the second enzymatic reaction the catalyst (diaphorase)
transfers H/H* from NADH + H* to the tetrazolium salt INT

Significance of kit

The Cytotoxicity Detection Kit measures cytotoxicity and cell lysis by detecting LDH
activity released from damaged cells. The assay is performed in a 96-well microplate. The
kit can be used in many different in vitro cell systems where damage of the plasma
membrane occurs. Examples are:

»  Detection and quantification of cell mediated cytotoxicity.
»  Determination of mediator-induced cytolysis.

»  Determination of the cytotoxic potential of compounds in environmental and
medical research, and in the food, cosmetic, and pharmaceutical industries.

= Determination of cell death in bioreactors.

Time

0.5-1 h (+ induction of cell death)

Benefits

= Increase safety by eliminating the use of radioactive isotopes (such as [*'Cr] release
assays).

= Obtain accurate assay results that strongly correlate to the number of lysed cells.

= Detect low cell numbers with high sensitivity.
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How to use the kit

I.  Assay procedure overview

The procedure involves:

@ Incubating the cells in culture to allow cell death to occur. An increase in the amount
of dead or plasma membrane-damaged cells during the assay results in an increase of
LDH in the culture supernatant.

Collecting the cell-free culture supernatant.

Adding the substrate mixture from the kit to the culture supernatant. Any LDH released
into the supernatant during Step 1 will reduce the tetrazolium salt INT to formazan by a
coupled enzymatic reaction. Thus, release of LDH into the supernatant directly
correlates to the amount of formazan formed in this step.

(4[]

@ Quantitating the formazan dye formed in an ELISA plate reader. The formazan dye
formed is water-soluble and shows a broad absorption maximum at about 500 nm.

Incubate cells in a microplate or batch culture for a certain period of time (optional:
induction of death by treatment with compounds or test substances)

Centrifuge cells

Remove 100 ml supernatant and transfer it to another microplate

Add 100 pl/well reaction mixture to each supernatant and incubate for 0.5 h

Measure absorbance using an ELISA plate reader

Il. Kit content

1. Catalyst (Diaphorase/NAD* mixture)
2. Dye solution (INT and sodium lactate)

To prepare the reaction mixture, mix catalyst with dye solution prior to use.
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Typical results with the kit

absorbance (Asgz nm -Asao nm)
2
I
cytotoxicity (%)
z
1

w —
04 |-
20 -
0z |-
0 [ 1 1 0 1 1
1 10 100 1 10 100
killer/target ratio killer/target ratio

Figure 36: Determination of the cytolytic activity of allogen-stimulated cytotoxic T lymphocytes (CTLs)
using the Cytotoxicity Detection Kit (LDH). A) Spleen cells of C57/BI 6 mice (H-2b) were stimulated in vitro
with P815 cells (H-2d). Viable CTLs were purified and titrated in the microplate as described in the package
insert. Target cells (1 x 10* cells/well) were incubated in the presence or absence (effector cell controls) of
effector cells for 4 hours. Culture supernatant samples (100 pl/well) for effector controls (O) and the effector-
target cell mix (®) were assayed for LDH activity. The middle curve is generated when the background control
values are subtracted from the effector-target cell values (). B) Calculated percentage of cell-mediated lysis.

Figure 37: Correlation of cell death (defined by

20 - -25 increased plasma membrane permeability) and
A viable cells LDH release. Ag8 cells (starting cell concentration:
B dead cells 2 x 10° /ml) were cultured and after 1, 2, 3 and 5 days,
@ LDH activity aliquots were removed. The amount of viable (A) and
- 2.0 dead (M) cells was determined by trypan blue
155] '% exclusion. LDH activity in cell free culture supernatant
‘f§ was determined using the Cytotoxicity Detection Kit
E - 15 'g (®.
= = Result: Increased LDH release clearly correlated with
E 10 5" the increase of dead cells.
s :
8 - 1.0 -g
2
- <
- 0.5
0 T T T T T T 0.0
0o 1 2 3 4 5 6
Days in culture
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3fc Cytotoxicity Detection Kit"'VS (LDH)

Cat. No. 04 744 926 001 400 tests
Cat. No. 04 744 934 001 2,000 tests

Type Colorimetric assay, microplate format

Useful for Quantitation of LDH activity released from damaged/dying cells

Sample material  Cell cultures grown in 96- or 384-well plates can be measured directly. Aliquots from
cultures grown in other formats can be transferred into 96- or 384-well plates for
measurement without removing the cells.

Method The Cytotoxicity Detection Kit"™¥$ (LDH) can be performed in a homogeneous format
and requires no transfer and centrifugation steps to separate the supernatant from the
cells. The color reaction can be stopped for defined assay conditions.

Test principle The culture is incubated with the Catalyst and Dye substrate mixture from the kit. For
total cell number counting, the lysis solution is added prior to the substrate reaction.
After the reaction, the assay can be terminated by adding the Stop Solution (optimal).
The LDH activity is determined by a coupled enzymatic reaction, whereby the tetrazo-
lium salt INT is reduced to formazan. The formazan dye formed is water soluble and
shows a broad absorption maximum at approximately 500 nm.

1" enzymatic reaction

pyruvate lactate
coo” coo”
| LOH |
T —0 < HO— T —H
CH, \ CH,
NADH + H™ NAD™

2™ enzymalic reaction

H
= N—N/O/ \ J 5 N—N/O/
& or , g cr
\.Nzw\@\ Catalyst \NzN*\@\
H
NO, NO,

tetrazolium salt (pale yellow) formazan salt (red)

Significance of kit The Cytotoxicity Detection Kit™ (LDH) is a fast, sensitive, and simple method to
quantitate cytotoxicity/cytolysis based on the measurement of LDH activity released
from damaged cells using the 96-well or 384-well plate format. The kit can be used in
many different in vitro cell systems when damage to the plasma membrane occurs. For
example:

» Detection and quantification of cell-mediated cytotoxicity.
»  Determination of mediator-induced cytolysis.

»  Determination of the cytotoxic potential of compounds in environmental and
medical research, and in the food, cosmetic, and pharmaceutical industries.

m Determination of cell death in bioreactors.

Sensitivity Less than 100 lysed cells can be detected in a 96-well plate.

Time 10 to 30 minutes for incubation.

% Suitable for high-throughput screening.
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Benefits

Perform high-throughput analysis with minimal handling steps — no transfer,
centrifugation, or prelabeling steps are required.

Control assay conditions by using the kit’s Stop Solution to terminate the color
reaction (optional).

Obtain accurate assay results that strongly correlate to the number of lysed cells.

Detect low cell numbers (<100 cells/well) with excellent linear range and high
sensitivity.

Save time by performing the assay in 96- or 384-well plates, enabling simultaneous
processing of multiple samples using an ELISA reader.

Use the kit in combination with the WST-1 Assay to obtain more information about
cell status (Figure 40).

Cytotoxicity in Cell Populations

How to use the kit

LS

Assay procedure overview

|

LDH"Ys Assay

Incubate for
5 - 30 minutes

Add Stop Solution (optional)

Measure colorimetric results

Kit content

Catalyst (Diaphorase/NAD* mixture)
Dye solution (INT and sodium lactate)
Lysis solution

Stop solution
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Cytotoxicity Detection Kit"'Vs (LDH)

Typical results with the kit
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Assays that Measure DNA Synthesis

Cytotoxicity in Cell Populations

Assays that Measure DNA Synthesis

During cell proliferation the DNA has to be replicated before the cell is devided into two
daughter cells.

This close association between DNA synthesis and cell doubling (Figure 41) makes the
measurement of DNA synthesis very attractive for assessing cell proliferation. If labeled
DNA precursors are added to the cell culture, cells that are about to divide incorporate
the labeled nucleotide into their DNA. Traditionally, those assays involve the use of
radiolabeled nucleosides, particularly tritiated thymidine ([*H]-TdR). The amount of
[’H]-TdR incorporated into the cellular DNA is quantitated by liquid scintillation
counting (LSC).

Nucleus

Cell division

DNA Replication

(DNA Synthesis)

/\

(Mitosis)

Figure 41: Cell proliferation, a close association between DNA synthesis and cell doubling.

Experiments have shown that the thymidine analogue 5-bromo-2’-deoxy-uridine
(BrdU) is incorporated into cellular DNA like thymidine (Figure 42). The incorporated
BrdU could be detected by a quantitative cellular enzyme immunoassay using monoclo-
nal antibodies directed against BrdU. The use of BrdU for such proliferation assays
circumvents the disadvantages associated with the radioactive compound [*H]-TdR.

The first report of this technique involved the extraction and partial purification of DNA
from BrdU-labeled proliferating cells, followed by an enzyme immunoassay in a separate
assay. Because this method was relatively laborious, the entire BrdU-based procedure was
adapted to a 96 well microplate. This adaptation required no harvesting of the cells; the
complete assay from the start of the microculture to data analysis by an ELISA plate
reader was performed in the same microplate (Figure 43).
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Figure 42: Molecular structure of thymidine and BrdU.
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Assays that Measure DNA Synthesis
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Figure 43: Measurement of DNA synthesis using modified nucleotides [*H]-TdR and BrdU.

If you are studying... and you wish to detect... using i ... thenuse ...

DNA Synthesis BrdU incorporation Colorimetric ELISA Cellular DNA 103
Fragmentation ELISA
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Cellular DNA Fragmentation ELISA

Cellular DNA Fragmentation ELISA

Cat. No. 11 585045 001 500 tests

Type

Sandwich ELISA, colorimetric

Useful for

Quantitation of BrdU-labeled DNA fragments either released from cells during necrosis
or cell-mediated cytotoxicity, or within the cytoplasm of apoptotic cells

Sample material

Cell-free supernatants from cultured cells or cytoplasmic lysates of cells,
prelabeled with BrdU

Method

Prelabeling of cells with BrdU, followed by immunodetection of BrdU-labeled DNA
fragments in sample

Test principle

The assay is a sandwich enzyme-linked immunosorbent assay (ELISA). It uses two
mouse monoclonal antibodies: one directed against DNA the other against BrdU.

e
© @g
()
e%e
o
®q9®
Anti-DNA-coated BrdU-labeled Anti-BrdU-POD T™B
microplate DNA-fragments fab fragments  substrate

Significance of the
kit

The Cellular DNA Fragmentation ELISA measures apoptosis, necrosis, or cell mediated
cytotoxicity by quantitating the fragmentation and/or release of BrdU-labeled DNA. The
kit detects DNA fragments:

» In the cytoplasm of apoptotic cells, thus providing a non-radioactive alternative to
the [*H]-thymidine-based DNA fragmentation assay.

»  Released into the culture supernatant during cell mediated cytotoxicity, thus provid-
ing a non-radioactive alternative to the [’H]-thymidine- and [*'Cr]-release assays.

Sensitivity

Apoptosis: When HL60/CAM is used as a model system for apoptosis, the ELISA can
detect BrdU-labeled DNA fragments in the cytoplasm of 1 x 10° cells/well (Figure 44).

Cell mediated cytotoxicity: When allogeneic-stimulated cytotoxic T cells are used as
effector cells to lyse P815 target cells in a cell mediated cytotoxicity assay, the ELISA can
detect BrdU-labeled DNA fragments from 2 x 10° target cells/well.

@ The ability to detect a minimum number of dying/dead cells in a particular sample
strongly depends on the kinetics of cell death, the cytotoxic agent or the effector cells
used to induce cell death, and the amount of BrdU incorporated into the target cells.

Cytotoxicity in Cell Populations
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Cellular DNA Fragmentation ELISA

Specificity n

The Anti-DNA antibody binds to single-and double-stranded DNA. It shows no
cross-reactivity with BrdU.

The conjugated antibody (Anti-BrdU-POD, Fab fragments) will bind to BrdU-
labeled DNA after the DNA is partially denatured. The antibody specifically recog-
nizes 5-bromo-2’-deoxy-uridine. The antibody conjugate shows no cross-reactivity
with any endogenous cellular components such as thymidine or uridine.

The ELISA specifically detects BrdU-labeled DNA fragments in culture supernatant
and cytoplasm. The ELISA can detect BrdU-labeled DNA from any species, so the
assay is not species-restricted.

Time 4.5-5.5 h (+ BrdU labeling and induction of cell death)

Benefits =

Measure the amount of BrdU-labeled DNA fragments in cell lysates.

Quantify BrdU-labeled DNA released into culture medium through necrosis or cell
mediated cytotoxicity.

Compare and quantify the effects of apoptosis-inducing agents on a population of
cells.

How to use the kit

Assay procedure overview

The procedure involves:

Prelabeling of cells with BrdU.

(2]

Incubating the labeled cells in the presence of either an apoptosis inducing agent or
effector cells (for cell mediated cytotoxicity). At the end of the incubation, cells are
centrifuged and either supernatant is analyzed (for cell mediated cytotoxicity or
necrosis) or cellular lysate is analyzed for apoptosis. The supernatant, containing
LMW-DNA is used for the assay. If desired, both sample types can be prepared and
assayed.

Adsorbing the Anti-DNA antibody onto the wells of a microplate.

(~ 1)

Adding the supernatant of Step 2 to the microplate. BrdU-labeled DNA fragments in
the sample bind to the immobilized Anti-DNA antibody.

Denaturing the immunocomplexed BrdU-labeled DNA-fragments by microwave
irradiation or nuclease treatment. This procedure is necessary for the accessibility of
the BrdU antigen.

Reacting Anti-BrdU antibody peroxidase conjugate (Anti-BrdU-POD) with the BrdU-
labeled DNA to form an immunocomplex.

Quantitating the bound Anti-BrdU-POD in the immunocomplex with a peroxidase
substrate (TMB).

104
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Cellular DNA Fragmentation ELISA

Sample Preparation

ELISA
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Cellular DNA Fragmentation ELISA

Simultaneous analysis of apoptosis and necrosis in the same sample with the
Cellular DNA Fragmentation ELISA.

Label cells with BrdU
Add cell death-inducing agent

Split sample into two parts

Centrifuge cells

Remove supernatant totally Transfer 100 ml supernatant into
Anti-DNA precoated microplate

Lyse cells Assay supernatant for BrdU-labeled DNA

Centrifuge lysate (to pellet HMW DNA) Result: Measurement of necrosis

Assay supernatant for oligonucleosomes
containing BrdU-labeled LMW DNA

Result: Measurement of apoptosis

Il. Kit content

Anti-DNA antibody (clone M-CA-33)
Anti-BrdU-POD, Fab fragments (clone BMG 6H8)
Coating buffer

Washing buffer

Incubation buffer

Substrate solution

BrdU labeling reagent

Adhesive cover foils

PN
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Cellular DNA Fragmentation ELISA

Typical results with the kit

Figure 44: Kinetics of camptothecin (CAM)
induced cell death in HL60 cells. Cells were

1.2 ® -+ CAM, SN prelabeled with BrdU overnight. Then, cells (1 x 10/
m -+ CAM, lys. well) were incubated either in the presence of

? ® - CAM, SN 200 ng/ml CAM (@, W) or without CAM (@, ) for
és 09 - CAM, lys. 1-8 h. Supernatant (100 pl/well) was removed, then
= cells were lysed and both supernatant (®, ®) and
2 lysate (M, ") were analyzed by Cellular DNA Fragmen-
g 05 tation ELISA.
g Result: Apoptosis clearly occurs after 3-4 h
g incubation. After 6-8 h, secondary necrosis begins to
E 03 be seen.

0.0 T T T T T T T T 1

0 1 2 3 4 5 6 7 8 89

Figure 45: Kinetics of cytotoxic T lymphocyte
(CTL)-mediated cytotoxicity in P815 target cells
quantified with the Cellular DNA Fragmentation
ELISA. 2 x 10 BrdU-labeled target cells/well were
incubated with CTLs at different effector-to-target
ratios (E/T) for varying times. After incubation for
1h(®),2h ("), 4h (M), and 6 h (M), culture
supernatant samples (100 pl/well) were assayed for
DNA fragments.

absorbance (Agsnm)
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Terminology of Cell Proliferation and Viability

Rapid and accurate assessment of viable cell number and cell proliferation is an impor-
tant requirement in many experimental situations involving in vitro and in vivo studies.
Examples of where determination of cell number is useful include the analysis of growth
factor activity, serum batch testing, drug screening, and the determination of the
cytostatic potential of anti-cancer compounds in toxicology testing. In such toxicological
studies, in vitro testing techniques are very useful to evaluate the cytotoxic, mutagenic,
and carcinogenic effects of chemical compounds on human cells.

Usually, one of two parameters is used to measure the health of cells: cell viability or cell
proliferation. In almost all cases, these parameters are measured by assaying for “vital
functions” that are characteristic of healthy cells.

Cell viability

Cell viability can be defined as the number of healthy cells in a sample. Whether the cells
are actively dividing or are quiescent is not distinguished. Cell viability assays are often
useful when non-dividing cells (such as primary cells) are isolated and maintained in
culture to determine optimal culture conditions for cell populations.

The most straightforward method for determining viable cell number is a direct
counting of the cells in a hemocytometer. Sometimes viable cells are scored based on
morphology alone; however, it is more helpful to stain the cells with a dye such as trypan
blue. In this case, viability is measured by the ability of cells with uncompromised
membrane integrity to exclude the dye.

Alternatively, metabolic activity can be assayed as an indication of cell viability. Usually
metabolic activity is measured in populations of cells by incubating the cells with a
tetrazolium salt (MTT, XTT, WST-1) that is cleaved into a colored formazan product by
metabolic activity.

Cell proliferation

Cell proliferation is the measurement of the number of cells that are dividing in a
culture. One way of measuring this parameter is by performing clonogenic assays. In
these assays, a defined number of cells are plated onto the appropriate matrix and the
number of colonies that are formed after a period of growth are enumerated. Drawbacks
to this type of technique are that it is tedious and it is not practical for large numbers of
samples. In addition, if cells divide only a few times and then become quiescent, colonies
may be too small to be counted and the number of dividing cells may be underestimat-

Q ed. Alternatively, growth curves could be established, which is also time-consuming and

N laborious.

( Another way to analyze cell proliferation is the measurement of DNA synthesis as a
marker for proliferation. In these assays, labeled DNA precursors (*H-thymidine or

bromodeoxyuridine) are added to cells and their incorporation into DNA is quantified
after incubation. The amount of labeled precursor incorporated into DNA is quantified
either by measuring the total amount of labeled DNA in a population, or by detecting
the labeled nuclei microscopically. Incorporation of the labeled precursor into DNA is
directly proportional to the amount of cell division occurring in the culture.

Cell proliferation can also be measured using more indirect parameters. In these
techniques, molecules that regulate the cell cycle are measured either by their activity
(e.g., CDK kinase assays) or by quantifying their amounts (e.g., Western blots, ELISA, or
immunohistochemistry).
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Cell Cycle

Cell Cycle

In an organism, the rate of cell division is a tightly regulated process that is intimately
associated with growth, differentiation and tissue turnover. Generally, cells do not
undergo division unless they receive signals that instruct them to enter the active
segments of the cell cycle. Resting cells are said to be in the GO phase (quiescence) of the
cell cycle (Figure 46). The signals that induce cells to divide are diverse and trigger a large
number of signal transduction cascades.

A thorough discussion of the types of signals and the variety of responses they can elicit
are beyond the scope of this guide. Generally, signals that direct cells to enter the cell
cycle are called growth factors, cytokines, or mitogens.

Figure 46: Cell cycle:

CycB A schematic overview.

Degradation

CycA-
Degradation

Degradation

Signal Transduction Pathways

Three major types of signal transduction pathways are activated in cells in response to
growth factors or mitogenic stimuli. The response to these stimuli varies from cell type
to cell type and the pathways continue to grow more and more complex. These types of
pathways continue to be the focus of a great deal of research and, considering the
importance of cell cycle regulation in biology, the pathways will continue to grow in
complexity for some time to come.

»  The MAP kinase (MAPK) type of pathways are triggered through a cascade of
phosphorylation events that begins with a growth factor binding to a tyrosine kinase
receptor at the cell surface. This causes dimerization of the receptor and an intermo-
lecular cross-phosphorylation of the two receptor molecules. The phosphorylated
receptors then interact with adaptor molecules that trigger downstream events in the
cascade. The cascade works through the GTP exchange protein RAS, the protein
kinase RAF (MAPKKK), the protein kinase MEK (MAPKK), and MAP kinase (Erk).
MAPK then phosphorylates a variety of substrates that control transcription, the cell
cycle, or rearrangements of the cytoskeleton.

»  The protein kinase C (PKC) pathways consist of a family of phospholipid dependent
protein kinases. PKC is regulated by a large variety of metabolic pathways involving
phospholipids and calcium levels within a cell. The main regulator of the pathway is
diacylglycerol (DAG) which appears to recruit PKC to the plasma membrane and
cause its activation. The activity of DAG is mimicked by the phorbol-ester tumor
promoters. Once activated, PKC can phosphorylate a wide variety of cellular sub-
strates that regulate cell proliferation and differentiation. Responses to PKC appear to
vary with the types of PKCs expressed and the types of substrates available within a
cell. Some evidence shows that the PKC pathway may interact with and exert effects
through the MAPK pathway.
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Cell Cycle

»  The JAK/STAT pathway is activated by cytokine interaction with a family of receptors
called the cytokine receptor superfamily. These receptors do not contain a protein
kinase domain themselves, but they associate with and activate a family of protein
kinases called the JAK (Just Another Kinase or JAnus Kinase) family. JAK family
members are recruited to receptor complexes that are formed as a result of ligand
binding. The high concentration of JAK in the complex leads to a cross-phosphoryla-
tion of JAK and thus activation. JAK then phosphorylates members of another
protein family called STAT (signal transducers and activators of transcription). These
proteins then translocate to the nucleus and directly modulate transcription.

Control of the Cell Cycle

Once the cell is instructed to divide, it enters the active phase of the cell cycle, which can
be broken down into four segments:

u  During G, (G = gap), the cell prepares to synthesize DNA. In the latter stages of G,
the cell passes through a restriction point (R) and is then committed to complete the
cycle.

»  During S phase the cell undergoes DNA synthesis and replicates its genome.

u  During G, the cell prepares to undergo division and checks its replication using DNA
repair enzymes.

»  During M phase, the cell undergoes division by mitosis or meiosis and then re-enters
G, orG,.

In most instances, the decision for a cell to undergo division is regulated by the passage
of a cell from G, to S phase. Progression through the cell cycle is controlled by a group of
kinases called cyclin-dependent kinases (CDKs), (see Figure 46). CDKs are thought to
phosphorylate cellular substrates, such as the retinoblastoma gene, that are responsible
for progression into each of the phases of the cell cycle. CDKs are activated by associat-
ing with proteins whose levels of expression change during different phases of the cell
cycle. These proteins are called cyclins. Once associated with cyclins, CDKs are activated
by phosphorylation via CDK-activating kinase (CAKs) or by dephosphorylation via a
phosphatase called CDC25.

D-types cyclins are the primary cyclins that respond to external cellular factors. Their
levels start off low during G, and increase towards the G /S boundary. Cyclin D regulates
CDK4 and CDKG6. Cyclin E is expressed transiently during the G,/S transition and is
rapidly degraded once the cell enters S. Cyclin E regulates CDK2 and perhaps CDK3.
When S phase begins, levels of cyclin A increase and activate CDK2. The cyclin A/CDK2
complex is thought to have a direct role in DNA replication. The progression through
mitosis is regulated by the presence of cyclin B. Cyclin B associates with CDC2 and
forms the primary kinase present during mitosis (MPF = “M-phase/maturation promot-
ing factor”). During anaphase cyclin B is degraded. This degradation of cyclin B appears
to regulate the cell’s progression out of mitosis and into G,.
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Cell Proliferation/Viability Assay Methods

A variety of methods have been devised that measure the viability or proliferation of
cells in vitro and in vivo. These can be subdivided into four groups:

(1) Reproductive assays can be used to determine the number of cells in a culture that
are capable of forming colonies in vitro. In these types of experiments, cells are plated
at low densities and the number of colonies is scored after a growth period. These
clonogenic assays are the most reliable methods for assessing viable cell number.
These methods, however, are very time-consuming and become impractical when
many samples have to be analyzed.

(2) Permeability assays involve staining damaged (leaky) cells with a dye and counting
viable cells that exclude the dye. Counts can either be performed manually using a
hemocytometer and for example trypan blue (Figure 47). This method is quick,
inexpensive, and requires only a small fraction of total cells from a cell population.
Therefore, this method is generally used to determine the cell concentration (cell
number/ml) in batch cell cultures. This is helpful in ensuring that cell cultures have
reached the optimal level of growth and cell density before routine sub-culture, freez-
ing, or any experiment.

Or counts can be performed mechanically using for example a flow cytometer and
propidium iodide. Alternatively, membrane integrity can be assayed by quantifying the
release of substances from cells when membrane integrity is lost, e. g., Lactate dehydro-
genase (LDH) or *'Cr (described in chapter 7 starting on page 92 of this guide).

® Metabolic activity can be measured by adding tetrazolium salts to cells. These salts
are converted by viable cells to colored formazan dyes that are measured spectropho-
tometrically (described in chapter 9 starting on page 116 of this guide).

@ Direct proliferation assays use DNA synthesis as an indicator of cell growth. These
assays are performed using either radioactive or nonradioactive nucleotide analogs.
Their incorporation into DNA is then measured (nonradioactive assays are described
in chapter 7 starting on page 72 of this guide)
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Figure 47: Measurement of proliferation by counting the cells with a hemocytometer. The addition of
trypan blue helps to distinguish viable, unstained cells (O) from non-viable, blue-stained cells (®).

The first section describes those assays designed to study cell proliferation in whole
populations of cells, followed by a section covering proliferation assays designed to
measure proliferation in individual cells (in situ).
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Cell Proliferation Product Selection Guide

Follow the selection guide below to determine the appropriate Roche Applied Science
product for the study of cell proliferation to meet your needs. If you need additional
help, please visit www.roche-applied-science.com/apoptosis

BrdU incorporation during DNA synthesis

= BrdU Labeling and Detection Kit Il 11 299 964 001
light (AP)
microscopy

using detection b

and you want to measure

DNA synthesis
BrdU incorporation during DNA synthesis
= In Situ Cell Proliferation Kit, FLUOS 11 810 740 001
= BrdU Labeling and Detection Kit | 11 296 736 001
(Fluorescein)
single cells

in vivo or in vitro
If you are studyin

using detection by
colorimetric ELISA Metabolic activity: tetrazolium salt conversion

1 Cell Proliferation Reagent WST-1 11 644 807 001
05 015 944 001

synthesis

BrdU incorporation during DNA synthesis

m Cell Proliferation ELISA, BrdU 11 647 229 001

colorimetric (colorimetric)
ELISA
using detection by

BrdU incorporation during DNA synthesis

m Cell Proliferation ELISA, BrdU 11 669 915 001
(chemiluminescent)
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Cell Proliferation - Metabolic
Activity

Methods for Studying Cell Proliferation and Viability in

Cell Populations

Assays that Measure Metabolic Activity

Cell Proliferation Reagent WST-1

Cell Proliferation Kit I (MTT)

Cell Proliferation Kit II (XTT)

ATP Bioluminescence Assay Kit HSII / ATP Bioluminescence Assay
Kit CLS II

116
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120
124
127
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Assays that Measure Metabolic Activity using Tetrazolium Salts

Methods for Studying Cell Prolifera-
tion and viability in Cell Populations

Microplate assays have been developed based on different parameters associated with cell
viability and cell proliferation. The most important parameters used are metabolic
activity and DNA synthesis for microplate format.

»  Cellular damage will inevitably result in loss of the ability of the cell to maintain and
provide energy for metabolic cell function and growth. Metabolic activity assays are
based on this premise. Usually they measure mitochondrial activity. The cells are
incubated with a colorometric substrate (MTT, XT'T, WST-1) (described on pages
120-127 of this guide).

»  As outlined above, during the S phase the cell undergoes DNA synthesis and repli-
cates its genome. If labeled DNA precursors, in our case BrdU, are added to the cell
culture, cells that are about to divide incorporate BrdU into their DNA. The incorpo-
rated BrdU can then be detected by a quantitative cellular enzyme immunoassay
using monoclonal antibodies against BrdU (described on page 103 of this guide).

In the following sections we will describe details of each of these cell viability and
proliferation assays.

Assays that Measure Metabolic
Activity

One parameter used as the basis for colorimetric assays is the metabolic activity of viable
cells. For example, a microtiter plate assay which uses the tetrazolium salt MTT is now
widely used to quantitate cell proliferation and cytotoxicity.

Because tetrazolium salts are reduced to a colored formazan only by metabolically active
cells, these assays detect viable cells exclusively. For instance, in the MTT assay, MTT is
reduced by viable cells to a colored, water-insoluble formazan salt. After it is solubilized,
the formazan formed can easily and rapidly be quantitated in a conventional ELISA plate
reader at 570 nm (maximum absorbance).

[Author’s note: MTT is cleaved to formazan by the “succinate-tetrazolium reductase”
system (EC 1.3.99.1) which belongs to the mitochondrial respiratory chain and is active only
in viable cells. Interestingly however, recent evidence suggests that mitochondrial electron
transport may play a minor role in the cellular reduction of MTT. Since most cellular
reduction occurs in the cytoplasm and probably involves the pyridine nucleotide cofactors
NADH and NADPH, the MTT assay can no longer be considered strictly a mitochondrial
assay.]

Modified tetrazolium salts like XT'T, MTT, and WST-1 (Figure 48) have become available
some times ago. The major advantage of these compounds is that viable cells convert
them to a water-soluble formazan. Thus, a metabolic assay with any of these compounds
requires one less step (solubilization of product) than an assay with MTT. In addition,
WST-1 is stable enough to be packaged as a ready-to-use solution.
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Assays that Measure Metabolic Activity using Tetrazolium Salts
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Figure 48: Molecular structure of MTT, XTT, WST-1 and their corresponding reaction products.

Since proliferating cells are metabolically more active than non-proliferating (resting)
cells, the assays are suitable not only for the determination of cell viability and factor-
mediated cytotoxicity but also for the determination of cell activation and proliferation.
However, one has to keep in mind that under non-ideal cell culture conditions (such as
the pH and D-glucose concentration in culture medium), the MTT response may vary
greatly in viable cells due to the metabolic state of the cells (e.g., cellular concentration of
pyridine nucleotides).

These colorimetric assays are very rapid and convenient. Because this technique needs
no washing or harvesting of the cells, the complete assay from the start of the microcul-
ture to data analysis in an ELISA plate reader is performed in the same microplate. In
addition, an ELISA plate reader linked with a computer allows rapid and automated data
processing (Figure 49).

Cell Proliferation - Metabolic Activity
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Assays that Measure Metabolic Activity using Tetrazolium Salts

Roche Applied Science offers three microplate-based assays. All three assays are suitable
for measurement of cell proliferation in response to growth factors, cytokines, mitogens
and nutrients.

One of these assays uses MTT, which forms an insoluble formazan product; the other
two use tetrazolium salts (XTT and WST-1) that form soluble formazan products. All
three assays are described on the following pages.

+MTT
Incubation
0.5-4h)
+ Solubilization
Solution
Incubation
(1-24h) v
Measurement
ELISA-reader ELISA-reader

Figure 49: Measurement of metabolic activity using the tetrazolium salts MTT, XTT and WST-1.

118 Apoptosis, Cytotoxicity, and Cell Proliferation Manual




Assays that Measure Metabolic Activity using Tetrazolium Salts

Culture cells in a MTP for a certain period of time (37°C)

Kit I (MTT) Kit 1l (XTT) WST-1

Prepare XTT labeling
mixture

Add MTT labeling reagent ~ Add XTT labeling mixture Add Cell Proliferation
Reagent WST-1

Incubate cells (0.5-4 h, 37°C)

Add solubilized solution
and incubate (1-24 h,
37°C)

Measure absorbance using an ELISA plate reader (2 min, RT)

Assay procedures for Cell Proliferation Kit I (MTT), Cell Proliferation Kit Il (XTT), and Cell Proliferation
Reagent WST-1.

If you are studying... and you wish to detect... using detection by... then use ...

Metabolic Activity Reduction of tetrazolium ELISA Cell Proliferation Reagent 120

salts to formazan salts by WST-1*

viable cells Cell Proliferation Kit | 124
(MTT)*
Cell Proliferation Kit 11 127
XTD*

ATP levels Bioluminescence ATP Bioluminescence 130
Assay Kit HS 11
ATP Bioluminescence 130
Assay Kit CLS 11

* This product can also be used to study cytotoxicity.
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Cell Proliferation Reagent WST-1

Cell Proliferation Reagent WST-1

Cat. No. 05 015 944 001 800 tests
Cat. No. 11 644 807 001 2,500 tests

Type

Colorimetric, microplate format

Useful for

Quantitation of cell viability, proliferation, or cytotoxicity

Sample material

Adherent or suspension cell cultures

Test principle

The assay is based on the reduction of WST-1 by viable cells. The reaction produces a
soluble formazan salt.

Method

Incubation of cells with WST-1, followed by spectrophotometric assay of
colored product

Significance of

The Cell Proliferation Reagent WST-1 is a ready-to-use substrate which measures the

reagent metabolic activity of viable cells. The assay is nonradioactive and can be performed
entirely in a microplate. It is suitable for measuring cell proliferation, cell viability or
cytotoxicity.

Time 0.5-4h

Benefits = Accurately measure cell proliferation — assay absorbance strongly correlates to the

cell number.

= Detect low cell numbers with higher sensitivity than with MTT and XTT
(Figure 52b).

= Save time with a one-step assay and a ready-to-use reagent; no washing steps or
additional reagents are required.

= Normalize cell numbers by using WST-1 in combination with reporter gene assays.

= Use the kit in combination with the Cytotoxicity Detection Kit"VS (LDH)
(Figure 40, page 100) to obtain more information.

How to use the reagent

l. Assay procedure overview

The procedure involves:

@ Culturing the cells in a 96-well microplate, then incubating them with WST-1 for
approx. 0.5-4 h. During this incubation period, viable cells convert WST-1 to a water
soluble formazan dye.

@ Quantitating the formazan dye in the microplate with an ELISA plate reader. The
absorbance directly correlates with the cell number.

Il. Reagent content

Ready-to-use WST-1 reagent
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Cell Proliferation Reagent WST-1

I1l. Protocols for a cell proliferation and a cytotoxicity assay

Illa. Determination of the cell proliferation activity of human interleukin-2 (IL-2) on

the mouse T cell line CTLL-2 using the Cell Proliferation Reagent WST-1

(see Figure 50)

Additional materials needed

»  Culture medium, e.g., RPMI 1640 containing 10% heat-inactivated fetal calf serum
(FCS), 2 mM L-glutamine, 1 mM Na-pyruvate, 1Xnon-essential amino acids, and
50uM 2-mercaptoethanol.

= Optionally, add Penicillin/Streptomycin or Gentamicin
Human IL-2 (10,000 U/ml; 5 pg/ml), sterile filtered

Seed CTLL-2 cells at a concentration of 4 x 10° cells/well in 100 pl culture medium
containing various amounts of IL-2 (final concentration e.g., 0.005-25 ng/ml) into
microplates (tissue culture grade, 96 wells, flat bottom)

Incubate cells for 48 h at 37°C and 5% CO,.

Add 10 pl/well Cell Proliferation Reagent WST-1 and incubate for 4 h at 37°C and 5%
CO,.

Shake thoroughly for 1T min on a shaker.

®06l o0

Measure the absorbance of the samples against a background control as blank using
a microplate (ELISA) reader. The wave-length for measuring the absorbance of the
formazan product is between 420 - 480 nm (max. absorption at about 440 nm)
according to the filters available for the ELISA reader. The reference wavelength should
be more than 600 nm.

Determination of the cytotoxic effect of human tumor necrosis factor-o(TNF-o)

on the mouse fibrosarcoma cell line WEHI-164 using the Cell Proliferation
Reagent WST-1

(see Figure 51)

Additional materials needed

»  Culture medium, e.g., RPMI 1640 containing 10% heat-inactivated FCS, 2 mM
L-glutamine, and actinomycin C1 (actinomycin D), 1pg/ml.

»  Optionally, add Penicillin/Streptomycin or Gentamicin.
Human TNF-a (10 ug/ml), sterile filtered.

Culture cells in microplates (tissue culture grade, 96 wells, flat bottom) in a final
volume of 100 pl/well culture medium in a humidified atmosphere (e.g., 37°C, 5% CO,).

[~)

Seed cells at a concentration of 5 x 10 cells/well in 100 pl culture medium containing
actinomycin C1 (1 g/ml) and various amounts of TNF-« (final concentration e.g.,
0.001-0.5 ng/ml) into microplates (tissue culture grade, 96 wells, flat bottom).

Incubate cell cultures for 24 h at 37°C and 5% CO,.

Add 10 pl Cell Proliferation Reagent WST-1 and incubate for 4 h at 37°C and 5% CO,,

Shake thoroughly for 1T min on a shaker.

00600

Measure the absorbance of the samples against a background control as blank using
a microplate (ELISA) reader. The wave-length for measuring the absorbance of the
formazan product is between 420 - 480 nm (max. absorption at about 440 nm)
according to the filters available for the ELISA reader. The reference wavelength should
be more than 600 nm.
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Cell Proliferation Reagent WST-1

Typical results with the reagent
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Figure 50: Use of WST-1 to measure proliferation Figure 51: Use of WST-1 to determine the
of CTLL-2 cells in response to human interleu- cytotoxic activity of human tumor necrosis
kin-2 (hIL-2). factor-a (TNF-«) on WEHI-164 cells.

Figure 52a: Combined use of the Cell Prolifera-
tion Reagent WST-1 and the Cell Proliferation

09 ELISA, BrdU (colorimetric) for the simultaneous
b measurement of cell viability and cell prolifera-
- - tion. A549 cells (1 x 10*/well in 100 pl) were
i incubated in the presence of various amounts of
104 B actinomycin D for 20 h. After labeling the cells with
BrdU for 2 h, additionally Cell Proliferation Reagent
7 [ WST-1 (M) was added and cells were reincubated
7 L for another 2 h. Thereafter, the formazan formed was
5 quantitated at 450 nm with an ELISA plate reader.
i L Subsequently, BrdU incorporation was determined
0.5 using the Cell Proliferation ELISA, BrdU (colorimet-
-0.3 ric) (@).
7 Result: Actinomycin D inhibits DNA synthesis (@),
b r but it does not inhibit the metabolic activity of the
cell (). Thus, actinomycin D is cytostatic (inhibition

| ® DNA synthesis
i y_ - r of DNA synthesis) but not cytotoxic (no inhibition of
B metabolic activity . L
metabolic activity).
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Figure 52b: Comparison of the sensitivity of

o A MTT various tetrazolium salts. P815 cells were
= XTT preincubated at various concentrations for 20 h
© WST1 before MTT (A), XTT (M) or Cell Proliferation
g Reagent WST-1 (@) was added. After 4 h substrate
reaction, the absorbance was determined at the
respective wavelength with an ELISA plate reader.
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Cell Proliferation Reagent WST-1
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Cell Proliferation Kit I (MTT)

Cell Proliferation Kit 1 (MTT)

Cat. No. 11 465 007 001 2,500 tests

Type

Colorimetric, microplate format

Useful for

Quantitation of cell viability, proliferation, or cytotoxicity

Sample material

Adherent or suspension cell cultures

Test principle

The assay is based on the reduction of the tetrazolium salt MTT by viable cells. The
reaction produces a water-insoluble formazan salt which must be solubilized.

Method

Incubation of cells with MTT, followed by solubilization and spectrophotometric
assay of colored product

Significance of kit

The Cell Proliferation Kit I (MTT) measures the metabolic activity of viable cells. The
assay is nonradioactive and can be performed entirely in a microplate. It is suitable for
measuring cell proliferation, cell viability or cytotoxicity.

Time

5-28 h

Benefits

= Rapidly measure cell proliferation in response to growth factors, cytokines, mito-
gens, and nutrients.

= Conserve resources — no washing steps or additional reagents are required.

= Analyze cytotoxic and cytostatic compounds, such as anti-cancer drugs and other
pharmaceutical compounds.

=n Assess growth-inhibitory antibodies and physiological mediators.

= Save time — perform the entire assay in one microplate.

How to use the kit

I. Assay procedure overview

The procedure involves:

) Culturing the cells in a 96-well microplate, then incubating them with MTT solution for
approx. 4 h. During this incubation period, viable cells convert MTT to a water-insolu-
ble formazan dye.

Solubilizing the formazan dye in the microplate.

2]
@ Quantitating the dye with an ELISA plate reader. The absorbance directly correlates
with the cell number.

Il. Kit content

1. MTT labeling reagent
2. Solubilization solution
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Cell Proliferation Kit I (MTT)

I1l. Protocol for a cell proliferation assay

Illa. Determination of human interleukin-6 (IL-6) activity on 7TD1 cells (mouse-

mouse hybridoma) using the Cell Proliferation Kit 1 (MTT)

(see Figure 53)

Additional materials needed

» Culture medium, e.g. DMEM containing 10% heat inactivated FCS (fetal calf serum),
2 mM glutamine, 0.55 mM L-arginine, 0.24 mM L-asparagine-monohydrate, 50 uM
2-mercaptoethanol, HT-media supplement (1x), containing 0.1 mM hypoxanthine
and 16 puM thymidine. If an antibiotic is to be used, additionally supplement media
with penicillin/streptomycin or gentamicin

» Interleukin-6, human (hIL-6) (200000 U/ml, 2 pg/ml)

@ Seed 7TD1 cells at a concentration of 2 x 10% cells/well in 100 pl culture medium
containing various amounts of IL-6 [final concentration e.g. 0.1-10 U/ml
(0.001-0.1 ng/ml)] into microplates (tissue culture grade, 96 wells, flat bottom).

Incubate cell cultures for 4 days at 37°C and 6.5% CO,.

After the incubation period, add 10 pl of the MTT labeling reagent (final concentration
0.5 mg/ml) to each well.

Incubate the microplate for 4 h in a humidified atmosphere (e.g. 37°C, 6.5% CO,).
Add 100 pl of the Solubilization solution into each well.

Allow the plate to stand overnight in the incuba-tor in a humidified atmosphere (e.g.
37°C, 6.5% CO,).

Check for complete solubilization of the purple formazan crystals and measure the
spectropho-tometrical absorbance of the samples using a microplate (ELISA) reader.
The wavelength to measure absorbance of the formazan product is between 550 and
600 nm according to the filters available for the ELISA reader, used. The reference
wavelength should be more than 650 nm.

o 0|06 0|0

Typical results with the kit

Figure 53: Use of the Cell Proliferation Kit | (MTT) to
measure human Interleukin 6 (hlL-6) activity on the
mouse hybridoma cell line 7TD1. Cells (2 x 10%/well)
were incubated in the presence of various amounts of
hIL-6. After 4 days of incubation, cell proliferation was
analyzed by Cell Proliferation Kit | (MTT).
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Cell Proliferation Kit I (MTT)
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Cell Proliferation Kit II (XTT)

Cell Proliferation Kit 11 (XTT)

Cat. No. 11 465015001 2,500 tests

Type

Colorimetric, microplate format

Useful for

Quantitation of cell viability, proliferation, or cytotoxicity

Sample material

Adherent or suspension cell cultures

Test principle

The assay is based on the reduction of the tetrazolium salt XTT by viable cells in the
presence of an electron coupling reagent. The reaction produces a soluble formazan salt.

Method

Incubation of cells with MTT, followed by solubilization and spectrophotometric
assay of colored product

Significance of kit

The Cell Proliferation Kit II (XTT) measures the metabolic activity of viable cells. The
assay is nonradioactive and can be performed entirely in a microplate. It is suitable for
measuring cell proliferation, cell viability or cytotoxicity.

Time

4h

Benefits

= Rapidly measure cell proliferation in response to growth factors, cytokines, mito-
gens, and nutrients.

= Conserve resources — no washing steps or additional reagents are required.

= Analyze cytotoxic and cytostatic compounds, such as anti-cancer drugs and other
pharmaceutical compounds.

= Assess growth-inhibitory antibodies and physiological mediators.

= Save time — perform the entire assay in one microplate.

Cell Proliferation - Metabolic Activity

How to use the kit

I. Assay procedure overview

The procdure involves:

@ Culturing the cells in a 96-well microplate, then incubating them with XTT solution for
4 h. During this incubation period, viable cells convert XTT to a water-soluble formazan
dye.

@ Quantitating the formazan dye in the microplate with an ELISA plate reader. The
absorbance directly correlates with the cell number.

Il. Kit content

1. XTT Labeling reagent

2. Electron-coupling reagent

@ To prepare XTT labeling mixture, mix XTT labeling reagent with electron-coupling
reagent prior to use.
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Cell Proliferation Kit II (XTT)

Il1l. Protocol for a cytotoxicity assay

llla. Determination of the cytotoxic effect of human tumor necrosis factor-o

(hTNF-o) on WEHI-164 cells (mouse fibrosarcoma) using the Cell Proliferation
Kit 11 (XTT)

(see Figure 54)

Additional materials needed

»  Culture medium, e.g., RPMI 1640 containing 10% heat inactivated FCS (fetal calf
serum), 2 mM Lglutamine, and actinomycin C1 (actinomycin D), 1 pg/ml. If an
antibiotic is to be used, additionally supplement media with penicillin/streptomycin
or gentamicin.

»  Tumor necrosis-factor-a, human (hTNF-a) (10 pg/ml), sterile

@ Preincubate WEHI-164 cells at a concentration of 1x 106 cells/ml in culture medium
with actino-mycin C1, 1T mg/ml for 3 h at 37°C and 6.5% CO,.
@ Seed cells at a concentration of 5 x 10* cells/well in 100 pl culture medium containing

actinomy-cin C1 (1 mg/ml) and various amounts of hTNF-a(final concentration e.g.,
0.001-0.5 ng/ml) into microplates (tissue culture grade, 96 wells, flat bottom).

Incubate cell cultures for 24 h at 37°C and 6.5% CO,.
Add 50 pl XTT labeling mixture and incubate for 18 h at 37°C and 6.5% CO,.

Measure the spectrophotometrical absorbance of the samples using a microplate
(ELISA) reader. The wavelength to measure absorbance of the formazan product is
between 450 and 500 nm according to the filters available for the ELISA reader, used.
The reference wavelength should be more than 650 nm.

©0|0

Typical results with the kit

Figure 54: Use of the Cell Proliferation Kit Il (XTT) to

114 measure human tumor necrosis factor « (hnTNF-o)
1.0 activity on the mouse fibrosarcoma cell line
WEHI-164. After preincubation of the cells (1 x 10%/ml)
0.9 4 with Actinomycin C (1 pg/ml) for 3 hours, cells (5 x 10%/
2 o8- well) were incubated in the presence of Actinomycin C and
g various amounts of TNF-a for 24 hours. The cellular
:EE 0.7 response was analyzed by Cell Proliferation Kit I (XTT).
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Cell Proliferation Kit II (XTT)

References

1. Loss of CHK1 function impedes DNA damage-induced FANCD2 monoubiquitina-
tion but normalizes the abnormal G2 arrest in Fanconi anemia
Jean-Hugues Guervilly, Gaétane Macé-Aimé, and Filippo Rosselli
Hum. Mol. Genet., Mar 2008; 17: 679 - 689.

2. Insulin-Like Growth Factor Type-I Receptor-Dependent Phosphorylation of
Extracellular Signal-Regulated Kinase 1/2 but not Akt (Protein Kinase B) Can Be
Induced by Picropodophyllin
Radu Vasilcanu, Daiana Vasilcanu, Bita Sehat, Shucheng Yin, Ada Girnita, Magnus
Axelson, and Leonard Girnita
Mol. Pharmacol., Mar 2008; 73: 930 - 939

3. Heart failure drug digitoxin induces calcium uptake into cells by forming transmem-
brane calcium channels
Nelson Arispe, Juan Carlos Diaz, Olga Simakova, and Harvey B. Pollard
PNAS, Feb 2008; 105: 2610 - 2615.

4. Effect of Low Doses of Red Wine and Pure Resveratrol on Circulating Endothelial
Progenitor Cells
Maria Luisa Balestrieri, Concetta Schiano, Francesca Felice, Amelia Casamassimi,
Antonio Balestrieri, Lara Milone, Luigi Servillo, and Claudio Napoli
J. Biochem., Feb 2008; 143: 179 - 186.

5. Evaluation of Two Types of Sponges Used To Collect Cervical Secretions and
Assessment of Antibody Extraction Protocols for Recovery of Neutralizing Anti-
Human Papillomavirus Type 16 Antibodies
Troy J. Kemp, Allan Hildesheim, Roni T. Falk, John T. Schiller, Douglas R. Lowy, Ana
Cecilia Rodriguez, and Ligia A. Pinto
Clin. Vaccine Immunol., Jan 2008; 15: 60 - 64

6. The Cell-Selective Neurotoxicity of the Alzheimer’s AR Peptide Is Determined by
Surface Phosphatidylserine and Cytosolic ATP Levels. Membrane Binding Is Re-
quired for AR Toxicity
Olga Simakova and Nelson J. Arispe
J. Neurosci., Dec 2007; 27: 13719 - 13729.

7. Anti-hepatitis C Virus Activity of Tamoxifen Reveals the Functional Association of
Estrogen Receptor with Viral RNA Polymerase NS5B
Koichi Watashi, Daisuke Inoue, Makoto Hijikata, Kaku Goto, Hussein H. Aly, and
Kunitada Shimotohno
J. Biol. Chem., Nov 2007; 282: 32765 - 32772

8. Identification of Acetylated, Tetrahalogenated Benzimidazole D-Ribonucleosides
with Enhanced Activity against Human Cytomegalovirus
Jae-Seon Hwang, Oliver Kregler, Rita Schilf, Norbert Bannert, John C. Drach, Leroy
B. Townsend, and Elke Bogner
J. Virol., Nov 2007; 81: 11604 - 11611.

9. Farnesol-Induced Apoptosis in Human Lung Carcinoma Cells Is Coupled to the
Endoplasmic Reticulum Stress Response
Joung Hyuck Joo, Grace Liao, Jennifer B. Collins, Sherry F. Grissom, and Anton M.
Jetten
Cancer Res., Aug 2007; 67: 7929 - 7936

10. Hypoxia-Inducible Factor Linked to Differential Kidney Cancer Risk Seen with Type
2A and Type 2B VHL Mutations
Lianjie Li, Liang Zhang, Xiaoping Zhang, Qin Yan, Yoji Andrew Minamishima, Aria F.
Olumi, Mao Mao, Steven Bartz, and William G. Kaelin, Jr.
Mol. Cell. Biol., Aug 2007; 27: 5381 - 5392.

Cell Proliferation - Metabolic Activity 129




130

ATP Bioluminescence Assay Kit HS 1I/CLS 11

ATP Bioluminescence Assay Kit HS Ii

Cat. No. 11 699 709 001 1,000 assays (microplate), 500 assays (tube)

ATP Bioluminescence Assay Kit CLS Ii

Cat. No. 11 699 695 001 1,600 assays (microplate), 800 assays (tube)

Type

Tube and microplate format using a luminometer

Useful for

Sensitive and quantitative detection of ATP

Sample material

Eukaryotic and prokaryotic cells

Test principle

The luciferase from Photinus pyralis (American firefly) catalyzes the following reaction:
ATP + D-luciferin + O, — oxyluciferin + PP, + AMP + CO, + light.

The quantum yield for this reaction is about 90%. The resulting green light has an
emission maximum at 562 nm.

The Michaelis equation has the following form:

light intensity = (V_ xC, )/(K_+C
At low ATP concentrations (C
V . .XC /K.

From this equation, it becomes obvious that the light output is directly proportional to
the ATP concentration (C,,), and is dependent on the amount of luciferase (V_ )
present in the assay.

Therefore, for maximum sensitivity, the sample ATP must be in a minimum volume, and
the luciferase reagent must not be diluted.

ATP) :

<K ), the formula is simplified to light intensity =

ATP

Method

Measurement of increased ATP level

Significance of kits

The ATP Bioluminescence Assay Kit CLS Il is specially developed for highly sensitive
and quantitative determination of ATP. Contains a cell lysis reagent and can be applied
for the detection of microbial contamination.

The ATP Bioluminescence Assay Kit CLS Il exhibits a constant light signal that is
sustained for several minutes. Therefore the kit is well suited for kinetic studies and ATP
determinations in coupled enzymatic reactions.

Specificity

The ATP Bioluminescence Assay Kit HS Il is specially developed for the highest-sensi-
tivity detection of ATP. Due to the high concentration of luciferase in the assay, the
reaction exhibits a peak kinetic (Figure 55 and 56).

The ATP Bioluminescence Assay Kit CLS Il is specially developed for applications in
which constant light signals are required for kinetic studies of enzymes and metabolic
studies, or if coupled enzymatic assays are applied. If ATP determinations are manually
started, the CLS Kit provides high reproducibility due to the constant signal generation
(Figure 55 and 56).

Benefits

= Measure cell proliferation using a well-established technique — determination of
ATP using bioluminescence.

= Choose from two formats to meet your application needs.
= Detect extremely low concentrations of ATP.

= Study adherent and suspension cells cultured in 96-well microplates.
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ATP Bioluminescence Assay Kit HS II/CLS 11
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Figure 55: Sensitivity range of the ATP Biolumi- Figure 56: Kinetics of light generation of the ATP
nescence Assay Kit HS 11 and the ATP Biolumi- Bioluminescence Assay Kit HS Il and the ATP
nescence Assay Kit CLS II. Bioluminescence Assay Kit CLS II. ATP (10 pmol)
in a volume of 50 pl was assayed with 50 pl luciferase
reagent in a black microplate.
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Assays that Measure DNA Synthesis in Cell Populations

Assays that Measure DNA Synthesis

During cell proliferation the DNA has to be replicated before the cell is devided into two
daughter cells.

This close association between DNA synthesis and cell doubling (Figure 57) makes the
measurement of DNA synthesis very attractive for assessing cell proliferation. If labeled
DNA precursors are added to the cell culture, cells that are about to divide incorporate
the labeled nucleotide into their DNA. Traditionally, those assays involve the use of
radiolabeled nucleosides, particularly tritiated thymidine ([*H]-TdR). The amount of
[’H]-TdR incorporated into the cellular DNA is quantitated by liquid scintillation
counting (LSC).

o
Cell division \

DNA Replication

(DNA Synthesis)

(Mitosis)

Figure 57: Cell proliferation, a close association between DNA synthesis and cell doubling.

Experiments have shown that the thymidine analogue 5-bromo-2’-deoxy-uridine
(BrdU) is incorporated into cellular DNA like thymidine (Figure 58). The incorporated
BrdU could be detected by a quantitative cellular enzyme immunoassay using monoclo-
nal antibodies directed against BrdU. The use of BrdU for such proliferation assays
circumvents the disadvantages associated with the radioactive compound [*H]-TdR.

The first report of this technique involved the extraction and partial purification of DNA
from BrdU-labeled proliferating cells, followed by an enzyme immunoassay in a separate
assay. Because this method was relatively laborious, the entire BrdU-based procedure was
adapted to a 96 well microplate. This adaptation required no harvesting of the cells; the
complete assay from the start of the microculture to data analysis by an ELISA plate
reader was performed in the same microplate (Figure 59).

Figure 58: Molecular structure of thymidine and BrdU.
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Assays that Measure DNA Synthesis in Cell Populations
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Figure 59: Measurement of DNA synthesis using modified nucleotides [°*H]-TdR and BrdU.

Roche Applied Science offers three kits that use the convenient BrdU-based assay and the
microplate format. The BrdU Labeling and Detection Kit III is a first generation assay.
The colorimetric and chemiluminescence Cell Proliferation ELISAs, are second genera-
tion assays that offer fewer steps, a faster assay, and greater sensitivity than the first
generation assay (Table 9). These three kits are described on the following pages.
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Assays that Measure DNA Synthesis in Cell Populations

Parameter BrdU Labeling and Cell Proliferation ELISA BrdU (colorimetric)
Detection Kit Il Cell Proliferation ELISA, BrdU (chemiluminescence)
Incubation steps 3 2
Washing steps 3-4 1
Working solutions 6 (4 included in the kit) 4 (all included in the kit)
Assay time 25-6h 1.5-25h
Incubation -15 to -20°C: Fixation For Cell Proliferation ELISA, BrdU (colorimetric) each
temperatures 15-25°C: Substrate reaction step at 15-25°C
37°C: Nuclease treatment 60°C:
Air drying
Measuring range  Absorbance: 0.1-2.5 U Same as BrdU Kit Il
(factor 25) For Cell Proliferation ELISA, BrdU (chemiluminescence):
rlu/s: 103-106 (factor 1000)
Sensitivity Almost as sensitive as As sensitive as [*H]-TdR
[*H]-TdR

Table 9: Improvements of the assay procedure using the Cell Proliferation ELISA, BrdU (colorimetric) and Cell Proliferation
ELISA, BrdU (chemiluminescence) described on the following pages.

... and you wish to detect... i ] ... thenuse...
DNA Synthesis BrdU incorporation Colorimetric ELISA Cell Proliferation ELISA, 143
BrdU (colorimetric)*
Chemiluminescence Cell Proliferation ELISA, 143
ELISA BrdU (chemiluminescent)*

Colorimetric ELISA BrdU Labeling and
Detection Kit 111 (POD)* 139

* This product can also be used to study cytotoxicity
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57-Bromo-2’-deoxy-uridine Labeling and Detection Kit III (POD)

5'-Bromo-2'-deoxy-uridine Labeling
and Detection Kit 111 (POD)

Cat. No. 11444 611 001 1,000 tests

Type

Ist generation ELISA with colorimetric detection

Useful for

Quantitation of DNA synthesis during cell activation and proliferation

Sample material

Adherent or suspension cell cultures

Method

Incubation of cells with BrdU, followed by partial digestion of DNA and immunodetec-
tion of incorporated BrdU label

Test principle

Nuclease

0e°

@] e ©
© o0

Fixed cells with Anti-BrdU-peroxidase Substrate
partially degraded fab fragments ABTS

BrdU-labeled DNA

Significance of kit

The BrdU Labeling and Detection Kit III measures cell proliferation by quantitating
BrdU incorporated into the newly synthesized DNA of replicating cells. It offers a
nonradioactive alternative to the [*H]-thymidine-based cell proliferation assay.

Sensitivity

The BrdU Labeling and Detection Kit IIT is almost as sensitive as the [*H]-thymidine-
based cell proliferation assay. The ability to detect a minimum number of proliferating
cells in a certain sample strongly depends on the amount of BrdU incorporated into the

cells and thus on the labeling period. In most cases, detection requires a labeling period
of 2to4 h.

Specificity

The antibody conjugate (Anti-BrdU-POD, Fab fragments) will bind to BrdU-labeled
DNA after the DNA is denatured. The antibody is conjugated to peroxidase and specifi-
cally recognizes 5-bromo-2’-deoxyuridine; it shows no cross-reactivity with any endog-
enous cellular components such as thymidine or uridine.

Time

2.5-6 h (+ cell labeling)

Benefits

= Improve safety by avoiding the use of radioactive isotopes.

= Obtain accurate data — results strongly correlate to those obtained with the [*H]-
thymidine method

= Achieve high sensitivity using a nonradioactive assay as sensitive as [*H]-thymidine
= Save time by using of multiwell ELISA readers to process a large number of samples.

= Save money with an assay that requires no expensive equipment or additional
reagents, such as scintillation fluid.

Cell Proliferation - DNA Synthesis in Cell Populations
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57-Bromo-2’-deoxy-uridine Labeling and Detection Kit III (POD)

How to use the kit

I. Assay procedure overview

The assay is a cellular immunoassay which uses a mouse monoclonal antibody directed
against BrdU.

@ This kit belongs to the first generation of kits used to measure DNA synthesis. The
same assay procedure has been optimized and improved in the second generation
Cell Proliferation ELISA, BrdU (colorimetric) kit (see page 143).

Label cells with BrdU (2-18 h, 37°C)
| |
Suspension cells Adherent cells
| |

Remove labeling medium using a cannula  Remove labeling medium by inverting the
microplate

Air dry cells (180 min, 60°C)
|
Add fixative and incubate (30 min, -15 to -20°C)
| |
Wash microplate 3 times (15 min, 15-25°C)
| |
Add Nuclease and incubate (30 min, 37°C)
| |
Wash microplate 3 times (15 min, 15-25°C)
| |
Add Anti BrdU-POD and incubate (30 min, 37°C)
| |
Wash microplate 3 times (15 min, 15-25°C)
| |
Add substrate and incubate (2-30 min, 15-25°C)
| |

Measure absorbance using an ELISA plate reader (2 min, 15-25°C)

Il. Kit content

BrdU labeling reagent (1000 x), sterile
Anti-BrdU-POD Fab fragments
Incubation buffer (ready-to-use)
Washing buffer (10 x)

Nucleases

Substrate buffer

ABTS substrate tablets

Substrate enhancer

PN WD
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57-Bromo-2’-deoxy-uridine Labeling and Detection Kit III (POD)

Typical results with the kit
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Figure 60: Proliferation of AKR-2B cells (mouse Figure 61: Proliferation of 7TD1 cells (mouse-
fibroblast cell line) in response to recombinant mouse hybridoma) in response to recombinant
human epidermal growth factor (hEGF) using the mouse interleukin-6 (mlL-6) using the BrdU
BrdU Labeling and Detection Kit 111 (®), or the Labeling and Detection Kit 111 (®), or the
[*H]-thymidine method (®), respectively. [*H]-thymidine method (®), respectively.

Result: Figures 60 and 61 illustrate the equivalent sensitivity of the BrdU and [*H]-thymidine methods in
measuring proliferation, as shown in hEGF and mlL-6 stimulation assays.
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Cell Proliferation ELISA, BrdU (colorimetric)/(chemiluminescence)

Cell Proliferation ELISA, BrdU
(colorimetric)

Cat. No. 11647229001 1,000 tests

Cell Proliferation ELISA, BrdU
(chemiluminescence)

Cat. No. 11669915001 1,000 tests

Type

2nd generation ELISAs with colorimetric or chemiluminescent detection

Useful for

Quantitation of DNA synthesis during cell activation and proliferation

Sample material

Adherent or suspension cell cultures

Method

Incubation of cells with BrdU, followed by immunodetection of incorporated BrdU label

Test principle

Fix Denat # " Fix Denat @ -

@

) © © Light
—_—

Qg @ Q o

g0 (]
99 ®e
i 2 fixed cells with Anti-BrdU-peroxidase Luminol
Fixed cells with Anti-BrdU-peroxidase Substrate 4
pantially denatured fab fmgpne;ms TME partially denatured fab fragments substrate

BrdU-labeled DNA BrdU-labeled DNA

Principle of the Cell Proliferation ELISA, BrdU Principle of the Cell Proliferation ELISA, BrdU
(colorimetric). (chemiluminescent).

Significance of the
kits

The two Cell Proliferation ELISAs measure cell proliferation by quantitating BrdU incor-
porated into the newly synthesized DNA of replicating cells. They offer a nonradioactive
alternative to the [*H]-thymidine-based cell proliferation assay with comparable
sensitivity.

Sensitivity

The Cell Proliferation ELISA BrdU (colorimetric) and Cell Proliferation ELISA, BrdU
(chemiluminescence) are as sensitive as the [*H]-thymidine-based cell proliferation
assay.

@ The ability to detect a minimum number of proliferating cells in a certain sample
depends on the amount of BrdU incorporated into the cells and thus on the labeling
period. In most cases, detection requires a labeling period of 2 to 24 h.

The use of a chemiluminescence substrate allows the measurement of cell proliferation
over a broad range. This range is directly comparable to the measuring range of the
[’H]-thymidine-based cell proliferation assay.

Specificity

The anti-BrdU antibody peroxidase-conjugate (anti-BrdU-POD, Fab fragments) will
bind to BrdU-labeled DNA after the DNA is denatured. The antibody specifically
recognizes 5-bromo-2’-deoxyuridine; it shows no cross-reactivity with any endogenous
cellular components such as thymidine or uridine.

Time

1.5-2.5 h (+ cell labeling)

Cell Proliferation - DNA Synthesis in Cell Populations
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Cell Proliferation ELISA, BrdU (colorimetric)/(chemiluminescence)

Benefits = Obtain results that strongly correlate to the number of proliferating cells (low
mean deviation).

= Avoid the use of hazardous radioactive isotopes by using a nonradioactive
method that is at least as sensitive as the [*H]-thymidine incorporation assay, with
measurement over a large logarithmic range.

= Fix and denature cells in a single step using the kit’s supplied Fix Denat reagent,
then perform only one washing and two incubation steps.

= Benefit from the convenience of stable and optimized reagents; perform the entire
assay in one microplate.

= Preserve cell morphology with mild fixation and DNA denaturation methods.

How to use the kit

I. Assay procedure overview

The assay is a cellular immunoassay which uses a mouse monoclonal antibody directed
against BrdU. The procedure involves:

@ These two kits belong to the second, improved generation of kits for measuring DNA
synthesis.

@ Culturing the cells in a 96-well microtiterplate and pulse-labeling them with BrdU. Only
proliferating cells incorporate BrdU into their DNA.

Fixing the cells with FixDenat solution. This FixDenat solution also denatures the
genomic DNA, exposing the incorporated BrdU to immunodetection.

Locating the BrdU label in the DNA with a peroxidase-conjugated anti-BrdU antibody
(anti-BrdU-POD).

Quantitating the bound anti-BrdU-POD with a peroxidase substrate. TMB is used as a
substrate in the Cell Proliferation, BrdU (colorimetric). Luminol/4-iodophenol is used as
a substrate in the Cell Proliferation, BrdU (chemiluminescence).

o O ©
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Cell Proliferation ELISA, BrdU (colorimetric)/(chemiluminescence)

Label cells with BrdU (2-18 h, 37°C)

| |
Suspension cells Adherent cells
| |
Remove labeling medium using a needle ~ Remove labeling medium by inverting the
microplate
|
Air dry cells (10 min, hairdryer)
|
Add FixDenat solution and incubate (30 min, 15-25°C)
| |

Tap microplate to remove FixDenat then add Anti-BrdU-POD and incubate
(30-90 min, 15-25°C)

| |
Wash microplate 3 times (15 min, 15-25°C)
| |
Add substrate and incubate (5-20 min, 15-25°C)
| |
Cell Proliferation ELISA, BrdU Cell Proliferation ELISA, BrdU
(colorimetric) (chemiluminescence)
| |
Measure absorbance using an ELISA Measure light emission using a luminom-
plate reader (2 min, 15-25°C) eter (2 min, 15-25°C)

Il. Kits content

Cell Proliferation ELISA, BrdU (colorimetric):

BrdU labeling reagent (1000 x), sterile
Anti-BrdU-POD Fab fragments
Antibody dilution solution (ready-to-use)
Washing buffer (10 x)

FixDenat (ready-to-use)

TMB substrate solution (ready-to-use)

AN

Cell Proliferation ELISA, BrdU (chemiluminescence):

BrdU labeling reagent (1000 x), sterile
Anti-BrdU-POD Fab fragments

Antibody dilution solution (ready-to-use)
Washing buffer (10 x)

FixDenat (ready-to-use)

Substrate component A (luminol/4-iodophenol)
Substrate component B (peroxide)

NSn e
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Cell Proliferation ELISA, BrdU (colorimetric)/(chemiluminescence)

Typical results with the kit
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Figure 62: Comparison of the sensitivity of the
Cell Proliferation ELISA, BrdU (colorimetric) and
the radioactive thymidine incorporation assay for
measuring proliferation in various concentra-
tions of cells. Various concentrations of L929 cells
were cultured in the wells of a microtiter plate.
Duplicate cultures of each cell concentration were
labeled for 4 h with either bromodeoxyuridine (BrdU)
or tritiated thymidine ([*H]-TdR). The cells were
assayed for cell proliferation with either the Cell
Proliferation ELISA, BrdU (BrdU labeling, ®) or a
standard filtration/liquid scintillation counting
protocol ([*H]-TdR labeling, O).

Result: The Cell Proliferation ELISA, BrdU (colorimet-
ric) measures proliferation with a sensitivity
comparable to the radioactive thymidine assay at all
cell concentrations.
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Figure 63: Comparison of the Cell Proliferation
ELISA, BrdU (colorimetric) and the radioactive
thymidine incorporation assay for measuring
stimulation of various concentrations of mitogen.
Human peripheral blood lymphocytes were cultured
in the presence of varying concentrations of
phytohemagglutinin (PHA) in the wells of a microtiter
plate. Duplicate cultures from each PHA concentra-
tion were labeled for 4 h with either bromodeoxyuri-
dine (BrdU) or tritiated thymidine ([*H]-TdR). The cells
were assayed for cell proliferation with either the Cell
Proliferation ELISA, BrdU (BrdU labeling, ®) or a
standard filtration/liquid scintillation counting
protocol ([*H]-TdR labeling, O).

Result: The Cell Proliferation ELISA, BrdU (colorimet-
ric) is able to detect mitogen-stimulation with a
sensitivity comparable to the radioactive thymidine
assay.

Figure 64: Reduced PBL proliferation of an
immunosuppressed patient in response to
various mitogens. Cells (1 x 10%/well) from a healthy
volunteer (") or an immunosuppressed individual (H)
were incubated in the presence of various mitogens
for 56 h. Cells were labeled with BrdU for 16 h, then
cell proliferation was analyzed by Cell Proliferation
ELISA, BrdU (colorimetric). The error bars indicate the
maximum and minimum values of triplicate
microcultures (data from T. Briining, [1994] Klin. Lab.
40, 917-927, Figure 3). Mitogens used were: PHA
(phytohemagglutinin), OKT3 (anti-CD3 monoclonal
antibody), Con A (concanavalin A), PWM (pokeweed
mitogen), and SAC (Staphylococcus aureas Cowan I).
Result: The BrdU ELISA clearly detected the
difference in response between the healthy and
immunosuppressed subjects.
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Cell Proliferation ELISA, BrdU (colorimetric)/(chemiluminescence)
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Figure 65: Measurement of the proliferation of antigen-activated PBL. Cells (1 x 10°/well) were incubated
in the presence of various viral antigens on culture medium alone for 5 days. After labeling with BrdU (M) or
[*H]-TdR (1) for 16 h, cell proliferation was analyzed by Cell Proliferation ELISA BrdU (chemiluminescence) (M)
or LSC (). Antigens used were: INV-KA (influenza control antigen), INV-A (influenza virus A), INV-B, (nfluenza
virus B), RUV (Rubella virus), and HSV (herpes simplex virus type I).

Result: The Cell Proliferation ELISA, BrdU (chemiluminescence) detected antigen stimulation with a sensitivity
comparable to the radioactive thymidine assay.
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Assays that Measure DNA Synthesis in Individual Cells

DNA Synthesis

Assays that Measure DNA Synthesis
in Individual Cells

Studies of cell proliferation in vivo as well as on individual cells in vitro frequently
employ [*H]-TdR to label the DNA of replicating cells and autoradiography to reveal the
radioactive label. As a nonradioactive alternative, bromodeoxyuridine (BrdU) can be
used to label proliferating cells in vivo and in vitro. Incorporated BrdU can be detected
by immunohistochemistry, immunocytochemistry or flow cytometry.

Immunochemical techniques allow both the visualization of dividing cells and the
detection of tissue morphology by counterstaining (e.g., with hematoxylin and/or eosin).
Thus, it is possible to visualize cells which have incorporated BrdU into DNA in its
natural environment and to localize cell position in the tissue.

As only those cells which are actually in the S-phase (DNA-synthesis) of the cell cycle
will be labeled, the so-called “labeling index” can be determined if the labeled nucleotide
([*H]-TdR or BrdU) is present for only short periods of time (e.g., 15-60 minutes). The
“labeling index” (proportion of S-phase cells in an asynchronously growing population)
is calculated by dividing the number of labeled cells by the total number of cells in the
entire population.

While short labeling periods (pulse labeling) are suitable to quantify the percentage of
S-phase cells within a cellular population, longer labeling periods (e.g., for a whole cell
cycle transition) can be used to determine a replicating population.

Roche Applied Science offers several kits and reagents for measuring proliferating cells
by BrdU incorporation. These products are described on the following pages.

. and you wish to detect... i ... thenuse ...
BrdU incorporation Fluorescence micros-  BrdU Labeling and 151
copy or flow cytometry Detection Kit I
(Fluorescein)
Light microscopy BrdU Labeling and 151

Detection Kit Il (AP)

Fluorescence micros-  In Situ Cell Proliferation 156
copy or flow cytometry Kit, FLUOS

Multiple methods Anti-BrdU Antibodies 160
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BrdU Labeling and Detection Kits

5'-Bromo-2'-deoxy-uridine Labeling
and Detection Kit |

Cat. No. 11296 736 001 100 tests

5'-Bromo-2'-deoxy-uridine Labeling
and Detection Kit i

Cat. No. 11299 964 001 100 tests

Type Ist generation immunostaining assays for fluorescence (Kit I) or light (Kit IT) micros-
copy
Useful for Detection of BrdU-labeled DNA in proliferating individual cells

Sample material

Cultured or freshly isolated cells, tissue explants or sections

Method

Incubation of cells with BrdU, or injection into an animal, followed by nuclease diges-
tion of DNA of cells or tissue sections and indirect immunodetection (with anti-BrdU
and a secondary antibody) of incorporated BrdU label

Test principle

Fixed cells with Mouse Anti-Mouse-luorescein Fixed cells with Mouse Anti-Brdl  Anti-Mouse-AP Substrate

partially degraded Anti-Brdl) partially degraded
BrdU-labeled DNA BrdU-fabeled DNA

Principle of the BrdU Labeling and Detection Kit |  Principle of the BrdU Labeling and Detection Kit I
(Fluorescein). (AP).

Significance of kits

The BrdU Labeling and Detection Kits I and II offer an indirect immunostaining
method for visualizing proliferating cells under a fluorescence microscope (Kit I) or
under a light microscope (Kit II). The kits detect BrdU-labeled DNA with an anti-BrdU
antibody, then make the antibody-labeled DNA visible with either a fluorescein-labeled
(KitI) or an alkaline phosphatase-labeled anti-mouse secondary antibody (Kit II).

@ These kits belong to the first generation of kits used to measure DNA synthesis. The
same assay procedure has been optimized and improved in the second generation of
kits, namely the In Situ Cell Proliferation Kit, ELUOS (for flow cytometry and
fluorescence microscopy, see page 156).

Specificity Anti-BrdU monoclonal antibody specifically binds to 5-bromo-2'-deoxy-uridine, and
shows crossreactivity with 5-iodo-2'-deoxy-uridine (10%). Anti-BrdU shows no
crossreactivity with 5'-fluoro-2'-deoxy-uridine or any endogenous cellular component,
such as thymidine or uridine.

Time approx. 2-3 h (+ BrdU labeling)

Cell Proliferation - DNA Synthesis in Individual Cells
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BrdU Labeling and Detection Kits

Benefits = Perform simultaneous detection of other markers (double staining).
= Label cells in vitro and in vivo.

= Measure cell proliferation without using hazardous and inconvenient radioiso-
topes ([*H]-thymidine).

How to use the kits

I. Assay procedure overview

The procedure for the 5-Bromo-2'-deoxy-uridine Labeling and Detection Kit I involves:

@) Cells, tissue explants or organ cultures are incubated with BrdU, 10 pmol, for a short
period of time (approx. 30 min). The addition of 5"-fluoro-2"-deoxy-uridine (FdU), being
described to enhance BrdU incorporation has no advantage within short incubation
periods and BrdU concentrations of 10 pM..

Fixation of samples with ethanol.

Incubation with anti-BrdU monoclonal antibody.
The monoclonal antibody binds to BrdU incorporated into cellular DNA.

Incubation with anti-mouse-Ig-fluorescein.

®06f 00

Bound anti-BrdU monoclonal antibody is visualized by immunofluorescence micros-
copy.

The procedure for the 5-Bromo-2’-deoxy-uridine Labeling and Detection Kit 11
involves:

Incorporation of BrdU in DNA.
Binding of anti-BrdU antibody to the in DNA incorporated BrdU.
Binding of the AP conjugated anti-mouse-antibody to the anti-BrdU antibody.

o000

Color reaction of NBT/BCIP with the alkaline phosphatase and detection by light
microscopy.

Il. Kits content

5’-Bromo-2’-deoxy-uridine Labeling and Detection Kit |

BrdU labeling reagent, 1,000 x conc., sterile

Washing buffer concentrate, 10 x

Incubation buffer

Anti-BrdU, (contains nucleases for DNA denaturation)
Anti-mouse-Ig-fluorescein

M.
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BrdU Labeling and Detection Kits

5’-Bromo-2’-deoxy-uridine Labeling and Detection Kit 11

Nag kL=

BrdU labeling reagent, 1,000 x conc., sterile

Washing buffer concentrate, 10 x

Incubation Buffer

Anti-BrdU, containing nucleases for DNA denaturation
Anti-mouse Ig-alkaline phosphatase

NBT

BCIP

Figure 66: Fluorescence microscopy-based
detection of cells undergoing DNA synthesis. BrdU
incorporation was detected using the BrdU Labeling and
Detection Kit I. Bright green fluorescence clearly indicates
proliferating cells.
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BrdU Labeling and Detection Kits

7. Taste Receptor Cells Express Voltage-Dependent Potassium Channels in a Cell
Age-Specific Manner
Makoto Ohmoto, Ichiro Matsumoto, Takumi Misaka, and Keiko Abe
Chem Senses, Oct 2006; 31: 739 - 746.

8. Conserved Functions of Ikaros in Vertebrate Lymphocyte Development: Genetic
Evidence for Distinct Larval and Adult Phases of T Cell Development and Two
Lineages of B Cells in Zebrafish
Michael Schorpp, Mike Bialecki, Dagmar Diekhoff, Brigitte Walderich, Jorg Oden-
thal, Hans-Martin Maischein, Agustin G. Zapata, Tiibingen 2000 Screen Consortium,
Freiburg Screening Group, and Thomas Boehm
J. Immunol., Aug 2006; 177: 2463 - 2476.

9. GLUTS Is Dispensable for Embryonic Development but Influences Hippocampal
Neurogenesis and Heart Function
Mathieu Membrez, Edith Hummler, Friedrich Beermann, Jacques-Antoine Haefliger,
Rebecca Savioz, Thierry Pedrazzini, and Bernard Thorens
Mol. Cell. Biol., Jun 2006; 26: 4268 - 4276.

10. Skin lesion development in a mouse model of incontinentia pigmenti is triggered by
NEMO deficiency in epidermal keratinocytes and requires TNF signaling
Arianna Nenci, Marion Huth, Alfred Funteh, Marc Schmidt-Supprian, Wilhelm
Bloch, Daniel Metzger, Pierre Chambon, Klaus Rajewsky, Thomas Krieg, Ingo Haase,
and Manolis Pasparakis
Hum. Mol. Genet., Feb 2006; 15: 531 - 542.

Cell Proliferation - DNA Synthesis in Individual Cells 155




In Situ Cell Proliferation Kit, FLUOS

In Situ Cell Proliferation Kit, FLUOS

Cat. No. 11 810 740 001 100 tests

Type

Direct immunofluorescence staining for flow cytometry or fluorescence microscopy

Useful for

Detection of BrdU-labeled DNA in proliferating individual cells

Sample material

Cultured or freshly isolated cells, tissue explants labeled with BrdU in vitro.
Frozen or paraffin-embedded tissue sections from animals labeled with BrdU in vivo

Method

Incubation of cells with BrdU, or injection of BrdU into an animal followed by denatur-
ation of DNA of cells or tissue sections and direct immunodetection of incorporated
BrdU label

Test principle

Cells with partially Anti-BrdU-FLUOS
degraded DNA, fab fragments
labeled with BrdU

Significance of kit

Bromodeoxyuridine (BrdU) is only incorporated into the DNA of proliferating cells.
Short periods (15-60 min) of incubation in vitro with BrdU will tag only cells actually
going through the S phase of the cell cycle. Alternatively, BrdU can be injected into an
animal to label growing cells in vivo. The In Situ Cell Proliferation Kit, FLUOS can detect
proliferating cells in culture or in tissues which have been tagged by in vitro or in vivo
BrdU labeling. Analysis can be done by flow cytometry or by fluorescence microscopy.

Specificity The antibody conjugate (anti-BrdU-fluorescein, F(ab’), fragments) will bind to BrdU-
labeled DNA after the DNA is denatured and partially degraded with acid. The antibody
specifically recognizes 5-bromo-2’-deoxyuridine; it shows no cross-reactivity with any
endogenous cellular components such as thymidine or uridine.

Time approx. 2 h (+ 0.5—4 h BrdU labeling)

Benefits = Avoid the hazards of radioactivity by using this nonradioactive alternative to tissue

autoradiography.
= Achieve high specificity — no cross-reactivity with endogenous immunoglobulins.

= Save time — the kit’s direct antibody conjugate eliminates the need for a secondary
detection system.

= Follow a standard immunohistochemistry protocol.

= Assess cell proliferation using FACS analysis or fluorescence microscopy.

156
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In Situ Cell Proliferation Kit, FLUOS

How to use the kit

l.  Assay procedure overview

The BrdU solution and fluorescein-conjugated anti-BrdU antibody supplied in the kit
allow BrdU labeling and detection of proliferating cells. The procedure involves:

@ A:Incubating growing animal tissue or cells in vitro with BrdU
B: Injecting BrdU into whole animals for in vivo labeling, then sacrificing the animal
and preparing tissue sections.
() Only proliferating cells incorporate BrdU into their DNA.

Fixing BrdU-labeled tissue or cells.

Denaturing cellular DNA with acid.

Detecting incorporated BrdU with fluorescein-labeled anti-BrdU monoclonal antibody.

0000

Analyzing the antibody-labeled samples with a flow cytometer or a fluorescence
microscope.

Il.  Kit content
1. BrdU labeling reagent (1000 x), sterile

2. Anti-BrdU-fluorescein, monoclonal, F(ab’), fragments
3. Antibody incubation buffer

Typical result

Figure 67: Flow cytometric measurement of total

U3: BROURSE DNA and incorporated BrdU with the /n Situ Cell
; Proliferation Kit, FLUOS. Exponentially growing U937
S <BrdU>fluos+ PJ . cells were incubated with BrdU for 30 min. Incorpo-

rated BrdU was measured flow cytometrically with the
oo fluorescein-conjugated anti-BrdU antibody

§_ S (<BrdU>fluos) from the /n Situ Cell Proliferation Kit,
@ Ly FLUOS. Total DNA was counterstained with 1 ug/ml

propidium iodide (PI). The phase of the cell cycle

represented by each population of cells is indicated on

the flow cytometric histogram. FL1-H, fluorescein

intensity (relative BrdU content); FL3-H, propidium

iodide intensity (relative DNA content).

Result: BrdU labeling is confined exclusively to the

S-phase (DNA synthesis) of the cell cycle.

490

FL1-H FL1-Height —--3>
2ge
o
+
=

FL3-H\FL3-Height ——->
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In Situ Cell Proliferation Kit, FLUOS

Figure 68: In vivo labeling and analysis of dorsal,
hyperproliferative epidermis tissue from mouse
with the In Situ Cell Proliferation Kit, FLUOS.
Undiluted BrdU labeling solution from the kit was
injected intraperitoneally into a mouse (1 ml BrdU
solution/100 g body weight). After 2 h of in vivo BrdU
labeling, the mouse was sacrificed and 5 pm thick,
paraffin-embedded tissue sections were prepared.
Sections were deparaffinized and rehydrated according
to standard methods, then digested with trypsin (15
min). DNA was partially denatured with HCI (20 min)
and detected with anti-BrdU-fluorescein. Each section
was analyzed by differential interference microscopy
(upper photo) and epifluorescence microscopy (lower
photo). Magnification, 530 x. (Data kindly provided by S.
Kaiser and M. Blessing, I. Med. Klinik der Universitét
Mainz, Germany.)

Proliferating cells (green spots) are clearly
visible throughout the tissue under epifluorescence
microscopy.

Figure 69: In vitro labeling and analysis of
proliferating HeLa cells with the /n Situ Cell
Proliferation Kit, FLUOS. Hela cells in culture were
labeled with BrdU and the BrdU-labeled DNA detected
with anti-BrdU-fluorescein, according to the package
insert of the /n Situ Cell Proliferation Kit, FLUOS. The
labeled cell preparation was analyzed under a light
microscope (upper photo) and a fluorescence
microscope (lower photo).

Proliferating cells (bright green nuclei) within
the Hela preparation are clearly visible under the
fluorescence microscope.
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Anti-Bromodeoxyuridine, formalin
grade

Cat. No. 11 170 376 001 50 ug

Anti-Bromodeoxyuridine-Fluorescein

Cat. No. 11 202 693 001 50 ug

Anti-Bromodeoxyuridine-Peroxidase,
Fab fragment

Cat. No. 11 585 860 001 15 units

Type

Monoclonal antibodies, from mouse

Useful for

Detection of BrdU-labeled DNA in proliferating individual cells

Sample material

Cultured or freshly isolated cells, tissue explants labeled with BrdU in vitro.
Frozen or paraffin-embedded tissue sections from animals labeled with BrdU in vivo

Method

Incubation of samples with BrdU, followed by denaturation of DNA, detection of BrdU
label with anti-BrdU antibody, and (if necessary) visualization of anti-BrdU antibody
with secondary antibody

Test Principle

The anti-BrdU antibodies may be used to detect BrdU-labeled DNA in proliferating
cells.

Significance of
antibodies

Bromodeoxyuridine (BrdU) is only incorporated into the DNA of proliferating cells.
Short periods (15-60 min) of incubation in vitro with BrdU will tag only cells going
through the S phase of the cell cycle. Alternatively, BrdU can be injected into an animal
to label growing cells in vivo. Conjugated or unconjugated anti-BrdU antibody may be
used to detect proliferating cells or tissues which have been tagged by in vitro or in vivo
BrdU labeling. Depending on the sample and the antibody used, analysis can be by flow
cytometry, fluorescence microscopy, or light microscopy.

Specificity

Conjugated or unconjugated anti-BrdU antibody will bind to BrdU-labeled DNA after
the DNA is denatured and partially degraded (e.g., with DNase, acid or microwaves). The
antibody specifically recognizes 5-bromo-2’-deoxyuridine; it shows no cross-reactivity
with any endogenous cellular components such as thymidine or uridine.

Time

Variable (depending on sample and antibody used)

Benefits

= Select from several preparations to best meet your needs.

= Achieve high specificity — the antibodies demonstrate no cross-reactivity with other
cellular components.

» Detect BrdU-labeled DNA in proliferating individual cells.
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How to use the reagents

I.  Assay procedure overview

The procedure involves:

@ A: Incubating growing animal tissue or cells in vitro with BrdU
B: Injecting BrdU into whole animals for in vivo labeling, then sacrificing the animal
and preparing tissue sections.
Only proliferating cells (cells in S-phase) incorporate BrdU into their DNA.

Fixing BrdU-labeled tissue or cells.

Denaturing cellular DNA.

Detecting incorporated BrdU with conjugated or unconjugated anti-BrdU monoclonal
antibody.

e 0|00

(Option) A: Localizing unconjugated anti-BrdU antibody with a secondary antibody
detection system

—or—

(Option) B: Localizing enzyme-conjugated anti-BrdU antibody with an enzyme
substrate.

@ Analyzing the antibody-labeled samples with a flow cytometer, a fluorescence
microscope, or a light microscope.

In vitro labeling of proliferating cells with BrdU
Inject the animal with BrdU labeling reagent intraperitoneally

Sacrifice the animal (approx. 1-4 h later) and remove tissue samples or organ

Process tissue samples or organ for:

Frozen sectioning Paraffin embedding
Freeze tissue samples/organ immediately Fix tissue samples/organ in formalin
after removal immediately after removal
Store sample frozen until required for Use standard dehydration and paraffin
sectioning embedding procedures to process fixed
sample

Cut sections of frozen sample in a cryostat ~ Cut sections of embedded sample on a
microtome
Transfer sections onto a glass slide and fix ~ Transfer sections onto a glass slide and
use standard procedures to dewax and
rehydrate sections

Proceed with the immunostaining procedure
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Immunostaining procedure, Anti-BrdU antibody and conjugates
Fixed, BrdU-labeled sample

|
Denature sample DNA e.g., with HCI (10-20 min, 15 to 25°C) or microwaves
(15 min, 100 °C)

Incubate sample Incubate sample Incubate sample with Anti-BrdU-POD
with Anti-BrdU- with Anti-BrdU
Fluorescein
| | |
Analyze sample by Incubate sample Add peroxidase substrate and incubate
flow cytometry or with anti-mouse- until color forms
fluorescence fluorescein or
microscopy. anti-mouse-enzyme
(+ enzyme sub-
strate)
| |
Analyze sample by Analyze sample by light microscopy

flow cytometry,
fluorescence or
light microscopy

Typical result with the antibodies

The anti-BrdU antibody has been used to determine the cell cycle position of apoptotic
cells.

Briefly, the experimental procedure was as follows: Cultured mouse thymocytes were
treated with 0.5 uM ionomycin (2 h or 12 h) to induce apoptosis. After treatment, the
cells were harvested, fixed in paraformaldehyde and ethanol (two-step fixation), and
analyzed for apoptosis and cell cycle position by flow cytometry. As a measure of
apoptotic cells, fragmented DNA content was quantitated with the In Situ Cell Death
Detection Kit, Fluorescein (TUNEL method, according to the kit package insert). Either
of two flow cytometric techniques was used to determine the cell cycle position of the
cells: 1) Relative DNA content was determined by treating the cells with 5 pg/ml pro-
pidium iodide and 200 pg/ml ribonuclease (30 min, room temperature). 2) Cells going
through S-phase were identified by labeling with BrdU (10 pM BrdU, 30 min), detection
of BrdU-labeled cells with anti-BrdU monoclonal antibody (30 min, 37°C), and visual-
ization of those cells with R-phycoerythrin-conjugated goat anti-mouse antibody

(30 min, 37°C).
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N N Figure 70: Concomitant flow cytometric
» a ® B analysis of apoptosis and cell cycle
position with the anti-BrdU antibody,
=R =E propidium iodide, and the /In Situ Cell
Death Detection Kit, Fluorescein. Cultured
=y o =y mouse thymocytes were treated with
13 % 29 % ionomycin (2 h or 12 h) to induce apoptosis.
] - After treatment, the cells were harvested, fixed,
- - and analyzed for apoptosis and cell cycle
. position by flow cytometry. Histograms A, C,
= S R SR TR o aooho Be0 000 and E show .dat.a obtalnfad frgm cells after 2 h
Relative Angle Light Scatter treatment with |onom¥0|n. Histograms B, D,
and F show data obtained from cells after 12 h
treatment with ionomycin. Histograms A and B
= show fluorescein intensity (green fluores-
£ = c ' D cence) alone, a measure of DNA fragmenta-
8 tion. Histograms C and D show a two-parame-
E B B ter analysis of fluorescein intensity (green
?: fluorescence, DNA fragmentation) and
z ] %] propidium iodide intensity (red fluorescence,
g T - DNA content). Histograms E and F show a
£_ M% | _ 30 % two-parameter analysis of fluorescein intensity
B <> 21 (green fluorescence, DNA fragmentation) and
§ @ 6 = phycoerythrin intensity (orange fluorescence,
= Tl — B — BrdU content). The percentage of positive cells
0 200 400 600 800 1000 200 400 800 800 1000 is indicated in each panel. [Data from Hanon,
Relative DNA content E., Vanderplasschen, A. and Pastoret, P.-P.
(1996) Biochemica No. 2, 25-27]
Result: The ionomycin-treated cells contained
- - about 13% apoptotic cells (histogram A) after 2
2 E B F h and about 29% apoptotic cells (histogram B)
8 % 1% after 12 h exposure. Concomitant analysis of
k= k=] apoptosis and total DNA content (histograms
C and D) showed that apoptotic cells
o contained about as much DNA as cells in G0/
- G1 or early S-phase. Concomitant analysis of
- apoptosis and BrdU content after 12 h
- ionomycin treatment (histogram F) showed
7 % that 6% of the apoptotic cells went through S
- ?0“ o %’-100 m;ﬁ‘ 1;)2 w = phase (that is, were positive for BrdU) while
Relative BrdU content ?1% of apoptgtlc cells remained in GO/G1 (that
is, were negative for BrdU).
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Apoptosis-related Parameters -
Abbreviations and References

Parameter Full length name Reference Roche Applied Science
product

AlF Apoptosis = Susin S. A. et al. (1996) J. Exp. Med. 184, 1331.

inducing factor
Apaf Apoptotic = Zou H. et al. (1997) Cell 90, 405.

protease = Li P. et al. (1997) Cell 91, 479.

activating factor
APO-2 (L) Apoptosis = Masters S. A. et al. (1996) Curr. Biol. 6, 750.

receptor/ligand = Pit R. M. et al. (1996) J. Biol. Chem. 271, 12687.
APO-3 (L) Apoptosis = Masters S. A. et al. (1996) Curr. Biology 6, 1669.

receptor/ligand = Chinnaiyan A. M. et al. (1996) Science 274, 990.
Apopain = Schlegel J. et al. (1996) J. Biol. Chem. 271, 1841.
Bad = Yang E. et al. (1995) Cell 80, 285.
Bak w Sattler M. et al. (1997) Science 275, 983.

= Orth R. & Dixit V. M. (1997) J. Biol. Chem. 272, 8841.

Bax = Bargou R. C. et al. (1995) Eur. J. Immunol. 25, 770.

= Zhan Q. M. et al. (1994) Oncogene 9, 3743.
= Yang E. et al. (1995) Cell 80, 285.

Bcl-2 = Craig W. C. (1995) Cancer Biology 6, 35.
= Yang E. et al. (1995) Cell 80, 285.
Bel-x, = Yang E. et al. (1995) Cell 80, 285.
Bel-xg = Williams G. T. & Smith C. A. (1993) Cell 74, 777.
= Yang E. et al. (1995) Cell 80, 285.
bik = Orth R. & Dixit V. M. (1997) J. Biol. Chem. 272, 8841.
Ca?" = McConkey D. J. et al. (1995) J. Immunology 155, 5133.

= Kataoka A. et al. (1995) FEBS Letters 364, 264.
= Sokolova I. A. et al. (1995) Biochimica et Biophysica
Acta - Mol. Cell Res. 1266, 135.

CAD Caspase activated = Enari, M. et al. (1998) Nature 391, 43.
DNase
Calpain = Kikuchi H. & Imajohohmi S. (1995) Cell Death and Calpain inhibitor I,
Differentiation 2, 195. Cat. No. 11 086 090 001
= Slukvin 1. I. & Jerrelis T. R. (1995) /mmunopharmacology ~ Calpain inhibitor II,
31, 43. Cat. No. 11 086 103 001
Caspase Cysteine protease = Cohen G. M. (1997) Biochem. J. 326, 1.
cleaving an = Alnemri E. S. et al. (1996) Cell 87, 171.
aspartic acid = Nicholson D. W. & Thornberry N. A. (1997) TIBS 22,
residue 299.
ced-3 Caenorhabditis = Yuan J. et al. (1993) Cell 75, 641.
elegans cell death  w Miura M. et al. (1993) Cell 75, 653.
gene
ced-9 Caenorhabditis = Henegartner M. O. & Horovitz H. R. (1994) Cell 76, 665.
elegans cell death
gene
Ceramide = Wiegmann K. et al. (1994) Cel/ 78, 1005.
c-Jun = Grand R. J. A. et al. (1995) Exp. Cell Res. 218, 439.
c-Myc = Wang Y. et al. (1993) Cell Growth Differ. &4, 467.

= Schwartz L. M. & Osborne B. A. (1993) /mmunol.
Today 14, 582.

CPP32 = Darmon A. J. et al. (1995) Nature 377, 446. Anti-PARP,
Cat. No. 11 835 238 001
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Parameter Full length name Reference Roche Applied Science
product
crm A Cytokine response = Zhou Q. et al. (1997) J. Biol. Chem. 272, 7797.
modifier A = Ogasawara J. et al. (1993) Nature 364, 806.
Cytochrome C w Liu X. et al. (1996) Cell 86, 147.

= Krippner A. et al. (1996) J. Biol. Chem. 271, 21629.
= Yang J. et al. (1997) Science 275, 1129.
= Li P. et al. (1997) Cell 91, 479.

D4-GDP-DI DI = dissociation = Danley D. E. et al. (1996) J. Immunology 157, 500.
inhibitor
Daxx Death-domain- = Yang X. L. et al. (1997) Cell 89.
associated protein
XX
DcR1 Decoy receptor 1 = Pan G. et al. (1997) Science 277, 815.
= Sheridan J. P. et al. (1997) Science 277.
DD Death Domain = Muzio M. et al. (1996) Cell, 85, 817.
DED Death Effector = Chinnaiyan A. M. et al. (1996) J. Biol. Chem. 271, 4961.
Domain
DISC Death Inducing = Muzio M. et al. (1996) Cell, 85, 817.
Signal Complex
DNA- = Wyllie A. H. et al. (1980) /nt. Rev. of Cytol. 68, 251. Apoptotic DNA Ladder Kit,
Fragmentation = Burgoyne L. A. et al. (1974) Biochem. J. 143, 67. Cat. No. 11 835 246 001
= Stach R. W. et al. (1979) J. Neurochem. 33, 257. Cell Death Detection
ELISAPS,
Cat. No. 11 744 425 001
Cell Death Detection ELISA,
Cat. No. 11 544 675 001
Cellular DNA Fragmentation
ELISA,
Cat. No. 11 585 045 001
In Situ Cell Death Detection
Kit, Fluorescein,
Cat. No. 11 684 795 910
In Situ Cell Death Detection
Kit, TMR,
Cat. No. 12 156 792 910
In Situ Cell Death Detection
Kit, AP,
Cat. No. 11 684 809 910
In Situ Cell Death Detection
Kit, POD,
Cat. No. 11 684 817 910
DNA-PK DNA-dependent = Casiolarosen L. et al. (1996) J. Exp. Med. 183, 1957.

protein kinase
catalytic subunit

DNA-repair = De Murcia G. & De Murcia J. (1994) TIBS 19, 172. Anti-PARP,
Cat. No. 11 835 238 001

DR3 Death Receptor = Chinnaiyan A. M. et al. (1996) Science 274, 990.
DR4 Death Receptor = Pan G. H. et al. (1997) Science 276, 111.
DR5 Death Receptor = Walczak H. et al. (1997) EMBO J. 16, 5386.
= Sheridan J. P. et al. (1997) Science 277.
Endonuclease = Walker P. R. & Sikorska (1994) Biochem. and Cell Nuclease S7,
Biology 72, 615. Cat. No. 10 107 921 001
= Dini L. et al. (1996) Exp. Cell Res. 223, 340. DNase |, recombinant
RNase free,

Cat. No. 04 716 728 001
DNase I, grade I,
Cat. No. 10 104 159 001

FADD/ FADD = = Chinnaiyan A. M. et al. (1995) Cell 81, 505.
MORT-1 Fas-associated = Chinnaiyan A. M. et al. (1996) J. Biol. Chem. 271, 4961.
death domain = Vincenz C. & Dixit V. M. (1997) J. Biol. Chem. 272, 6578.
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Parameter Full length name Reference Roche Applied Science
product
FAK Focal adhesion = Crouch D. H. et al. (1996) Oncogene 12, 2689.
kinase = Hungerford J. E. et al. (1996) J. Cell Biol. 135, 1383.
Fas Synonyms: w Trauth et al. (1989) Science 245, 301.
Fas=CD 95 =
Apol
Fas-ligand Synonyms: = Nagata S. & Goldstein P. (1995) Science 267, 1449.
CD 95/fas Fas=CD 95 = = Lynch D. H. et al. (1995) /mmunol. Today 16, 569.
(receptor) Apol = Tanaka M. et al. (1998) Nature Medicine 4, 1, 31.
FLICE/MACH FADD like ICE = Muzio M. et al. (1996) Cell 85, 817.
= Boldin M. P. et al. (1996) Cell 85, 803.
= Fernandes-Alnemri T. et al. (1996) Proc. Natl. Acad. Sci.
USA 93, 7464.
= Scaffidi C. et al. (1997) J. Biol. Chem. 272, 43, 26953.
FLIP FLICE-inhibitory = Thome M. et al. (1997) Nature 386, 517.
proteins = Irmler M. et al (1997) Nature 388, 190.
Fodrin = Martin S. J. et al. (1995) J. Biol. Chemistry 270, 6425.
fos = Smeyne R. J. et al. (1995) Nature 363, 166 and Erratum
Nature 365, 279.
= Colotta F. et al. (1992) J. Biol. Chem. 267, 18278.
G-Actin = Boone D. L. & Tsang B. K. (1997) Biology and Reproduc-
tion 57, 813.
Gas-2 = Brancolini C. et al. (1997) Cell Death and Diff. &4, 247.
Gelsolin = Kothakota S. et al. (1997) Science 278, 294.

Glucocorticoid/
Glucocorticoid-

» Schwartzman R. A. & Cidlowski J. A. (1994) Int. Arch. of
Allergy and Immunology 105, 347.

Receptor = Perrinwolff M. et al. (1995) Biochem. Pharmacology 50,
103.
= Kiefer J. et al. (1995) J. Immunology 155, 4525.
Granzyme = Irmler M. et al. (1995) J. Exp. Med. 181, 1917.
A B = Peitsch M. C. & Tschopp J. (1994) Proteolytic Enzymes
244, 80.
= Nakajima H. et al. (1995) J. Exp. Med. 181, 1037.
= Smyth M. J. & Trapani J. A. (1995) Immunology Today
16, 202.
= Darmon A. J. et al. (1995) Nature 377, 446.
= Quan L. T. et al. (1996) Proc. Nat. Acad. Sci. 93, 1972.
hnRNPs Heteronuclear = Waterhaus N. et al. (1996) J. Biol. Chem. 271, 29335.
C1/C2 Ribonucleopro-
teins
ICAD Inhibitor of CAD = Enari M. et al. (1998) Nature 391, 43.
ICE Interleukin-1R/ = Whyte M. & Evan G. (1995) Nature 376, 17. Interleukin-1B, human,
converting = Atkinson E. A. & Bleackley R. C. (1995) Critical Reviews  Cat. No. 11 457 756 001
enzyme in Immunology 15, 359.
= Kumar S. & Harvey N. L. (1995) FEBS Letters 375, 169.
JNK Jun N-terminal = Hibi M. et al. (1993) Genes Dev. 7 (11), 2135.
kinase
Lamin A, B = Weaver V. M. et al. (1996) J. of Cell Science 109, 45.
MAP Mitogen activated = Meyer C. F. et al. (1996) J. Biol. Chem. 271, 8971.
protein kinase
MCL-1 = Williams G. T. & Smith C. A. (1993) Cell 74, 777.
Mdm-2 = Chen J. D. et al. (1996) Mol. and Cellular Biol. 16, 2445.
= Yu K. et al. (1997) Cell Growth & Diff. 8.
MEKK-1 MAP Kinase = Cardone M. H. et al. (1997) Cell 90.
Kinase 1 = Meyer C. F. et al. (1996) J. Biol. Chem. 271, 8971.
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Parameter Full length name Reference Roche Applied Science
product
MORT-1 = Boldin M. P. (1995) J. Biol. Chem. 270, 7795.
(see FADD) = Chinnaiyan A. M. et al. (1995) Cell 81, 505.
= Chinnaiyan A. M. et al. (1996) J. Biol. Chem. 271, 4961.
NEDD = Gu Y. et al. (1995) J. Biol. Chemistry 270, 18715.
NF-xB Nuclear factor = Wiegmann K. et al. (1994) Cell 78, 1005.
kappaB
NuMa Nuclear matrix = Guethhallonet C. et al. (1997) Exp. Cell Res. 233.
protein = Weaver V. M. et al. (1996) J. Cell science 109, 45.
= Hsu H. L. & Yeh N. H. (1996) J. Cell science 109, 277.
p53 = Yonish-Rouach E. et al. (1993) Mol. Cell Biol. 13, 1415.

= Zambetti G. P. (1993) FASEB J. 7, 855.
= Lowe S. W. et al. (1993) Cell 74, 957.

PAK-2 p21 activated = Rudel T. & Bokoch G. M. (1997) Science 276.
kinase

PARP Poly-ADP-ribose- = Lippke J. A. et al. (1996) J. Biol. Chem. 271, 1825.
polymerase = De Murcia G. & De Murcia J. (1994) TIBS 19, 172.

Perforin = Nakajima H. et al. (1995) J. Exp. Med. 181, 1037.

= Schroter M. et al. (1995) Europ. J. Immunol. 25, 3509.
= Lowin B. et al. (1996) /nt. Immunology 8, 57.

Phosphatidyl- = Vermes |. et al. (1995) J. Immunol. Methods 184, 39. Annexin-V-Alexa 568,
serine Cat. No. 03 703 126 001
Annexin-V-FLUQS,
Cat. No. 11 828 681 001
Annexin-V-Biotin,
Cat. No. 11 828 690 001

PITSLRE = Beyaert R. et al. (1997) J. Biol. Cem. 272, 11694.
PKC & Protein kinase C = Emoto Y. et al. (1995) EMBO J. 14, 6148.
= Ghayur T. et al. (1996) J. Exp. Med. 184, 2399.
pRb Retinoblastoma = Hansen R. et al. (1995) Oncogene 11, 2535.
protein = Haaskogan D. A. et al. (1995) EMBO J. 14, 461.
= Picksley S. M. (1994) Curr. Opinion in Cell Biology 6,
853.
Presenilin = Loetscher H. et al. (1997) J. Biol. Chem. 272.
priCE = Smyth M. J. et al. (1996) Biochem. Journal 316, 25.
RAIDD RIP associated = Duan & Dixit (1997) Nature 385, 86.
ICH-1/CED-3
homologous

protein with a
death domain

Ras = Krueger G. R. F. et al. (1995) Pathologe 16, 120.
= Wang H. G. et al. (1995) J. Cell Biol. 129, 1103.
= Fernandez A. et al. (1995) Oncogene 10, 769.

RIP Receptor = Stanger B. Z. et al. (1995) Cell 81, 513.
interacting protein = Hsu H. et al. (1996) /mmunity 4, 387.
= Grimm S. et al. (1996) Proc. Natl. Acad. Sci. 93, 10923.

Sphingo- = Heller R. A. & Kronke M. (1994) J. Cell Biol. 126, 5.
myelinase = Kolesnik R. & Golde D. W. (1994) Cell 77, 325.
SREBPs Sterol-regulatory = Wang X. D. et al. (1996) EMBO J. 15, 1012.
element binding
proteins
TNF-a Tumor necrosis = Leist M. et al. (1994) J. Immunol. 153, 1778. TNF-a, human,
factor Cat. Nos. 11 371 843 001,
11 088 939 001
TNF-a = Nagata S. (1997) Cell, 88, 355. TNF-a, mouse,
receptor = Tartaglia L. A. et al. (1993) Cell 74, 845. Cat. No. 11 271 156 001

TNF-a ELISA, human,
Cat. No. 11 425 943 001
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Synonyms
Parameter Full length name Reference Roche Applied Science
product
TRADD TNFR1-associated = Hsu H. et al. (1995) Cell 81, 495.
death domain
TRAF2 TNF receptor = Liu Z.-G. et al. (1996) Cell 87, 565.
associated factor
TRAIL TNF-related = Wiley S. R. et al. (1995) Immunity 3, 673.
-R1, -R2, -R3 apoptosis = Walczak H. et al. (1997) EMBO Journal 16, 5386.
inducing ligand = Deglli-Esposti M. A. et al. (1997) J. Exp. Med. 186,
1165.
= Sheridan J. P. et al. (1997) Science 277, 818.
Trans- = Zhang L.-X. et al. (1995) J. Biol. Chemistry 270, 6022.
glutaminase = Melino G. et al. (1994) Mol. and Cell Biology 14, 6584.
U1-70 kDa U1 small nuclear = Rosena & Casciolarosen L. (1997) J. Biol. Chem. 64, 50.
snRNP ribonucleoprotein
protein
YAMA Synonyms: = Tewari M. et al (1995) Cel/ 81, 801.

CPP32, Apopain

Table 10: Published sources that contain more information about the components of the apoptosis pathways.

Synonyms

CD95 APO-1, Fas

DcR1 TRID, LIT and TRAIL-R3

DcR2 TRAIL-R4

DcR3

DR-3 APO-3, TRAMP, WSL-1, LARD

DR-4 TRAIL-R1

DR-5 TRAIL-R2, TRICK2, KILLER

DR-6

DR-1 TNF-R1

DR-2 CD95

RANK

CD95L Fas ligand, APO-1L

TRAIL APO-2L

TWEAK APO-3L

RANK L TRANCE

Apaf-1 (no alternative, homologue to
ced-4)

Apaf-2 Cytochrome C

Apaf-3 Caspase 9 (homologue to ced-3)
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General Abbreviations

ABTS

Ac
ActD
ALT
AP
APAAP
APES
BCIP
B-CLL
Bio
BrdU
BSA
CAM
Con A
cpm
CTL
DAB
DES
DX
ELISA
Fab
F(ab’),
FACS
FAQs
FITC
FLUOS

HMW DNA
HSV
[*H]-IdR
ICE

INT

INV-A
INV-B
INV-KA
ISNT

kD

LAK cells
LDH
LMW DNA
LsC
M-phase
MTP
MTT

NBT
NK cells
OKT3

Appendix

2,2'-azino-di-[3-ethylbenzthiazoline-sulfonate
®

N-acetyl

actinomycin D

alanine aminotransferase

alkaline phosphatase

alkaline phosphatase anti-alkaline phosphatase
aminopropyl-triethoxysilane
5-bromo-4-chloro-3-indolyl phosphate
chronic lymphocytic leukemia (B-type)
biotin

5-bromo-2’-deoxyuridine

bovine serum albumin

campothecin

concanavalin A

counts per minute

cytotoxic T lymphocytes
3,3’-diaminobenzidine

diethylstilbestrol

dexamethasone

enzyme-linked immunosorbent assay
protease-generated antibody fragments
protease-generated antibody fragment
fluorescence activated cell sorter
frequently asked questions

fluorescein isothiocyanate

5(6)-carboxyfluorescein-N-hydroxysuccinimide
ester

forward light scatter

resting phase

gap between mitosis and DNA synthesis
gap between DNA synthesis and mitosis
hour

high molecular weight DNA

herpes simplex virus type | antigen
tritiated thymidine (2'-deoxy)
interleukin-1B-converting enzyme
2-[4-iodophenyl]-3-[4-nitrophenyl]-5-phenyltet-
razolium chloride

influenza A virus antigen

influenza B virus antigen

influenza control antigen

in situ nick translation

kilodalton

lymphokine-activated killer cells

lactate dehydrogenase

low molecular weight DNA

liquid scintillation counting

mitosis

microtiter plate
3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazo-
lium bromide

4-nitro-blue tetrazolium chloride

natural Killer cells

anti-CD3 monoclonal antibody

PARP
PBL
PBS
PFA
PHA
Pl
PMS
pNA
POD
PS
PVDF
PWM
ref.
rlu/s
RT
RUV
SA
SAC
SN
SOoD
S-phase
SSC
TdR
TdT
TMB
TNF
TRITC
TUNEL

WST-1

X-dUTP
X-dNTP
XTT

z

poly(ADP-ribose) polymerase
peripheral blood lymphocytes
phosphate buffered saline
paraformaldehyde
phytohemagglutinin

propidium iodide

phenazine methosulfate
4-nitranilide

peroxidase

phosphatidylserine
polyvinylidene difluoride
pokeweed mitogen

reference

relative light units/second

room temperature

rubella virus antigen
streptavidin

Staphylococcus aureus Cowan |
supernatant

superoxide dismutase

DNA synthesis (replication)
side light scatter

thymidine

terminal deoxynucleotidyltransferase
tetramethylbenzidine

tumor necrosis factor
tetramethylrhodamine isothiocyanate

terminal deoxynucleotidyltransferase-mediated
dUTP nick end labeling
4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-
tetrazolio]-1,3-benzene disulfonate
hapten-labeled deoxyuracil triphosphate
hapten-labeled deoxynucleoside triphosphate
2,3-bis[2-methoxy-4-nitro-5-sulfophenyl]-2H-
tetrazolium-5-carboxanilide

carbobenzoxy
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Amino acids

Name 3-letter 1-letter
Alanine Ala A
Arginine Arg R
Asparagine Asn N
Aspartic Acid Asp D
Cysteine Cys ©
Glutamic Acid Glu B
Glutamine GIn Q
Glycine Gly G
Histidine His H
Homoserine Hse -
Isoleucine lle |
Leucine Leu L
Lysine Lys K
Methionine Met M
Methionine sulfoxide Met (O) -
Methionine methylsulfonium Met (S-Me) -
Norleucine Nle -
Phenylalanine Phe F
Proline Pro P
Serine Ser S
Threonine Thr T
Tryptophan Trp W
Tyrosine Tyr Y
Valine Val Vv
a~aminoisobutyric acid Aib -
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Ordering Information

Product Cat. No. Pack Size
Anti-Poly (ADP-Ribose) Polymerase (Anti-PARP) 11 835238 001 100 pl
Caspase 3 Activity Assay 12 012 952 001 1 kit (96 tests)
Homogeneous Caspases Assay, ﬂuorimetric& 03 005 372 001 100 to 400 tests
12 236 869 001 1,000 to 4,000 tests
M30 CytoDEATH* 12 140 322 001 50 tests
12 140 349 001 250 tests
M30 CytoDEATH, Fluorescein* 12 156 857 001 250 tests
Products for Measuring Apoptosis—Membrane Alterations
Annexin-V-FLUOS 11828 681 001 250 tests
Annexin-V-FLUOS Staining Kit 11 858 777 001 1 kit (50 tests)
11988 549 001 1 kit (250 tests)
Annexin-V-Alexa 568 03 703 126 001 250 tests
Annexin-V-Biotin 11 828 690 001 250 tests
Apoptotic DNA Ladder Kit 11 835 246 001 1 kit (20 tests)
Cell Death Detection ELISAPUS 11 774 425 001 1 kit (96 tests)
Cell Death Detection ELISAP'S, 10 x % 11 920 685 001 1 kit (10 x 96 tests)
Cell Death Detection ELISA 11 544 675 001 1 kit (96 tests)
In Situ Cell Death Detection Kit, AP 11684 809910 1 kit (50 tests)
In Situ Cell Death Detection Kit, Fluorescein 11 684 795910 1 kit (50 tests)
In Situ Cell Death Detection Kit, POD 11684817 910 1 kit (50 tests)
In Situ Cell Death Detection Kit, TMR red 12 156 792 910 1 kit (50 tests)
TUNEL Enzyme 11 767 305 001 2 x 50 pl (20 tests)
TUNEL Label Mix 11767 291 910 3 x 550 pl (30 tests)
TUNEL AP 11 772 457 001 3.5 ml (70 tests)
TUNEL POD 11 772 465 001 3.5 ml (70 tests)
TUNEL Dilution Buffer 11966 006 001 2x 10 ml
Cytotoxicity Detection Kit"VS (LDH) 04 744 926 001 1 kit (400 tests)
04 744 934 001 1 kit (2,000 tests)
Cytotoxicity Detection Kit (LDH) 11 644 793 001 1 kit (2,000 tests)
Cellular DNA Fragmentation ELISA 11 585 045 001 1 kit (500 tests)
5-Bromo-2‘-deoxy-uridine Labeling and Detection Kit | 11296 736 001 1 kit (100 tests)
5-Bromo-2‘-deoxy-uridine Labeling and Detection Kit 11 11 299 964 001 1 kit (100 tests)
5-Bromo-2‘-deoxy-uridine Labeling and Detection Kit I11 11 444 611 001 1 kit (1,000 tests)
Cell Proliferation ELISA, BrdU (colorimetric) 11 647 229 001 1 kit (1,000 tests)
Cell Proliferation ELISA, BrdU (chemiluminescent) 11 669 915 001 1 kit (1,000 tests)
In Situ Cell Proliferation Kit, FLUOS 11810 740 001 1 kit (100 tests)
Cell Proliferation Kit | (MTT) 11 465 007 001 1 kit (2,500 tests)
Cell Proliferation Kit 11 (XTT) 11 465 015 001 1 kit (2,500 tests)
Cell Proliferation Reagent WST-1 & 05 015 944 001 8 ml (800 tests)
11 644 807 001 25 ml (2,500 tests)
ATP Bioluminescence Assay Kit HS 11 11 699 709 001 1, 000 assays (microplate)
500 assays (tube)
ATP Bioluminescence Assay Kit CLS Il 11 699 695 001 1, 600 assays (microplate)
800 assays (tube)
Anti-Bromodeoxyuridine, formalin grade 11170 376 001 50 ug
Anti-Bromodeoxyuridine-Fluorescein 11 202 693 001 50 ug
Anti-Bromodeoxyuridine-Peroxidase, Fab fragment 11 585 860 001 15 units

= Suitable for high-throughput screening.

%

*The M30 antibody is made under a license agreement from Peviva AB, Sweden. US Patent No. 6,296,850; 6,706,488 and 6,716,968.

Trademarks

ABTS is a trademark of Roche.

Dispase is a registered trademark of Godo Shusei Co, Ltd. Tokyo, Japan.
Alexa and BOBO are trademarks of Molecular Probes, Inc., USA

Other brands or product names are trademarks of their respective holders.
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Index

A
Ay €l 49
ADDbIeviations ........ceceeeeeeeerererereresesesenenes 168
Acridine 0range ........coeeeeeeeereeenererenerenenes 49
Annexin V
~AleXa 568 ..o 39
LTz} £o) SR 40
binding of phosphatidylserine ........ 38
“BIOtIN e 45
SFLUOS ..o 39
-FLUOS Staining Kit ......ccceeueuenne. 39
Anti-
BrdU .o 160
DNA .t 62
PARP ..ot 34
Apoptosis
assays for cell populations ............... 53
assays for individual cells ................ 69
biochemical characteristics of .......... 4
definition of ......ccccceeeceececeenenen 4
difference between cytotoxicity and 88
difference between necrosis and ....... 3
OVEIVIEW Of evvvviercrerercrereieiererenenenens 4
proteases, role of .........ccceveecencnenne. 20
simultaneous detection of necrosis
AN e 62
surface morphology changes
AUIING v 38
Apoptotic DNA Ladder Kit ..........c........ 57
Aspartate at proteolysis site .......c.c.ounn. 20
B
BCIP ieiieerereeeieteeiereeeeieneeeaeaes 84
“Beads on a string” .......coeeverererererenenenes 54

Bisbenzimidazole dye, see Hoechst dye
5'-Bromo-2'-deoxy-uridine

Labeling and Detection Kit I ........ 151
Labeling and Detection Kit II ....... 151
Labeling and Detection Kit III ...... 139
labeling of DNA ......ccccevvvvvivnnnns 100
InCOrporation assay ................ 136, 150

Bromo-deoxy-uridine, see 5'-Bromo-2'-
deoxy-uridine

C

CAM, see Campothecin

Campothecin ......cccceeveveeereunnnes 28,63, 103
CaASPASES ..vevnireiiieiicreee e 10
Caspase 3 Activity ASSay ......cccoeeecennne 26
Cell cycle, overview of ......ccccoeeueueunee 111

Cell death
accidental ....cccocoeeveceeeeeeeeeenenens 2
and cytotoXiCIty ...cococveererererererenenen 88
programmed .......cocovevererererinirininineene 2
Cell Death Detection ELISA ................. 67
Cell Death Detection ELISA™S ............ 62
Cell-mediated cytotoxXicCity .........cccevenn. 88
Cell proliferation
assays for cell populations ...... 116, 136
assays for individual cells .............. 150

assays that use tetrazolium salts ... 116
ELISA, BrdU (chemiluminescent) 143

ELISA, BrdU (colorimetric) ......... 143
Kit T (MTT) oo, 124
Kit IT (XTT) oo 127
OVEIVIEW Of .ecvverercrerercreicrerereiennen 113
Reagent WST-1 ..cccvvvievcininienccnne. 120
Cell viability assays, see Cell proliferation
assays
Cellular
DNA Fragmentation ELISA .......... 103
Chemiluminescent cell proliferation
ELISA 143
Colorimetric assays
for cytotoxicity 93
for proliferation ........c.ceceoeeevevuruencne 143
Cyclin 112
Cysteine proteases 6
Cytotoxic T cells 9
Cytotoxicity
assays 93
cell-mediated 88
definition of 88
Detection Kit (LDH) ...ccccevevvvennnnen. 94
Cytotoxicity Detection Kit"™™* ........ 98
effectors of ....cccocvevevececcccccenenen 88
OVEIVIEW Of euencrcncrcrccrcrcrerererenenene 88
D
DAB substrate .....ccceuveieueiiiniiieiiiinnns 84
Damage/leakage of plasma membrane,
ASSAYS FOT wevviiirieieiireeccee e 49
DAPI oo 49

Deoxynucleotidyltransferase, terminal 71
DNA cleavage, see DNA fragmentation

DNA fragmentation

during apoptosis .......cceeevevvereceaes 7,12
DNA fragments, histone-associated ..... 56
DNA end labeling .......ccccoceuevererererenennnee 55
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DNA ladder

appearance Of ....ccccccveeevereneeenenens 54

ASSAY fOI eeennemececceeceeeenenenee 56

size of fragments ......c.cccocveeeerenenee 54
DNA polymerase ........ccoeevererererererenenen 70
DNA synthesis

ASSAYS weevrerririinririeeee e 150
Dye

exclusion assays ........c.ccoceeeeerenenene 49

UPLAKE vttt 50
E
ELISA

Kits woveeeerireeceereeeene 62,67,103, 143
End labeling of DNA ......ccccoceveeeenennee 55
Ethidium bromide .......cccccevvvviiniininnnns 49

Exclusion assays, see Dye exclusion assays

F
False positive, TUNEL ......c.cccceoeueremennnee. 81
Fast red .o.coeveeereeereeeeeeeeeeeeenee 84
FIENA ..ottt 27
FixDenat ...cccccoeeveeenneencnnerecineenecens 144
Fluorochrome staining assays for
measuring DNA 10ss ......cccccoeeeceiiininas 49
Flow cytometric techniques, kits for, see
Annexin V-FLUOS Staining Kit ...... 39
In situ Cell Death Detection Kit,
Fluorescein ........cococoeeecceccccncnenen 74
In situ Cell Proliferation Kit,
FLUOS .ot 156
Flow cytometric measurement
of Annexin V-stained cells .............. 39
Of APOPLOSIS ecvvvrrercrercrerererererenenene 70
of BrdU label ......cccocoeereerererenennne. 156
of cell cycle position .......c.ccccueneeee. 163
of ISNT method ...c.cccevevererererenennnee 71
of normal and apoptotic cells ......... 49
of peripheral blood lymphocytes ... 72
of total DNA 167
of TUNEL method .....cccccoeveveueunnnee. 71
Flow cytometry
assays for apoptotic cells ............ 39,74
Formazan
insoluble 116
soluble 116
H
Hallmark of apoptosis .......c.cccceveueueuenee 54
Histone-associated DNA fragments ..... 56
Hoechst dye ....ccoeeuerereeeeeeecccennen 49
Homogeneous Caspases Assay ............. 30

|
INT ot 94
In situ Cell Death Detection Kit
SAP e 79
“POD e 76
-Fluorescein ......ccceveeveeeeceeeeeeneenens 74
TMR o 74
In situ Cell Proliferation Kit
“FLUOS ot 156
In situ nick translation ..........ccceeeeevvenene 71
ISNT method .....cccveeeeeeeieeeeceeeereenn, 71
L

Lactate dehydrogenase, see LDH
LDH

Cytotoxicity Detection Kit .............. 94
Cytotoxicity Detection Kit"™™s ........ 98
Leakage/damage of plasma membrane,
ASSAYS fOT wvvvevrerirerieieieieieieieieie e 49
LMW DNA ...oriieirrcereeneeerenneieenes 55
Lymphokine-activated killer cells ......... 88
M
M30 CytoDEATH ......ccccooviiiiiiiiinns 21
M30 CytoDEATH, Fluorescein ............. 21
Membrane symmetry during
APOPLOSIS wevevevieireveneerieiereeeeeieeeeeeeneaeas 38
Method selection guide
for apoptosis assays ........coceveverennen 16
for cell proliferation assays ........... 114
for cytotoxicity assays ........c.coceueeee. 90
M-Phase ..c.cceeeereeeereeeeeeeeeenens 112
MTT
ASSAY Kt wvveveveverererereiereieieieieieiennens 124
biochemical basis for reduction of 116
cellular basis for reduction of ....... 116
comparison with other tetrazolium
salts 119
structure of 117
use in cell proliferation assay ........ 116
use in cytotoxicCity assay ... 89
N
Natural killer cells ....c.cccoeeeeeeeeeenenen 9
NBT e 84
Necrosis
definition of ......cccccoeeeeeeeeeeenenen 3
difference between apoptosis and .... 4
difference between cytotoxicity
AN e 88
inducers of ....cccoeeeeeeeeeeereeenenen 6
OVEIVIEW Of ovvrrererercienenerenerenenennens 3
Nick translation ......c.cocceeeveeeeerererenenenen 71
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General Abbreviations

Nonradioactive assays

fOT APOPLOSIS eveuveeveneirieieeireeieenens 16
for cell proliferation .........ccccceeuee. 114
for CYtOtOXICILY .eeeeeececcmenenenenenene 90
0
OligonucleoSomes ........coeeevevererereerecnnns 71
P
PARP oo 34
Peripheral blood lymphocytes
proliferation of ........ccccceeeeeenenee 146
stimulation of .......cccoeeeveveceeeenen. 146
Phagocytic cells ..c.ceemeeerieeeeeceennen 4
Phosphatidylserine ..........cccccocuvueeucees 12,38
Phospholipid
Phospholipid-binding protein,
S€€ ANNEXIN V .oveeeiiveveiinicieeninieieenns 38
Plasma membrane-damaged cells ........ 95
Poly-(ADP-ribose) polymerase,
see PARP
Positive, false, TUNEL .......cccccovevveeurenne. 81
Product Selection Guides
for apoptosis assays .......c.coceeeuemenene 16
for cytotoxicity assays ........c.cceurunee. 90
for cell proliferation assays ........... 114
Proliferating cells
)3 (o) G 120 - 127
increased metabolic activity in ..... 116
Propidium iodide
exclusion assay ..........cccoeveeiereirenne. 49
PIOPETLIES w.vcueervrenierierenieriereereraenen 50
Proteinase K pretreatment for
TUNEL ..ottt 81
R
Reduced metabolic activity,
ASSAY FOI vvvrrererereienecrecceeeeeeenee 116
S
S-Phase ..c.ceeeeieceerceccccne 150
Streptavidin conjugates .......c.coceeeevecnnns 46
“Sub-G,” peak .....ccovvuriririniiiiee, 50
Surface glycoproteins .........c.cccceeeueunee 38
Symmetry of membranes during
APOPLOSIS vt 38

T

TAT e 71
Terminal deoxynucleotidyl transferase 71
Tetrazolium salt
See also MTT, WST-1, XTT
mitochondrial reduction and

use in cell proliferation assays ...... 116
Transferase, terminal .....cccceeeveeveeeevennne. 71
Trypan blue exclusion assay .................. 49
TUNEL

AP s 79

Kits fOr weevereieiniriecccrieeccene 74-79

label ..o 71

POD oottt 79

protocol for tissues which tend to

give false positives results................. 81
u
Uptake of dyes by dead cells ................. 49
Vv
Viable cell number ........cccoveeeninnnnnee 110
W
Water-insoluble formazan .................. 118
Water-soluble formazan ...........c....... 118
WST-1

ASSAY cuverrereerreneereee e 120

biochemical basis for reduction of 116

cellular basis for reduction of ....... 116

comparison with other tetrazolium

SALES et 119

Structure of ....occceeveeeeecicncreniccncenn 117

use in cell proliferation assay ........ 116

use in cytotoxicity assay .................. 98
X
XTT

ASSAY Kt wveeennieieieieeiceeicieeenene 127

biochemical basis for reduction of 116

cellular basis for reduction of ....... 116

comparison with other tetrazolium
SALS vt

structure of ...
use in cell proliferation assay ........ 116
use in CytotoxicCity assay ......c.c.ceee.. 98
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Figure 1: Real-time monitoring of cytotoxicity
through DNA damage. Etoposide is a DNA damaging
agent which induces apoptosis in high concentrations,
while at lower concentrations it leads to S-Phase and/or
G2 arrest.
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