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Multiplexing assays for more informative data Promega

| * Plate-based assays for
viability, cytotoxicity and
apoptosis measurement

» Using multiplex assays to
understand cell death
mechanism

* Monitoring cell response in
multiple applications




Definitions Promega '

Cell Viability Assay

» Assays based on measuring a cytoplasmic enzyme or
marker in cells with intact cell membranes. Assays could
be lytic or non-lytic.

Cytotoxicity Assay

 Assays based on cells that do not have intact cell
membranes leaking normally cytoplasmic enzymes into
the cell culture medium. Assays are non-lytic.

Apoptosis Assay

» Assays based on measuring activation of specific
caspases. Cells with activated caspase-3/7 are
considered committed to apoptotic cell death. Assays
are lytic.
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I’d like to start with some definitions so that we are all on the same page.  

When I speak of cell viability assays, I’m talking about assays based on measuring cytoplasmic enzymes or biomarkers in cells with intact cell membranes.  These assay may be lytic or non-lytic.

When I speak of cytotoxicity assays, I’m talking about assays for cells that do not have intact cell membranes leaking normally cytoplasmic enzymes into the cell culture media.  These assays, by necessity, are non-lytic.

Now when I speak of apoptosis assays, I am talking about measuring activation of specific caspases.  Cells with activated caspase-3/7 are considered committed to apoptotic cell death.  These assays are lytic.
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Multiplexing is simply gathering more than one set of data from the same sample.  Assays must be chemically and biologically compatible.  
The assays must produce signals that can be differentiated.  (You can’t do two luminescent luciferase-based assays in the same well at the same time).  
Assay chemistries must be compatible (by the way, don’t try to multiplex our CellTiter 96 AQ One solution assay with a glo reporter assay, you’ll get a nice black precipitate).  
And finally, the two assays must fit into the available volume of the well. Alternatively, you could take a portion of the medium and do one assay and do another assay on the remaining medium.


What is the motivation for multiplexing? Promega

A more complete picture of what is happening to the cell.
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Cells are apparently
losing viability...

...but the membranes are intact.

1. Reduce faulty interpretation or
ambiguity from data sets

2. Eliminate variables from culturing 3. Normalize data
duplicate or triplicate plates
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How? Apparent loss of viability, intact membranes,
caspase-3/7 activation—therefore, cytostasis
with early stage apoptosis!
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The reason for multiplexing is to allow a user a way to combine cytotoxicity and viability assays with mechanism-specific assays to help reduce faulty interpretation or ambiguity from data sets, normalize data, and to increase the content provided from each experiment.

For example, lets look at this example with cells treated with doxirubicin. If you only looked at the cells with a cell viability assay, you might say that there is apparent cytotoxicity. However, if you also looked with a cytotoxicity assay, you’d be a bit puzzled because that would tell you that the membranes are intact.  Combine this with a mechanistic assay like a caspase assay you would see that apoptosis is underway.  Therefore, the cells are undergoing cytostasis or cell-cycle arrest at high concentrations and those cells are undergoing apoptosis.

Multiplexing gives you a much more complete picture.  


Plate-based 5ssays for cell viaility, p
cytotoxicity, and caspase-dependent
apoptosis measurement




Development timeline for cell-based viability,
cytotoxicity and apoptosis assays Promega
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Promega has been in the cell health business for a long time. Starting in 1991 we introduced the first alternative to 3H-thymidine culminating in the super sensitive ATP assay we call the CellTiter-Glo® Assay.  Similar advancements were made for caspase assays and cytotoxicity measurement.  Today we will focus on some multiplexing assays called ApoLive-Glo™ Multiplex Assay and the ApoTox-Glo™ Triplex Assay.  We will also discuss how some of these assays can be partnered with other Promega cell-based assays to understand the cellular response to treatment. 

First, though, I will quickly review the methodology behind cell viability, cytotoxicity and apoptosis assays…


Major methods to assess cell viability Promega
o ATP Hon-tytle Enzyme
UCI erln A roriuorescen
Luciferase X g L compound Markers
Lytlc \ Esterases
\\ Ay, A Live Cell Protease
Ss o A A AA
T==—_ATP A ', fluorescent

compound

r|<2\7|l._llg_e|_d I'ytic reduced
Soluble == MTT<.

insoluble S
MTT ...............‘-‘-‘-‘-‘-‘ ......;;_.-
Resazurin; /! \ A
. ! v Resorufin
REdUClng ETR  ETR-reduced
° ]
Potential A ]
Reduced \ ’ . MTS
. sooo’ Indicator
Indicator <€ =
Compound o Compound WST
P Non-Lytic

—



khooper
Sticky Note
Here’s a quick review of the major methods to assess cell viability or cells with intact membranes and active metabolisms. 

First, let’s look at assays based on the reducing potential of intact cells.
MTT is reduced inside the cell and forms a insoluble reduced form.  The cells must be solubilized in an organic solvent to dissolve the MTT.  Next generation compounds like MTS, XTT and WTS utilize a electron transport reagent that brings reducing equivalents outside the cell which in turn reduce the formazan giving the color change. A fluorescent option is available, too, utilizing resazurin.  Resazurin is reduced to resorufin. This method is approximately 10-fold more sensitive than the colorimetric methods.

Now, lets look at methods that utilize enzyme markers.
These methods use a profluorescent compound that crosses the membrane and is acted upon by an intracellular enzyme resulting in a fluorescent signal.  Calcein AM uses cellular esterases to generate a fluorescent signal.  A Promega assay called CellTiter-Fluor utilizes an intracellular protease to generate a fluorescent signal.  We’ll learn more about this assay later.

Finally, there are assays that measure ATP. 
ATP assays quickly lyse the cell, provide ATPase inhibitors and supply excess luciferin and luciferase.  The amount of ATP released determines how much light is generated.  Light production is proportional to how many cells are in each well.  Luminescent ATP assays are the most sensitive cell viability assays. 


Cell Viability Assays
Methods to measure live cells

CellTiter-Glo® Luminescent Cell
Viability Assay (Luciferase)

CellTiter-Fluor™ Cell Viability Assay
(Gly-Phe-AFC)

Resazurin/Resorufin (fluorescent)
e.g., CellTiter-Blue™ Cell Viability

Assay

Soluble Formazan with Electron
Transfer Reagent (MTS/XTT/WTS)
e.g., CellTiter 96° AQ,,.,...One
Solution -

Insoluble Formazan MTT
e.g., CellTiter 96°® Assay

3H-thymidine incorporation assay
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Here’s an overview of cell viability assay.  The differences come down to steps.  Most methods have a three step add-mix-measure format.  MTT requires solubilization  which adds two more steps and 3H-thymidine has at least 8 steps.

Next is time to results.  ATP assays are rapid and take at most 10 minutes. The CellTiter-Fluor assay is rapid, too.  The others have variable incubation lengths.  

ATP assays are the most sensitive followed by fluorescent then colorimetric methods.

http://www.promega.com/catalog/catalogredirect.asp?partno=G7570
http://www.promega.com/catalog/catalogredirect.asp?partno=G6080
http://www.promega.com/catalog/catalogredirect.asp?partno=G8080
http://www.promega.com/catalog/catalogredirect.asp?partno=G3580
http://www.promega.com/catalog/catalogredirect.asp?partno=G4000
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Cytotoxicity Assays Promega

Assays are non-lytic.
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Let’s take a quick look at cytotoxicity assays or membrane integrity assays.  These assays measure enzymes leaked into the cell culture medium from cells with compromised membranes. By necessity these assays are non-lytic.  The classic assay measures lactate dehydrogenase.  This is coupled assay with yeast diaphorase which reduces the INT to its formazan or resazurin to resorufin. 

There at least three other luminescent assays based on other released enzymes: dead-cell protease, adenylate kinase and glyceraldehyde-3-PO4-dehydrogenase.  Well talk more about how these work later.  Although all three are luminescent assays, they are not equal in their signal-to-noise ratios.


Luminescence (RLU)

Better signal:noise ratios
allows detection of minor
changes in toxicity.
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We lysed a set of cells and mixed them with live cells, then performed the commercially available assays for adenylate kinase, gapdh and our own dead cell protease.  Its obvious that dead cell protease has better signal to noise ratios. 
This assay is so sensitive that you can differentiate 5-10% live cells and 5-10% dead cells. You could push it easily to differentiate even smaller changes in viability.  Not only is there differences in response, there is a difference in another important parameter-enzyme half-life.  


Major markers for cytotoxicity Assays Promega
Direct
Marker Cell-Based
Time Half-Life in Media Assay
Colorimetric ;
Lactate Dehydrogenase (Formazan Chemistry) 30 min. o No
(e.g., CytoTox 96® Cytotoxicity Assay & 10hr
CytoTox-ONE™ Membrane Integrity Assay Flliorescent 10 min Yes
(Resazurin/Resorufin) ’
Dead Cell Protease Fluorescent 30 min. Yes
(e.g.,.CytoTox-Fluor™ & CytoTox-Glo™ Cytotoxicity ~8 hr
Assays) Luminescent 15 min. Yes
Glyceraldehyde-3-PO,-Dehydrogenase Luminescent 5 min. ~4 hr Yes
Adenylate Kinase Luminescent 5 min. ~3 hr No
)

o Governs how
sensitivity soon you have to
Luminescent S Fluorescent $» Colorimetric assay after the

cytotoxic event



khooper
Sticky Note
In general, luminescent assays are more sensitive than fluorescent assays which are more sensitive than colorimetric assays.  However, you may experience very different results depending upon when you choose to assay for the cytotoxic marker.  The enzymes have very different half-lives outside the cell with LDH having the longest.  This time governs how soon after the cytotoxic event you need to assay. 

http://www.promega.com/catalog/catalogredirect.asp?partno=G1780
http://www.promega.com/catalog/catalogredirect.asp?partno=G7890
http://www.promega.com/catalog/catalogredirect.asp?partno=G9260
http://www.promega.com/catalog/catalogredirect.asp?partno=G9290
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Promega makes plate-based, cell-based assays to measure caspase activation.  We consider cells with activated caspase-3/7 to be committed to apoptotic cell death.  These assays are lytic so the substrate and enzyme can meet up.  Essentially these are short peptides attached to aminoluciferin.  Cleavage of the peptide releases the aminoluciferin, a fine substrate for firefly luciferase.  Cell-based assays are available for caspase-8, which is associated with receptor-mediated apoptotic events, and capase-9 which are associated with mitochondrial damage events. Both can activate the big hammer, caspase-3.  

By the way, you’ll notice that we always call our assays caspase-3/7.  This is because the substrate peptide DEVD can be cleaved by both caspase-3 and caspase-7 in vitro.  Our assays cannot differentiate these in the assay. 

A similar assay is used for a fluorescent method using the highly fluorescent rhodamine 110.  In this case, there are two peptides attached to fluor. Both must be cleaved for the signal. 

The sensitivity of these assays are very different as you can see…

http://www.promega.com/catalog/catalogredirect.asp?partno=G8090
http://www.promega.com/catalog/catalogredirect.asp?partno=G8200
http://www.promega.com/catalog/catalogredirect.asp?partno=G8210
http://www.promega.com/catalog/catalogredirect.asp?partno=G7790
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Here’s an examination of all three caspase-3/7 assays we’ve produced. At the right is the original system using a simple DEVD-AMC substrate with a cellular extract. 

The next iteration was the cell-based assay using the Rhodamine 110 substrate.  This assay was almost 100-fold more sensitive.  

The luminescent assay was another 100-fold more sensitive.  The sensitivity gain allowed the production of the Caspase-Glo® 8 & 9 Assays.  Caspase 3 is highly abundant whereas the other two are of low abundance.  Luminescence is really the only way to assay these in a cell-based assay.
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Promega Corporation - USA
Tel: 608-274-4330
Toll-Free: 800-356-9526

* Experienced & highly trained scientists 7:00am - 6:00pm CST
= * Varied technical expertise
* Varied scientific expertise
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The fine print:
©2010 Promega Corporation.
ApoONE, Beta-Glo, Caspase-Glo, CellTiter 96, CellTiter-Blue, CellTiter-Glo, CytoTox 96, Dual-Luciferase, Steady-Glo and Stop & Glo are registered trademarks of Promega Corporation. ApoLive-Glo, ApoTox-Glo, Bright-Glo, CaspACE, CellTiter-Fluor, CytoTox-Fluor, CytoTox-ONE, GloResponse, GSH-Glo, HDAC-Glo, ONE-Glo, P450-Glo, Renilla-Glo and UltraGlo are trademarks of Promega Corporation.  Products may be covered by issued or pending patents.  Please visit www.promega.com for more information.

http://www.promega.com/Contact/Default.aspx?Type=TS

