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Multiplexing assays for more informative data

• Plate-based assays for 
viability, cytotoxicity and 
apoptosis measurement

• Using multiplex assays to 
understand cell death 
mechanism

• Monitoring cell response in 
multiple applications



Development timeline for cell-based viability, 
cytotoxicity and apoptosis assays
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Sticky Note
By 2003, we had improved the ease-of-use and sensitivity of the viability assays by progressing from MTT to MTS and ultimately bioluminescent ATP measurement with CellTiter-Glo.  Similarly, we had taken apoptosis analysis from lysates and westerns and TUNEL assays to fluorescent, plate-based caspase-3 detection to ultimately bioluminescent caspase-3 detection with Caspase-Glo. Cytotoxicity, or membrane integrity assays, had moved from colorimetric LDH assays to resazurin-based fluorescent assays of LDH leakage with CytoTox-ONE. The missing component was the luminescent cytotoxicity assay.  We and I’m sure others looked for a way to assay LDH with luminescence but were not finding the success desired. Some other groups applied bioluminescence to the assay of different enzymes released into the culture medium.



Other enzymatic markers of cytotoxicity
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Sticky Note
Media containing adenylate kinase could be mixed with a reagent containing excess ADP, Luciferin and Luciferase.  The AK would convert 2 ADP molecules to 1 AMP molecule and 1 ATP molecule. The ATP generated could be used to drive the luciferase reaction and generate light.  The light production is proportional to how much AK was released.

Others focused on the enzyme glyceraldehyde-3PO4-dehydrogenase or GAPDH.  Leaked GAPDH could be assayed by supplying the well with a set of reagents that eventually made ATP from a cascade of reactions involving glycolosis enzyme phosphoglycerate kinase.  The light generated from the luciferase reaction is proportional to how much GAPDH leaked from the cell. 

A key distinction between these luminescent membrane integrity assays and the classic LDH assay was the half-life of the enzyme marker outside the cell.



Luminescent methods where not ideal…
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Sticky Note
LDH is a hardy molecule with a half-life of ~10 hours.  AK is not quite so hardy.  In our hands, the enzyme has a half-life of ~2.5 hours and GAPDH though better still had a relatively short ~4 hour half-life. Enzymatic half-life governs how long after you induce your cytotoxic event that you can perform the assay.  If you assay for AK after an overnight incubation and it’s a strong cytotoxic inducer, you may have no enzyme left to assay.  Timing of your cytotoxicity assay can be the most challenging parameter to optimize due to enzymatic half-lives.  We knew we wanted an enzyme that was more like LDH and less like AK or GAPDH. 

So we started looking…



Two Protease activities = live/dead cell assay

Are my cells living? Are my cells dying?

Live-Cell Protease
quickly inactivated
outside the cell.

Dead-Cell
Protease

Live-Cell
Protease

Niles, A.L., et al. (2007)
Analytical Biochemistry 

366, 197-206.
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To that end, we began screening cells for a stable protease activity released by cells with compromised membranes.  At the same time, we also looked for a complementary protease activity that would indicate a cell with an intact membrane. You can read more about the search for these proteases in the article from Analytical Biochemistry.  

The “live-cell” protease must be labile and inactive when leaked from the cell. 
 
The “Dead-Cell” protease must be hardy and survive outside the protective cellular environment. 

http://www.ncbi.nlm.nih.gov/pubmed/17512890


Dead-Cell Protease more like LDH
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Sticky Note
As you can see in the graph,  Dead-Cell protease has a half-life ~8 hours making Dead-Cell protease more like LDH than the other two enzymes.


FYI…
This data comes from the Analytical Biochemistry paper.  The test was detergent lysis of 10,000 HL-60 cells.  They were lysed at different times so that at the end all could be read at the same time. 



Compromised membranes 
allow Dead-Cell Protease  

access to the substrate 

Measure Live, Dead or Both 
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We developed non-lytic assays for intact membranes and damaged membranes using both live-cell and dead-cell protease activities. 

To assay for intact membranes and viable cells, we use the cell-permeant Gly-Phe-AFC substrate.  This profluorescent compound upon cleavage of the GF dipeptide releases AFC.  The AFC fluorescence is proportional to the number of live cells.

For the cytotoxicity assay, we chose a cell impermeant substrates for both fluorescent assay or luminescent assay. Only when membrane integrity is compromised can the Dead-Cell protease gain access to the substrates. In the case of the the AAF-aminoluciferin, light production through an Ultra-Glo/ATP reaction is totally dependent upon cleavage of the AAF peptide.  For the profluorescent compound bis-AAF-Rhodamine 110, removal of the AAF peptides is necessary for R110 fluorescence.

The MultiTox-Fluor and MultiTox-Glo combine the two assays to give you both cytotoxicity and cell viability.

http://www.promega.com/catalog/catalogredirect.asp?partno=G6080
http://www.promega.com/catalog/catalogredirect.asp?partno=G9290
http://www.promega.com/catalog/catalogredirect.asp?partno=G9260
http://www.promega.com/catalog/catalogredirect.asp?partno=G9200
http://www.promega.com/catalog/catalogredirect.asp?partno=G9270


Inverse relationship between live & dead cell signals
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MultiTox-Fluor and MultiTox-Glo give you two different signals to understand the integrity of the cellular membranes and thus the health of the cells.  Cytotoxicity in this dual assay is defined as a decrease in the live cell signal and a concurrent increase in the dead cell signal. Now you can get a ratiometric measure of the situation in the well.  Under the test conditions, the well has, let’s say, 40% live cells and 60% dead cells. 

Two measures of membrane integrity can help in many ways if you are doing a screen for cytotoxicity…



Ratiometric measures address variability
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• Single parameter 
responses are partially 
dependent on cell 
number

• Subtle clumping or 
pipetting error can make 
screens difficult to 
interpret

• Ratiometric measures 
decrease variation by 
normalizing the data

Variable number of 50% viability cells
plated per well.

MultiTox-Fluor Assay Data
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Sticky Note
Here’s an example of how you can use the ratiometric measure to normalize your experiment.  We created a mixture of 50% live and 50% lysed cells and put them in wells to have 5000 to 12000 cells per well.  The raw data makes it difficult to discern actual cytotoxicity but if you plot the ratiometric data, in this case dead signal divided by the live cell signal, you smooth out the data and actual cytotoxicity would be more clear.

The data smoothing is nice but in some cases, looking at the individual signals may offer a better view of your situation…



MultiTox-Fluor assay improves data confidence for 
cytotoxicity screens
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A cytotoxic event must yield an increase in dead-cell protease 
activity and a decrease in live-cell protease activity 

khooper
Sticky Note
Here is an example of a screen for compound inducing cell death.  On the left is the positive and negative controls. Note in the positive control, dead cell signal increases with a concurrent decrease in live cell signal. This is the signature of a cytotoxic event. Now let’s examine the screen. 

Looking at the raw data, you can tell if too many or too few cells are added to the well (the relative distance between to two data points remains constant but the two points move above or below the other data sets). You can see if compounds cause fluorescent interference because the compound is unlikely to interfere with both assays.  You’ll have greater confidence in identifying true hits by have two measures.

The actual hits are easy to distinguish. A cytotoxic even must yield an increase in dead-cell protease activity and a decrease in live-cell protease activity.

By the way, the color quenching is Resazurin.



MultiTox-Fluor can be the perfect multiplexing 
partner

Assays must be chemically & 
biologically compatible

• Signals must be spectrally 
distinct 
(Fluorescence or Luminescence)

• Assay chemistries must be 
compatible

• The assays must fit in the 
available volume of the well or 
be separable.
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Luminescent 
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Sticky Note
MultiTox-Fluor and MultiTox-Glo are different in terms of procedure.  The MultiTox-Fluor is a single step assay with one reagent addition and both readouts are fluorescent. MultiTox-Glo is a double add-mix-measure assay with both a fluorescent and luminescent readout.  Remember our discussion of necessary components for a multiplexed assay?  The multiplex must be spectrally distinct, must be chemically compatible and the assays must fit into the available volume of the well.  MultiTox-Fluor gives us another opportunity to get more data per well.  



Multiplexing with Caspase-Glo® 3/7 Assay

MultiTox-Fluor Multiplex 
Cytotoxicity Assay 
matches well with the 
Caspase-Glo® 3/7 Assay

• Used as the multiplexing 
example in the MultiTox-
Fluor manual

This combination can do so much more…

Caspase-dependent 
apoptotic cell death

khooper
Sticky Note
Instructions for using multitox-fluor ahead of a luminescent assay are included in the multitox-fluor technical manual.  You simply make a more concentrated multitox-fluor reagent so that you do just a minimal increase in cell volume. 
Interestingly, the example given in the tech manual combines multitox-fluor with the Caspase-Glo® 3/7 Assay.  

 This is a perfect combination for deciphering the mechanism of cell death.  So much so that we now bundle these assays together as the ApoTox-Glo Triplex Assay.



The Cytotoxicity Paradox:  
A Simple Concept with Inherent Biological Complexity

Did the treatment affect cell viability
-Yes/No? 
-How? 
-When?

How potent was the treatment?

Is the treatment selective?

The cytotoxic phenotype is 
shaped by multiple factors:
1. Dosage
2. Exposure Time
3. Cellular susceptibility

No single parameter assay can fully characterize cytotoxicity
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Sticky Note
If you’ve ever treated cells and looked at them under a microscope, you know that different treatments can result in very different cell morphologies.  You start asking questions like did the treatment affect the cell viability?  If so, how? When did the change occur?  How potent was the treatment and is it selective.  

Something like osmotic shock can occur rapidly and result in primary necrosis.  Primary necrosis is a very chaotic event and typically occurs less than 4 hours after treatment.  Something that induces apoptosis like staurosporine will ultimately result in cell death through secondary apoptosis. Apoptosis is more orderly, going through stages and takes more time.  The apoptosis pathway takes longer and has early cell stress like a drop in glutathione levels followed by the caspase activation leading to committed apoptosis and ultimately cell death.  The speed of either event can be dependent upon dosage of the treatment, length of exposure and the susceptibility of the cell line under study. Looking at these events with just a viability assay would give the same result, nothing about the mechanism.  Same for a cytotoxicity assay. Using a mechanistic assay like Caspase-Glo could offer clues as to what’s happening but would be influenced by the timing of the assay. 

Most researchers realize that no single parameter assay can fully characterize cytotoxicity and must use parallel plates and do separate assays to investigate the cause. Same-well multiplexing can provide the answer on a single plate.
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To have a better view of cytotoxic events, we have pre-packed two multiplex assays that can be purchased directly.  The first is the ApoTox-Glo Assay.  This assay combines CellTiter-Fluor for viability, CytoTox-Fluor for cytotoxicity and Caspase-Glo 3/7 for apoptosis.  This is the most informative assay.  Care must be taken to balance exposure time and dosage, especially in terms of the cytotoxicity assay. Typically, you are going to use this to examine events in the 24-48 hour exposure range.

The second assay is ApoLive-Glo combining CellTiter-Fluor and Caspase-Glo 3/7.  Though only a duplex, it can provide you with important data concerning cytotoxicity mechanism.  Again exposure time and dosage are important.  You may want to use this to examine 48-72 hour exposures since you don’t have to worry about the half-life of the dead-cell protease.  This is also a good for examining caspase activation and normalizing it to cells with intact membranes. Remember, apoptosis occurs before secondary necrosis so cells with active caspases have intact membranes.

http://www.promega.com/catalog/catalogredirect.asp?partno=G6320
http://www.promega.com/catalog/catalogredirect.asp?partno=G6410


Signature #1.  No Cytotoxic Effect

Compound exposure period and cell type are critical 
parameter for establishing cellular inertness.

DIC image courtesy of Chad Zimprich

viable cells
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Sticky Note
This is the characteristic signature of a treatment resulting in no change in viability, no cytotoxic release and no caspase activation. These are k562 cells treated with strong HDAC inhibitor.  This is a short exposure period and under this condition, we do not see CTX.

If you are looking for off target effects, this is perfect.  If you are looking for an on-target effect, this is not good.



Signature #2. Primary Necrosis

Rapid loss of membrane integrity (<4hrs) without caspase 
activation is strongly indicative of primary necrosis.

Necrotic cells
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Sticky Note
In this example, we induced primary necrosis by treating the cells with ionomycin to induce osmotic shock.  Notice the loss in viability and concurrent rise in cytotoxic release.  Necrosis does not induce caspase activation. Necrosis typically happens in less than 4 hours.  

You do not want to see this at all as it indicates a definite lack of specificity.  Bad for on and off target assays.



Signature #3
Cell Cycle Arrest…and early apoptosis

DIC image courtesy of Chad Zimprich

Decreases in apparent viability (viable cell number) with 
increases in caspase activation are consistent with 
cell-cycle arrest.
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Sticky Note
This is the signature of early-stage apoptosis or cytostasis. Notice the apparent decline in viability. This is not true loss of membrane integrity because there is no commensurate increase in CTX.  This decline is probable due to cell-cycle arrest. This assay was measured 48 hours after treatment.  The cells will grow during this period.  The cells that look like they “lost” viability simply did not grow, they were locked into cell cycle arrest by the doxorubicin. These cells under arrest are about to die by apoptosis.  We have a sharp Caspase induction but no commensurate CTX increase meaning we are in early apoptosis and haven’t progressed to 2° necrosis.

You want to see this type of signature if you are looking for on target effects but bad news if you are looking for off target effects.



Signature #4: Apoptosis

Decreases in viability with a commensurate increase in 
cytotoxicity with caspase activation are consistent with 
apoptosis and secondary necrosis

DIC image by Chad Zimprich
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Cells undergoing have well-defined change in morphology.  This stage produces a characteristic signature where viability decreases with commensurate increase in cytotoxicity with caspase activation.  This is consistent with apoptosis and secondary necrosis.

Again, good to see if you are looking for on target effects, bad if you are looking for off target effects.

This is a fortunate convergence of the 3 assays based on catching the apoptosis assay at the right time.  The caspase assay profile is time dependent.  



Signature #5: Late State Apoptosis

Dose-dependent decrease in viability, increase in cytotoxicity 
with caspase biomarker degradation at highest concentrations 
is consistent with late stage apoptosis.
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Cells have died earlier than we chose to assay.  This signature reveals a situation where we could have performed the assay sooner.  Note the decline in caspase activity at the end.  This is because we induced apoptotic death very early at these doses and we are now seeing the effect of biomarker half-life on the assay results. 

Again for on target effects, its perfect.  For off-target effects, its not good.  



Does “Biological Relevance” Equate into 
Translational Relevance? 

Translational Problem:
“Patients with [various cancers] experience poor outcomes, especially in metastasized 
disease, and treatment of all stages is associated with strong side effects [off-target] resulting 
in impaired quality of life. Specific therapies for such high-risk patients are therefore urgently 
needed to resolve this unsatisfactory situation.” 
– Milde, T., et al. (2010) Clinical Cancer Research 16, 3240-52.

khooper
Sticky Note
This is a statement pulled from the citation below.  Basically, the authors are saying we need to make cancer therapies more specific so that there are fewer side-effects and a better quality of life for patients under therapy.

Drug companies are looking for ways to spot off-target or side-effects earlier.  Here’s an example of how that can work…

http://www.ncbi.nlm.nih.gov/pubmed/20413433


Potency & Safety Evaluation:  Validation of ApoTox-
Glo™ Assay with Clinical Cancer Therapeutics

FDA Approved
Anti-Leukemia

Drugs

ApoTox-Glo™ 
(After 24hr Exposure)

“iCells™ are specifically designed to 
aid drug discovery and improve the 
predictability of drug efficacy 
and toxicity screens, weeding 
out ineffective and potentially 
toxic compounds early in the 
pharmaceutical pipeline 
process before significant time 
and resources have been invested.”

-Cellular Dynamics International
iCells™

Cardiomyocytes
evaluate 

off-target effects

K562 Human 
Leukemic Cells

evaluate 
on-target effects
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A company in Madison (not far from Promega) is using stem cells and iPS cells to address the off-target effects by creating terminally differentiated cells for specific tissues.  Here’s how such a cell line might be used.  In this experiment, several FDA-approved drugs were analyzed by assaying their ApoTox-Glo signatures after a 24 hour exposure to the drugs on iCells and K562 target cells. 

Here’s what the data looked like…



HDAC inhibition shows target specificity

Histone Deacetylase Inhibitor
SuberoylAnilide Hydroxamic Acid

(Vorinostat™)

No apparent cytotoxicity or
caspase activation. 

Cytotoxicity by apoptosis

iCell™ K562
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Vorinostat is a histone deacetylase inhibitor.  At 24 hour exposure we see little or not change in the cytotoxicity profile of the iCells but obvious apoptosis in the target cells.  These type of assays are being used more and more prior to clinical trials to identify problem compounds sooner. 



Determine Death Mechanism with
ApoTox-Glo™ Triplex Assay
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ApoTox-Glo Triplex Assay measures:
• Live Cells
•Dead Cells
•Apoptotic Cells

…and gives profile signatures
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So, in summary,  measuring live cells, dead cells and apoptotic cells at the same time in the same well gives you a profile signature so you can be more certain about how the treatment affected your cells. 



Need help?

techserv@promega.com

• Experienced & highly trained scientists
• 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.
iCells is a trademark of Cellular Dynamics International.

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



