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In the first talk we discussed how you can multiplex cell-based assays for viability, cytotoxicity, & apoptosis to get a more complete picture of the effects of treatments on cell survival, to resolve ambiguity and guard against faulty interpretations,  and also to normalize results of assays for other targets of interest… 

Beyond the question of which assays to choose…this talk will discuss the nuts & bolts of putting together your multiplexed assay… the important features of assay design & assay process to ensure successful cell-based assays, & to maximize information from each well, every time…. 
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…this talk will discuss the nuts & bolts of putting together your multiplexed assay … the important features of assay design & assay process to focus on to ensure successful assays, & to maximize information from each well, every time.



Considerations for Successful Cell-Based Assays

• Fibroblasts (HEK293, Cos)
• Cancer cell lines (HepG2, PC-3) 
• Primary cells (HUVECs, hepatocytes)

Dead-Cell
Marker

• Amenable to assay?
• Faithfully represent system?
• Express factors, signaling intermediates?

Type of Cell
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Cell type of course influences assay design, results & interpretation…

Here are some of the types of cells commonly used, and the primary considerations in choosing the best cell type…

Fibroblasts, are an easy, amenable experimental system; however, they may not be the most relevant…

Cancer lines maybe more relevant, generally easy to use…

Primary cells may be best in terms of a model that represents the in vivo situation; but they are more difficult to grow, transfect, etc…

The choice of cell type will impact how the assays are performed…



Choice of cell type influences assay design

• Viability - metabolism higher in cell lines, lower in primary cells

• Cytotoxicity – background higher in primary cells 

• Apoptosis - differences in susceptibility to inducers

Assay parameters that may need to be altered:
• Seeding density
• Treatment  choice, concentration, duration
• Assay incubation time
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For example, for viability assays one must consider that cell lines generally have a higher metabolic rate than primary cells, so if you are using a metabolite as a marker for viability, for example ATP for CellTiter-Glo, then you might consider this.  Primary cells in culture have a higher spontaneous rate of death, so in a cytotoxicity assay the background will be higher. And, different cell types have different susceptibility to injury or compounds that cause cytotoxicity or apoptosis
 
So, some assay parameters will need to be adjusted or optimized depending on cell type used – for example, … And we’ll talk more about this later when we talk about assay parameters.



Considerations for Successful Cell-Based Assays
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Let’s continue the discussion about our model system with some basic points about cell culture variables…



Basic Cell Culture Considerations

• Cell health
• Medium

– High quality, fresh
– Consistent source

• Handling
– Trypsinization
– Pipeting
– Counting (viable cells)

• Contamination

• Cell line identity
• Verification required by NIH, many journals

Consistent, careful handling 
of the cells is crucial

for reliable, repeatable results

khooper
Sticky Note
Now, I assume most of you are already doing cell culture & cell-based assays, some of you might be quite experienced, but if you’re like me, you might be coming to this experimental approach from a background in genetics or molecular biology, and just delving into the wild world of cell culture.

Here are some cell culture considerations, some of which are pretty basic, but which are worth emphasizing …

Medium – example – serum can vary, even from lot to lot from same vendor…
Trypsinization – can – be careful when lifting cells, don’t over-do trypsinization (kill cells), or under (clumps)
Pipeting – avoid rough handling; make sure cells in suspension & remain in susp when pipeting, aliquoting
Counting – consider using not just a haemocytometer, but trypan blue exclusion - will give most accurate, consistent results for plating viable cells
Contamination – between lines, mycoplasma
CellID for verification of cell line – your core facility may do this; may contract labs will do it for you.

I know that I am preaching to the choir, but more so even than in molecular work, precision, consistency, and good technique are crucial – you are not just combining a couple of enzymes & substrate, remember all of the variables within those cells.



More Cell Culture Considerations

• Cell density
• Seeding density & cell density at time of treatment
• Will the cells become confluent by treatment?

– Will cell density influence response to treatment?
– Will the culture be transfected?  (% confluence important parameter)
– Do cells need to be equilibrated, or assay begun immediately?

• Cell line passage
• As passage number increases, cells may change character:

– Change in response to treatments?

• Line may change character if allowed to reach confluence

• Use low passage number – keep passage number consistent
• Keep track of cultures when bulking up & during experiment
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Passage…
It’s not a bad idea to bulk up line at a low passage then thaw new vial for each experiment, so that passage number is same for each one.

Density…



Cell number/density may alter dose response

– Sparser cultures show 
increased sensitivity

– Higher densities may provide 
protective effect…

– Higher density cultures may 
need longer exposure

– Overgrown cultures will have 
a higher background

• Induction of apoptosis as measured by Caspase-Glo® 3/7 Assay
• Replicate Dose Response Curves (DRC) from different seeding densities
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Here is an example of how cell density can affect the response to treatment. What this figure shows is 3 separate dose response curves performed on cultures of HepG2 cells at 3 different seeding densities. As you can see…


Fig 4 from CN16_18. 

Legend:
HepG2 cells were seeded at 1,000, 10,000 or 35,000 cells per well in 96-well plates and exposed to various concentrations of tamoxifen for 4 hours. Caspase-3/7 activity was measured using the luminescent Caspase-Glo® 3/7 Assay, and the results were expressed as percentages of maximum signal for each cell density. All data points represent the mean ± SD (n = 3). Reprinted with permission from Moravec, R. and Riss, T. (2004) ASSAY Drug Dev. Tech. 2, 1–12.

ALSO:
“Because the exposure time required for peak caspase-3/7 activity increases with decreasing tamoxifen concentration (Figure 3), this suggests that a longer exposure time is required to detect the specific apoptotic event when higher numbers of cells are used.” NOTE that each DRC normalized to 100%



Cell number optimization for viability and/or 
cytotoxicity assay

Control assay with serial dilution of cells

• Determines sensitivity & range of assay
• Guides decision on seeding density, timing between 

plating, treatment, assay

Live-cell Dead-cell

For live/dead multiplex, duplicate sets, one treated & one untreated

khooper
Sticky Note
Now, beyond the potential affect of cell density on the biology, you need to consider cell density in the context of the assay. Of course all quantitative assays have a certain useful and accurate range, and this can vary with cell type, culture conditions, etc.

Here is an example of pre-work to ensure success, a cell number optimization control experiment for viability and/or cytotoxicity assays. The concept is simple, you are basically making a standard curve, and like a standard curve this experiment defines the limits of linear relationship between the assay signal and the analyte… [blah, blah]



Considerations for Successful Cell-Based Assays

Treatment 
Parameters

Dead-Cell
Marker

khooper
Sticky Note
We brought up drug dose in the last section, and we’ll talk more in this section about this and another important, inter-related treatment parameters, timing…



Treatment Parameters

Timing
• Treatment → Assay

– Optimal timing affected by type of cell, 
compound, dose

Dose
• Affects the synchrony & timing of response
• May even determine type of response

– Some drugs which induce apoptosis may be acutely 
cytotoxic at higher doses

All assay parameters may  interact, 
but dose  timing & cell type are the 

most important & intertwined
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We’re talking about dose & timing as assay parameters… but these are really defined by the biology of the system, cell type & condition, which affect the response…



Timing and dose interact to shape response

• At 1 hour max response at 
higher doses; no response seen 
at lower doses

• At 24hr max response at lower 
doses; at higher doses response 
missed, analyte has greatly 
diminished

DRC  & timecourse 
control assays are often 

worth the investment

• Induction of apoptosis as measured by Caspase-Glo® 3/7 Assay
• Replicate Dose Response Curves (DRC) measured at different times
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Here is another experiment using dose response curves, & this time varying the timing of treatment to assay. Measuring sooner, for example at 1 hour, we find that maximum response is at higher doses – no response is seen at lower doses…yet…at later times, 4 and 6 hours we see greater responses at lower doses, while at the latest timepoint, 24 hr, we see maximum response in the assay at much lower doses. At 24hr, we still see a significant induction of apoptosis at higher doses… and from the 1hr assay we know that these doses do in fact induce apoptosis… so why the attenuated signal at the late timepoint? Because caspase is a transient analyte. By this time in the assay, at higher doses most of the cells have likely already passed through the apoptotic pathway and gone on to 2ndry necrosis…so, we get a falsely low signal.

This experiment illustrates why performing a DRC and/or timecourse experiment (at the intended dose to be used) is worthwhile, it will ensure that you pick the proper timing to see the maximum response & range in the assay…



Multiplexing makes more robust assays: 
Caspase data compared to live/dead data

• Induction of apoptosis is asynchronous  
in a population of cells

• Cells undergoing apoptosis are still 
“alive”

• At highest doses caspase signal 
is low … 

• But it is because most cells have 
already completed 2° necrosis…

• Normalizing caspase to viability 
score shows there is still a 
strong induction at those doses!
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Recall this figure from the first talk?, when we were discussing interpreting multiplex data to determine the mechanism of cell death. In this case, we see that at higher doses, at the timepoint this assay was read out, there was significant induction of apoptosis peaking at ~10uM, but at higher doses it isn’t clear apoptosis was induced from the caspase assay alone (primary necrosis?). 

However, from the other assays we see it is because most of the cells died off & the caspase signal diminished.  We can see this by comparing the different components of the multiplex in a graph like this, or you can process the data together – for example, normalize caspase data to get apoptosis per remaining live cells… now we see that there was in fact the mechanism of death, strongly induced.

This illustrates how multiplexing helps you avoid misinterpretation if you miss the right combinantion of assay parameters – you essentially expand the “sweet spot” of the assay.



Detection 
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The next consideration we’ll discuss is perhaps the most basic, detection parameters. In the first place, the type of detection instrument you have determines which assays are even possible… for example, of course for a fluorescence assay you have to have a fluorometer with the appropriate filters to read the dyes in your assay…



Detection Parameters – Filters & Fluorophores

The best filter settings for your multiplex may not equal the peak ex/em
of the fluorophores…

Excitation Emission

MutliTox-Fluor AFC & R110 dye spectra and example of compatible filter sets

• Consider the spectral overlap of the multiplexed fluorophores
• Consider the capabilities of your detection platform
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The point of this slide is to emphasize that “appropriate” filter sets for the fluorophores in a multiplexed assay doesn’t mean “perfect” – there is usually some degree of flexibility in choosing filters & fluor combinations…

Here we see the spectra for the dyes used in MultiTox-Fluor Assay, excitation in the left panel, emission in the right. The shaded boxes represent the ranges of typical filter sets which can be used for AFC & R110. We recommended Ex/Em for AFC at 400/505, for R110  at 485/520. Note that the filter used for excitation of AFC doesn’t coincide with the peak of the spectrum, and in fact is even centered at >400nm… why? 

The reason is because of the weak excitation in UV/blue range on many instruments below 400nm. In fact, you will get better excitation centered at ~400nm or so & spanning the upper half of the AFC abs spectrum than you would get with weak light at shorter wavelength even if it coincides with excitation max.

Depending on the instrument and the excitation source, this may be less of an issue.




Detection Parameters – Gain & Integration

• Gain – sensitivity setting 

• Integration – time of signal collection

• User adjustable on many instruments
• Settings too high or too low can cause problems



Detection parameters affect assay performance

Symptoms: 
No signal ↑ with cell # ↑; 
no Δ with treatment

Cause: 
Incorrect filters used!

A

Live Cell assay (AFC) Dead Cell assay (R110)

B

Symptoms: 
Low signal, high variation; 
little change with treatment

Cause: 
Gain is too low!

MultiTox-Fluor  assay on serial dilutions of cells, +/- toxic treatment

360ex460em
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Panel A shows a failed assay…

The signal is flat, no change with increasing cell number, and no difference between treated & controls. This may indicate an incorrect filter.

Panel B shows an assay that may have worked, there is some difference between treated & untreated traces… however, notice the big error bars, the difference is probably only significant at the highest cell number; & look at the very low RFUs… this is an example of what happens if the gain is set too low.



Detection Parameters – plate choice

• White or Black? • Solid or Clear Bottom? 

• In reality, either plate can be used 
for both assays
• For multiplex we tend to use white

•Generally small effect on signal 
and cross-talk
•Opaque tape can be applied

General recommendation:
• Black for fluorescence
• White for luminescence

• Clear bottom plates can be used 
for viewing cultures prior to assay

• Opaque bottom gives better 
signal, less cross-talk
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What is the consequence of using White for fluorescence? Higher signal range, may reduce upper limit (saturation may occur), but does not necessarily increase sensitivity because background also increases.

What is the consequence of using Black for luminescence? Lower signal/sensitivity; however, no cross-talk. If strong signal, no problem. If lum signal varies much more than 2 logs between samples, then Black may be better (no cross-talk – cross-talk in white plates generally 0.1 -0.5%; Note that one can purchase black plates with white wells.)

We have a brief FASspeak article at http://www.promega.com/pubs/faq_009.htm with some specific recommendation (Cat #).

Other variables – TC-treated?  Probably. Pre-sterilized?  Of course.

Leave the plate lid on in the instrument? NO!  if you want to preserve sterility of the culture, it is possible to purchase gas-permeable, transparent film that you can use to seal the plate, & which may be compatible with detection…



Detection Parameters – Software/analysis issues

• The instrument software may be automatically…

• …subtracting background 

• …assigning & using a control sample for normalization

If so, are the correct wells being used?

What automatic functions are being applied?
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Make sure you understand your software, and that the analysis settings your buddy used for his assay aren’t loaded & being used…
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Common technical mistakes in cell-based assays

• Problems with reagent addition
– Introducing bubbles

– Droplets of reagent on upper surfaces well

– Insufficient mixing or inconsistent mixing

• Poor temperature control during reagent incubation
– Enzyme assays are temperature dependent!
– Fluorogenic assays may be incubated at room temp or 37°C… 

– either way, temperature should be consistent across plate

– use of water bath is ideal

– Beware cell culture incubators for 37°C reagent incubation!

– Luminescence assays should always be incubated at room 
temperature (equilibrate reagent before addition)



Common technical mistakes in cell-based assays

• Improper timing of reagent incubation
– Reading too soon may 

– ↓ signal:noise
– ↓ sensitivity 
– ↓ range 
– ↓ discrimination

– Incubating too long may 
– ↓range  – higher levels of analyte may saturate 

assay or detector

– Optimal incubation period will vary with 
temperature
– e.g. MultiTox-Fluor assays incubated at 37°C 

require ~30 minutes; incubation at room 
temperature may require up to 3 hours



Assay controls

• No-Cell control
– Determines background of the assay (media/plate/reagent/detector)

– Used in data processing, background subtraction

• Untreated Cells Control
– Vehicle only

– Also used in analysis - determining fold response, 100% viability &/or 
0% cytotoxicity for relative response ratio

• Positive Controls
– For cytotoxicity/apoptosis/pathway effect

– Also used in analysis - determining fold response 0% viability and/or 
100% cytotoxicity for relative response ratio

• Multiplate assays
– Replicates of untreated control and a positive control

– Controls for possible variation in processing, temp, timing, etc. 
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Questions?

• Experienced & highly trained scientists
>150 years cumulative bench experience, 

>10 yrs average

• Varied technical expertise 
reporters, cell culture, HTS, etc.

• Varied scientific expertise
model systems, genetics, development, etc.

• Easy! – phone, chat, e-mail

Rely on Promega Technical Services
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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.
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