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Introduction

Live-cell imaging, the study of living cells using microscopy, has 
become a requisite technology in many fields of biomedical 
research, such as cell biology, developmental biology and cancer 
research. Also, in drug discovery, researchers adopt live-cell imaging 
as they look for a more detailed understanding of cellular behavior. 

Live-cell imaging assays can be categorized into three formats:

• Live-Cell End-Point Assay: a single image of live cells taken 
after a specified incubation time.

• Kinetic Live-Cell Assays: multiple sequential images of cells 
acquired over a time course of hours, days or weeks. 

• Fast Response Assays: imaging immediately after dispensing 
a compound or modulator into wells. The timing of image 
acquisition is dependent on the known or expected speed of  
the response, which may be milliseconds.  

Advantages of Live-Cell Imaging 

Many pharmaceutical, biotech, and disease research labs today 
are focused on the study of cellular functions, behaviors and 
pathways to gain a deeper understanding of disease mechanisms 
and responses to treatments. Live-cell imaging is a key approach 
to getting the most information from precious cell samples. Unlike 
traditional fixed-endpoint cell assays, which give a point-in-time 
snapshot of cellular responses, live-cell imaging provides a fuller, 
more realistic picture of the effects of perturbations. Researchers  
can learn more about when and how fast something happened, 
i.e. the kinetics of a cellular reaction, which helps them understand 
the cellular responses better. Live-cell imaging enables the study of 
dynamic cellular processes, responses and function in real time  
and over time. 
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5 Key Benefits of Live-Cell Imaging

Here are 5 specific benefits a live-cell imaging assay  
format brings:

1.  To analyze responses over time using traditional end-point 
assays, one sample has to be prepared for every time point 
to be analyzed. With a live-cell approach, parallel samples 
are not needed, as just one sample is analyzed over time, 
saving cells and reagents, as well as avoiding the experimental 
variation associated with running multiple parallel samples. 

2.  Depending on the type of study, it may be beneficial to avoid 
fixation reagents, as they could influence the sample in an 
uncontrolled way or change protein localization, e.g. when 
studying protein trafficking. 

3.  Live-cell assays are often “mix and run”, meaning a live-cell  
reagent or dye cocktail is added at the starting point  
and then the cells are imaged over time. This means  
that immunofluorescence staining, which is tedious and  
time-consuming because it involves multiple washing  
steps between antibody incubations, is avoided.

4.  Monitoring live-cells over a period of time is also helpful when 
the endpoint of the assay is unknown, for example when 
analyzing drug-induced toxicity, which may be apparent only 
after a prolonged period of time.  

5.  Tracking of individual live cells, using single-cell tracking software, 
means that each cell can be followed over time, even through 
cell division. This helps to understand the heterogeneity of 
cells within a population, such as the cell-cycle duration 
of individual cells, that would otherwise be masked in a 
population-based analysis. Single cell tracking also enables 
dynamic readouts such as the speed of a cell's migration to be 
related to, for example, the cell morphology, thus providing 
further understanding of cell behaviour.

Live-Cell Imaging in Drug Discovery 

To reduce costly late-stage attrition rates in drug discovery, 
the pharmaceutical industry aims to identify as early as possible 
which compounds offer the best potential for success as 
medicines or therapies in humans. One strategy to help achieve 
this is to test compounds in assays that give the most realistic 
representation of human in vivo biology. Live-cell assays provide 
greater physiological relevance than fixed end point assays. 

Furthermore, 3D cell models are increasingly being used 
in drug discovery. 3D cell models can often be cultured 
for longer than their 2D counterparts which grow until 
confluent and then die, making 3D cell models especially 
suitable for long term live-cell assays. 

Live-cell assays are often used in the assay development stage 
of drug discovery to optimise the duration of an end-point 
assay to be used in a cost-effective high-throughput screen.

Calcium Flux Assays

Calcium ions are important second messenger molecules mediating 
intracellular propagation of signals from membrane bound receptors such 
as G-protein coupled receptors (GPCRs) or receptor tyrosine kinases (RTKs). 
Ca2+ ions are also directly involved in neuronal synaptic transmission and 
muscle contraction, e.g. in cardiomyocytes. Studying the rapid influx 
of calcium into the cytosol of various cell types is an important tool to 
study intracellular signaling and pathological conditions such as impaired 
synaptic transmission or muscle contraction.  Movement of calcium ions 
is very fast – in the ms range – and is detected in live-cells using calcium-
sensitive dyes that fluoresce with increased intensity in the presence 
of calcium. To perform this type of assay, specialized equipment with 
“dispense and read” capability to capture the speed and magnitude of the 
response to a modulator is required.  

Diversity of Assays

Dynamic cellular events such as proliferation, migration, movement, 
signaling, apoptosis, cytotoxicity and morphology can all be studied 
by imaging live cells. These dynamics occur over a very broad span of 
timescales. Below are some applications commonly performed with 
living cells, with typical durations:  

Application Typical Duration
Ca2+ flux milliseconds

Translocation minutes

Transfection approx. 24h

Scratch wound approx. 24h

Cell health and viability 1 day to a few days

Immune-cell killing a few days

Spheroid health several days

Stem cell monitoring days to weeks

Ca2+ flux assay performed on the Opera Phenix® Plus high-content 
screening system.

WATCH MOVIE

https://cdnapisec.kaltura.com/html5/html5lib/v2.41/mwEmbedFrame.php/p/395311/uiconf_id/33387591/entry_id/1_m7mowott?wid=_395311&iframeembed=true&playerId=33387591&entry_id=1_m7mowott
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Cell Migration: Scratch-Wound Assay

Cell migration is a central process in the development and 
maintenance of multicellular organisms and is implicated in the 
progression of various diseases, including cancer. Scratch wound 
assays are a simple and reproducible method of quantifying cell 
migration and identifying drugs affecting the wound closure. 
With a live-cell scratch wound assay you can monitor the 
parameters of wound closure in real time, over time.  

The video, kindly provided by Immunocore, illustrates a  
high-content live-cell imaging assay which analyses ImmTAC®*- 
induced killing by T-cells (yellow) of antigen-positive cancer  
cells (blue), performed on the Opera Phenix® high-content  
screening system.

Matrix movie of wound closure on the MuviCyte™ live cell 
imaging system.

Immune-Cell Killing Assays

Immune-cell killing assays are a key approach in the study of 
immuno-oncology - the harnessing of the immune system to 
combat cancer. High-content analysis of the T-cell mediated 
killing of cancer cells in real-time is enabling the detailed study 
of potential immunotherapies.

Cell Migration: Single Cell Tracking 

An in-depth study of cell migration of live cells can be achieved 
using a high-content screening approach. Digital phase contrast 
imaging generated using a red LED minimizes phototoxicity 
so that cells can be studied without biasing the results by the 
observation process itself. 

Software tools enable the migration of individual cells to be 
tracked, providing kinetic readouts such as the speed and 
distance travelled. In addition, morphological profiles of cells 
can be generated and correlated with migration behaviour 
which can provide, for example, more detailed insights into the 
mode of action of inhibitors of migration.  

Living Up to the Challenge 

A major challenge of long-term live-cell imaging is keeping cells 
alive and functioning as normally as possible for the duration of 
the experiment, which may extend to several weeks. This requires 
the cells to be incubated under defined environmental conditions 
- temperature, CO2 concentration, and humidity - with minimal 
disruption over the entire time course. Another challenge of live-
cell imaging, especially over the long-term, is photobleaching and 
phototoxicity caused by fluorescent illumination, especially in the 
UV range. 

Fast response assays bring different challenges. For example, 
in a calcium flux assay, the response occurs within milliseconds 
of addition of a stimulus, thus requiring specialized equipment 
in order to dispense the compound into a well, and image 
instantaneously, with a fast imaging frame rate. With an 
application such as measuring the beating rate of cultured-
cardiomycytes - an assay which is growing in importance as a 
means of assessing cardiotoxicity of test compounds in drug 
discovery - the beating is spontaneous, but nevertheless requires 
an imaging system with a fast imaging frame rate in order to 
capture the dynamics of the beating action. 

The image shows single cell tracks visualizing cell migration of 
A549 non-small cell lung cancer cells.

WATCH MOVIE

WATCH MOVIE

https://www.perkinelmer.com/uk/library/targeted-killing-of-antigen-positive-cancer-cells.html
https://www.youtube.com/watch?v=in050fAJyZs
https://www.perkinelmer.com/uk/library/targeted-killing-of-antigen-positive-cancer-cells.html
https://www.youtube.com/watch?v=in050fAJyZs
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Today, there is a wide choice of systems available to help meet the 
challenges of live-cell imaging, from in-incubator systems which are 
well-suited to long term studies, through traditional microscopes 
which provide high resolution imaging for a few samples, to high-
content screening systems which give in depth analysis of cellular 
phenotypes at higher throughputs, as well as the dispense and 
read capability needed to perform fast-response assays.

Looking to the Future 

To visualize cells or sub-cellular structures in live cells requires the 
cells to be labeled with fluorescent probes or proteins labelled via 
genetic modifications. Recent advances in microscope technology 
and software are now enabling better quantitative image analysis 
of label-free images, which would be particularly helpful in the 
study of many cell types, such as neurons, primary cells and 
stem cells, which do not tolerate invasive labeling well or are not 
accessible to genetic modifications. 

Techniques such as brightfield, phase contrast or DIC certainly 
minimize light exposure to help reduce phototoxicity. However, 
segmentation, one of the most important steps in microscopy 
image analysis, is challenging with traditional image analysis 
approaches like thresholding, watershed, etc. Since the 
segmentation and tracking of cells in brightfield images is 
considered to be a difficult and complex task, a number of 
software solutions are being developed. Amongst them, Deep 
Learning has shown to be most promising. Indeed, Deep Learning 
methods make fewer segmentation mistakes compared to 
classical approaches, effectively correcting most of their typical 
errors. (https://onlinelibrary.wiley.com/doi/10.1002/cyto.a.23863). 
Developments such as this have the potential to broaden 
the scope of live-cell imaging assays and lead to numerous 
experiments that have not been possible before.

MuviCyte™ Live-Cell Imaging System

• Keep cells healthy with in-incubator operation for assays 
over days to weeks 

• Perform a broad range of assays with three-color 
fluorescence plus brightfield imaging

• Analyze assays such as cell health and viability, 
transfection efficiency, reporter gene, apoptosis and 
proliferation with built-in software 
 
www.perkinelmer.com/MuviCyte

Opera Phenix® Plus and Operetta® CLS 
High-Content Screening Systems

• Keep cells healthy with environmental control options for 
assays run over hours to days

• Analyze live cells gently with label-free digital-phase 
contrast imaging mode or brightfield imaging. 

• Perform fast response live-cell assays with dispensing 
option and fast frame-rate imaging on the Opera Phenix 
Plus system 
 
www.perkinelmer.com/OperettaCLS

PerkinElmer’s portfolio of imaging instruments includes both a dedicated live-cell imaging system and a choice of high-content screening 
systems which are amenable to live-cell imaging. 

www.perkinelmer.com/OperaPhenixPlus

http://
www.perkinelmer.com/MuviCyte
http://www.perkinelmer.com/OperettaCLS
http://www.perkinelmer.com/OperaPhenixPlus
https://onlinelibrary.wiley.com/doi/10.1002/cyto.a.23863
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Further Reading:

• How to Perform Successful Long-Term Live-Cell Imaging in a High-Content Analysis System

• Targeted Killing of Antigen-Positive Cancer Cells Using a High-Content Live-Cell Imaging Assay  

• Automated Single Cell Tracking using the Operetta System: Analyzing Chemokinesis of Cancer Cells 

• Measuring FRET using the Opera Phenix High-Content Screening System: A High Throughput Assay to Study  
Protein-Protein Interactions

• Analyzing ERK Signal Transduction in Live Cells Using a FRET-Based ERK Biosensor on the Operetta CLS  
High-Content Analysis System

• 3D Live-Cell Organoid HCS Assay Development and Validation

• Live-Cell Imaging: Studying NF-kB Signaling Dynamics Using the Operetta System

• Cytotoxicity Studies on Live Primary Human Hepatocytes using Operetta

https://www.perkinelmer.com/libraries/APP_013900_01-FINAL
https://www.perkinelmer.com/library/targeted-killing-of-antigen-positive-cancer-cells.html
https://www.perkinelmer.com/lab-solutions/resources/docs/APP_Operetta_Single_Cell_Final_011592A_01.pdf
https://www.perkinelmer.com/lab-solutions/resources/docs/APP_Opera-Phenix-Measuring-FRET_012096B_01.pdf
https://www.perkinelmer.com/lab-solutions/resources/docs/APP_Cellular_Imaging_and_Analysis_013709A_01.pdf
https://www.perkinelmer.com/lab-solutions/resources/docs/PST_3D_Organoid_Assay_Development_SLAS_Poster_FINAL_43_42_v2.pdf
https://www.perkinelmer.com/lab-solutions/resources/docs/BRO_MuviCyte.pdf
https://www.perkinelmer.com/lab-solutions/resources/docs/BRO_10384-OperaPhenixPlus.pdf

