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Evaluating Drug Mediated Cytotoxicity in Real Time –

Protocol, Tips, Tricks and Data Analysis 

Date:  Thursday June 15, 2017 

 

Time:   9AM PDT- 12PM EDT - 5PM London Time 
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Outline 

1. Introduction to ACEA Biosciences and xCELLigence technology 

2. The utility of the xCELLigence technology for quantitatively monitoring drug 

mediated cytotoxicity in real-time 

3. The protocols, tips, and tricks for conducting drug mediated cytotoxicity 

assays 

4. Real-time demonstration of data analysis and plotting for publications  

5. Trouble shoot and Maintenance   
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ACEA Biosciences, Inc. 
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o Founded 2002 

o Headquarters: San Diego, CA. USA 

o Personnel 300+  FTEs, 40+ PhDs 

o The technology inventor of the xCELLigence® Real-Time Cell Analysis Systems 

o 29 Distributors Worldwide, Direct Sales/Support in the US, Canada & UK  

 



Confidential Information 4 



Partnership with Roche (2007-2012) 

Real-Time Cell Analyzer 

RTCA-SP System 

June 2008       Sep 2008          March 2009           Nov 2010          Nov 2010            2012 

RTCA-MP System 

RTCA-DP System 

RTCA-HT System 

RTCA-Cardio System 
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Innovation and Excellence  

Real-Time Cell Analyzer 

RTCA-SP System 

June 2008       Sep 2008          March 2009           Nov 2010          Nov 2010            July 2012                         October 2014 

RTCA-MP System 

RTCA-DP System 

RTCA-HT System 

RTCA-Cardio System 

RTCA-iCELLigence 

System RTCA-CardioECR System 

6 

® 



Innovation and Excellence  

Real-Time Cell Analyzer 

NovoCyte 

 Flow Cytometer 

RTCA-SP System 

June 2008       Sep 2008          March 2009           Nov 2010          Nov 2010            July 2012      April 2014       October 2014 

RTCA-MP System 

RTCA-DP System 

RTCA-HT System 

RTCA-Cardio System 

RTCA-iCELLigence 

System 

NovoCyte  

RTCA-CardioECR System 
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Simple workflow 
 
No cell labeling required, fully automated, physiological conditions 

E-Plate 96 

RTCA Control Unit 

 

 

 

 

 

RTCA Analyzer 
 

RTCA MP Station 
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Principle of Operation: Impedance Biosensor 
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negative  terminal 

Positive terminal 



o  Label-free 

o  Real-time and kinetic readout 

o  Non-invasive measurements 

Principle of Operation: Impedance Biosensor 
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Single Well 

(side view) 

well bottom  

(glass or PET) 

culture  

medium 

electron flow 

negative  

terminal 

positive 

terminal 

Cell Index = (Imp cell – Imp BG)/ 15 Ω 



What Can Impedance Monitor? 
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cell number cell-surface attachment 

cell morphology cell barrier function 



xCELLigence RTCA Key Applications List 

Cancer 

Regenerative medicine 

Immunotherapy 

Inflammation  

Microbial infection 

Toxicology 

1.Cell Adhesion and Spreading  

2. Quality Control of Cells    

3. Drug-Mediated Cytotoxicity/ Apoptosis  

4. Cell Invasion and Migration   

5. Cell-Mediated Cytotoxicity & ADCC 

6. Virus-Mediated Cytopathogenicity   

7. Receptor-Mediated Signaling:  GPCR  RTK  Ion channels NHR  

8. Cell-Response Profiling (Small Molecule and siRNA) 

9. Cell Barrier Function  

10. Immune Cell Activation 

11. Cardiac safety assessment & cardiovascular disease model research 

12. Stem Cells and Differentiation  

13. Parasite Motility Assay 

14. Cell-Cell Interactions 

15. Biofilms 
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Solid Publication Track Record 
 

Over 1200 peer-reviewed publications citing ACEA’s Real-Time Cell Analysis 
Technology 
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Outline 

1. Introduction to ACEA Biosciences and xCELLigence technology 

2. The utility of the xCELLigence technology for quantitatively 

monitoring drug mediated cytotoxicity in real-time 

1)  Drug discovery: small mol., big mol., and cell therapy 

2)  Biocompatibility 

3)  Environmental Toxicology:  

4) Drug safety tests: predictive tox  
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MEDRYSONE 

HYDROCORTISONE BUTYRATE 
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2 - MERCAPTOBENZOTHIAZOLE 
TRIFLURIDINE 

Nuclear Hormone 
Agonists Anti - Mitotics DNA Damaging Agents Abassi YA et al. (2009)  

Kinetic Cell-Based 
Morphological Screening:   
Prediction of Mechanism 
of Compound Action and 
Off-Target Effects. 
Chemistry & Biology 16, 
712–723. 
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(1) Drug discovery 
Small Molecule: Mode Of Action (MOA) Identification 
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Key benefits of using xCELLigence to monitor 
immune cell-mediated killing 

1. Label-Free: Allowing for more physiological 
assay conditions; labeling or secondary assays 
aren’t required. 

2. Real-Time: Quantitative monitoring of both 
fast (hours) and slow (days) killing kinetics. 

3. Sensitive: Capable of evaluating low effector 
cell to target cell ratios that are physiologically 
relevant. 

4. Simple Workflow: Requires only the addition 
of effector cells to target cells (in the presence 
or absence of antibodies);homogeneous assay 
without additional sample handling. 

5. Automatic Data Plotting: RTCA software 
enables facile data display and objective 
analysis, precluding the subjective data vetting 
that is common to imaging-based assays. 

(1) Drug discovery 
Big molecule (ADCC) and Cell therapy: CAR-T, CTL, NK… 
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Bisfab, ng/mL 

Cells NOT expressing tumor antigen 
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Cells expressing tumor antigen 

Bispecific Ab clone 2 Bispecific Ab clone 1 Bispecific Ab clone 3 
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Slide Decks Courtesy of Dr. Judy Young (Genentech), USA   

Time point 

for EC50 

(1) Drug discovery 
Big Molecule: Bispecific Antibody Screening at Genentech 



End Point Methods:  

1) FACS   Laborious, Cell Removal Artifacts Possible 

2) Radioisotope Release  Need to Label Target Cells 

3) Enzyme Release  Dying Effector Cells Could Confound Reading 

4) ATP Production  Need to Wash Effectors Out of Well First 

 

Impedance xCELLigence assay:  

1) Measurements in Real Time  

2) No Labels or Secondary Readout Assays 

3) Non-Labor Intensive Assay Development and Performance 

Slide Decks Courtesy of Dr. Judy Young (Genentech), USA   

(1) Drug discovery 
Big Molecule: Bispecific Antibody Screening at Genentech 



Antibody-Based Applications 

Bi-Specific BiTE ADC Antibody CART NK Dendritic Cells CTL 

Cell-Based Applications 

(1) Drug discovery 
Cancer immunotherapy studies citing xCELLigence 
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For more information, visit our website 
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https://www.aceabio.com/applications/cancer-immunotherapy/ 



(2) Biocompatibility:  

     A case study from KCI (part of Acelity) 

21 



22 

J Biomed Mater Res A. 2013 Jul;101(7):2097-106 

Real-time cellular analysis as a novel approach for in vitro cytotoxicity testing of medical device extracts. 

(2) Biocompatibility:  

 
Visual assessment is described in ISO 10993-5 for the analysis of in 
vitro cytotoxicity of medical devices 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Real-time+cellular+analysis+as+a+novel+approach+for+in+vitro+cytotoxicity+testing+of+medical+device+extracts
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J Biomed Mater Res A. 2013 Jul;101(7):2097-106 

Real-time cellular analysis as a novel approach for in vitro cytotoxicity testing of medical device extracts. 

(2) Biocompatibility:  
     The xCELLigence assay for biocompatibility studies 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Real-time+cellular+analysis+as+a+novel+approach+for+in+vitro+cytotoxicity+testing+of+medical+device+extracts
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J Biomed Mater Res A. 2013 Jul;101(7):2097-106 

Real-time cellular analysis as a novel approach for in vitro cytotoxicity testing of medical device extracts. 

(2) Biocompatibility:  
     Good correlation between xCELLigence and WST-1 assays 

xCELLigence WST 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Real-time+cellular+analysis+as+a+novel+approach+for+in+vitro+cytotoxicity+testing+of+medical+device+extracts
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Reactivity Scores for Various Medical Device Materials from ISO/IEC 17025:2005-

Accredited Laboratories Versus  xCELLigence RTCA at KCI 

J Biomed Mater Res A. 2013 Jul;101(7):2097-106 

Real-time cellular analysis as a novel approach for in vitro cytotoxicity testing of medical device extracts. 

(2) Biocompatibility:  

 
Good correlation between xCELLigence and microscopic analyses 
defined by the ISO 10993-5:2009 at ISO/IEC 17025:2005-Accredited Labs 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Real-time+cellular+analysis+as+a+novel+approach+for+in+vitro+cytotoxicity+testing+of+medical+device+extracts


(3) Environmental Tox:  
     A case study: ACEA Contract Research with EPA ToxCast 

26 



(3) Environmental Tox:  
     ACEA Contract Service using xCELLigence HT systems 
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 Collaboration with the Alberta 

Centre for Toxicology (ACFT) 
 

 US Environmental Protection 

Agency ToxCast™ Program 

USB Cable Connection 

COM port 

Cable Connection 

designated COM ports 

E-Plate 384 



US Environmental Protection Agency ToxCast™ Program 

 
o General cytotoxicity in A549 cells:   ~300 pesticide components tested. 

 
o Nanotoxicity testing in A549 cells: 65 different nanoparticles tested.  

 
o Estrogen receptor (ER) agonist identification with T47D cells: ~ 3000 substances 

tested.  
 

o Androgen and anti-androgen identification in 22Rv1 cells: 800 substances tested.  
 

o Selective Estrogen Receptor Modulator identification with a panel of 5 human 
cell types:     Ongoing. 

 
o Metabolism related hepatotoxicity with hepatocyte co-cultures:  Ongoing.  

(3) Environmental Tox:  
     ACEA Contract Service using xCELLigence HT systems 
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o The data from these cytotoxicity and estrogen/progesterone mimics screening are available in 

the ToxCast database(http://www.epa.gov/ncct/toxcast/),  

o Real-time growth kinetics measuring hormone mimicry for ToxCast chemicals in T-47D human ductal 

carcinoma cells. Rotroff et al (2013) Chem Res Toxicol. 26:1097-107. 

 

EPA ToxCast: Cytotoxicity and estrogen/progesterone mimics screening 

http://www.epa.gov/ncct/toxcast/
http://www.epa.gov/ncct/toxcast/
http://www.epa.gov/ncct/toxcast/
http://www.ncbi.nlm.nih.gov/pubmed/?term=Real-time+growth+kinetics+measuring+hormone+mimicry+for+ToxCast+chemicals+in+T-47D+human+ductal+carcinoma+cells
http://www.ncbi.nlm.nih.gov/pubmed/?term=Real-time+growth+kinetics+measuring+hormone+mimicry+for+ToxCast+chemicals+in+T-47D+human+ductal+carcinoma+cells
http://www.ncbi.nlm.nih.gov/pubmed/?term=Real-time+growth+kinetics+measuring+hormone+mimicry+for+ToxCast+chemicals+in+T-47D+human+ductal+carcinoma+cells
http://www.ncbi.nlm.nih.gov/pubmed/?term=Real-time+growth+kinetics+measuring+hormone+mimicry+for+ToxCast+chemicals+in+T-47D+human+ductal+carcinoma+cells
http://www.ncbi.nlm.nih.gov/pubmed/?term=Real-time+growth+kinetics+measuring+hormone+mimicry+for+ToxCast+chemicals+in+T-47D+human+ductal+carcinoma+cells
http://www.ncbi.nlm.nih.gov/pubmed/?term=Real-time+growth+kinetics+measuring+hormone+mimicry+for+ToxCast+chemicals+in+T-47D+human+ductal+carcinoma+cells
http://www.ncbi.nlm.nih.gov/pubmed/?term=Real-time+growth+kinetics+measuring+hormone+mimicry+for+ToxCast+chemicals+in+T-47D+human+ductal+carcinoma+cells
http://www.ncbi.nlm.nih.gov/pubmed/?term=Real-time+growth+kinetics+measuring+hormone+mimicry+for+ToxCast+chemicals+in+T-47D+human+ductal+carcinoma+cells
http://www.ncbi.nlm.nih.gov/pubmed/?term=Real-time+growth+kinetics+measuring+hormone+mimicry+for+ToxCast+chemicals+in+T-47D+human+ductal+carcinoma+cells
http://www.ncbi.nlm.nih.gov/pubmed/?term=Real-time+growth+kinetics+measuring+hormone+mimicry+for+ToxCast+chemicals+in+T-47D+human+ductal+carcinoma+cells
http://www.ncbi.nlm.nih.gov/pubmed/?term=Real-time+growth+kinetics+measuring+hormone+mimicry+for+ToxCast+chemicals+in+T-47D+human+ductal+carcinoma+cells
http://www.ncbi.nlm.nih.gov/pubmed/?term=Real-time+growth+kinetics+measuring+hormone+mimicry+for+ToxCast+chemicals+in+T-47D+human+ductal+carcinoma+cells
http://www.ncbi.nlm.nih.gov/pubmed/?term=Real-time+growth+kinetics+measuring+hormone+mimicry+for+ToxCast+chemicals+in+T-47D+human+ductal+carcinoma+cells


(3) Environmental Tox:  

      

Existing Challenges in Accurately Predict Nanotoxicity 

29 
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(3) Environmental Tox:  
     ACEA Contract Service using xCELLigence HT systems 
 
EPA ToxCast: xCELLigence Nanotoxicity Assay For MOA Study  



(4) Drug safety tests  

 
A Case Study: Repeat-dose Hepatotoxic Screening on Primary 
Hepatocyte – CRO Service offered by Hurel 

31 



Outline 

1. Introduction to ACEA Biosciences and xCELLigence technology 

2. The utility of the xCELLigence technology for quantitatively monitoring drug 

mediated cytotoxicity in real-time 

3. The protocols, tips, and tricks for conducting drug mediated 

cytotoxicity assays 
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Workflow: Drug Mediated Cytotox Assay 

DAY-2 

Add 20 L Drug  

Containing Media 

Final concentration of DMSO should be less than 0.1% 

8 

Monitor Cell  

Killing Kinetics 

 For typical drugs, where long term effect needs to be monitored, sampling rate =15 min after drug addition. 

 For receptor activation (e.g., GPCR agnoist/antagonist) , sample rate =30 sec after drug addition for 2 hour, then every 1 hr 

1 

Background 

Read 
Add Cells (100 L) 

typically 2.5-5K/well  

30 min 

 

RT 

Monitor Cell  

Proliferation 

2 3 4 5 6 

30 min 

 

RT 

Add 80L Media 

DAY-1 

7 



Tip #1: how to reduce CV across the plate? 

 
1. Gently rock the cell reservoir, or pipette up and down to mix the cell suspension 
2.  Pre-incubation of newly seeded plates in room temperature resulted in even 
distribution of the cells in each well 

34 

Journal of Biomolecular Screening 2003:566-570  

A Simple Technique for Reducing Edge Effect in Cell-Based Assays 

http://journals.sagepub.com/doi/pdf/10.1177/1087057103256465


Tip #2: how to get rid of the “dip” on the curve? 
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1. Limit vehicle  (DMSO) concentration (<0.1%) 

2. Maintain the same vehicle concentration in 
each dose  

3. Pre-equilibrate the drug stock (media 
containing drugs) in the tissue culture 
incubator prior to the drug addition. 
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Quick Start and data acquisition guides 
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Protocols:  



Outline 

1. Introduction to ACEA Biosciences and xCELLigence technology 

2. The utility of the xCELLigence technology for quantitatively monitoring drug 

mediated cytotoxicity in real-time 

3. The protocols, tips, and tricks for conducting drug mediated cytotoxicity 

assays 

4. Real-time demonstration of data analysis and plotting for 

publications  
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Outline 

1. Introduction to ACEA Biosciences and xCELLigence technology 

2. The utility of the xCELLigence technology for quantitatively monitoring drug 

mediated cytotoxicity in real-time 

3. The protocols, tips, and tricks for conducting drug mediated cytotoxicity 

assays 

4. Real-time demonstration of data analysis and plotting for publications  

5. Trouble shoot and Maintenance   
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Trouble shoot and Maintenance   

41 

1. Big variations between replications at times 

 Didn’t leave the E-Plate at room temperature for 30 min after cell seeding. 

2. Cell Index profiles go below zero and come up… 

 Check to see if Background reading was taken prior to cell seeding step. 

3. Cell Index drop dramatically after drug addition 

 Check to see if the solvent concentration was too high. 



4. The Message Page indicates connection problems 

42 

Trouble shoot and Maintenance   



a. Clean the contact pads on the E-Plate 
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Trouble shoot and Maintenance   



b. The correct handling of the E-Plates 
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Trouble shoot and Maintenance   



c. QC Test: Resister Plate Verification 

45 

Background Reading 

Trouble shoot and Maintenance   



d. Cleaning the RTCA Contact Pins 
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Trouble shoot and Maintenance   



Trouble shoot and Maintenance 

47 



Inspection of the RTCA Cable  

48 

The cable connecting RTCA DP instrument and the control unit (computer) 

needs to be inspected annually. 

Trouble shoot and Maintenance 
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Quick Maintenance Guides  



Summary 

1. Introduction to ACEA Biosciences and xCELLigence technology 

2. The utility of the xCELLigence technology for quantitatively monitoring drug 

mediated cytotoxicity in real-time 

3. The protocols, tips, and tricks for conducting drug mediated cytotoxicity 

assays 

4. Real-time demonstration of data analysis and plotting for publications  

5. Trouble shoot and Maintenance   

 

Please feel free to write to us appsupport@aceabio.com; techsupport@aceabio.com  
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51 


