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Quantitation of γ-H2AX spots on the ImageStream

Abstract

Failure to repair biologic and environmental DNA 

damage, particularly double strand breaks (DSB), 

results in mutations and chromosomal aberrations that 

can lead to cellular dysfunction and death, genomic 

instability, and carcinogenesis.  Radiation-induced 

DSB induce phosphorylation of histone H2AX to 

γ-H2AX and subsequent focal recruitment of several 

factors, such as 53BP1 and MDC, that coordinate the 

repair process.  Immunostaining for these factors thus 

allows for identifi cation and localization of DSB foci 

that can be quantitatively analyzed using ImageStream 

cytometry.  In this report we show ImageStream 

methods for quantifying DSB foci using automated 

γ-H2AX and 53BP1 spot counting, both in tumor 

cell lines and in primary murine CD8+ T cells.  We 

also show quantifi cation of MDC and γ-H2AX co-

localization at DSB foci following irradiation.

Study Highlights

γ-H2AX Spot Counting MDC1 Spot Count & γ-H2AX Co-localizationPhospho-53BP1 (S25) Spot Counting

Composite imagery of DAPI nuclear dye (violet) and Alexa Fluor 488-S25 
53BP1 (green).  H1299 human lung carcinoma tissue culture cells.
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To determine the number of γ-H2AX foci in each 

H1299 human lung carcinoma cell, masks were created 

which identify the region of interest: in this case Alexa 

Fluor 488 intensity peaks at least 4 fold greater than 

the background with a diameter of 2 to 9 pixels.  The 

number of individual masks in a cell was enumerated 

using the Spot Count feature.  Spot Count is then 

plotted for every cell in histograms as shown below.

Quantitation of phospho-53BP1 (S25) foci in a human lung carcinoma cell line

Quantitation of nuclear γ-H2AX spots

AF488 γ-H2AXBrightfi eld AF488 γ-H2AXAF488 γ-H2AXDAPIDAPI

                  1) Morphology mask of DAPI nuclear image       2) Spot and Peak masks of  γ-H2AX image

Non-irradiated 5 Gray

Composite Composite Composite Composite Composite Composite

Foci were enumerated for S25 phosphorylated 53BP1 

(S25), a mediator of the DNA damage response.  S25 is 

labeled with Alexa Fluor 488 (green) while the DAPI 

nuclear image is shown in violet.   
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Comparison of γ-H2AX spot count in non-irradiated and irradiated samples
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Combined immunophenotyping & γ-H2AX spot count in primary cells
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ImageStreamX Specifi cations
Excitation Sources

Laser (nm) Example Dyes

405 DAPI, Pacifi c BlueTM

488 FITC, PE, ECD, PE-Cy5

560 Alexa Fluor® 546, Cy3

592 Texas Red®, Alexa Fluor® 594

658 Cy5, Alexa Fluor® 647, APC, APC-Cy-7

Images per Cell Up to 12

Imaging Modes Brightfi eld, SSC, and fl uorescent

Sample Throughput 1 sample/min nominal

Automated Processes Startup, shutdown, and self-calibration

Magnifi cation 20X 40X 60X

Numeric Aperture 0.5  0.75 0.9 

Field of View (μm) 120 x 1024  60 x 512  40 x 340

Imaging Rate (cells/sec) 2,000  1,000 600

Imaging Performance Instrument Capabilities

Pacifi c BlueTM, Alexa Fluor®, and Texas Red® are trademarks of Life Technologies Corporation. 
Cy® is a trademark of GE Healthcare. ECD® is a trademark of Beckman Coulter, Inc. 
DRAQ5TM is a trademark of Biostatus, Ltd.

Here we show quantitation of MDC1-γ-H2AX co-

localization in H1299 lung carcinoma cell line following 

irradiation.  Co-localization is measured using the 

Bright Detail Similarity feature which correlates the 

bright regions of the MDC1/H2AX image pair for 

each cell.  Those cells with co-localized molecules will 

have MDC1 and H2AX images that look alike, and 

consequently will have high Bright Detail Similarity 

values.

Measurement of MDC1 co-localization with γ-H2AX
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