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Supplementary Fig. S1.  Dose versus time γH2AX response in hair follicles from skin samples 

following indenoisoquinoline and topotecan treatment in athymic nu/nu mice.  A.  Mean number 

of γH2AX-positive nuclei per hair follicle from skin snip biopsies of mice bearing A375 

xenografts after treatment with topotecan or vehicle.  Asterisks (*) indicate treatment cohort 

mean was statistically different from vehicle mean at same time point with a significance level of 

P < 0.05, and double asterisks (**) indicate P < 0.0005, as determined by Student’s t test.  

Samples were collected at 1, 2, 4, and 7 hours post-dose.  Box plots of γH2AX-positive nuclei 

per hair follicle from skin snip biopsies of mice bearing A375 xenografts after treatment with 

NSC 724998, topotecan, or vehicle (B), and NSC 725776 or vehicle (C).  Box plots indicate the 

interquartile range and median number of γH2AX-positive nuclei per hair follicle from four to 

eight individual mice.  Dashed line, vehicle population average; solid line, minimal clinical dose-

response cut-off (10 γH2AX-positive hair follicles); MTD, maximum tolerated dose.
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Supplementary Fig. S2.  Calibrator panel quality control for application to the clinical setting. 

%NAP calibrator curve for 4 hours post-dose xenograft calibrator slides for mice treated with 

vehicle (Calibrator 1), 0.1 MTD topotecan (Calibrator 2), and 0.33 MTD topotecan (Calibrator 

3), along with negative (small intestine) and positive (testis) controls. MTD, maximum tolerated 

dose; %NAP, percent nuclear area positive for γH2AX.    
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Supplementary Fig. S3.  The image capture script uses a DAPI intensity mask applied over live 

images to adjust the UV excitation exposure.  The macro then sorts the captured nuclei images 

by size; representative sorted nuclei from a single analyzed section of an A375 biopsy.  Nuclear 

images of less than 100 pixels area in the blue channel were excluded by the script.  Blue, DAPI; 

green, Alexa-Fluor 488 (γH2AX).   
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Supplementary Fig. S4.  γH2AX-specific fluorescence signal optimization curves were 

generated comparing the signal-to-noise ratio of fluorescence in 0.32 MTD–treated and vehicle-

treated A375 xenografts, respectively.  A. Images were captured using three different gain 

settings to establish the time point when γH2AX baseline noise levels in vehicle-treated samples 

surpassed γH2AX signal in topotecan-treated samples.  B. Comparison of %NAP signal-to-noise 

ratio as measured for increasing exposure times at three different gain settings.  MTD, maximum 

tolerated dose; %NAP, percent nuclear area positive for γH2AX.   
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Supplementary Fig. S5.  Western blot analysis verified JBW301 antibody specificity.  Loaded 

in each lane were 50 μg total protein from murine small intestine (SI) and murine testes (T) 

control tissues and biopsies from two different mice 4 hours after treatment with 0.32 MTD 

topotecan (B1 and B6).  Blots were then probed using the γH2AX JBW301 primary antibody or 

no primary antibody followed by either IRDye 680 streptavidin or anti-mouse IRDye 800 

secondary antibody.  The blots probed with IRDye 680 were run on the same gel, then cut apart 

and probed separately.  The apparent molecular weight of the extra bands in the IRDye 680 

streptavidin blot (left) are consistent with streptavidin cross-reactivity with integrin RGD 

domains and can be eliminated by use of a biotin blocking step (not shown) or substitution of an 

anti-mouse reporter (blot on right).  M, marker lane; MTD, maximum tolerated dose. 
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Supplementary Fig. S6.  Assay accuracy measured by mixing known numbers of THP-1 and 
SR cells to simulate spike/recovery experiments.  Mean percent nuclear area positive for γH2AX 
(%NAP) was determined for five different mixtures of THP-1 and SR cells.  Data points 
represent mean ± SD; three to five independent experiments.  Average pixels per nucleus in 
THP-1 and SR cell mixtures were determined for NBF-fixed, embedded cell pellets.  Data points 
represent mean average nuclear area in pixels from 2,543 nuclei for each cell mixture.  DAPI 
channel images of less than 100 pixels were excluded from the image analysis step. 
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Supplementary Data 
 

Assay instrumentation and image selection.  All image capture for quantitative analysis was 

conducted on Leica DM500B, Nikon 80i, or Nikon 90i fluorescent microscopes equipped with a 

Retiga 2000R CCD camera (QImaging).  A semi-automated custom macro capture script was 

designed and operated in Image-Pro Plus v6.2 software (Media Cybernetics).  Images were 

acquired by pseudo-random selection of regions of interest after unacceptable areas were 

excluded using phase contrast in association with UV (DAPI) excitation to avoid regions with 

folds, scrapes, and excessive necrosis.  Fields were imaged in the blue channel (Chroma A4 

filter, BP 360/40) to measure DAPI-signal nuclear staining and then in the green channel 

(Chroma L5 filter, BP 480/40) to measure Alexa-Fluor 488-labeled streptavidin bound to the 

biotin-conjugated γH2AX JBW201 antibody.  At least three fields from each specimen section 

were selected in the DAPI channel (×200 total magnification) to minimize γH2AX-containing 

field selection bias and to ensure that selected fields had significant cellularity.  UV excitation 

exposure was adjusted by the macro to correspond to a DAPI intensity mask applied over the live 

image.  Nuclei were segmented using a fluorescence brightness threshold related to the intensity 

mask used to capture the DAPI channel, and sorted by size (Supplementary Fig. S3).  A lower 

size limit (100 pixels) was chosen for a masked area to be defined as a “nucleus” by the macro, 

and an average nuclear area was also determined (see Method validation).  Manual exposure 

corrections were made based on the intensity of the DAPI signal for each field of view.  

Background autofluorescence from tissue composition or non-specific binding of the Alexa-

Fluor 488–labeled streptavidin was controlled by selecting a region of the specimen with 

minimal cellularity and avoiding areas with high intrinsic fluorescence, such as skin keratin 

layers.  This sets the intensity threshold in milliseconds of exposure and defines the baseline 
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fluorescent signal level.  Acquisition of γH2AX signal was normalized by measuring the mean 

intensity of the known background autofluorescence and creating a baseline exposure specific to 

each field.  A user-defined region of interest was positioned over the known background 

autofluorescence signal, and mean intensity was recorded.  Alexa-Fluor 488 (γH2AX) excitation 

exposure was adjusted by the computer script comparing, in real time, the calculated difference 

between the fluorescence channel intensity of the mean background intensity of the field being 

viewed to a predetermined intensity threshold.  The resulting monochromatic capture images 

(DAPI and γH2AX) were merged into a single 8-bit RGB image for analysis.   

Illuminated pixels were counted in each channel (DAPI and γH2AX) from the captured 

images.  Signal intensity was evaluated relative to the dispersed background signal in the green 

channel (γH2AX); i.e., intensity was treated as a yes/no event.  All positive scaling was restricted 

and normalized to nuclear area for tumor biopsies, or for the number of positive nuclei per 

follicle and/or nuclear focal areas in the image.  Rules were applied in the imaging program to 

set a minimum area of signal (100 pixels) in the blue channel; no rule was used in the green 

channel to allow capture of any γH2AX-positive foci (1).  Green pixels outside of the nuclear 

area were excluded from scoring using this procedure. 

Measurement of positivity was an absolute positive pixel count in the green channel, 

performed by the Image-Pro Plus software during the process of image capture on a CCD 

camera.  Precision of image capture was established by both resampling a field repeatedly 

without reselecting a background area and repeat imaging of the same field preceded by 

reselection of a background area each time (Supplementary Table S2).  The %CV (coefficient of 

variation) increased from an average of 2.4% when the background readout was not reselected to 
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9.8% when a new background image was selected with each image, indicating that precision was 

driven by background selection during image capture. 

Camera light response was optimized for camera gain, exposure time, and light source 

aperture (in the microscope light path) using the exact optics that are used for specimen analysis.  

Different gain settings during image capture resulted in variability in the ability to distinguish 

signal from noise levels in the fluorescent channel.  Exposure times were compared to percent 

γH2AX nuclear area positive (%NAP) signal for vehicle-treated (noise) and 0.32 MTD 

topotecan–treated (signal) xenografts to determine optimal camera gain settings (Supplementary 

Fig. S4A).  Exposure conditions were based on the selection of the maximal differential slope 

curves (signal:noise) between vehicle-treated and topotecan-treated specimens; a gain setting of 

1 was selected based on these criteria (Supplementary Fig. S4B).  To minimize background 

noise, all specimen measurements are taken using the exposure conditions established for the 

inflection point in the response curve signal of the murine small intestine.  It should be noted that 

signal-to-noise ratios and exposure times are affected by the light source and microscope being 

used in image acquisition, and thus must be optimized for each fluorescence instrument. 

Cell lines.  A375 (American Type Culture Collection) and SK-MEL-28 (NCI Division of 

Cancer Treatment and Diagnosis) human melanoma cells were grown in RPMI-1640 medium 

containing 10% fetal bovine serum and 2 mM L-glutamine in humidified incubators with 5% 

CO2

Animal models.  Athymic nu/nu mice were implanted with A375 (topotecan-responsive) or 

SK-MEL-28 (non-responsive) cells (2).  Mice developing tumors served as donors and tumors 

were maintained by serial in vivo passage using tumor fragment transplantation when donor 

tumors reached 10 to 15 mm in diameter.  Tumors were staged to a pre-selected size (weight, 

 supplementation.  Cell culture media and reagents were purchased from Invitrogen.   
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150-300 mg) calculated from the length and width of tumor dimensions using the following 

formula: weight (mg) = (tumor length x [tumor width]2

NCI-Frederick is accredited by AAALAC International and follows the Public Health Service 

Policy for the Care and Use of Laboratory Animals.  Animal care was provided in accordance 

with the procedures outlined in the "Guide for Care and Use of Laboratory Animals" (National 

Research Council; 1996; National Academy Press; Washington, D.C.), and all studies were 

conducted under an approved Animal Care and Use Committee protocol. 

)/2 (3).  Mice were housed in sterile, 

filter-capped, polycarbonate cages (Allentown Caging), in a barrier facility on a 12-hour 

light/dark cycle, and provided with sterilized food and water, ad libitum.  Prior to drug treatment, 

the animals were randomized into groups using a commercial software program (Study Director, 

Studylog Systems, Inc.).  Normal testis and small intestine samples were collected during 

necropsy for assay controls. 

Method optimization.  Specimen collection and handling conditions tested were limited to 

those commonly used at the NIH Clinical Center and extramural sites participating in NCI 

clinical trials.  Specimen collection techniques tested for optimization of the γH2AX 

immunofluorescence assay on human samples included needle biopsies and excised tumor 

pieces.  Matching specimens were collected in parallel and fixed in either 10% neutral buffered 

formalin (NBF) or flash-frozen and then fixed in NBF before embedding and staining as 

described in the paper.  All specimens were collected from anesthetized donors and flash-frozen 

immediately to preserve the phosphorylation status of histone H2AX (4-6).  We have previously 

reported that the method of biopsy collection is a driving factor in specimen quality and pre-

analytical variation (6, 7).  Flash-frozen biopsies were equivalent to NBF-preserved biopsies and 

superior to excised tumor pieces with either preservation method as assessed by morphology and 
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background staining on both positive and negative control tissues (Fig. 1) (5).  Flash-frozen 

specimens could be stored at least 6 months at -80°C before processing without loss of signal. 

NBF fixation was optimized on tissues fixed from 4 to 96 hours using the same assessment 

criteria as above.  The minimum fixation time when all specimen types and fixation methods 

were considered was 16 hours; for fixation times longer than 96 hours, there was evidence of 

antigen degradation and tissue morphology decline.  Flash-frozen specimens were subsequently 

processed following the same NBF fixation protocol as NBF-fixed specimens alone, as 

previously described (7).  NBF fixation was successfully performed at extramural sites for both 

rat and dog tissues, which were then shipped overnight and processed immediately upon receipt 

(data not shown).  Data collected for different shipping schedules provided evidence that a 

maximum 96-hour fixation time is a key factor in specimen quality and preanalytical variation 

(5).  Immunohistochemical staining of frozen sectioned specimens was also tested.  Frozen 

sections were post-fixed with 2% and 4% performic acid at ambient temperature for 20 minutes 

followed by fixation in -20°C 70% ethanol for 5 minutes.  Using frozen sections, as compared to 

paraffin-embedded sections, did not significantly improve antigen stability.  For ease of sample 

handling and to ensure sample stability, specimens were flash-frozen or fixed in NBF at 

extramural sites prior to shipment.  Antigen retrieval methods on paraffin-embedded sections 

prior to immunofluorescent staining were evaluated with and without heat using citrate buffer, 

EDTA buffer, or water.  The finalized Bond-max Autostainer (Leica Microsystems) program 

uses a citrate buffer (pH 6) heated to 95°C for antigen retrieval.  The adapted methodology for 
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use on clinical samples is set forth in a standard operating procedure to be posted on the DCTD 

Web site1

Bond-max™ Autostainer Staining Protocols.  The following methods describe the Bond-

max staining procedures used during the γH2AX immunofluorescence assay; detailed methods 

for use of the Bond-max System can be obtained from the manufacturer.  Briefly, Bond-max 

reagents were obtained from Leica Microsystems and included Bond Primary Antibody Diluent, 

Bond Wash Solution, Bond Dewax Solution, Bond Epitope Retrieval Solution 1, and the Bond 

Intense R Detection Kit.  During slide set-up on the Bond-max Processing Module, dispense 

volume was set at 150 μL and the following protocols were used for the slide staining method: 

Staining Protocol, see Supplementary Table S3; Preparation Protocol, Dewax (manufacturer-

supplied program); and HIER Protocol, HIER 10 min with ER 1 (manufacturer-supplied 

program).  The following antibody working solutions were prepared and loaded into the Bond-

max Processing Module as directed: 10 μg/mL γH2AX biotinylated antibody prepared in Bond 

Primary Antibody Diluent, and 10 μg/mL Alexa-Fluor 488-labeled streptavidin prepared in 

1X Bond Wash Solution. 

. 

Method validation.  Initial testing of antibody specificity in the γH2AX immunofluorescence 

assay compared the JBW301 monoclonal antibody to the previously published polyclonal sera 

(1) on topotecan-treated cell lines; similar levels of γH2AX fluorescence were seen with both 

antibodies (data not shown).  As part of incoming quality control for each lot of the biotinylated 

γH2AX antibody, the manufacturer’s specifications were checked by Western blotting of the 

antibody to verify recognition of a single molecular entity of the appropriate apparent molecular 

                                                 
1 http://dctd.cancer.gov/ResearchResources/ResearchResources-biomarkers.htm 

http://dctd.cancer.gov/ResearchResources/ResearchResources-biomarkers.htm�
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weight for H2AX and to verify antigen presence and absence in positive and negative control 

tissues (murine testis and small intestine, respectively; Supplementary Fig. S5). 

Performance of new lots of antibodies was also checked by comparison to previously 

qualified antibodies on calibrator slides prior to acceptance for use.  In addition, nuclear-specific 

staining was confirmed following immunofluorescence analysis of NBF-fixed, paraffin-

embedded tissue (Fig. 1A).  In the absence of primary antibody, Western blots lacked γH2AX 

signal (Supplementary Fig. S5).  Both murine testis and small intestine were negative for nuclear 

staining in the absence of primary antibody (5).    

A traditional antigen spike-recovery experiment to determine assay accuracy was not feasible 

for an immunofluorescence-based assay of tissue sections.  Instead, a simulated recovery 

experiment using cells pellets composed of THP-1and SR cell lines (American Type Culture 

Collection) was used to determine accuracy of the γH2AX immunofluorescence assay.  THP-1 

cells had an average %NAP ± SD of 0.73% ± 0.26%, whereas SR cells had an average % NAP ± 

SD of 4.02% ± 0.7% (Supplementary Fig. S6); these samples were used to model background 

and low-positive γH2AX signal levels.  SR cells were spiked into THP-1 cell solutions at 

increasing percentages (1 x 107 cells/mixture), pelleted, and then cross-linked with 8 units of 

thrombin (Sigma-Aldrich) on ice for 5 minutes and 50 µg fibrinogen (Sigma-Aldrich) for 

5 minutes at room temperature.  Cell pellets were fixed in 10% NBF, paraffin embedded, 

sectioned, and analyzed using the γH2AX immunofluorescence assay to determine the %NAP 

“recovery” and average nuclear area for each cell ratio.  Regression analysis of the observed to 

expected %NAP yielded an R2 of 0.994 (Supplementary Fig. S6).  The nuclear area, as measured 

by DAPI pixel count, was constant for all cell mixtures (DAPI channel imaged with intensity 

mask applied over the live image).  For each cell mixture, 2,543 nuclei were analyzed, yielding 
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an average of 459 ± 9 DAPI pixels per nucleus for all THP-1 and SR cell mixtures (mean ± SD; 

Supplementary Fig. S6).  These data also establish a statistical basis for calculating the average 

number of nuclei analyzed per field using the DAPI pixel intensity mask approach. 

Drug administration.  Topotecan was administered intraperitoneally (IP) in a sterile water 

vehicle.  NSCs 725776 and 706744 were administered intravenously (IV) in a vehicle composed 

of 10 mM citric acid: 5% dextrose (1:9).  NSC 724998 was administered IV in a vehicle 

composed of 20 mM hydrochloric acid: 10 mM citric acid: 5% dextrose (1:1:6).  All drugs were 

administered as a single dose in 0.1 mL vehicle/10 g body weight.  The established single-dose 

maximum tolerated doses (MTD) in mice are 25, 10, 50, and 15 mg/kg for NSCs 724998, 

725776, 706744, and topotecan, respectively (8).  These doses are hereafter referred to as the 

single-dose MTD for each compound; doses in this report are described as fractions of the 

single-dose MTD.  γH2AX response in tumors and hair follicles following single-dose drug 

treatment was determined for the indenoisoquinolines at a dose range of 0.05 to 1 times the 

mouse MTD, and for topotecan at a dose range of 0.016 to 1 times the mouse MTD.  The MTD 

for topotecan administered to mice once a day for 5 consecutive days (QDx5) is 4.7 mg/kg and is 

equitoxic to the human therapeutic dose of 1.5 mg/m2

Western blot.  Tissue samples were processed by adding 500 μL lysis buffer (Biosource) 

supplemented with protease inhibitor cocktail and phosphatase inhibitor tablets (Roche).  Tissue 

was minced with fine-point scissors, vortexed, minced, vortexed again, and then placed on wet 

ice.  Extracts were then disrupted by sonication, vortexed, incubated on ice for 15 minutes, 

vortexed again, and then supplemented with 1% SDS by adding 20% SDS concentrate 

(Ambion).  Specimens were vortexed, immersed in a boiling water bath for 5 minutes, and then 

placed on ice.   

/day for 5 consecutive days (9, 10).   
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Protein concentrations were determined by bicinchoninic acid assay, and 50 μg per well was 

loaded onto 4-20% precast polyacrylamide gradient gels.  Proteins were then transferred to 

nitrocellulose membranes, and membranes were blocked overnight at 4°C with blocking buffer 

(LI-COR).  Blots were first probed with the Millipore biotinylated γH2AX antibody JBW301 

(diluted to 1 μg/mL with LI-COR blocking buffer) for 3 hours at room temperature.  Blots were 

then probed with either IRDye 680 streptavidin (LI-COR) or goat anti-mouse IRDye 800 (LI-

COR), diluted 1:10000, as the secondary antibody for 20 minutes in the dark at room 

temperature.  Goat anti-mouse IRDye 800 secondary antibody was used to demonstrate the 

specificity of the biotinylated γH2AX antibody JBW301 in the absence of streptavidin cross-

reactivity with integrin RGD motifs (Supplementary Fig. S5).  Blots were scanned on an 

Odyssey IR imager (LI-COR).       

Calibrators and controls.  Initial calibrator selection was based on nine independent 

experiments, using approximately 120 biopsy specimens from A375 xenograft mice treated with 

a range of topotecan doses (data not shown).  Specifications for calibrator performance and 

acceptable variability were determined by statistical analysis of calibrator %NAP levels from 

two to three slides for each calibrator with three to five fields imaged per slide.  Data were 

reported on a per-slide basis for statistical analysis.  Analytical performance of the assay across 

laboratories was assessed using slides from three different sets of calibrator blocks. 

Calibrator panel slides were prepared from mice with A375 xenografts 4 hours after treatment 

with vehicle (water) or a single dose of 0.1 MTD or 0.32 MTD topotecan; positive control 

(murine testis) and negative control (murine small intestine) sections were also included on the 

calibrator panel slides (Supplementary Fig. S2).  Paraffin blocks prepared using an 18-gauge 

needle biopsy from one of each treatment group were processed and stained as described; a 
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positive control section was included for quality control on every clinical sample slide prepared 

for analysis in the validated assay.  Calibrator slides were run in each cassette of the Bond-max 

Autostainer (one in the first position of the cassette and the other in the last position).  Because 

measurements were background-corrected during the imaging process, no additional background 

corrections were made.   

Tumor biopsies.  Biopsies were performed as previously described (7) with an 18-gauge 

Temno biopsy needle approved for human use (Allegiance Healthcare).  Cohorts of three to eight 

mice per drug dose were anesthetized with isoflurane, and the biopsy of A375 xenografts was 

taken through the skin (i.e., without tumor resection) once surgical anesthesia was reached (no 

toe pinch) at 1, 2, 4, or 7 hours post-dose.  Sampling was timed from the beginning of slow push 

IV or IP administration.  SK-MEL-28 xenograft biopsies were collected at 5 hours post-dose.  

The collected biopsy material (~1 x 10 mm) was flash-frozen by touching the biopsy sample 

onto the inside of a cryovial (Sarstedt) that had been pre-cooled in liquid nitrogen.  Samples were 

stored at -80ºC until assayed.   

Skin snips.  Skin biopsies were collected by skin snip while animals were under general 

anesthesia for tumor needle biopsy.  Snips were taken at 1, 2, 4, or 7 hours after treatment 

concurrently with biopsies and in selected cases independently at 5 hours.  Skin pieces were 

typically 3 to 5 mm in length.   

Slide preparation.  Stored biopsies were thawed in 10% neutral buffered formalin (NBF; 

Richard Allen Scientific), fixed overnight, dehydrated in graded ethanol solutions (Pharmaco-

AAPER), transferred to histology-grade xylene (Fisher Scientific) and embedded in Tissue-Tek® 

V.I.P.TM paraffin (Electron Microscopy Sciences).  Tissue blocks were cut in 5-μm longitudinal 

sections through the biopsy.   
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Tumor xenograft γH2AX image capture and quantitation.  Two slides were scanned for 

each biopsy, with at least three fields from each slide imaged.  The slides scanned were separated 

by at least three sections (15 μm) to isolate individual cells.  The number of blue channel–

positive pixels (DAPI) that were also green channel–positive (γH2AX) were counted, normalized 

to the total number of nuclear (blue) pixels, and scored as %NAP.   

Hair follicle γH2AX image capture and quantitation.  The same basic method was used for 

image capture of hair follicles as that outlined for tumor xenografts with the following changes.  

Because of skin keratin’s high background autofluorescence, γH2AX was scored in hair follicles; 

slides were scored manually for the total number of positive nuclei per individual follicle.  Two 

slides were analyzed for each animal, the three follicles with the most γH2AX-positive nuclei 

were selected from each slide, and the mean number of positive nuclei per follicle for both slides 

was then calculated (total of six follicles per animal).  Slides with fewer than three follicles were 

excluded from analysis.  Alternatively, the number of γH2AX-positive follicles versus negative 

follicles was reported; this resulted in comparable data, but with more variability within 

treatment groups when compared to the average γH2AX-positive nuclei per follicle due to the 

wide variance in the number of follicles captured in each section. 
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Supplementary Table S1.  Inter-group statistical differences in γH2AX response in hair 

follicles at 4 hours post-dose. 

Dosing Vehicle * 
NSC 724998 

0.16 MTD 

NSC 724998 

0.33 MTD 

NSC 724998 

0.50 MTD 

NSC 724998 

0.67 MTD 

Vehicle – – – – – 

NSC 724998 

0.16 MTD 
NS – – – – 

NSC 724998 

0.33 MTD 
0.036 0.025 – – – 

NSC 724998 

0.50 MTD 
0.030 0.051 NS – – 

NSC 724998 

0.67 MTD 
0.022 0.038 NS NS – 

Topotecan 

 0.1 MTD 
0.059 0.055 NS NS NS 

 

*

Note: One-way ANOVA, with the significance level (alpha) set at 0.05, 2-sided, was used to 

determine P values for statistical differences across treatment groups.  P values were calculated 

using pair-wise comparisons of γH2AX response to identify specific inter-group response 

differences.  P values ≤ 0.10 were reported due to the small group sizes and the reasonable 

expectation of a one-sided signal response (treatment-induced upregulation, not down regulation, 

of signal).  P values > 0.10 are reported as NS. 

Four mice per group. 
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Abbreviations: MTD, maximum tolerated dose; NS, not significant.
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Supplementary Table S2.  Image capture precision was established through background readout 

resampling and repeat imaging methods.  

 Mean %NAP ± SD %CV 

Resampling Method  *  

Precision 1 29.96 ± 0.93 3.1 

Precision 2 2.88 ± 0.04 1.4 

Low γH2AX field  0.93 ± 0.03 3.2 

High γH2AX field 95.38 ± 1.73 1.8 

Average   2.4 

Repeat Imaging Method  †  

Precision 3 5.56 ± 0.5 9.1 

Precision 4 9.37 ± 0.98 10.5 

Average   9.8 

 

* The resampling method imaged the same field 24 times without reselecting a background 

readout. 

†

Abbreviations: %NAP, percent nuclear area positive for γH2AX; CV, coefficient of variation. 

 The repeat imaging method imaged the same field 24 times while reselecting a background 

readout each time. 
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Supplementary Table S3.  Bond-max autostainer staining protocol for the γH2AX 

immunofluorescence assay.    

Repeat Solution Temperature Time* 

5 times 1X Bond Wash Solution Ambient 0 min 

1 time 1X Bond Wash Solution Ambient 3 min 

2 times 1X Bond Wash Solution Ambient 0 min 

2 times γH2AX monoclonal antibody JBW301 Ambient 30 min 

3 times 1X Bond Wash Solution Ambient 5 min 

1 time Alexa-Fluor 488-labeled streptavidin Ambient 30 min 

3 times 1X Bond Wash Solution Ambient 5 min 

 

*A time of zero indicates that the solution was applied, but that minimal time elapses before the 

next application. 
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