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Introduction 
 
(i)  High Content Screening and Drug Discovery 

High Content Screening (HCS) technology represents a major step towards 
improving the drug discovery and development process [1].  HCS enables the 
evaluation of multiple biochemical and morphological parameters in cellular 
systems and facilitates characterization of the subcellular distribution of 
fluorescent signals with labeled reagents.  By combining automated imaging of 
cells with validated detection reagents and powerful image analysis algorithms, 
scientists can now acquire deeper knowledge of multiple pathways at the single-
cell level, usually in a single assay, at an early stage in the development of new 
drugs [2].  HCS platforms such as the IN Cell Analyzer (GE Healthcare), 
ArrayScan (ThermoFisher Scientific), or Opera (Perkin Elmer), can be used to 
deliver detailed profiles of cellular responses [3]. 

Successful HCS assays rely on high quality reagents [4].  With the commercial 
availability of thousands of immunoreagents and fluorescent probes, large 
numbers of fixed-endpoint HCS assays are possible.  However, incompatibility 
of reagents when integrated into a single assay can lead to a significant drop-off 
in assay performance.  Immunoreagents for multiplexed HCS assays carry 
special requirements.  Strong antigen affinity is required, minimal non-specific 
binding must be observed, interactions between multiple primary or secondary 
immunoreagents must be minimized, and the signal to background ratio must be 
sufficient to ensure an adequate screening window [4].  Additionally, to enable 
scale up of HCS assays, the sample preparation protocol must be highly 
reproducible, and the reagents must exhibit minimal assay-to-assay variability.  

 
(ii)  Roles of Phospho-Histone H3(Ser10) and �-Tubulin in Cell Biology and 
Significance for Drug Discovery 
 
Phospho-Histone H3(Ser10)  

Previously considered to be merely packing material for nuclear DNA, histones 
have recently been more rightly found to have key roles in regulating cellular 
responses to various stimuli [5].  The N-terminal tail of histone H3 protrudes 
from the globular nucleosome core and can undergo several different types of 
epigenetic modifications that influence cellular processes.  These modifications 
include the covalent attachment of methyl or acetyl groups to lysine and arginine 
amino acids and the phosphorylation of serine or threonine.  
 
Histone H3 phosphorylation plays an important regulatory role in mitosis, 
transcriptional activation and neoplastic cell transformation [5, 6].  Several 
kinases, including MAP and Aurora kinases, have been reported to 
phosphorylate histone H3 at serine 10 following mitogenic stimulation or stress 
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[6, 7].  Since mitosis is accompanied by phosphorylation of histone H3 on serine 
10, the presence of phosphorylated histone H3(Ser10) indicates that a cell is 
mitotic [6].  Upon exit from mitosis, a global dephosphorylation of histone H3 
takes place.  These phosphorylation and dephosphorylation events are well 
characterized and accordingly, phospho-histone H3 nuclear expression is widely 
used as a measure of mitotic index (the percentage of cells in M phase) in flow 
cytometry and HCS applications [7-11] (see Figure 1).  
 
Due to its important regulatory role in cell proliferation and neoplastic cell 
transformation, histone H3 has been identified as a crucial target for cancer 
chemotherapy [5].  Accordingly, HCS of histone H3 phosphorylation is 
increasingly being used as a tool in drug discovery.  HCS assays quantifying 
phospho-histone H3 levels have recently been utilized to characterize Aurora 
kinase inhibitors [7].  Additionally, histone H3 phosphorylation has been used as 
a readout in cell cycle inhibitor profiling studies [8-10], illustrating the value of 
this approach in drug discovery applications. 
 
�-Tubulin  
Microtubules are long, filamentous, tube-shaped cytoskeletal protein polymers 
consisting of �- and �-tubulin heterodimers [11, 12].  Analysis of the dynamic 
assembly and disassembly of �-tubulin using cellular imaging techniques has 
proven invaluable in understanding the role of microtubules in cell health and 
disease [13, 14].  Microtubules are now known to be crucial in the development 
and maintenance of cell shape, in the transport of vesicles, mitochondria and 
other components throughout cells, in cell signaling, and in cell division and 
mitosis [12, 15].  
 
Perturbation of microtubule dynamics by tubulin-interactive agents leads to cell 
cycle arrest at mitosis and, depending on the given agent and cell type, the 
induction of apoptosis [13].  This makes microtubules an important target for 
anticancer drugs.  Their clinical significance has been proven, since a 
chemically diverse group of antimitotic drugs (with various tubulin-binding 
sites) have been used with great success in the treatment of cancer [12, 15]. 
Traditionally, microtubule-binding drugs are classified into two groups: agents 
that stabilize microtubules and agents that inhibit microtubule assembly.  The 
taxanes (e.g., paclitaxel/Taxol) are the prototypical microtubule-stabilizers. 
Colchicine, 2-methoxyestradiol, and the Vinca alkaloids are representative 
assembly inhibitors [13].  While these classifications remain useful, it is now 
established that all of these drugs at low, clinically relevant concentrations in the 
nanomolar range suppress the dynamics of microtubules rather than change the 
microtubular net polymer mass [12].  Thus, it is more appropriate to refer to 
these agents as drugs that suppress the dynamic instability of microtubules [15]. 
 
Dynamic microtubules continue to be one of the most successful cancer 
chemotherapeutic drug discovery and development targets.  Many new drugs 
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that target microtubules are in clinical trials and large numbers of microtubule-
active compounds are being developed [12, 15].  Better understanding of their 
modes of action might lead to improved dosing regimens and combinations with 
other microtubule-targeted drugs, as well as combinations with �molecularly- 
targeted� drugs [12]. 
 
Multiplexing of Phospho-Histone H3(Ser10) and Tubulin in Drug Discovery 
Since mitotically-activated cell signaling pathways are now known to be closely 
interconnected with the regulation of the microtubule cytoskeleton [14], drug 
discovery groups often combine immunodetection-based analysis of tubulin 
dynamics and phospho-histone H3(Ser10) expression to better understand drug 
targets and mechanisms [16], such as characterizing the role of Aurora A kinase 
in spindle formation dynamics [17].  These types of studies are particularly 
amenable to High Content Screening, since HCS provides an automated 
imaging-based platform to interrogate the cellular processes that connect drugs 
with the numerous target activities they potentially alter [14]. 
 
Several authors have had success with just such an approach.  Minguez et al., 
[13] used HCS to unravel complex mechanisms of action of a compound library 
analyzed for microtubule-stabilizing effects, antiproliferative activity, and 
microtubule architecture and mitotic spindle alterations [13].  Barabasz and 
colleagues [7] developed and validated an HCS approach for the discovery and 
characterization of compounds that showed increased phospho-histone H3(Ser10) 
levels and block of cell cycle progression, and correlated patterns of  tubulin 
staining with increases in phospho-histone H3(Ser10) expression. This assay was 
successfully used to identify compounds that blocked cell cycle progression and 
interfered with tubulin dynamics within the cell [7].  Most recently, Rines et al., 
[18] used a more high-throughput version of this approach to perform an image-
based whole-genome RNAi screen to functionally elucidate genes required for 
mitotic progression, identifying more than 200 genes that putatively regulate the 
metaphase to anaphase transition [18]. 
 
High Content Screening assays which allow the multiplexing of phospho-
histone H3(Ser10) and tubulin endpoints represent a potentially important tool in 
the selection, characterization, and optimization of lead therapeutic compounds, 
and an analytical tool for answering specific biological questions related to 
compound function.   
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Figure 1.  Eukaryotic cell cycle marker expression and effects of cell cycle 
phase blocking agents.   
 
Phospho-histone H3(Ser10) is expressed in the nuclei of cells during M-phase 
(mitosis).  Etoposide (a DNA topoisomerase II inhibitor) is capable of arresting 
the cell cycle at S/G2 phase.  Nocodazole (a microtubule depolymerization 
agent), paclitaxel (a microtubule stabilizer) and vinblastine sulfate (a 
microtubule inhibitor) are capable of arresting the cell cycle at G2/M phase.   
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Application 
Millipore�s HCS216 assay provides a complete immunofluorescence-based 
solution for identifying and quantifying phospho-histone H3(Ser10)  and �-tubulin 
expression in cellular imaging applications.  The assay is suitable for multiple 
applications, including, but not limited to, the study of agents which modulate 
the cell cycle, analysis of microtubule-targeted drugs, cytoskeletal 
characterization, mitotic index determination, cancer drug screening, and in vitro 
toxicology studies.  The highly-validated reagents provided with this kit have 
been specifically optimized for HCS applications, and allow the user to 
standardize their assays, minimize assay-to-assay variability, and to 
reproducibly generate images with a high signal-to-background ratio.   
 
Through phospho-histone H3(Ser10) immunostaining, the assay enables 
quantification and characterization of mitotic cells and identification of 
compounds that inhibit or induce mitosis.  Phospho-histone H3(Ser10) may also be 
used as a readout in Aurora Kinase profiling.  Through �-tubulin 
immunostaining, the assay enables analysis of microtubule dynamics and 
cytoskeletal characterization. The nuclear dye (Hoechst 33342) may be used for 
measurements of cell number, DNA content and nuclear size.  Together, these 
reagents provide a means to facilitate the selection, characterization, and 
optimization of lead therapeutic compounds, and an analytical tool for 
answering specific biological questions of compound function.  Additionally, 
the assay may be multiplexed with other probes for correlating mitotic index, 
cell cycle, microtubule dynamics and/or proliferation dependency with drug 
efficacy or toxicity. 
 

Two high quality primary antibodies against phospho-histone H3(Ser10) and �-
tubulin are provided with this kit.  Phospho-histone H3(Ser10)  is identified with 
high sensitivity and specificity in cells from all vertebrate species and drosophila 
using a rabbit polyclonal antibody which identifies histone H3 phosphorylated at 
Serine 10.  �-Tubulin is identified with high sensitivity and specificity in cells of 
human, mouse, rat, bovine, porcine, guinea pig and avian origin using a mouse 
monoclonal antibody.  Other species reactivity must be determined by the end 
user.   

To further facilitate HCS, working solutions of the primary and secondary 
antibodies have been demonstrated to be stable for at least 24 hours at room 
temperature (Figure 5).  This represents a great benefit for large-scale screening 
applications.  The straightforward sample preparation and processing protocol 
takes less than 2.5 hrs after fixation.  
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Reagents are provided for 5 x 96-well microplates �  i.e., sufficient to perform 
480 separate multi-labeling experiments.  The kit includes primary antibodies 
for phospho-histone H3(Ser10)  (rabbit), �-tubulin (mouse), a FITC-conjugated 
anti-rabbit IgG secondary antibody, a Cy3-conjugated anti-mouse IgG 
secondary antibody, Hoechst HCS Nuclear Stain, HCS Fixation Solution, HCS 
Immunofluorescence Buffer, HCS Wash Buffer, and Plate Sealers.  Four control 
compounds, the chemotherapeutic drugs etoposide, nocodazole, paclitaxel, and 
vinblastine sulfate, along with DMSO for Compound Serial Dilution and 
Compound Dilution Buffer, are also included in the kit, sufficient for duplicate 
12-point dose response samples per plate (see Assay Procedure).  

 

Etoposide (a DNA topoisomerase II inhibitor) is capable of arresting the cell cycle at 
S/G2.  Nocodazole (a microtubule depolymerization agent), paclitaxel (a 
microtubule stabilizer) and vinblastine sulfate (a microtubule inhibitor) are 
capable of arresting the cell cycle at G2/M phase [19-27].  S/G2 phase block 
diminishes the proportion of cells reaching M phase (decreased phospho-histone 
H3(Ser10) expression), while G2/M phase block causes an accumulation of 
phospho-histone H3(Ser10)�positive cells (See Figure 1).     

 

Kit Components 

1. Rabbit Anti-Phospho-Histone H3(Ser10) HCS Primary Antibody, 100X:     
(Part No. CS201661) 1 vial containing 300 µL. 

2. HCS Secondary Antibody (donkey anti-rabbit IgG, FITC conjugate), 200X 
(Part No. CS201649) 1 vial containing 150 µL. 

3. Mouse Anti-�-Tubulin HCS Primary Antibody, 100X: (Part No. CS201686)      
1 vial containing 300 µL. 

4. HCS Secondary Antibody (donkey anti-mouse IgG, Cy3 conjugate), 200X: 
(Part No. CS200437) 1 vial containing 150 µL. 

5. Hoechst HCS Nuclear Stain, 200X: (Part No. CS200438) 1 vial containing 
150 µL. 

6. HCS Fixation Solution with Phenol Red, 2X: (Part No. CS200434) 1 bottle 
containing 100 mL. 

7. HCS Immunofluorescence Buffer, 1X: (Part No. CS200435) 1 bottle 
containing 1000 mL.  

8. HCS Wash Buffer, 1X: (Part No. 2007643) 1 bottle containing 500 mL. 

9. Etoposide (S/G2 Arrest Control Compound), 250X: (Part No. CS200439) 1 
vial containing 100 µL. 
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10. Paclitaxel (G2/M Arrest Control Compound), 250X: (Part No. CS201655) 1 
vial containing 100 µL. 

11. Nocodazole (G2/M Arrest Control Compound), 250X: (Part No. CS201689) 
1 vial containing 100 µL. 

12. Vinblastine Sulfate (G2/M Arrest Control Compound), 250X: (Part No. 
CS200440) 1 vial containing 100 µL. 

13. DMSO for Compound Serial Dilution: (Part No. CS200441) 1 bottle 
containing 10 mL. 

14. Compound Dilution Buffer: (Part No. CS200442) 1 bottle containing 25 
mL. 

15. Plate Sealers: (Part No. CS200443) 10 each. 
 

Materials Required But Not Provided 

1.  Sterile, tissue culture-treated black/clear bottom microplates suitable for 
High-Content Imaging. 

2. Cell-type for assay, e.g., HeLa (human cervical adenocarcinoma, ATCC 
#CCL-2) or A549 (human lung carcinoma, ATCC #CCL-185).  

3. Tissue culture instruments/supplies (including 37”C incubator, growth 
media, flasks/plates, detachment buffer, etc.) for cell type of interest. 

4. HCS imaging/analysis system, e.g., GE Healthcare IN Cell Analyzer 1000 
with Investigator software.  System must be equipped with beam-splitters 
and filters capable of reading emission spectra in the blue, green and red 
ranges.  Detailed image acquisition and analysis guidelines are provided in 
Tables 2 and 3. 

 

 

 

 

 

 

 

Warnings and Precautions 
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1.  This product contains hazardous materials.  Refer to MSDS for further 
information.   
 

Component 
Hazardous 
Constituent 

Warnings  

HCS Fixation Solution Formaldehyde 
Toxic, carcinogen, 

combustible, readily absorbed 
through skin 

Hoechst HCS Nuclear 
Stain 

Hoechst 
33342 

Harmful, potential mutagen 

Nocodazole Nocodazole Irritant, potential mutagen 

Vinblastine Sulfate 
Vinblastine 

sulfate 
Harmful 

Etoposide Etoposide Toxic 
Paclitaxel Paclitaxel Harmful, potential mutagen 

DMSO 
Dimethyl 
sulfoxide 

Combustible, readily absorbed 
through skin 

 

2. For Research Use Only.  Not for use in diagnostic procedures. 

 

Stability and Storage 
When stored under the conditions indicated on the labels, the kit components are 
stable up to the expiration date.  HCS Fixation Solution, HCS 
Immunofluorescence Buffer, HCS Wash Buffer, DMSO, Compound Dilution 
Buffer, and Plate Sealers should be stored at 2-8”C.  HCS Primary Antibodies, 
HCS Secondary Antibodies, Hoechst HCS Nuclear Stain, Nocodazole,  
Vinblastine Sulfate, Etoposide and Paclitaxel should be stored at -20”C, 
avoiding repeated freeze/thaw cycles.    (Note:  If kit is expected to be used for 
multiple experiments, rather than a single use, thaw antibodies, nuclear stain and 
control compounds and dispense into appropriately sized aliquots.  Store 
aliquots at -20”C.)  
 
Discard any remaining reagents after the expiration date. 
 
 
 
 
 

Assay Procedure 
 
Note: The HCS216 assay protocol has been optimized for HeLa human cervical 
carcinoma (ATCC #CCL-2) and A549 human lung carcinoma (ATCC #CCL-



 

 10 

185) cells.  However, this kit is suitable for proliferation/cell cycle/cytoskeletal 
HCS analysis of a variety of human and other species cell types.  Alternate 
species reactivity must be confirmed by the end user.   
 
Cell Preparation: 
1. Prior to cell seeding for assay, culture HeLa or A549 cells in growth media 

until ~70-80% confluent.   
2. Detach cells from culture flasks/plates via method appropriate for cell type 

of interest.  Adjust cell density to 5-7 x 104 cells/mL in growth media.  
Add 90 µL of this cell suspension (4500-6300 cells)  to each well (for a 96-
well plate, 4500-6300 cells/well is approximately equivalent to 15,000-
21,000 cells/cm2 of well surface).  After adding cells to plate, allow plate 
to sit on a level surface at room temperature for 15-30 min, which allows 
for even cell distribution.  Following this period, incubate cells in growth 
media (37”C/5% CO2) for 48 hours. 

3. Cell treatments (cell-cycle arrest control compounds, test compounds, etc.) 
can be introduced at any point during this culture period, as appropriate for 
time-course of treatment of interest.  Etoposide (S/G2 arrest), nocodazole, 
vinblastine sulfate and paclitaxel (G2/M arrest) are provided as cell-cycle 
arrest/microtubule-targeted control compounds.  Sufficient reagents are 
provided for duplicate 12-point dose response curves (including one 
DMSO-control set within the dose response) for all five 96-well plates.  
The compounds are provided at 250X concentration (assuming maximum 
treatments of 100 µM (etoposide), 25 µM (nocodazole ) and 1 µM 
(vinblastine and paclitaxel)).  Recommended treatment preparation 
involves half-log (1:�10) serial dilution of the 250X compound in DMSO, 
followed by dilution in Compound Dilution Buffer to 10X.  10 µL of each 
treatment may then be added to the 90 µL of culture  media already present 
in each well, for a final 1X concentration (0.4% DMSO).  Sample data is 
provided for 4 and 24 hours of compound treatment at 37°C prior to 
fixation. 

 
Cell Fixation and Immunofluorescent Staining: 

 
Note:  Staining time is ~2.5 hours post-fixation.  Do not allow wells to dry 
out between staining steps.  Aspiration and dispensation of reagents 
should be conducted at low flow rates to diminish any cell loss due to fluid 
shear.  All recommended �per well� volumes refer to  a single well of a 96-
well microplate.  All recommended �per 96-well plate� volumes include 
25% excess for liquid handling volume loss.  All staining steps are 
performed at room temperature (RT).  All buffers and antibody solutions 
are stable for at least 24 hours at RT (see Figure 5). 
 

4. At end of culture period, pre-warm HCS Fixation Solution (2X) to room 
temperature (RT) or 37”C if desired (12 mL/96-well plate).  In a chemical 
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fume hood, add 100 µL/well directly to culture medi a and allow to fix for 
30 min at RT.   Remove fixative/toxin-containing media and dispose of in 
compliance with regulations for hazardous waste (see MSDS).  If 
proceeding immediately to staining, rinse each well twice with 200 µL of 
HCS Immunofluorescence Buffer.  Alternatively, if plates are to be stained 
at a later time, rinse twice with 200 µL of Wash Bu ffer, then leave second 
rinse volume in wells and store plates tightly sealed at 4”C until staining.  

5. If fixed samples have been stored at 4”C prior to staining, rinse twice with 
200 µL HCS Immunofluorescence Buffer before proceed ing with staining 
protocol.   

6. Prepare working solution of Rabbit Anti-Phospho-Histone H3(Ser10)/Mouse 
Anti-�-Tubulin HCS Primary Antibodies (6 mL/96-well plate) as follows:  
Add 60 µL of each  thawed primary antibody to 5.88 mL of HCS 
Immunofluorescence Buffer (see Table 1).  Mix well.  Remove previous 
Immunofluorescence Buffer rinse.  Add 50 µL of prim ary antibody 
solution to each well and incubate for 1 hour at RT. 

7. Remove primary antibody solution.  Rinse three times with 200 µL HCS 
Immunofluorescence Buffer. 

8. Prepare working solution of FITC/Cy3 HCS Secondary 
Antibodies/Hoechst HCS Nuclear Stain (6 mL/96-well plate) as follows:  
Add 30 µL of each  thawed secondary antibody and 30 µL of thawed 
Hoechst HCS Nuclear Stain to 5.91 mL of HCS Immunofluorescence 
Buffer (see Table 1).  Mix well, protecting solution from light.  Remove 
previous HCS Immunofluorescence Buffer rinse.  Add 50 µL of secondary 
antibody/nuclear stain solution to each well and incubate for 1 hour at RT, 
protected from light.   

9. Remove HCS Secondary Antibody/Hoechst HCS Nuclear Stain solution.  
Rinse twice with 200 µL HCS Immunofluorescence Buff er. 

10. Remove previous HCS Immunofluorescence Buffer rinse.  Rinse twice 
with 200 µL of HCS Wash Buffer, leaving second rins e volume in wells. 

11. Seal plate and image immediately, or store plate at 4”C protected from 
light until ready for imaging. 

 
 
 
 
 
 
HCS216 Detection Reagent Specifications 
Primary Antibody working solution 

Reagent 

Required 
dilution 
of initial 
reagent 

Vol. required 
for 1 well 
(50 µL) 

Vol. required 
for 1 plate 

(6 mL) 
(includes 
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~25% excess) 
Rabbit Anti-Phospho-
Histone H3(Ser10) HCS 

Primary Antibody 
1:100 0.5 µL 60 µL 

Mouse Anti-�-Tubulin 
HCS Primary 

Antibody 
1:100 0.5 µL 60 µL 

HCS 
Immunofluorescence 

Buffer 
None 49 µL 

5.88 mL 
(5880 µL) 

 
Secondary Antibody/Hoechst HCS Nuclear Stain working solution 

Reagent 

Required 
dilution 
of initial 
reagent 

Vol. required 
for 1 well 
(50 µL) 

Vol. required 
for 1 plate 

(6 mL) 
(includes 

~25% excess) 
FITC-Donkey Anti-

Rabbit HCS Secondary 
Antibody 

1:200 0.25 µL 30 µL 

Cy3-Donkey Anti-
Mouse HCS 

Secondary Antibody 
1:200 0.25 µL 30 µL 

Hoechst HCS Nuclear 
Stain 

1:200 0.25 µL 30 µL 

HCS 
Immunofluorescence 

Buffer 
None 49.25 µL 

5.91 mL 
(5910 µL) 

 

Table 1.  Detection Reagent Specifications - HCS216 Rabbit Anti-Phospho-
Histone H3(Ser10)/Mouse Anti-�-Tubulin Assay 
 
 
 

Image Acquisition and Analysis 
 
 
HCS216 Image Acquisition Guidelines 

Detection 
Reagent 

Objective 
Lens 

Excitation Filter 
Range 

[peak/bandwidth 
(nm)] 

Emission Filter 
Range 

[peak/bandwidth 
(nm)] 
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Hoechst HCS 
Nuclear Stain 

10X, 20X, 
or 40X 

360/40 
460/40 (or 535/50 if 

necessary) 

HCS Secondary 
Antibody, FITC-

donkey anti-
rabbit IgG 

10X, 20X, 
or 40X 480/40 535/50 

HCS Secondary 
Antibody, Cy3-

donkey anti-
mouse IgG 

10X, 20X, 
or 40X 535/50 600/50 

 

Table 2.  Image Acquisition Guidelines � HCS216 Rabbit Anti- Phospho-
Histone H3(Ser10)/Mouse Anti-�-Tubulin Assay 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

HCS216 Image Analysis Guidelines 

Cell 
Parameter 

Detection Segmentation/ 
Measurement 

Rationale 

Cell 
Number 

Hoechst 
HCS 
Nuclear 

Nuclear region (460 nm 
emission channel).  Count 
number of nuclei.  DNA 
content (nuclear intensity) or 

Use total cell 
number to 
determine 
percentage of 
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Stain nuclear area analyses for cell 
cycle phase are also possible. 

phospho-histone 
H3(Ser 10)-
expressing cells. 

Phospho-
Histone 
H3(Ser10) 
Expression 

HCS 
Secondary 
Antibody, 
FITC-
conjugated 

Nuclear region (535 nm 
emission channel).  Measure 
FITC signal co-localizing 
with nuclear segmentation.  
Threshold for positive (+) 
cells displaying FITC nuclear 
intensity above a user-
defined limit.  Determine 
parameters such as 
percentage/number of (+) or 
negative (-) cells, etc. 

Phospho-histone 
H3(Ser 10) 
expression may be 
modulated as a 
result of 
proliferation rate 
changes, cell cycle 
arrest, etc. 

�-Tubulin 
Expression 

HCS 
Secondary 
Antibody, 
Cy3-
conjugated 

Nuclear and/or cytoplasmic 
regions (600 nm emission 
channel).  Measure Cy3 
signal intensity associated 
with segmented areas.  
Determine parameters such 
as average or total intensity, 
or use for analysis of cell 
area, cytoskeletal integrity, 
etc.   

Compound 
treatments may 
modulate cell 
area, quantity of 
�-tubulin 
expression, 
tubulin structure, 
etc.   

 

Table 3.  Image Analysis Guidelines � HCS216 Rabbit Anti-Pho spho-Histone 
H3(Ser10)/Mouse Anti-�-Tubulin Assay 
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Sample Results 

 
Figure 2.  Immunofluorescence of untreated and cell cycle-arrested A549 
and HeLa cells.  A549 or HeLa cells were plated at 18,000 cells/cm2 on 96-well 
plates in growth media and cultured for 48 hours.  Cells were treated for the last 
4 hours of culture with either nocodazole or paclitaxel (G2/M phase cell cycle 
arresting agents) or 0.4% DMSO (negative control).  Cell handling, fixation and 
immunostaining were performed according to HCS216 assay protocols.  Cells 
were imaged on the GE IN Cell Analyzer 1000 (3.3).  Top panel:  
Monochromatic images of untreated A549 cells displaying phospho-histone H3 
or �-tubulin fluorescence.  Merging with Hoechst nuclear fluorescence results in 
a three-color overlay (20X objective magnification).  Segmentation and 
thresholding were generated by the GE IN Cell Analyzer 1000 (3.4) Workstation 
Multi Target Analysis algorithm (inner ring = nuclear segmentation, outer ring = 
cytoplasm based on �-tubulin staining; phospho-histone H3 (-) cells outlined in 
pink, (+) cells outlined in light blue).  Bottom panel:  Merged images of staining 
with Hoechst HCS Nuclear Stain (blue), Rabbit Anti-Phospho-Histone H3(Ser10) 
(green) and Mouse Anti-�-Tubulin (red).  In the A549 cells, note the loss of 
fibrillar tubulin structure and occurrence of tubulin fiber �bundles� after 
nocodazole and paclitaxel treatments, respectively (40X).  In the HeLa cells, 
note the increase in the percentage of cells expressing phospho-histone H3 
following paclitaxel-induced arrest of cells in M phase (10X).  
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Figure 3.  Phospho-histone H3 dose response of A549 and HeLa cells to cell 
cycle-arresting agents.  A549 or HeLa cells were plated at 18,000 cells/cm2 on 
96-well plates in growth media and cultured for 48 hours.  Cells were treated for 
the last 4 (A-C) or 24 (D) hours of culture with serial dilutions of either 
etoposide (S/G2 phase arrest, max. concentration = 100 µM) or vinblastine or 
paclitaxel (G2/M phase arrest, max. concentration = 1 µM).  Cell handling, 
fixation and immunostaining were performed according to HCS216 assay 
protocols.  Cells were imaged on the GE IN Cell Analyzer 1000 (3.3) at 10X (10 
fields/well) and analyzed (nuclear segmentation and (+)/(-) intensity 
thresholding for phospho-histone H3) using the GE IN Cell Analyzer 1000 
Workstation (3.4) Multi Target Analysis algorithm.  Data presented are mean – 
SEM, n = 4.  The graph in (D) demonstrates the dependence of phospho-histone 
H3 expression on duration of treatment with an arresting agent (4 vs. 24 hours).  
 
 
 
 
 




