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In vitro Toxicology

pH3 and pH2AX Genotoxicity

sackground Informeation

‘Aneugenic compounds induced
either an increase or a decrease
in p-H3 depending on their
mode of action. Clastogens
induced yH2AX, and cytotoxic
compounds generated a
marked decrease in these two
biomarkers.’

'Khoury L, Zalko D and Audebert
M (2016) Arch Toxicol 90(8);
1983-1985

High Content Screening uses automated
fluorescence microscopy to measure
indicators of cellular health and quantify
biomarkers.

Two key classes of genotoxic agents are
clastogens and aneugens. Clastogens
directly damage DNA resulting in double
strand DNA breaks. Aneugens produce
numerical chromosome aberrations
(aneuploidy), the result of “lagging”
chromosomes.

Phospho-histone 3 (pH3) is a marker of
mitosis and cell cycle arrest in G2/M phase,
anuegens have been shown to increase
pH3 levels'. Phospho-histone 2AX (pH2AX)
is a marker for double strand DNA breaks,
indicating direct DNA damage caused by
clastogens and some aneugens.

HepG2 cells were selected due to their wild
type p53 status, shown to be important in
accurate genotoxicity prediction?.

Cell Line
HepG2 cells

Time Point
24 hr

HCS Analysis Platform
Cellomics ArrayScan® VTI (Thermo Scientific)

Metabolising System
With or without S9 fraction

Test Article Requirements

5-10 mg solid or equivalent solution depending on
top concentration required (200x to maintain 0.5%
vehicle)

Assay Controls
Chlorpromazine and colchicine (+S9)
Colchicine and methyl methanesulfonate (-S9)

Endpoints

Cell count

Nuclear size

DNA structure

pH3 level

pH2AX level
Genotoxicity category
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Figure 1
Representative HCS images of pH3 and pH2AX immunocytochemistry.

DMSO 0.04 uM
HepG2 cells were treated with colchicine and etoposide
for 24 hrs prior to staining for pH3 (green) and pH2AX
(red). Hoechst 33342 (blue) provides a cell count and
Colchicine identifies changes in DNA structure associated with
cytotoxicity. Colchicine, an aneugen, demonstrated a
dose dependent increase in pH3 staining. The clastogen
etoposide shows an increase in yH2AX in a dose
dependent fashion.
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Table 1

pH3 and pH2AX data for a set of 15 compounds incubated over 24 hr with HepG2 cell in the presence and absence of S9

- pH3 = Clastogen
+ pH3 = Aneugen
- pH3 = Cytotoxic/- ve

+ pH3 = Cell cycle inhibitor/Aneugen
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HepG2 cells were incubated with a panel of compounds in the presence or absence of S9 fraction for 24 hours then stained for pH3 and pH2AX. The
threshold for a positive response was set at 1.5 fold greater than vehicle controls. Any data point where over 50% cell loss had occurred were excluded
for all endpoints. Compounds were categorised based on both endpoints (table 1A).

In table 1B, mechanisms were predicted according to the criteria set out in table 1A, green boxes show correctly predicted compounds. Orange boxes
are above the 1.5 threshold, blue boxes are below the 1.5 threshold. * Cyclophosphamide is metabolically activated.
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