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Figure 2: γH2AX frequency after 3 hr treatments with NNK (orange)and NNN (purple) in the presence of S9 mix.
Mixtures

Acetylated NNK and NNN reactive precursors did produce a

significant increase in γH2AX frequencies (>1.5-fold) over the vehicle-

treated control. The bioactivation of these precursors are mediated by
enzymes different from the cytochrome P450. Results showed that

NNK-acetate is a more potent genotoxic compound than NNN-acetate,

also when both TSNAs are in mixture, NNK-acetate is the primary

driver of the genotoxic response (Fig. 3).

Figure 3: γH2AX frequency after 3 hr treatments with different ratiosof TSNA mixtures. Asterisk (*) indicates the minimum concentrationthat shows genotoxicity compared to the vehicle treated control aftertreatment with 100% NNK-acetate. Dagger (†), section sign (§) anddouble dagger (‡) indicate the minimum concentration that showsgenotoxicity compared to the vehicle treated control after treatmentwith 75% NNK-acetate and 25% NNN-acetate, 50% NNK-acetate and50% NNN-acetate and 25% NNK-acetate and 75% NNN-acetaterespectively. Hash (#) indicates the minimum concentration that showsgenotoxicity compared to the vehicle treated control after treatmentwith 100% NNN-acetate.
CONCLUSIONS

• The in vitro γH2AX assay by HCS could become a useful pre-
screening tool for testing large number of compounds such as

cigarette smoke toxicants and mixtures thereof.

• NNK-acetate is a more potent genotoxic compound than NNN-

acetate. When both TSNAs are in mixture we did not observe

synergestic or antagonistic effects.

• BEAS-2B cells require an external source of metabolic

activation. However, the addition of S9 mix may not bioactivate

all pro-toxicants leading to false negative results.
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INTRODUCTION

There are multiple forms of DNA damage. The most deleterious

lesions are double-strand breaks (DSBs) since no complementary

strand is left intact to act as template during DNA repair.

Phosphorylation of the histone 2AX resulting in γH2AX occurs in the

cell nucleus as an early response to DSBs. The quantification of

γH2AX can be used as a measure of genotoxicity in vitro.

Here, we applied the previously developed in vitro γH2AX assay by

High Content Screening (HCS) to evaluate two tobacco smoke

toxicants from the tobacco-specific nitrosamines (TSNAs) individually
and in a binary mixture. The results would elucidate the relative

contribution of the TSNAs to the toxic end-point.

METHODS

-The human bronchial epithelial BEAS-2B cells were selected as the

cell system based on their normal phenotype and wild type p53.

However, BEAS-2B cells lack activity on the majority of cytochrome

P540 enzymes required during the bioactivation of TSNAs.

-Aroclor-induced rat S9 with cofactors (S9 mix) was selected as an

standardised exogenous metabolic activation system.

-Two TSNAs; 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK)

and N-nitrosonornicotine (NNN), were then tested individually in the
presence and absence of S9 mix for 3 hr.

-Additionally, Acetylated NNK and NNN reactive precursors were also

tested for 3 hr individually and in different mixture permutations in the

absence of S9 mix.

-Immunostaining scoring for γH2AX was assessed in formaldehyde-

fixed BEAS-2B cells set up in microplates. A primary antibody specific

to the phosphorylated form of H2AX was used in conjunction with a

secondary antibody labelled with DyLightTM 549 and Hoechst dye to

stain the cell nuclei (Thermo Fisher). Images of treated and untreated
cells were taken by the Cellomics ArrayScan® Vti platform (Fig. 1). At

least 250 cells were scored per well. The ArrayScan® software

v.6.6.1.4 was used to quantify the frequency of γH2AX, represented by

fluorescence in intensity units (IU). Cell counts obtained during the

immunostaining were used to calculate Relative Cell Counts (RCC).

The RCC were included in the γH2AX frequency graphs as a cell

viability indicator.

Figure 1: Example images of BEAS-2B cell nuclei stained with

Hoechst (blue) and anti-γH2AX antibody (pink). [A] Untreated cells

and [B] Etoposide-treated cells.

RESULTS

TSNAs

Both NNK and NNN produced no significant increase in γH2AX

frequency over the vehicle-treated control in the presence of S9 mix

(Fig. 2). The absence of response could be caused by the lack of

TSNAs bioactivation as S9 mix may not contain all relevant
cytochrome P450 enzyme activities.
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