[image: image1.emf]MMS 24 hours 48 hours 72 hours 120 hours

 µg/ml

0 100±0,04 4,1±1,96 1,00±0,32 100±0,01 1,9±1,60 1,00±0,57 100±0,05 2,7±2,82 1,00±0,69 100±0,03 4,8±3,10 1,00±0,43

5,00 96±0,03 7,3±1,74 1,87±0,30 94±0,02 4,9±1,60 2,75±0,56 99±0,04 6,8±2,11 2,54±0,60 82±0,03 6,9±2,09 1,75±0,36

10,00 100±0,03 7,6±2,23 1,86±0,34 111±0,01 6,1±2,03 2,89±0,64 105±0,04 9,4±1,95 3,30±0,58 87±0,03 10,3±2,62 2,45±0,39

20,00 87±0,03 6,4±1,73 1,81±0,30 101±0,01 9,1±1,93 4,78±0,62 96±0,04 21,2±3,64 8,10±0,79 62±0,03 23,3±2,95 7,77±0,42

40,00 85±0,03 6,2±2,22 1,81±0,34 93±0,01 16,9±3,21 9,65±0,85 76±0,04 41,9±5,22 20,25±0,98 46±0,03 46,7±5,93 20,99±0,62

50,00 77±0,03 7,0±2,26 2,25±0,35 74±0,01 18,2±2,51 13,03±0,73 62±0,04 41,2±4,65 24,39±0,91 38±0,03 44,4±4,55 24,20±0,53

Viab. (% ) ± SDa Int. ± SDb Ind. r. ± SDc Viab. (% ) ± SDa Int. ± SDb Ind. r. ± SDc Viab. (% ) ± SDa Int. ± SDb Ind. r. ± SDc Viab. (% ) ± SDa Int. ± SDb Ind. r. ± SDc
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Abstract 

Tests for measuring DNA damage following exposure to ionising radiation are important for the assessment of health hazard and also for the protection of human health. In addition, genotoxicity testing of chemicals and products such as pharmaceuticals, pesticides, food additives, and cosmetics are regulatory requirements. We developed a new genotoxicity test – a cellbased biosensor system - based on a p21-dependent DsRED reporter gene assay with stably transformed human hepatoma HepG2 cells. The cell-based biosensor system was prepared by transfection of HepG2 cells with a plasmid encoding red fluorescent protein (DsRed) under the control of the p21 promoter (p21HepG2DsRed). The performance and sensitivity of our cell-based biosensor system for the detection of DNA damage has been evaluated with genotoxic agents with known mechanisms of action, such as radiation and chemical agents cisplatin, methyl methanesulphonate (MMS), benzo(a)pyrene (BaP) and vinblastine (VLB). The increase in fluorescence intensity at different post-exposure time points, due to p21-mediated DsRed expression, was measured with a fluorescence microplate reader. The viability of treated cells was determined by the colorimetric MTS assay. Our preliminary results show that radiation, as well as all tested agents, induces the increase in DsRED fluorescence above a certain dose (concentration) in a dose-dependent manner. The increase in fluorescence intensity was detected already at 48 h after exposure at doses that were not cytotoxic. Based on the results, we demonstrated that this novel assay based on stably transformed p21HepG2DsRed cell line can be used as a fast and simple biosensor system for the detection of genetic damage. Further studies are needed to fully evaluate and validated the cell-based biosensor system.

1.0 Introduction

Ionising radiation is a well-known DNA damaging and carcinogenic factor. Besides the direct effect on the irradiated cells, it also has an indirect effect on the neighbouring cells, the effect known as the bystander effect. These cells are either not exposed to ionising radiation or are exposed to very low doses that do not affect the DNA molecule directly. This effect is positive in the case of radiotherapy, if the whole tumour area is not in the radiation field. On the other hand, this effect can have negative consequences on the neighbouring normal tissues. DNA damage responses are important not only in cancer, but also in many other physiological settings, such as hypoxia-reperfusion injury (myocardial infarction or stroke), neurodegenerative diseases and also ageing. Furthermore, environmental exposure to inadvertent or purposeful irradiation as well as chemicals is relevant for biodefense, also in the case of professionals or population exposed to very low doses of irradiation, for example, during therapeutic or diagnostic X-ray exposure [1, 2].
The molecular pathways of the DNA damage response have therefore been studied extensively. In mammalian cells, activation of the tumour suppressor and transcription factor p53 through phosphorylation by DNA damage responsive kinases is one of the most prominent pathways of cellular response to DNA damage [3]. The activated p53 then induces the expression of genes involved in DNA repair, cell cycle arrest, or apoptosis [4]. The cyclin-dependent kinase 1A (CDKN1A) inhibitor p21 (Waf1/Cip1) is the major downstream target gene of the activated p53 and is responsible for causing cell cycle arrest following DNA damage [5]. As p21 inhibits both the G1 to S and the G2 to mitosis transition and interferes with the PCNA-dependent DNA polymerase activity, it inhibits DNA replication and modulates various PCNA-dependent DNA repair processes [6, 7]. Several in vitro and in vivo studies have demonstrated that exposure to irradiation and genotoxic agents upregulate the expression of p21 [8-11].

In our recent study, we developed a cell-based biosensor system based on the expression of green fluorescent protein under the control of a p21 promoter in a stably transfected human hepatoma HepG2 cell line [12]. The activities of xenobiotic-metabolizing enzymes are retained in this cell line, and HepG2 cells had also a wild-type p53. We demonstrated that, in response to DNA damage induced by different genotoxic agents, the transcription of the p21 promoter was activated, leading to a concurrent accumulation of green fluorescent protein that was detected in the transfected cells with the fluorescence microplate reader. The test is simple and can be used for rapid detection of genotoxic agents. However, due to the autofluorescence of cells, cell media and cell culture dishes within the excitation and emission wavelengths of green fluorescent protein, our aim was to develop a new cell-based biosensor system using red fluorescence protein, with excitation and emission wavelengths away from the confounding factors. In this preliminary study, we demonstrate that the assay based on a p21HepG2DsRed cell line that contains the DsRed reporter under the control of the p21 promoter can detect radiation, and chemical agents induce DNA damage at the doses (concentrations) that do not cause cytotoxicity. 
2.0 Materials and methods

2.1
Cell line

The human hepatoma HepG2 cell line was obtained from ECACC (Wiltshire, UK), and was grown in a minimum essential medium (MEM, advanced, GIBCO, Invitrogen, Paisley, UK) without phenol red,  supplemented with 10% heat-inactivated fetal calf serum (FCS, SIGMA, St. Louis, MO, USA). Cells were routinely subcultured twice per week and were maintained in a humidified atmosphere with 5% CO2 at 37°C.
2.2 
Construction of plasmid p21-DsRed

The pCLEF35DsRed2 plasmid (InVivoGen), encoding red fluorescent protein (DsRed) was a source of the coding sequence of the DsRed gene. The source of the coding sequence of the p21 promoter was the WWP-LUC plasmid, which was a gift from Prof. Bert Vogelstein (Johns Hopkins Oncology Center, Baltimore, Maryland, USA). The pORF-mIL12 plasmid (inVivoGen, Toulouse, France) was a source for the EF-1 / HTLV promoter. The construction of a recombinant vector containing the p21 promoter reporter cassette and DsRed gene was constructed in several steps. First, the plasmid pORFDsRed2 was prepared from plasmids pORFmIL-12 and pCLEF35DsRed2 with standard molecular biology techniques in order to obtain the appropriate restriction sites for the inclusion of a DsRed2 sequence into the pp21-EGFP plasmid, a plasmid which was previously prepared in our laboratory and contains green fluorescent protein instead of DsRed [12]. The plasmid was transformed into DH5α E.coli strain (Invitrogen, UKandisolated using the Qiagen Maxi Endo-Free kit (Qiagen, Hilden, Germany), according to the manufacturer’s instructions. The purified plasmid DNA was subjected to quality control and quantity determinations, performed by agarose gel electrophoresis and by means of spectrophotometry.
2.2
Transfection of HepG2 cell line
The HepG2 cells were transfected with the p21-dsRED plasmid using electroporation. 40 µl of cell suspension (2.5 x107 cells/ml) were mixed with 10 µg of plasmid DNA and placed between two flat parallel stainless steel electrodes with a 2-mm gap and subjected to 8 square-wave shaped electric pulses of a 5-ms duration, repetition frequency being 1 Hz. Different electric field intensities were tested: 400 V/cm, 600 V/cm, 700 V/cm, 800 V/cm and 1000 V/cm. The electric pulses were generated by an electroporator (GT-1, electroporator, Faculty of Electrical Engineering, University of Ljubljana, Slovenia). After exposure to electric pulses, the cells were incubated for 5 min at room temperature. Thereafter, cells were maintained in a non-selective medium for 1-2 days post-transfection. The selection of stably transfected clones was performed by culturing the cells in a medium containing 1 mg/ml Geneticin®. Cultivation in the selective medium was continued for 2-3 weeks. During this period, the cells without plasmid died, while the cells containing stably incorporated plasmid were able to replicate and form colonies. 

Separate colonies were picked, transferred into wells of 96-well microtiter plates and cultivated under pressure of 0.5 mg/ml Geneticin®. After reaching a sufficient number, the cells were transferred to larger plates for further propagation to obtain a sufficient number of cells for further selection of the most responsive clones. The stably transfected cells were named p21-HepG2DsRed. The clones with visible morphological and/or replication changes were discharged.  
2.3
Tretament protocol, fluorescence and viability measurement for model genotoxic agents 
Model genotoxic agents with known mechanisms of action were used to test and validate the cell-based biosensor system. Stock solutions were prepared prior to testing: the MMS, and CisPt were dissolved in distilled water at concentrations of 50 mg/mL (454 mM) and 2 mg/mL (6.7 mM), respectively. The BaP was dissolved in DMSO at a concentration of 2.52 mg/mL (10 mM) and the VLB in 0.9% NaCl at a concentration of 1 mg/mL (1.1 mM). Further dilutions were made in cell culture media. 
A suspension of p21-HepG2DsRed cells (3x105 cells/mL) in MEM without phenol red, with 10% fetal calf serum, was distributed in 3 mL aliquots to plastic test tubes. 30 µL of the test chemical of appropriate concentration (100-fold higher concentrations than final treatment concentrations) or 30 µL of the vehicle for controls were added to each tube. The following final concentrations were used: MMS: 5, 10, 20, 40, 50 g/mL; CisPt: 0.4125, 0.825, 1.65, 3.3, 6.6 g/mL; BaP: 0.05, 0.13, 0.25, 0.5, 1.26 µg/mL, and VBL 0.05, 0.1, 0.5, 1.0, 2.5 g/mL. 
For the DsRed fluorescence measurements, 100 µL aliquots from each tube were distributed to 6 wells of 96-well black microtiter plates with a clear bottom (Greiner BIO-ONE, Nuremberg, Germany). The plates were incubated at 37oC, 5% CO2 and the DsRed fluorescence was determined after 24, 48, 72 and 120 h. The intensity of DsRed fluorescence was measured on the same cell population at an excitation of 535 nm and 595 nm emission wavelengths with a fluorescence microplate reader (Tecan Synergy).

The cell viability was determined using the colometric (3-(4.5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner salt) MTS assay with the CellTiter 96 Aqueous One Solution Cell Proliferation Assay (Promega, Madison, USA),  according to the manufacturer’s instructions. The 100 µL aliquots from each test tube of treated or control cells were distributed into 4 wells of 96-well microtiter plates and incubated for 24, 48, 72 and 120 h. At the end of the incubation period with chemical agents, 20 µL of the MTS solution were added to each well of 96-well microtiter plates and incubated for 2 h in a humidified atmosphere with 5% CO2 at 37°C. Afterwards, the microtiter plates were shaken for 30 s, and the absorbance of the resulting solution was measured at 492 nm using the Labtec HT2 microplate reader (Anthos, Wals, Austria). The relative survival of cells was calculated by dividing the absorbance of the treated cells with the absorbance of the control cells. Based on our previous study, a reduction of relative cell viability by more than 30% (reduction factor of 0.7) was considered as cytotoxic [12].
2.4
Treatment protocol, fluorescence and viability measurement for irradiation 
Cells were irradiated using Darpac 2000 X-ray unit (Gulmay Medical Ltd, Shepperton, UK), operated at 220 kV, 10 mA, and 0.55 mm Cu and 1.8 mm Al filtration was used. A suspension of p21-HepG2DsRed cells (1x105 cells/mL) in MEM without phenol red, with 10% fetal calf serum, was distributed in low attachment 6-well plates (5 ml per well). The cell suspension was irradiated with 1, 2, 4, 6, 8, and 10 Gy at a dose rate of 2 Gy/min. After irradiation, 100 l of cell suspension was transferred to 96-well black microtiter plates with clear bottom and incubated for 24, 48, 72, 96 and 120 h. At the selected time, first fluorescence intensity of DsRed was measured using fluorescence microplate reader, and then cell viability was measured by PrestoBlue assay (Life Technologies, Carlsbad, CA, USA). PrestoBlue reagent (10 l) was added to each well, and after 10 min incubation time, fluorescence intensity was measured at an excitation of 535 nm and 595 nm emission wavelengths.
2.5
Fluorescence induction ratio and statistical analysis 
Since it is known that cell exposure to genotoxic agents, as well as irradiation, is cytotoxic at certain concentrations or doses, thus suppressing cell growth during exposure, which can continue for up to 5 days, it was necessary to normalise the observed level of DsRed fluorescence intensity to the number of viable cells. To calculate the relative DsRed induction ratio, fluorescence intensity of the exposed cells was divided by the fluorescence intensity of control cells and normalised to the relative cells’ viability determined with the MTS or PrestoBlue assay. The experiments were repeated 3 times. Statistical analysis was performed using SigmaStat software (Systat Software, Inc., Richmond, CA). All data were first tested for normality using the Shapiro-Wilks normality test. Significance tests were carried out using the analysis of variance (ANOVA) and the two-tailed Student’s t-test. Values of p<0.05 were considered significant. Data were presented as the arithmetic mean (AM) ± standard deviation of the mean (SD).
3.0 Results AND DISCUSSION

3.1
Response of p21HepG2DsRed cells to model genotoxic agents
To demonstrate sensitivity and feasibility of the cell-based biosensor system, first different concentrations and different times of incubations were tested using genotoxic agents with known mechanism of action in cells. Methyl methanesulphonate (MMS) is a direct-acting genotoxic agent that induces alkylation of DNA bases, benzo[a]pyrene (BaP) is a mutagenic and carcinogenic indirectly-acting genotoxic agent which forms BaP diol-epoxide (BPDE)-DNA adducts after metabolic activation, cisplatin (CisPt), a well-known chemotherapeutic drug, is a directly-acting genotoxic agent that induces alkylation of DNA and DNA cross-links, and Vinblastine (VLB) is a chemotherapeutic drug that does not induce DNA damage but induces disturbances in cell replication due to its interference with mitotic spindle formation.

Measurement of the relative DsRed induction ratio after MMS exposure showed a statistically significant increase in DsRed fluorescence at all exposure times and concentrations (Table 1). Already at the lowest tested concentration (5 µg/mL), the increase in the relative fluorescence over the control cells was 1.9-fold after 24 h exposure and 2.7-fold after 48 h o, but further exposure caused no additional increase. 

During the exposure of up to 72 h,  cell viability was significantly reduced only at the highest  tested concentration  (50 g/mL), while after 120 h of exposure it was reduced by more than 30% at concentrations of above 20 µg/mL (Table 1).   
Table 1: Cell viability and induction of DsRed fluorescence in p21HepG2 DsRed cells exposed to Methylmethane sulphonate (MMS), Benzo[a]pyrene (BaP), Cisplatin (CisPt) and Vinblastine (VLB) for 24, 48, 72 and 120. Light shaded cells represent statistical significant increase in DsRed induction ratio compared to control. Dark shaded cells represent reduced cell viability below 70 % of control untreated cells.
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[image: image2.emf]BaP 24 hours 48 hours 72 hours 120 hours

 µg/ml

0 100±0,01 3,1±2,71 1,00±0,58 100±0,01 2,4±2,11 1,00±0,59 100±0,03 1,7±2,11 1,00±0,80 100±0,03 2,2±1,93 1,00±0,59

0,05 133±0,03 4,8±1,90 1,17±0,49 132±0,01 5,8±1,84 1,83±0,55 92±0,04 5,1±1,84 3,23±0,73 57±0,02 5,1±2,65 4,09±0,70

0,13 122±0,01 5,6±1,92 1,48±0,50 122±0,01 6,1±1,67 2,10±0,53 99±0,04 5,9±1,67 3,49±0,76 57±0,02 6,0±1,78 4,86±0,57

0,25 115±0,02 5,9±2,06 1,66±0,51 115±0,01 7,3±2,59 2,67±0,66 92±0,03 9,1±2,59 5,75±0,85 49±0,02 8,8±2,83 8,27±0,73

0,50 112±0,02 7,7±1,77 2,20±0,48 106±0,01 14,6±2,55 5,75±0,65 92±0,04 20,2±2,55 12,72±1,28 48±0,03 26,0±5,31 25,00±1,11

1,26 94±0,02 9,2±2,20 3,13±0,53 90±0,01 31,3±3,51 14,54±0,78 77±0,04 55,6±3,51 41,89±1,47 38±0,03 67,7±5,79 82,19±1,19

Viab. (% ) ± SDa Int. ± SDb Ind. r. ± SDc Viab. (% ) ± SDa Int. ± SDb Ind. r. ± SDc Viab. (% ) ± SDa Int. ± SDb Ind. r. ± SDc Viab. (% ) ± SDa Int. ± SDb Ind. r. ± SDc


[image: image3.emf]CisPt 24 hours 48 hours 72 hours 120 hours

 µg/ml

0 100±0,02 1,1±3,28 1,00±1,97 100±0,01 2,6±2,97 1,00±0,76 100±0,02 1,2±2,16 1,00±1,18 100±0,03 1,6±1,86 1,00±0,77

0,41 105±0,03 1,1±2,09 0,90±1,61 115±0,02 3,0±1,86 1,00±0,62 96±0,02 2,5±1,85 2,13±1,09 61±0,03 4,7±2,09 4,80±0,82

0,83 112±0,02 1,1±1,46 0,86±1,42 97±0,01 3,3±1,55 1,29±0,58 88±0,02 5,7±2,03 5,32±1,14 52±0,03 9,0±1,84 10,74±0,76

1,65 98±0,02 1,3±1,82 1,17±1,53 90±0,01 5,5±2,00 2,34±0,63 79±0,04 15,0±2,91 15,54±1,38 40±0,02 26,4±2,70 41,03±0,94

3,30 97±0,02 1,7±1,11 1,60±1,32 84±0,01 13,2±4,67 6,00±0,98 67±0,03 27,9±3,43 34,12±1,53 34±0,02 45,4±3,57 82,96±1,12

6,60 79±0,02 2,8±2,28 3,23±1,67 56±0,01 20,1±3,26 13,72±0,80 44±0,03 42,2±2,67 78,51±1,32 22±0,03 71,1±5,46 200,47±1,51

Viab. (% ) ± SD

a

Int. ± SD

b

Ind. r. ± SD

c

Viab. (% ) ± SD

a

Int. ± SD

b

Ind. r. ± SD

c

Viab. (% ) ± SD

a

Int. ± SD

b

Ind. r. ± SD

c

Viab. (% ) ± SD

a

Int. ± SD

b

Ind. r. ± SD

c


[image: image4.emf]VLB 24 hours 48 hours 72 hours 120 hours

 µg/ml

0 100± 0,02 3,1± 2,05 1,00± 0,07 100± 0,01 2,2± 1,86 1,00± 0,07 100± 0,02 2,9± 2,51 1,00± 0,09 100± 0,03 1,6± 2,02 1,00± 0,07

0,05 96± 0,04 5,4± 2,34 1,80± 0,07 70± 0,01 5,6± 2,09 3,61± 0,07 56± 0,02 4,7± 2,13 2,83± 0,08 29± 0,02 3,9± 1,35 8,32± 0,06

0,10 109± 0,02 4,8± 1,95 1,43± 0,07 77± 0,01 5,6± 2,19 3,25± 0,07 63± 0,02 3,9± 1,44 2,13± 0,07 35± 0,02 3,0± 1,92 5,32± 0,06

0,50 106± 0,02 5,1± 2,51 1,55± 0,07 71± 0,02 4,6± 1,86 2,89± 0,07 60± 0,02 4,1± 1,38 2,30± 0,07 28± 0,02 1,9± 1,71 4,19± 0,06

1,00 97± 0,02 3,5± 1,89 1,16± 0,06 77± 0,01 3,2± 2,27 1,88± 0,07 54± 0,02 2,3± 1,14 1,47± 0,06 27± 0,02 1,4± 1,56 3,19± 0,06

2,50 90± 0,02 3,4± 1,71 1,21± 0,06 71± 0,02 2,3± 1,79 1,48± 0,06 48± 0,02 1,9± 0,91 1,34± 0,06 23± 0,03 0,8± 1,86 2,25± 0,06

Int. ± SD

b

Ind. r. ± SD

c

Viab. (% ) ± SD

a

Viab. (% ) ± SD

a

Viab. (% ) ± SD

a

Viab. (% ) ± SD

a

Int. ± SD

b

Ind. r. ± SD

c

Int. ± SD

b

Ind. r. ± SD

c

Int. ± SD

b

Ind. r. ± SD

c


aCell viability was measured with the MTS assay and is expressed as % of viable p21HepG2 DsRed cells treated with MMS, BaP, CisPt and VLB compared to control, non-treated cells. 

bIntensity of DsRed  fluorescence measured at 535 nm excitation and 590 nm emission wavelengths.

cRelative DsRed induction expressed as the ratio between the DsRed fluorescence intensity of the treated cells and non-treted control cells, normalized to cell viability.

BaP induced a dose-dependent increase in DsRed fluorescence, which was significant at the highest concentration (1.26 µg/mL) after 24 h treatment. After 48 h exposure, the significant increase was observed at concentrations ≥ 0.25 µg/mL and after 72 and 120 h exposure at concentrations ≥ 0.05 µg/mL, which was the lowest tested concentration (Table 1). However, at 120 h post-exposure, the cell viability was also reduced by more than 30%. 

No increase in the relative DsRed fluorescence induction ratio was observed 24 h after exposure to CisPt. After 48 h, CisPt induced a significant increase in DsRed fluorescence at the two highest concentrations.
The relative DsRed induction ratio tended to increase with the time of exposure (Table 1), as after 72 h exposure the relative DsRed induction ratio was increased at all concentrations, except at the lowest, and after 120 h exposure all concentrations significantly increased  the relative DsRed induction ratio. However, at the longest exposure time (120 h), cell viability was also reduced by more than 30%. 

VBL induced a significant increase in DsRed fluorescence at all exposure times and concentrations (Table 1), which decreased at higher concentrations. VBL showed a cytostatic effect, which was reflected in a rapid decrease in relative cell viability during the prolonged exposure.
3.2
Response of p21HepG2DsRed cells to irradiation
To further validate the cell-based biosensor system, we tested its inducibility towards irradiation. The relative DsRed induction ratio was determined at different post-exposure times after irradiation with doses from 1 to 10 Gy. After 24 h of irradiation, neither cell viability nor DsRed induction ratio had changed. After 48 h of irradiation, a significant dose-dependent increase in the DsRed induction ratio was observed at irradiation doses higher than 2 Gy, while the survival of cells at all irradiation doses was not reduced to less than70% (Fig 1). At longer post-exposure time points of 72, 96 and 120 h, irradiation of cells with 1 Gy resulted in increased DsRed fluorescence. At all measured time points,the viability of cells irradiated with 1 Gy was reduced minimally and did not fall below the 70% of control cells. The DsRed induction ratio was dose- and time-dependent for up to 96 h (Fig 2). 120 h after the irradiation of cells, neither the DsRed induction ratio nor the viability of cells were further reduced compared to the viability and induction ratio at 96 h (Fig.2). 


Figure 1: Photomicrographs of p21-HepG2DsRed cells 48 h after irradiation. Upper line – images taken under visible light condition. Bottom line – images taken under fluorescence epi-illumination conditions. Bar – 200 m. 
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Figure 2: Relative cell viability and the DsRed induction ratio at different times after irradiation. Note the different scale on the DsRed induction ratio axis; the symbols for 96 h are squares, +representing a statistically significant increase in the DsRed induction ratio compared to control-untreated cells.  

3.3
Conclusions
Our cell-based biosensor system extends the list of other reporter genotoxicity assays using mammalian cells and DNA damage response genes. So far, DNA damage response genes p53R2, GADD45a, GADD153, p53R2 were used with different reporter genes (chloramphenicol acetyltransferase, luciferase, green fluorescent protein) and different cells lines (HepG2, human mammary carcinoma MCF-7, human lymphoblastiod TK6 cell line).
Here, we demonstrated that exposure of stably transfected human cell line HepG2 containing a reporter gene for DsRed fused to the promoter of the DNA damage response gene p21 to irradiation and chemical genotoxic agents resulted in an increased production of DsRed proteins, which we measured by an increase in fluorescence intensity. Our preliminary data showed that the optimal time for measurement was 48 h for chemical genotoxic agents, while 72 h should also be considered in the irradiation of cells, as DNA damage was detected at a lower irradiation dose at this time point. The major advantage of the p21HepG2 DsRed test system over other currently available mammalian cell-based reporter gene test systems is its ability to detect indirect-acting genotoxins that require metabolic activation to the nucleophilic intermediate.
Further validation of our assay, including a comparison to other genotoxicity tests, testing of a battery of different genotoxic and non-genotoxic agents, as well as lower doses of ionising irradiation will be performed. In addition, we are also planning to use other cell types such as skin fibroblast or epithelial cells, which are among the first targets, after environmental exposure,  of inadvertent or purposeful irradiation. 
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