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Adaptation of the ToxTracker reporter assay for the genetic toxicology assessment of petroleum products. “
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OBJECTIVES RESULTS

Modified Ames test results ToxTracker summary

Poorly refined heavier petroleum substances (PS) have the potential to be mutagenic __ Mutation index ToxTracker GFP fluorescence (flow cytometry) ToxTracker biomarker gene expression (QRT-PCR)
and / or CarCInOgenIC based on thelr 3_7 rlng poly aromatlc hydrocarbon (PAH) content. Sample Identification |Category total Wt.% a +S9 Sample Category PAC level  Autofluorescence DNA damage p53 Oxidative stress UPR DNA damage p53 Oxidative stress UPR Aml\ggcrest
: - Txs000088 Base oll 1.1 0 -S9 HS9 -S9 HS9 -S9 HS9 -S9 HS9 -S9 HS9 -S9 HS9 -S9 HS9 -S9 HS9
The petroleum industry applies 2 common methods to screen for these effects, namely TX 100085 - fl - . —— — 5 » - + + - + - - - 5 B Fosiive (2-fod industion
o - XS ase Ol : . ' )
the Modified Ames assay and the |IP346 test. These test provide a yes / no answer 00050 e e S 5000092 Base ol 0 1.0 0.04 Weak positive (1.5 to 2-fold inductior)
- . . I : . XS ase Ol : . . : : :
based on a cut-off value, and are validated against a significant in vivo dataset. | Txs000094 Base o : 12 013 R Negtive (<1.5-fold induction)
Txs000091 Base oll 0 0 Txs000096 Base oil 0 1.3 0 Not tested in this study
. . - Txs000092 Base oil 0 0.04 Txs000095 Base oil 0.17 1.4 0.11
In a previous study between Toxys and Concawe, the applicability of the ToxTracker e000083 Ao ol 031 . 5000093 Base oil 031 0 | | |
: : : : : : ' Con-017 Heavy fuel oil 0.62 0.73 Induction of ToxTracker reporter expression after treatment with DMSO
assay for assessing _the genotoxic propertles_ of PS was investigated. After completion T%S000094 SN 0 013 o N - _ O extracts of petroleum substances. The ToxTracker reporter cell lines were
of this project, questions around the metabolism of the test substances in the absence TxS000095 Base oil 0.17 0.11 s000085 Base o - 4 D o exposed to 5 concentrations of the test substances in the absence and
and presence of S9 remained open. With the current project, we aimed to address TXS000096 sase o 0 0 TxS000090 Base o 28 . 031 D mur i the rosence of 196 1155 and them 21 hours of secarors For th
: : : : : : Con-006 Heavy fuel oil . 0.11 -
these Issues by looking at the expression of metabolic enzymes In mouse emryonic Txs000097 Destilate aromatic extract 9 1.63 C::_091 H:x f:: Z:l I I on exposure in the absence of S9, cells were exposed for 24h continuously.
stem cells, the effect of different S9 mixes (rat and hamster), mutation induction in the Txs000098 Destilate aromatic extract 0.7 2.82 TXS000007 S J IS Several of the tested substances showed high levels of autofluorescence, which
_ _ _ - | | could interfere with the detection of the GFP reporters in ToxTracker. The
HPRT assay and the activation of ToxTracker reporters by PAHs with a SpeCIfIC Txs000099 Destilate aromatic extract Txs000098 Destilate aromatic extract - 282 autofluorescence was compensated for in the ToxTracker assay by also
. . Txs000099 Destilate aromatic extract - 1.69 : - : : -
number of aromatic rinas. Con-006 Heavy fuel oil | measuring the fluorescent signal in wild-type non reporter cell lines and
J | Con-129 Heavy fuel oll I e - 151 substracting this value from the reporter induction. To verify the results and to
con-008 Heavy fuel oll Con-008 Heavy fuel oil - 4.33 rule out any effect of autofluorescence, reporter expression was also verified
Con-017 Heavy fuel oil Con-034 Heavy fuel oil using gPCR. The results obtained in the ToxTracker assay largely overlap with
Con-034 Heavv fuel oil Cisplatin those obtained in the modified Ames test. However, for a number of
g Diethyl maleate compounds, genotoxicity is observed in the absence of S9, which indicates that
Con-091 Heavy fuel oll Tunicamyci metabolic activation is not required
ycin .
TOXT RA C K E R Con-129 Heavy fuel oll Aflatoxin B1*
Mutation induction by the extracts of petroleum products. Modified Ames tests were conducted on the eighteen petroleum .
substances tested Iin the Toxtracker assay to analyse their ability to induce gene mutations. Total wt % of PAC content of the different TOXTr acC ker asSsS ay resu ltS Wlth rat arll d h am Ster 89 fOr 24h DNA damage  Cellular stress (p53)  Oxidative stress  Protein damage
o o | . Sleleleletatetatatot T substances Is indicated in a range from light to dark blue. All substances were tested in the ModAmes in presence of S9 according to v Bscl2 @ Btg2 ® Srxnl ® Ddit3
DNA damage pS3 activation Oxidative stress  Protein damage 888888888888 the standard protocol and the Mutation Indices (MIs) were detemined. As defined in ASTM E 1687, Ml values <1 are considered to have Con-008 (Heavy fuel oil) Con-008 (Heavy fuel o) Con-034 (Heavy fuel o) Con-034 (Heavy fu! oi) Con-129 (Heavy fuel o) Con-129 (Heavy fuel oil) A Rtkn ® Blvrb
QOO0C0000e88 a high probability of being non-carcinogenic in a mouse skin painting bio-assay, values >1 but <2 (yellow) may or may not be a b2 207 12 0 2
000008000000 non-carcinogenic in a mouse skin painting assay, whereas values >2 are considered to have a high probability of being positive in a ] ! . 1 16 -
e _ _ mouse skin painting bio-assay (range from orange to red). The Modified Ames test was performed by Charles River, Den Bosch, NL. No SO : R : g o S E ToxTracker assay with rat and hamster S9. To better align the
o o _Exposure of reporter cell Ilnes_ n 9.6_\/\/.6”8 plates, s 2 . 3 08 3 s ? exposure conditions in the absence and presence of S9, we
— r— — In absence or presen_ce of a bioactivation system . . ] ] ° 4 Coe ° 5 © 04 © . ° optimised the S9 protocol to allow 24 hour exposures with a lower
s (S9 liver extract) Muta“ onin d U Ct| on by Sel eCted PS N th e H PRT assay e e Threshold pos. test % e S— oo Threshodposes 2 [ e g 4 Threshold pos. test concentration of S9 without inducing reporter activation or cell
¢ ¢ & @ ¢ > % 0 0013 0025 0038 005 0063 ¥ 0 0013 0025 0038 005 0063 ® 0 002 005 0075 01 0125 % 0 002 005 0075 01 0125 ® 0 002 005 0075 01 0125 ® 0 002 005 0075 01 0125 death (0,25% Instead of 1%) Rat and hamster S9 have Sllghtly
< l 45000085 (Base oi) | | ialp cone: &0 wone. 00 cone. () Conc. (uM) Cone. (1) Cone. (1) different metabolic properties. To see how both S9 mixes would
€d G Cytotoxicity and GFP reporter detection by flow cytometry o o rennnen (bestlae aromatic extrach o | comooasRsy L, comomeiRse . Con0s4 RS N Con-034 +RS9 . ComizavRss . Comi2oRss affect reporter activation and genotoxicity of pertroleum
il il il i il i e E E ) 1 1 substances, we tested three petroleum substances in the
i o o 0 Rat S9 _ 12 - — os - _ 15 - ) _ 15 - o absence and presence of rat and hamster S9 for 24h. Con-008 Is
5 325 5 g’zs é . é _ : N § _ S N _ genotoxic in the absence of S9 and in the presence of rat and
@ Quantitative data analysis M +59 : - : 4 5 = 2 : 2 hamster S9. Con 034 is genotoxic only after the addition of rat or
Bscl2.GFP  RtnGFP  BWG2GFP  Snnl-GFP  BWb-GFP  Ddit3-GFP using Toxplot software E : : ° 4 . ° 5. 7 - ° 5. o hamster S9. Con-129 is not genotoxic under any condition.
E § g Threshold pos. test ' - 02 02 -

...... Threshold pos. test Threshold pos. test

Exposure without S9, and with rat and hamster S9 give slightly

0

, I N N ..
w High

Untreated o Vedium 0 Untreated Lo Vodium High 0 - onteated | Low  Medum  High % 0013 0,025 0,035 005 0.063 0 0013 0025 0038 005 0.063 % S 0025 005 0075 01 0.1%5 % 0 0025 005 0075 01 0125 0 0025 005 0075 01 0.125 0 0025 005 0075 01 0.125 different reporter Inductions. Compounds could be metabolised
Conc. (LD Conc. (uM) Conc. (uM) Conc. (uM) Conc. (M) Cone. (uM) differently by both S9 mixes, therefore it is useful to test
Con-129 +HS9 Con-129 +HS9 compounds both with rat and hamster S9.

Con-008 +HS9 Con-008 +HS9 Con-034 +HS9 Con-034 +HS9 20 - 12 -
150 1 ’
16 - 1.2

1
12 i
Hamster S9 - g 08 1 -
8 A 0.6 A b
0.4 A
4 A 5 -

0

a1
o
N
o
1
[Eny
N

. .

15 -

[EEN
(&)

MATERIALS & METHODS
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Con-008 (Heavy fuel oil) Con-034 (Heavy fuel oil) Con-129 (Heavy fuel oil) ENU
ToxTracker is a panel of mammalian stem cell lines that contain different fluorescent reporters

for induction of DNA damage, oxidative stress and protein damage. The reporter cell lines e .I III PE T —— — A —— S
were exposed to 18 DMSO extracts of petroleum substances obtained from various Concawe | et L dem e e e Comeon e e

member companies. Additionally, 10 pure PAHs were tested. The differential induction of the Petroleum extracts can induce mutations, depending on their 3-7 ring PAC content, in mES cells in the absence and presence

F ' of metabolic activation. Hprt mutant frequencies in mES cells caused by exposure to various petroleum extracts. Induction of . . . . .
GTP reforters as well as CytOtOXICIty of the tested substances was determined by flow mutations in the Hprt gene in mES cells that have been exposed to increasing concentrations of five petroleum extracts in the absence TOXTr acC ker resu ItS Wlth SN g I e PAHS Wlth S p6CIfI CcCrin g NuUum ber CONCL USlONS
cytometry.

(blue) or presence (green) of hamster S9 liver extract was determined. The depicted Hprt mutant frequencies are the average of two

o

independent repeat experiments. T T —— Oxidative UPR Heavy fuel oils with a high PAC content test positive in the modified Ames test. Most of
DMS|O extracés, containing the bIOIOgI?a”y a_ctlve frfactlgln (1.e. rgostly ?;7 rng PIAIiISs)gggf tgﬁ CYP and AhR expression in m ES cells — 19 501 50 +50] 59 50 [ 59 450 these su_b_sta_nces, depending on their 3-7 ring PAC content, also test positive for
petroleum substances were prepared following s_t_an ard procedures (_oy et al, )._ N e N . o ings Most 2-5 ring alkylated PAHs tested in the current genotoxicity in ToxTracker.
DMSO extracts were tested Iin the standard Modified Ames test (bacterial reverse mutation 40 10 Q?rgeih;en”;phthalene : oroject do not cause. Single (alkylated) PAHs con-
test modified according to ASTM E1687-10, specified for testing petroleum substances). i:fentﬁtyf;yr:;pigﬂg;g]eene 2 itﬁ':‘r']ggaﬁi nféoarp]3t§ré';‘§rfc‘g%rfeht:;ft‘; :r‘sgogr:fiycfﬁg Several petroleum substances show genotoxicity in ToxTracker and the induction of
| | C‘“’ 7 Y o 2-ethyl naphihalene ; 3-ring alkylated PAH substance 2-ethyl antracene mutations in the HPRT assay in the absence of S9. Gene expression analysis does not
The DMSO extracts were analysed in the absence and presence of S9 hamster and rat liver S mothyl antracene 3 I_Itlodxlfrcrgiszt;\%tlsvr; so’][chtehrifc?rglél ;;r;ii%ea;eg;:ﬁgsx&n seem to indicate that this can be explained by CYP expression in mES cells
- - - - . 5 20 5 20 3 200 3 0.0200 2-tertbutyl anthracene 3 -
extract to include a bloactlvayon gystem. A nqmber of extracts showed high Ievels_ of | -sthyl anthracone ; Most other compounds caused oxidative stress or
autofluorescence that potentially interferes with the ToxTracker assay.Therefore, induction of : : : : 7-methylbenzofalpyrene 5 proteinbfe}maage,_”?ut no gen_otctﬁicity- Similar frestugg To better assess the metabolic actvation, petroleum substances should be tested with
. I - : - : 10 10 100 0.0100 were obtained witn exposure In the presence of ra .
the ToxTracker biomarker genes was also determined using quantitative real-time PCR. Conirals (data not shown). P P both rat and hamster S9 using 24 hours of exposure.
. . . 0000 S Diethyl maleate
Expression of the aryl hydrocarbon receptor and three CYP enzymes was analysed using B Mouse ver B S clls B Mouse ver 1 S cels B vouse er I meS clls B vouse ver I mES clls Afiatonin B1 This project showed that the ToxTracker assay can be used for genotoxicity screening of
gPCR. Mutation induction in mammalian cells was tested using the HPRT assay. mES cells do not express CYP enzymes and only low levels of AhR. To test whether mES cells express any of the CYP enzymes PS, by including adaptations in the protocol which are specific to in-vitro assays for these
Important for the metabolisation of PAHs, expression of CYP1A2, 2E1, 3A11 and the aryl hydrocarbon receptor (AhR) was analysed B Positive (>2-fold induction) b b : :
using qPCR. RNA was isolated from untreated mES cells and expresssion levels were compared to mouse liver RNA. gPCR reactions Weak activation (1.5 to 2-fold induction) substances but some open CIUGSUOHS remain.

were performed in triplicate for each primer and relative expression was calculated compared to HPRT. B Negative (<1.5-fold induction)



