The CORESTA In Vitro Test Battery for Combustible Tobacco Products: Update from the 2004 Rationale and Strategy Report
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ABSTRACT RECOMMENDED ASSAYS AND EXAMPLES

In 2004, the CORESTA In Vitro Toxicity Task Force issued a rationale and strategy report, For studies that may be submitted to regulatory agencies and where in vitro toxicity testing is deemed appropriate, the CORESTA IVTSG recommends a test battery of:

commonly known as “the CORESTA in vitro test battery guideline.” The goals were to: 1)

develop the rationale and strategy for conducting in vitro toxicity testing of tobacco smoke _ — | o |
and 2) identify key procedures based on internationally recognized guidelines, adapted to 2. Ames test: bacterial mutagenicity using Salmonella typhimurium strains, and

accommodate the unique properties of tobacco smoke. The Task Force [now the Subgroup 3. Cytogenetics/mutation assay with mammalian cell lines: the in vitro micronucleus (MN) assay, the mouse lymphoma assay (MLA), or the chromosome aberration (CA) assay.
(IVTSG; In Vitro Toxicity Subgroup) since 2015] performed a series of proficiency trials

1. Neutral Red Uptake (NRU) assay: cytotoxicity with mammalian cell lines

based on the guideline.
C deri g : d. the IVTSG h : d th deli 1 | n SELECTED POINTS NEUTRAL RED UPTAKE (NRU) ASSAY - EXAMPLES* SELECTED POINTS AMES ASSAY - EXAMPLES*
P ft N me . tl o eataoy fo he guide g to: )bre'%\lla ”aée M€ [Celllines BALB/c3T3, A549, CHO, BEAS-2B, HepG2 Strain TA98, TA100, TA1537 (o TA97), TA1535, TA102
relevance o .’[ e _|n|t|a rationale and strategy for In vitro _testlng_ @) .COm ustible to acc_o Cell density for seeding 3,000 — 10,000 cells/well (96-well plate) Cell volume 10° cells/plate
products, 2) identify recent and comparable regulatory testing guidelines and examples In Y " 100 - 200 pL Metabolic activation Absence and presence of S9
publications, and 3) provide a pragmatic summary of key features of each recommended Pre-culture 20 - 24 hours Pre-incubation period 20 - 60 minutes (if direct plate incorporation is not used)
assay. The endeavor confirmed the continued usage and reference of the 2004 CORESTA Exposure time 24 10 65-70 hours Solvent control DMSO,; ethanol; PBS
. . . . . . . . I 0) - . 0)
in vitro test battery, especially where standardized and validated testing is required (e.g., Cone. of serum _ Serum free medium (e.g., Promocell C-21060 + C-39165): max'm“m S?'%’SL‘/} fo?t“t" Sp to gg’ggr D'/V'IS? (HC T-501, 2004a); 10% for PBS
regulatory submission), upholding that the overall strategy and rationale remain valid and ' - Up to 10% calf serum in medium R:g(l.ic(;;tg(;/zoncent;ti%i Miiani?nu’m ~ gg plate
relevant. Sometimes these standardized testing results are supplemented with newer and Conc. of DMSO 0.45 - 2 % (viv) - One of: 9,10-Dimethylanthracene; 7,12-Dimethylbenzanthracene; Congo Red:
exploratory in vitro assays (e.g., air-liquid-interface testing with fresh whole smoke), however Conc. of NR dye 25 - 66 mg/L FOEINE Conife) (=) Benzo(a)pyrene: Cyclophosphamide: 2-Aminoanthracene | |
the CORESTA In vitro test batteries are continuously used in comparative product testing, Duration for NR incorporation |3 hours TA98: 2-Nitrofluorene; TA100 & 1535: Sodium azide
such as evaluating the biological impact of changes in ingredients or product designs as part . . . Positive control (-S9) TA1537 (and TA97): 9-Aminoacridine or ICR191
. : S : Duration for NR extraction 10 — 60 minutes TA102: Cumene hvdroperoxide or Mitomvein C
of a weight-of-evidence toxicity evaluation. S osiive Control Sodium dodecyl sulfate (SDS) - Lumene nydroper y — _
In the updated 2019 guideline, the IVTSG recommends where standardized in vitro toxicity ~20-30% cytotoxicity at Max. dose (ISO 109935, 2009) Criteria for positive response |Lab to maintain the_ historical cont_r_ol ranges for each posmv_e f:ontrol_pe_r_straln to

testina is desired. the followina test batt ; bustible tob ducts: 1 totoxicit Endpoints Y I Al Vax. : _ TA9S demonstrate proficiency. The positive controls induce a statistically significant increase

esting IS desired, the Toflowing test battery 1or combustibie tobacto products. )_Cy OLOXICILy ECs, (50% reduction in viability) & dose-response curve fit 97 o+ o in the number of revertants relative to the vehicle control; and the strain-specific fold-
(Neutral Red Uptake) assay with mammalian cells, 2) bacterial reverse mutation (Ames) * Ref: OECD TG129 (2010), HC T-502 (2017b), CORESTA NRU proficiency (2015) Fany T increase is acceptable. A concentration-related increase over the range tested and/or a
assay in Salmonella typhimurium, and 3) mammalian cell cytogenetics/mutation assays (the :MG:: reproducible increase compared to the vehicle control at one or more concentrations

In vitro micronucleus assay, the mouse lymphoma assay, or the chromosome aberration SELECTED POINTS MICRONUCLEUS (MN) ASSAY - EXAMPLES* g 10 tested in at least one strain in the presence & absence of S9. Statistical methods (e.g.,
assay). The IVTSG reiterates that the biological significance of the in vitro results must be Cell line CHO, V79, CHL, L5178Y, TK6, blood lymphocytes O Dunnett's test) may aid evaluating the test results; however, statistical signiticance
evaluated in conjunction with all available chemical and exposure/dosimetry data, in the Cell density Cultures that are sub-confluent should be used snovidinotneineionideterminingifactonionaipesiiiveliesponse:

context of the overall product risk assessment. Exposure time/condition Shﬁ)l’t telrm) (38-8 houri)_ iSQ; :;inglferTC(ZO-QS hOl_JrS, 62 normal * Ref: OECD TG471 (1997), HC T-501 (2017a); Example figure from the CORESTA Ames proficiency report (2016a)

cell cycles) -S9; cytokinesis blocker (Cyto-B; optiona
Conc. of DMSO Up to 1% of the culture volume (according to historical control) SELECTED POINTS MOUSE LYMPHOMA ASSAY (MLA) - EXAMPLES*
Cytotoxicity Not to exceed 60% Cell line L5178Y tk +/- (3.7.2C)
BACKGROUND N of cultures/concentration Minimum of 2 Culture medium RPMI 1640 Fishers medium / Horse serum (heat-inactivated)
MN staining Acridine orange, Giemsa or other DNA-specific dyes Culture preparation At least 1 x 107 cells (3 hours) or 4 x 10° (24 hours) for treatment
 The in vitro testing framework is built upon standardized and internationally recognized N of cells to score Minimum of 2,000 per concentration Metabolic activation Co-factor supplemented S9 fraction

N of conc (for MN reading) Minimum of 3 0

assays that are widely used for tobacco products (see references, including CORESTA - - P Final concentration 1-2% in culture medium

’ Methyl methanesulfonate; Mitomycin C; 4-Nitroquinoline-N- ;
roficiency reports). . L . SN _ Treatment period 3 and 24 hours -S9, 3 hours +S9

P y rep Positive controls oxide; Cytosine arabinoside; Benzo(a)pyrene; Conc. of solvent 1% (vIv) organic, 10% (VIv) aqueous

« Currently no single in vitro assay can provide comprehensive information on toxicity or Cyclophosphamide; Colchicine; Vinblastine Conc' ~eloction I\/IiOnimum 4gconc’entraotions d
biological activity. Cytotoxicity assays can be used to support estimation of starting in vivo Criteria for positive response |0Sitive control responses are compatible with the laboratory Expréssion Seriod 28 hours
doses for acute toxicity testing and as part of other in vitro assays where the results are historical positive control database and produce a statistically . . -

o ] ) o ] Negative Control  SHORT 459 S|gn|f|cant increase Compared to the concurrent nega’uve Selective agent TflflUOrOthymldlne (TFT)
used to select the doses for genotoxicity evaluation. Representative cytotoxicity endpoints o [ — w | eontrol Incubation period 10 — 14 days
are cell viability and cellular growth rate. N aam e ' - - - — e —
o T _ - 910, At least one of the test concentrations shows a statistically Positive controls (-S9) Methyl methanesulfonate, 4-nitroquinoline N-oxide;

» Genotoxicity testing Is used to evaluate DNA damage or gene mutation and structural or s .. |significant increase compared to the concurrent negative (+S9) Benzo(a)pyrene, Cyclophosphamide, 7,12-Dimethylbenz[a]anthracene (+S9)
numerical chromosome aberration. Because no single genotoxicity assay provides S = === |control; the increase is dose-related in at least one experimental Absolute increase in mutant frequency of at least 300 x 10¢ (minimum 40% small colony
comprehensive information on various types of genetic damages, and in order to minimize ol condition when evaluated with an appropriate trend test; any of Criteria for positive control formation) or an increase in small colony mutant frequency of at least 150 x 10-°

o ] ) ' ] mag} 3514 . . . . . . . .
false positives, a paired test is recommended (e.g., bacterial Ames mutation test and | [the resllij'ts are OUtSI'D'd_e the %'Str'%“g;;o‘c the r;'ls_to_”c_agnzgf‘“ve compared to the vehicle control. _
mammalian cell assay detecting chromosomal damage). Z?ntzrglzftta (e.g., Poisson base o control limits; Sobol et MG (EETEneEE A|d[(3)S|e-reI?teg mc;creatse(l;]ztgelgléltfantt;requ_ency eli(ce%%s i%eG\;ehlcle cont:ﬁl zl)us the

. . . . g : global evaluation factor x10-¢ for the microwell or 90x10° for agar metho
Combustible tobacco tes_t materials (e'g_" total parthl_Jlat? ma_tter [TPM]) are alrea_'dy * Ref: OECD TG487 (2016a), HC T-503 (2017c); Example figure from the CORESTA MN proficiency report (2019) * Ref: OECD TG490 (2016b), CORESTA MLA proficiency (pending)
demonstrated as cytotoxic and genotoxic. One of objectives is to do a comparative
assessment, if a product change of interest has resulted in meaningful modification (no
change, increase, or decrease) of biological activity in vitro compared with the product REPRESENTATIVE TEST MATERIALS ACKNOWLEDGEMENT
without specific change.

P J TEST MATERIALS* RECOMMENDATIONS IVTSG REPRESENTATIVES
Total Particulate Matter (TPM) - Cambridge filter pads after smoking are kept a’_t room temperature for <1 hour. Pads are extracted immediately or stored at <-70°C. Pads and Altria Client Services LLC, USA KML. UD
REFERENCES Also referred as: TPM extracts are stored at <-70°C after collection for up to 2 years. Pads and TPM extracts should not be re-frozen once thawed. :
- Particulate Phase (PP) - TPM extracts are aliquoted into individual vials prior to freezing if multiple assays are needed. The TPM extract should be analyzed at RA S.erV|ces Company, USA KGJ, BB
- Cigarette smoke condensates (CSC) minimum for nicotine. Imperial Brands PLC Company, Germany RW

Selected below. Full references included in the 2019 Report (https:/www.coresta.org/groupsivitro-toxicity-testing )

« CORESTA (2015). Technical Report - NRU Assay Proficiency Study -Gl\a/llzli\rfzte(e);rlralhsﬁsk(eG\LI:)or/aerosol - GVP s collected by bubbling smoke into ice-cold calcium and magnesium-free Phosphate Buffered Saline (PBS), the preferred solvent, in an PMIR&D, Sgltzerlénd - OM, DMH
- CORESTA (2016a). Technical Report - Ames Assay Proficiency Study containing permanent gasses and impinger or equivalent vessel. Particulate matter is filtered out by passing smoke through a filter pad. Covance Laboratories Ltd, UK JC, MH
« CORESTA (2019). Technical Report - In vitro MN Assay Proficiency Study volatilized compounds where TPM has : GVF_’ should be administered to test systems within 1 hour of collection. The filter pads are retained, in order to calculate equivalent deposited British American Tobacco Ltd, UK IC, LN
« CORESTA (2019). Technical Report - In vitro MLA Assay Proficiency Study (PENDING) been filtered out/removed particulate matter. Japan Tobacco Inc., Japan TH, KY
« Health Canada (2017a). Ofﬁc?al method T-501, bacterial reverse mutation assay Whole Smoke (WS) - WS should be administered to test systems within 1 hour of collection JT International SA, Switzerland JM
* Health Canada (2017b). Oﬁ_'c_'al method T-502, _neu_tral re_d uptake assay Also referred as: - Equal amounts of TPM and GVP should be mixed together such that the combined preparation contains equal amounts of particulate matter or Okolab, JT International Group, Austria EW
 Health Canada (20170). Off_lClaI methoql T-503, Iin yltro mlpronucleus assay o N - TPM & GVP combined (TPM+GVP) equivalent from the TPM and GVP. KT&G. Korea CHP
* 1S0O 10993-5 (2009). Blologlcal evaluation of medlcal devices — Part 5: Tests for in vitro cytotoxicity. * In addition to the above, various other test materials are reported, for example: whole smoke sampling with bubbler (cigarette smoke extract) and diluted whole smoke directly delivered to : :
« OECD (1997). TG471: Bacterial reverse mutation test ir_Liqui in vi ing i i ion i SUENES [RIVEFLEI I CHEIIES, Lo LS

: - bd 2 >t _ _ - Air-Liquid-Interface (ALI) in vitro exposure systems; whole smoke bubbling in bacteria suspension in Ames test) China National Tobacco Quality Supervision & Test
» OECD (2010). TG129: using cytotoxicity tests to estimate starting doses for acute oral systemic toxicity tests. There is no widely agreed consensus on the definitions and collection methods of test materials for tobacco smoke in vitro testing. The IVTSG recommends to report the - HC
* OECD (2016a). TG487: In Vitro Mammalian Cell Micronucleus Test. actual collection methods and analytical characterization of the test materials as part of in vitro testing results e, - -
« OECD (2016h). TG490: In Vitro Mammalian Cell Gene Mutation Tests Using the Thymidine Kinase Gene. ' AUSNGALCH] CIEEIRED WESEEIEN IISITIE, CINIG, Sl 24, PR

Sobol Z, Homiski ML et al. (2012). Mutation Research 746(1), 29-34. *CORESTA Website: https://www.coresta.org/groups/vitro-toxicity-testing
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