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In Vitro Mammalian Cell

Forward Mutation Assays
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Topics for Discussion

HPRT and Mouse Lymphoma Assay
Test System Theory

Evaluation Criteria

Clarifying Equivocal Responses

Exposure Methods

Study Design Sample Data

Scoring You make the Call

Criteria for a Valid Test Summary

Definitions

HPRT: Hypoxanthine/Guanine Phosphoribosyl Transferase
(the gene/enzyme formerly known as HGPRT)

CHO: Chinese Hamster Ovary (cell line) TK: Thymidine Kinase
TG: 6-Thioguanine (selective agent for HPRT) TFT: Trifluorothymidine (selective agent for MLA)
CE:  Cloning efficiency (% surviving cells); MF: Mutant frequency (proportion of mutant cells)

IMF: Induced Mutant frequency
(proportion of mutant cells over vehicle control)
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Mammalian Cell Gene Mutation Assays

* Detection of gene mutations in mammalian cells (point mutations, chromosome
rearrangements) not detected by Ames (base pair sub., frame-shift, insertion/deletion) or
chromosome aberration assays

* TG476 was originally adopted in 1984. Revised in 1997

*  New guidelines were put in place July 2015 and updated in 2016.
MLA/TK assays were removed from TG476 and retain only HPRT and XPRT

HPRT (TG476) and Mouse Lymphoma assays (TG490):
evaluate forward mutations (any mutation which changes a formerly functional

wild genotype or phenotype to nonfunctional)

Current version of TG476 reflects nearly 40 years of experience with this test

inoliv

analyze. answer. advance.




)

»N

» -

»»N

CHO/HPRT Assay

OECD Test No.476




HPRT Assay Background

* HPRT — enzyme catalyzes salvage of the purine bases guanine and
hypoxanthine into monophosphate nucleoside GMP and IMP DNA synthesis

* Measures forward mutations in reporter genes, specifically, the endogenous
hypoxanthine-guanine phosphoribosyl transferase (HPRT) gene

* HPRT gene is on the X chromosome of mammalian cells —has 1 functional
copy (hemizygous)
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Cell Types for HPRT

Cell types used for the HPRT tests should have a

o Demonstrated sensitivity to chemical mutagens
» High cloning efficiency

o Stable karyotype; Stable spontaneous mutant frequency

Most commonly used cells:

CHO, CHL and V79 lines of Chinese hamster cells,
L5178Y mouse lymphoma cells, and TK6 human lymphoblastoid cells
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Methodology:

PURPOSE: To evaluate a test substance for its ability to induce forward
mutations at the HPRT locus (hprt) in Chinese hamster ovary (CHO) cells, as
assayed by colony growth in the presence of 6-thioguanine (TG resistance, TG').

Mutations which destroy the functionality of the HPRT gene and or/protein are detected by
positive selection using a toxic analogue, and HPRT mutants are seen as viable colonies

Mutants deficient in HGPRT grow in the presence of the purine analog, 6-thioguanine (6TG),
but normal cells convert 6TG to its toxic nucleotides and die.

Formation of mutant colonies caused by result from either:

1) spontaneous mutation
2) induced mutation caused by a chemical agent
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HAT Selection

Endogenous Pathway — direct synthesis of nucleotides

Amino acid dNTP DNA

Mutant cleansing:
Using HAT medium Dihydrofolate reductase NADPH + H”
a)Blocks endogenous (DHFR) Aminopterin
pathway
NADP?

Dihvdrofolate

a)Blocks HPRT for DNA
synthesis

HPRT™*

an’t incorporate Can incorporate

G into DNA G into DNA
Cell dies - Cell survives
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Study Design: Vehicle Selection

(HPRT and MLA)
I I

Aqueous formulations Organic formulations

* Does not impact the test system up to 5 or 50 mg/mL up to 50 or 200 mg/mL

(ICH or OECD) (ICH or OECD)
*  Does not react with culture vessel

| |

* Does not impact the integrity of the TA Water | DM>50

e Culture media e Ethanol
* Does not interrupt metabolic activity .

e Saline e Acetone

* |s soluble or TA has reached the limit of
solubility
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Study Design: Dose Range-Finding Assay

(HPRT and MLA)

Limit dose: for chemicals - 2000pg/mL (10mM) — whichever is lower
for pharmaceuticals - 500pug/mL (1mM) - whichever is lower

* Test at least 9-10 concentrations, single cultures

* pH the TA in treatment media: between 6.5 - 7.5

* Is the osmolality value >120% of solvent control? Yes? — then could result

in false positive
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I Process Flow

e 1 x 10° cells seeded in 5 mL of Complete
Ham’s F12

e Using T-25 flasks, Grow overnight

e Wash x 2 with HBSS
* (-S9) Re-feed with 5 mL Suppl. F12
* (+S9) Re-feed with 4 mL + 1 mL S9 mix

¢ Dose with test article
e Incubate for 5 hours

e Remove treatment media
¢ \WWash x 2 with CMF-HBSS

Harvest

¢ Typsinize and Count

* 5 mL of Complete Ham’s F12
¢ [ncubate 7-10 days

Fix / Stain / Count
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Preliminary Toxicity
(Dose Range Finder)

Seed cells overnight

N 0® ¢ © / ~1x106 cells
Treatment:
5hr exposure to TA
Termination:

Removal of TA

R X Plate 200cells/60mm dish
e® ¢ © in triplicate

Incubate 7 - 10 days

< TS

Fix, Stain, Count:

20% 0 0.
5. 0%%¢e © .
Determine Cloning Efficiency

Adjusted Relative Survival



Sample Data: Dose Range-Finding Assay
.

Cell
Cloning Efficiency (Initial Survival) Density Adjusted
Dose Level Plate Counts Cells/mL Relative Survival
Treatment (ug/mL) S9 1 2 3 Avg. CE (%)  (x10¢) (%)
Vehicle 0.0k - 194 146 134 158.0 79.0 0.214 100.00
Test Article 3.91 - 141 156 163 153.3 76.7 0.231 104.74
Test Article 7.81 - 157 144 152 151.0 75.5 0.211 93.85
Test Article 15.6 - 157 140 137 144.7 72.3 0.219 93.49
Test Article 31.3 - 138 140 164 147.3 73.7 0.224 97.43
Test Article 62.5 - 148 153 168 156.3 78.2 0.209 96.37
Test Article 125 - 150 176 173 166.3 83.2 0.182 89.35
Test Article 250 - 126 134 118 126.0 63.0 0.215 79.93
Test Article 500 - 97 106 107 103.3 51.7 0.196 59.84
Test Article 1000 - 88 69 72 76.3 38.2 0.170 38.31
Test Article 2000 54 45 39 46.0 23.0 0.103 13.99
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 YTTER Mutagenicity 1 T
. el . eatment
finiti (Definitive Assay) ,
Definitive Assay 2. Expression
* SEED | TREATMENT . 3. Selection
¢5x 106 or 8 x 10 cells 6.\&00‘“ 4. Scoring
| 0@’@’ S
* RE-FEED ) S
e Wash x 2 with HBSS & S \ L) ..... Seed cells overnight:
e Serum free media and/or S9 ¥ 5 x10° cells
e DOSE/HARVEST N .
¢ Dose with TA- Incubate for 5 hours RE-FEED: o
e Remove treatment media, Wash x 2 % R-Er:lrg\ll—nmA
q 9.9 emoval o
UL LB P i ngeailas Wash with HBsS @° @@ ® Subculture (Phenotypic Expression)
¢ INITIAL SURVIVAL A ® Plate 200cells/60mm dish (CC)
¢ Plate 200 cells / 60 mm dish x 3
/ EXPRESSION
¢ [ncubate 7-10 days .
« SUBCULTURE = Incubate 7 - 10 days
Poe® 0 0 X
©2.4x 106 cells S2%%e0 oy P AT S2%%e0 oy
e Every 2-3 days for 7-8 days ‘:“O. :0../
Fix, Stain, Count (CC): Cloning Efficiency
Adjusted Relative Survival (ARS)

SUBCULTURE
o - e o 2.4 x 106 cells
ln O lv every 2-3 days for 7-10days
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SELECTION

Process Flow.

Definitive Assay cont’d

~.

CONCURRENT SURVIVAL

e Plate 200 cells / 60 mm dish x 3
e Incubate 7-10 days

SELECTION
e Plate 6 x 10° cells/150 mm dishes
(4x TG/media dishes)
e Incubate 7-10 days

Fix / Stain / Count L. - Incubate 7 - 10 days N—_J“"
W 200cells/60mm dish

= = Fixing

g_:;_-_./’ - St: il:':ijng

6-TG is used for cell selection: e Ias -"
Cells without a mutation are poisoned by 6-TG, N ’

while mutant cells survive and form colonies -
e®® o

2.4x106 cells in Complete Ham’s F12 ~Hx
supplemented with 6-TG
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SCORING

CE Plate

vy

L NS

Mutation Plates Fix, Stain, Count

G
(CE and M plates): o= =-_" "
m Cloning Efficiency &=+ ¥ d

F\md
-
Solvent L\——d S

I R - CE plates and number of CE Plates
i\. ® o o - ‘ mutant colonies
= L‘J determine the Mutant
" Frequency
Positive Control
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Data Calculations/Endpoint readings

number of colonies
Cloning Efficiency (CE) = x 100%
number of cells plated

CE (treated) x cell density (treated)
Adjusted Relative Survival = x 100%
(ARS) CE (control) x cell density (control)

number of mutant colonies/number of cells selected

Mutant Frequency =

L CE



Criteria for a Valid Test

Vehicle Controls:
* Average absolute CE must be >60% at initial survival and selection

* Average spontaneous mutant frequency of the vehicle controls are within the 95% control
limits of historical control data

Positive Controls:

* Must induce a significant increase in mutant frequency as compared to the concurrent vehicle controls
(p<0.01)

Test Concentrations:
- the limit dose (2000pg/mL or 10mM; 500ug/mL or 1ImM)
* the highest concentration able to be prepared in the vehicle (whichever is lowest)
* induce 10 to 20% adjusted relative survival
* Minimum of four acceptable concentrations
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Sample Data: Mutagenicity Assay

Cloning Efficiency
(Initial Survival) Cell Selection Plate Counts
Dose Plate Counts Density TGr Colonies/Dish Cloning Efficiency
Level [Cells/mL ARS MF Avg. MF
Treatment (pg/mlL) 1 2 3 CE(%) (x109)] (%) 1 2 3 4 Sum 1 2 3 CE(%) (x10%) (x109%)
Vehicle 0.0 97.3 0.214 101.0 9 91.3 4.11
Vehicle 0.0 88.3 0.231 99.0 7 81.8 3.56 3.83
Test Article 125 73.0 0.210 74.2 11 67.3 6.81
Test Article 125 78.0 0.209 78.9 13 73.3 7.39 7.10
Test Article 250 61.7 0.201 60.0 10 77.2 5.40
Test Article 250 59.8 0.187 54.2 4 64.2 2.60 4.00
Test Article 500 48.2 0.196 45.7 8 79.3 4.20
Test Article 500 43.8 0.170 36.1 3 79.2 1.58 2.89
Test Article 1000 41.2 0.144 28.7 10 74.0 5.63
Test Article 1000 31.2 0.159 24.0 0 78.2 0.00 2.82
Test Article 2000 33.0 0.121 19.3 1 92.8 0.45
Test Article 2000 27.8 0.103 13.9 9 80.0 4.69 2.57
EMS®P 0.200- 38.7 0.259 48.5 446 54.8 338.91
EMS b 0.200= 46.3 0.220 49.4 513 54.7 391.01 364.96 **

aDose level expressed in uL/mL, PEMS = Ethylmethanesulfonate (positive control)
**Significant increase in mutant frequency as compared to the concurrent vehicle control values (p < 0.01)
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You Make the Call

Cloning Efficiency
(Initial Survival) cell Selection Plate Counts
Dose Plate Counts Density TGr Colonies/Dish Cloning Efficiency
Level [Cells/mL ARS MF Avg. MF
Treatment (pg/mL) 1 2 3 CE (%) (x106)] (%) 1 2 3 4 Sum 1 2 3 CE (%) (x10%) (x10¢%)
Vehicle 0.0e 97.5 0.233 103.5 10 88.7 4.70
Vehicle 0.0 88.2 0.240 96.5 7 85.2 3.42 4.06
Test Article 125 73.0 0.219 72.9 11 71.2 6.44
Test Article 125 78.0 0.228 81.1 13 76.5 7.08 6.76
Test Article 250 61.7 0.230 64.6 10 78.5 5.31
Test Article 250 59.8 0.226 61.6 4 73.7 2.26 3.79
Test Article 500 48.2 0.195 42.8 8 78.3 4.26
Test Article 500 43.8 0.189 37.8 3 77.3 1.62 2.94
Test Article 1000 41.2 0.183 34.3 10 72.5 5.75
Test Article 1000 31.2 0.178 25.3 0 77.7 0.00 2.87
Test Article 2000 33.0 0.200 30.1 1 88.2 0.47
Test Article 2000 27.8 0.221 28.0 9 77.5 4.84 2.66
EMSP 0.200= 38.7 0.209 36.8 446 58.3 318.57
EMSb 0.2002 46.3 0.201 42.5 513 65.0 328.85 323.71 **

aDose level is pL/mL
bEMS = Ethylmethanesulfonate (positive control)
**Significant increase (p < 0.01)
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You Make the Call

Cloning Efficiency
(Initial Survival) Selection Plate Counts
Dose Plate Counts Cell Density TG Colonies/Dish Cloning Efficiency
Level [Cells/mL ARS MF Avg. MF
Treatment (pg/mL) 1 2 3 CE (%) (x10%)] (%) 1 2 3 4 Sum 1 2 3 CE (%) (x105) (x10%)
Vehicle 10.0° 92.3 0.222 105.3 5 91.3 2.28
Vehicle 10.0° 83.3 0.221 94.7 6 81.8 3.05 2.67
Test Article 99.5 83.0 0.210 89.6 3 67.3 1.86
Test Article 99.5 88.0 0.219 99.0 8 73.3 4.55 3.20
Test Article 199 90.3 0.221 102.6 9 77.2 4.86
Test Article 199 95.2 0.217 106.1 16 64.2 10.39 7.62 *
Test Article 398 91.8 0.186 87.8 21 79.3 11.03
Test Article 398 100.5 0.180 93.0 25 79.2 13.16 12.09 **
Test Article 796 87.2 0.174 78.0 34 74.0 19.14
Test Article 796 82.3 0.169 71.5 40 78.2 21.32 20.23 **
Test Article 1592 87.0 0.191 85.4 46 92.8 20.65
Test Article 1592 85.2 0.212 92.8 54 80.0 28.13 24.39 **
EMSb 0.200° 48.8 0.249 62.5 469 54.8 356.38
EMSbH 0.200¢° 56.8 0.210 61.3 435 54.7 331.55 343.97 **

aDose level is yL/mL

bEMS = Ethylmethanesulfonate (positive control)

*Significant increase (p < 0.05)
**Significant increase (p <0.01)
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You Make the Call

Cloning Efficiency (Initial
Survival) Selection Plate Counts
Plate Counts Cell Density TG' Colonies/Dish Cloning Efficiency
Dose Level [Cells/mL Avg. MF
Treatment (ug/mL) 1 2 3 CE (%) (x106)] ARS(%) 1 2 3 4 Sum 1 2 3 CE (%) MF(x109  (x106)
Vehicle 0.0 110.2 0.214 96.3 6 77.7 3.22
Vehicle 0.0 110.0 0.231 103.7 4 61.7 2.70 2.96
Test Article 106 82.7 0.210 70.8 5 84.2 2.48
Test Article 106 103.0 0.209 87.7 4 79.5 2.10 2.29
Test Article 212 106.0 0.201 86.8 11 75.5 6.07
Test Article 212 121.7 0.187 92.7 4 83.0 2.01 4.04
Test Article 424 126.2 0.196 100.9 1 81.2 0.51
Test Article 424 90.3 0.170 62.6 8 83.0 4.02 2.26
Test Article 848 88.7 0.144 52.0 1 81.8 0.51
Test Article 848 91.8 0.159 59.5 12 84.7 5.91 3.21
Test Article 1696 95.5 0.121 47.1 11 69.0 6.64
Test Article 1696 87.2 0.103 36.6 20 80.0 10.42 8.53
B(a)P® 4.0 54.5 0.259 57.5 7 54.8 5.32
B(a)P® 4.0 45.7 0.220 41.0 7 54.7 5.34 5.33

bB(a)P (positive control) = benzo(a)pyrene
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MOUSE LYMPHOMA ASSAY - Background

» Test system used to screen for possible gene/chromosome mutations
induced by chemical compounds

» Measures forward mutations in the Thymidine Kinase (TK) reporter gene

» TK expresses an enzyme used in DNA replication and nucleotide
synthesis

> Mouse Lymphoma cell line L5178Y TK*/- : heterozygous at the thymidine
kinase (TK) locus
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Study Design:

Vehicle Selection and Dose Range-Finding Assays are similar in HPRT and MLA

* Water * DMSO * Limit dose

e Culture media * Ethanol * Number of concentrations (single
cultures)

e Saline  Acetone

* pH and Osmolality

In MLA, cytotoxicity is based on relative suspension growth (RSG) over 48
hours (72 hrs for the 24-hr exposure)
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Preliminary Toxicity (Dose Range Finder)

Day Zero

INO (i
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Pre-Tox Results D(()SE LEVEL E CELL DENSITY (cells/mL x 10°) SUSPENSION GROWTH
Hg/mL) o DAY O DAY 1 DAY 2 TOTAL % OF CONTROL
4-HOUR -S9 CULTURES
SOLVENT A 1.414 1.674 26.3 100
SOLVENT B 1.428 1.691 26.8
0.150 N 1.385 1.799 27.7 104
0.500 N 1.243 1.571 21.7 82
1.50 N appl?liggble 1.511 1.590 26.7 100
5.00 N for 4-hour 1.532 1.556 26.5 100
15.0 N exposure 1.484 1.519 25.0 94
50.0 N 1.499 1.663 27.7 104
150 N 1.354 1.516 22.8 86
500 N 1.490 1.554 25.7 97
1500 N 1.023 1.511 17.2 65
Mutagenicity Assay

e at least 5 doses, in duplicates e positive and negative controls e 4hr +S9, 24hr —S9
e 6 million cells: to maintain 10-100 spontaneous mutants (all phases of assay)

Highest Concentration

e between 10-90% Relative Survival

e [imit dose 2000pg/mL (10mM) for chemicals, 500pug/mL (1mM) for pharmaceuticals—
whichever is lower
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Mutagenicity Assay (Definitive Assay)

Day Zero

Count the colonies ‘

. _t Wi
&lalynze.ger.a&fx. . Scoring




Study Design:

Adjust cell cultures

Selection to 3 x 105 cells/mL,
S el T pellet 10 mL
ou cantro
iy o o’ o
/£ ' Resuspend cells Remove 400ul Remove 400yl
. in 100 mL of and add to and add to 100mL

600 cells
3 x106 cells x105 ceIIs \ 12000 cells

cloning media r 7.6mL of F;,P of cloning media )
—) | - ﬁ ) |

. Divide cloning media .

equally between 3-
100mm plates

Add 1 mL of TFT
to cells in cloning

media 3 “TET” Plates 3 "VC" Plates
1 x10¢ cells per plate 200 cells per plate
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Thymidine Kinase (TK) Salvage Pathway

MLA (TK*/)
Functionally Heterozygous
[ + I
..

/}/?"o N dTMP

/'0(;5 Thymidine TK dTTP
J’/))/, or TFT or or
%, dTFTMP dTFTTP
b ATP ADP

Non-mutant cells die in the presence of TFT because they convert
TFT into lethal nucleotides

Aymidine Kinase ‘l' o
Deficient in

Thymidine Kinase
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Criteria for a Valid Assay

Solvent Controls: Cloning efficiency: 65%-120%

* Mutant frequency: 35-140 mutants per 10° cells (20-34 acceptable, if recovery of
small colony mutants are demonstrated)

* Suspension Growth: 8-32 (4-hr assays) or 32-180 (24-hr assays)

Positive Controls: o , _
* At least one dose must exhibit 2300 mutants per 10° IMF with 40% small colonies or, 2150

mutants per 10° small colony IMF.

Treated Cultures: 4 analyzable TA-treated cultures required with-

* Limit dose 2000ug/mL (10mM) for chemicals — whichever is lower
500pg/mL (1mM) for pharmaceuticals— whichever is lower

* The limit of solubility is reached

* At least one dose exhibits between 10% and 20% total growth

inoliv
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Results Analysis

* Exclude any cultures with <10% Relative Total Growth (RTG)

* A Positive Response will have:
®Dose-dependent increase

Clarifying Equivocal Results

*IMF >90 mutants/106 cells * Generally, requires additional testing:
® >2-fold increase in MF * Change in dose levels/ or activation conditions

* A Negative Response will have: * Re-test using 24-hr continuous exposure (if not already
® None of the Above done)

* An Equivocal Response will have: * If re-test is positive, overall result is positive

[ )
Some of the above * If re-test is negative, overall result is negative

* If re-test is still equivocal, overall result is equivocal

inoliv
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Assay Results (Solvent Controls

Assay Results, 4hr +59

o VC CO LON I ES TFT COLON I ES TOTAL MUTANT INDUCED MUTANT % RELATIVE TOTAL
DOSE LEVEL (ug/mL) 2 | % suSP. GROWTH PLATE COUNTS PLATE COUNTS FREQUENCY (PER 10° | FREQUENCY (PER 10° GROWTH
& CELLS) CELLS)
1 2 3 MEAN 1 2 3 MEAN

SOLVENT A 180 169 165 171 45 45 46 45 53
SOLVENT B 100 188 181 200 190 a1 45 49 45 a7 N/A 100
125 A 113 122 116 126 121 45 45 53 48 79 28 76
125 B 112 105 124 150 126 47 37 32 39 61 11 78
250 A 87 98 121 104 108 41 51 44 45 84 34 52
250 B 91 147 120 128 132 56 52 57 55 84 33 66
500 A 50 180 171 153 168 76 77 83 79 94 43 46
500 B 52 164 160 178 167 79 104 73 85 102 52 48
1000 A 36 148 145 186 160 97 82 96 92 115 65 32
1000 B 37 175 155 160 163 84 78 79 80 98 48 34
2000 A 20 134 156 152 147 102 110 114 109 148 97 16
2000 B 19 128 107 142 126 94 134 108 112 178 128 13

POSITIVE CONTROL:|7,12-dimethylbenz(a)anthracene (DMBA) (ug/mL)
1.5 23 77 71 75 74 149 169 132 150 404 353 10
1 36 115 84 105 101 167 188 171 175 346 296 20
MEAN SOLVENT TOTAL SUSPENSION G H: 12“
MEAN SOLVENT CLONING EF(FICIENCY: 90% )
MEAN SOLVENT MUTANT FREQENCY:50  [prR10°ceus)

Solvent Control Criteria:
e Suspension Growth: 8-32 (4-hr assays) or 32-180 (24-hr assays)

e Cloning efficiency: 65%-120%

e Mutant frequency: 35-140 mutants per 10° cells (20-34 acceptable if recovery of small
colony mutants are demonstrated)
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Assay Results (Positive Controls)

DOSE: 7,12-dimethylbenz(a)anthracene (DMBA)|1.5ug/mL DOSE: 7,12-dimethylbenz(a)anthracene (DMBA)[1ug/mL
INDUCEB-MHIFANT FREQUENCY (per 10° ceIIM% 404 INDUCED MUTANT FREQUENCY (per 106 cells cloned):|296 346
% S@L COLONIES: 78.() SMALL COL&NX IMF: ZSJ % SMALL COLONIES:[82.8 SMALL COLO@; 254
\ s
SIZE (mm) PIATET [ PLATE2 | PLATES MEAN PERCENT FREQ SIZE (mm) | PLATE1 | PLATE2 | PLATE3 MEAN PERCENT | FREQ
0.2 48 59 49 52 41 166.6 0.2 53 50 49 51 35 121.7
0.4 26 24 15 22 17 70.5 0.4 21 38 29 29 20 69.2
0.52 14 17 14 15 12 48.0 0.52 21 29 24 25 17 59.7
0.63 13 9 9 10 8 32.0 0.63 15 19 11 15 10 35.8
0.71 13 16 8 12 10 38.4 0.71 9 7 12 9 6 21.5
0.79 4 13 3 7 6 22.4 0.79 8 11 8 9 6 21.5
0.86 5 1 6 4 3 12.8 0.86 6 1 8 5 3 11.9
0.93 2 3 4 3 2 9.6 0.93 5 2 0 2 1 4.8
0.99 1 1 0 1 1 3.2 0.99 0 0 1 0 0 0.0
1.05 0 0 1 0 0 0.0 1.05 0 0 1 0 0 0.0

Positive Controls criteria:

e At least one dose must exhibit =300 mutants per 10% IMF with 40% small
colonies or, 2150 mutants per 10% small colony IMF.
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Summary

MLA can detect mutations within a gene and chromosome.

1

Frequency (per 10° cells cloned)

70.0

60.0

50.0

40.0

30.0

20.0

0.0

0.0

4 Hour S9-Activated Doses vs Solvent
Colony Sizing

lllllllluuht

0.2 04 0.52 OC%:ior(I)'y76iaori17e9te9'?r?1m0)93 0.99 1.05
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MLA (TK*/)
Functionally Heterozygous

P —
Gene Chromosome
Mutation Damage

Two classes of mutant colonies

e Large, arising from cells with localized damage
(point mutations and small deletions)

e Small, arising from cells with more extensive
damage (large deletions)



You Make the Call

Assay Results, 4hr +S9

DOSE LEVEL é % SUSP VC COLONIES TFT COLONIES RELATIVE TOTAL
(ng/mL) E GROWTH PLATE COUNTS PLATE COUNTS INDUCED MF | GROWTH (%)
a 1 2 3 MEAN 1 2 3 MEAN MF (x105) (x106)
SOLVENT A 196 | 201 | 181 193 68 44 44 52 54
SOLVENT B 100 206 | 206 | 184 199 50 54 45 50 50 N/A 100
50 A | N 93 234 | 191 | 198 208 38 47 43 43 41 -11 99
50 B |N 95 196 | 200 | 178 191 34 56 50 47 49 -3 93
100 A | N 101 162 | 201 | 179 181 64 41 47 51 56 4 94
100 B |N 94 168 | 191 | 181 180 46 33 45 41 46 -6 86
250 A | N 97 203 | 225 | 196 208 43 43 44 43 42 -10 103
250 B |N 99 174 | 187 | 193 185 33 45 46 41 45 -7 94
500 A | N 101 214 | 236 | 228 226 55 50 41 49 43 -9 116
500 B I[N 98 186 | 218 | 217 207 47 50 66 54 52 1 103
750 A | P 94 219 | 157 | 201 192 52 54 51 52 54 2 93
750 B | P 93 236 | 181 | 181 199 44 50 39 44 44 -8 95
POSITIVE CONTROL: 7,12-dimethylbenz(a)anthracene (DMBA) (ug/mL)
1.5 15 106 | 105 68 93 253 | 256 | 223 244 525 473 7
1.25 19 119 | 113 | 112 115 220 | 247 | 276 248 432 380 11
MEAN SOLVENT TOTAL SUSPENSION GROWTH: 22.0
MEAN SOLVENT CLONING EFFICIENCY: 98%
IMEAN SOLVENT MUTANT FREQUENCY: 52 per 10° clonable cells

P = Precipitating dose level
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You Make the Call

Assay Results, 24hr -S9

DOSE LEVEL E': % SUSP VC COLONIES TFT COLONIES RETIE)ATTAII\_IE
(ug/mL) E GROWTH PLATE COUNTS PLATE COUNTS INDUCED MF | GROWTH
a 1 2 3 MEAN 1 2 3 MEAN MF (x105) (x106) (%)
SOLVENT A 198 | 217 | 232 | 216 77 | 57 | 60 65 60
SOLVENT B 100 163 | 183 | 206 | 184 59 | 67 | 58 61 67 N/A 100
62.5 A |N 99 182 | 198 | 193 | 191 47 | 60 | 52 53 55 -8 95
625 B |N 97 153 | 192 | 193 | 179 68 | 84 | 70 74 83 19 87
125 A |N 87 162 | 162 | 153 | 159 83 | 64 | 69 72 91 27 69
125 B [N 85 140 | 160 | 164 | 155 75 | 66 | 69 70 91 27 66
250 |A [N 39 117 | 96 | 135 | 116 72 | 66 | 61 66 114 51 23
250 B [N 43 106 | 128 | 94 109 62 | 78 | 79 73 134 70 24
375 |A [N 22 109 | 75 | 103 96 64 | 53 | 47 55 114 51 11
375 B [N 25 96 | 103 | 78 92 66 | 73 | 82 74 160 96 12
500 |A [N 18 83 | 54 | 100 79 ++ | ++ | ++ 7
500 B [N 22 83 | 81 | 67 77 ++ | ++ | ++ 8
POSITIVE CONTROL: Methyl methanesulfonate (MMS) (pg/mL)
7.5 15 116 | 115 | 108 | 113 | 242 | 259 | 232 | 244 432 369 8
5 23 129 | 123 | 138 | 130 | 149 | 180 | 176 | 168 259 196 15
MEAN SOLVENT TOTAL SUSPENSION GROWTH: 32.3 (24-hour -S9)
MEAN SOLVENT CLONING EFFICIENCY: 100%
MEAN SOLVENT MUTANT FREQUENCY: 64 per 10° clonable cells

++ = Too toxic to clone
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You Make the Call

Assay Results, 4hr +S9

DOSE LEVEL E.: % SUSP Ve COLONIES TFT COLONIES REL;/:'IVE
(ug/mL) E GROWTH PLATE COUNTS PLATE COUNTS INDUCED MF| TOTAL
a 1 2 3 MEAN 1 2 3 MEAN MF (x106) (x106) GROWTH
SOLVENT A 121 | 126 | 106 118 43 19 19 27 46
SOLVENT B 100 131 | 131 | 109 124 25 29 20 25 40 N/A 100
500 A | N 97 159 | 116 | 123 133 13 22 18 18 27 -17 99
500 B | N 93 121 | 125 | 103 116 9 31 25 22 37 -7 93
1000 A [N 96 87 | 126 | 104 106 39 16 22 26 49 5 94
1000 B | N 96 93 | 116 | 106 105 21 8 20 16 31 -13 86
2000 A |N 92 128 | 150 | 121 133 18 18 19 18 28 -16 103
2000 B | N 89 99 112 | 118 110 8 20 21 16 30 -14 94
3500 A | N 95 139 | 161 | 153 151 30 25 16 24 31 -13 116
3500 B | N 94 111 | 143 | 142 132 22 25 41 29 44 0 103
5000 A | N 92 144 | 82 | 126 117 27 29 26 27 47 3 93
5000 B | N 94 161 | 106 | 106 124 19 25 14 19 31 -13 95
POSITIVE CONTROL: 7,12-dimethylbenz(a)anthracene (DMBA) (ug/mL)
1.5 14 31 30 37 33 114 | 128 | 112 118 721 677 7
1.25 21 44 38 37 40 110 | 124 | 138 124 624 580 11
MEAN SOLVENT TOTAL SUSPENSION GROWTH: 15.9
MEAN SOLVENT CLONING EFFICIENCY: 60%
MEAN SOLVENT MUTANT FREQUENCY: 43 per 10° clonable cells

P = Precipitating dose level
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Summary: Considerations

» Precipitation of test article in culture

» Certain solvents (ethanol and acetone) are incompatible with the 24hr exposure
» Screening assays available

» Extreme pH and high osmolality may induce adverse effects

» @Gas exposure in closed systems
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Summary: Comparisons

CHO/HPRT

I e

The MLA detects more types of genetic damage
iNoliv
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