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Does interdisciplinary work between toxicologists and statisticians improve
the understanding of the comet assay?

Timur Tug -

Department of Statistics, TU Dortmund University, Dortmund, Germany
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1. Introduction

Toxicologists
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Headed by: Dr. Christina Ziemann, Dr. Bernd-Wolfgang Igl INTEREST TO JOIN???
Founded: 2016 Feel free to contact us!

Member: 25 statisticians and toxicologists from academia, industry, regulatory body

Aim: Providing a platform for an open and in-depth discussion of various statistical topics in Genetic Toxicology

Current Focus: In Vivo Mammalian Alkaline Comet Assay
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1. Introduction

Previous work on a small data set: Dependence of the test result on the slide summary measure (Tug et al., 2020).
Now large data set available:

e
Companies:
5 (IIAII llBII llc"' llD"' IIEII)
=
=
Studies:
215 studies (2004 —2018)
— /
Organs: A
5 organs

(liver, duodenum, stomach, lung and blood) )
: Groups: )

Mostly negative and positive control groups

(only few dose groups)

AN

Animals:

> 1000 animals (rats)

Meta-data collected by means of a questionnaire (e.g. species, exposure route, approx. 40 new variables).
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Current focus: In Vivo Mammalian Alkaline Comet Assay (Single Cell Gel Electrophoresis Assay)

IS a cheap, relatively easy to perform, fast and sensitive technique (traces back to the mid 1980s)
becomes more and more popular as a standard method for testing DNA damage in mammalian tissues
test principle:

Staining and
Visualisation

Extract tissue and combine Alkaline Lysis and

<~ with agarose gel . . Electrophoresis |

ead | Tail
© Fraunhofer ITEM

DNA molecules are polar and, thus, DNA fragments migrate towards the anode during electrophoresis

For damaged DNA, nucleic morphology resembles a “comet” with head and tail
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1. Introduction

Experimental design:

5 treatment group
per experiment

5 animals

per group

3 slides per animal

Study /

Experiment

Vehicle /

Low dose

control group group

50 cells per slide

Animal 1

Total:
150 cells per animal /
750 cells per group /
3750 cells per
EXperiment 50 cells 50 cells

Slide 1 Slide 2
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Slide 3

50 cells

Animal 5
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Medium dose High dose Positive
group group control group

Non-Clinical Statistics Conference NCS 2024



technische universitat TG
dortmund

Current focus: In Vivo Mammalian Alkaline Comet Assay (Single Cell Gel Electrophoresis Assay)

At the end of gel electrophoresis, the shape of the comet is analyzed:
primary parameter: tail intensity

A new OECD guideline (TG 489) “In Vivo Mammalian Alkaline Comet Assay” was adopted:
29 July 2016

The corresponding OECD guideline 489 highlights the importance of statistical analyses and
historical controls while no detailed procedures are given.

Various publications have tried to make statistical statements on very small or simulated data
(e.g. Wiklund & Agurell 2003, Bright et al. 2011).
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1. Introduction

™

Pre-processing .
Organ ‘ \ Vehicle Study year Duration of electrophoresis [min]
. E el 30- % 101
* One species (rats) g o o) w i : %
E‘ 201 10-| I 20 I 0.1 |
* Selection of the most important and G s e s PP E oL L %'Z»a g o]
& £ I ¥ n & > 0.001+ .
. . . & &f SO SN 2 40
interesting variables (e.g. exposure route) o A memcm L e
*  Problem: Unique combinations from £ " ) s E T ﬁ% +
. . . 2 1 0.1
different variables between the companies s %%??% 1$ $ o ** 1 ?%%?? 001
@ 0.001- P Joo1d, o N S 0.001+ ,
=» Many confounded parameters PELFE PP PEETE FEESE > 1
B
9 |dentificati0n pr0b|em (fiCtive example) Technical settings Administration settings Sample characteristics Other
Unwinding time Vehicle type Species Analysis system
Amperage Type of positive control Sex Year of performance
Voltage Dose of positive control Organ

Duration of electrophoresis
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1. Introduction

General overview:

A B C D E
0w
(]
£ 300- |:| NG
&
- PC
45 200 .
O
O 100 - .
€ - I First result:
=) | s | | I — — .
z 0 . . . : . . . . . . Major company
BL LI LU DU LI ST LI ST LI LI effect
Distributions (after adding 0.001): Organ
Blood (A) Duodenum (B) Liver (A) Liver (B) Liver (C)
150 1 400 1 20 10000 1
1004 300 1500 7500 100
200 4 1001 5000 1 50-
> 7 100-‘ s+ 25004
% 04 4! of! §4 ! eese— 04
(33' 1500 s L Liver (E) Lung (A) Stomach (B) Stomach (C)
o 1004 120
Y 1000 750 1507 400 90 1
504+ 1001 60 -
500 254 50 1 2007 304
04 _MW : 'llll ' ' : 0+ . : . . 0 , | 0 - ' i |
Q‘.j\ N @Q Q_Qr\ N @Q Q‘D\ NoaD \@ Q_Q\ NN \QQ 0‘9’\ N ,\QQ
Tail intensity [%]
9/19
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2. Results: Overview

Difference
Slide between

Zero handling summary negative and
handling positive
controls
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Variability
component
analysis

Different
analysis Bimodality
systems
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Problem: Occurring zero values are critical for some statistical analyses:

log-transformation

o)
O
1)
©
Suggestion OECD TG 489: g $ Company
o e . o
Tail intensity (TI) + 0.001 go_mo_ o % R | o ol =
@ - N e | @ o | Y =N
-
Question: 2 L — B c
Is this small constant well chosen? (—:U 0.050 - oller ‘ D
o
For most slides in the data set % Bm— 0 ' — E E
the smallest Tl values unequal Q T _l
0 were > 0.001 sooorl== =+ Hlg' - 4 - - -
(% 0.001
BL DU LI LU ST
Organ

Recommendation: Always include at least 3 decimal places, when measuring the TI.
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2. Results: Summary handling

Question: Different outcomes for different slide summary measures? (Tug et al., 2020)

A

Tail intensity cell + 0.001 [%]

Tail intenisty cell + 0.001 [%]

Liver (animal level), laboratory A - E

Negative control group

15+

10+

60+

fo

204

40

B C

[ JjE

GEDES €

B GeoM
E3 TrGeoM
E3 ArithiM

BE NMed

e 28 @ O 88 Q@
SERE Y EIEEY SO

Sample size: 26(A), 301(B), 25(C), 48(D) and 277(E)
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Summary measurements

E3 TrArithM

Slide summary measurement

Slide summary measurement
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Negative controls: Effects of slide summary

measure noted for every company and organ
Arithmetic mean oversensitive
Positive controls: No effect of slide summary measure

A I Stomach (animal level), laboratory B and d Negative control group

+0.001 [%)

Tail intenisty cell

+0.001 [%) ®

Tail intenisty cell

| [o]

1 n=131
.

n=25 n=25 n=25 n=25 n=25

:-4===_$-==-l-

& S Y &
S & & & ¢

Slide summary measurement
E GeoM

B3 TrGeoM

B3 AithM

E3 TrArithM

B Med

Stomach (animal level), laboratory B and C, Positive control group

c

n=25 n=25 n=25

bhBs

| B
[n=131n=131n=131 n=13
a0i .
304 |
204
101
04
& B & & o
& & ¢
[ B
n=133 n =133 n=133 n=13
60+
404
204
04
s &
& &

>
& &
P

&

3 n=133
N
«

A 3 & >
C'PG \’\Gao ?&Q &\VF{? ¥

Summary measurements

Slide summary measurement

E3 GeoM
B3 TrGeoM
B3 AdithM
E3 TrArithM

BE Med

Non-Clinical Statistics Conference NCS 2024



fje()i?rr;]iigge universitat %T é

2. Results: Differences negative / positive controls

Question: Is there a clear separation between negative and positive control groups?

* Excerpt: Liver studies, two companies

B D . B D

: | | —
3 ! b le”
Ew .. i ‘ ;0)30_
‘%;: ‘J ’. | ‘ N ' r‘ . H+E
gzo ' h*i'“ ” ‘ “ I ‘ t!‘ E*i I ',Ii.! v o} é
3 DU P b o 11010 L
] O.,..',..',....'.'.'.'.‘..','.'.','.'.,'.'.:'.'.‘.'.'.'.".'..',’.‘.i:'.'.,... ........... SRR | LG “ | ‘ || | |

Studies (ordered by year) Studies ('olrcliér'e'd' 5{/ 'yéé'r) """""""""""""

¥ NC Wm PC

* Yes, but differences vary from 2.3- to 48.3-fold (means of the slide medians)
* In a few studies maximum negative control animal level > minimum positive control animal level
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Question: What is the proportion of variability at each level of the hierarchical design?
A

B c G = Only laboratories A und E fulfil the criteria that the estimated within variance
e | should be higher than the estimated between variance
‘ for laboratories A, C and D and hence the estimation of the variance

o0 o0
ho W U1

n =367

* components is relatively uncertain

0-05¢ | Hence, for the two laboratories (B and E) the proportion of variance

ol i | components differs significantly from each other (but only in study E variance is
| smaller than the variance)

Variance component / Total variance

simple point estimates ignoring their uncertainty can be heavily misleading

between
within
between
within
between 4
within
between
within
between
within

Variance component challenge: violations of model assumptions vs. loss of information
® - (aggregation of data)
g _*; laboratories should not use their HCD for the calculation of control limits
3 0 4 8 1z (mostly between study variation is a major source of variability, Dertinger et al.,
2023)

between study variance / within study variance
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2. Results: Different analysis system

Question: Different results with different analysis system with the same cells?

100 - L4 °
System
E3 Comet :
75 - . Comet IV o = ° H
S
£
=
g 50 -
2
£
3
25-
0-
NC EMS 0.10 yiml EMS 025 uml  EMS 0.50 yml  EMS 0.75 pml EMS 1.00 pi/m
Treatment
* Differences in performance and sensitivity of the Comet Ill and
Comet IV systems (Comet IV and Metafer system similar results)
* The difference increased with increasing concentrations
Timur Tug| Wiesbaden 25/09/24 15119

80~

40-

Tail intensity in [%]

20-

System .
B3 comet v . J
- Metafer (] =

Meme 0 4300 ezMa

KBro3 N KBro3 Y
Treatment

KBrO3 N KBrO3_Y

i o some  seem AT sz amm

20 40 80 80 0 20 4 60 80
Tail intensity in [%]

syser (1] cometv [ et
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3. Summary

For a deeper insight into these and other results, you are welcome to read the recent publication
(Tug & Duda et. al, 2024):
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3. Summary

Timur Tug| Wiesbaden 25/09/24 Non-Clinical Statistics Conference NCS 2024



technische universitat
dortmund

TC

NN Y] N

4. Qutlook
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e Development of a corresponding R-Shiny app
e Further historical control analyses
e Different intervals (linear mixed model -

confidence, prediction and tolerance intervals)

e Collecting further treatment data

~

/
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Thank you for your attention!
Questions, comments, suggestions...?

E-Mail: tug@statistik.tu-dortmund.de
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2. Results: Quality control

Control charts of raw tail intensity values for the negative control for each organ and laboratory (A-E).

Company A, liver Company B, liver Company C, liver Company D, liver Company E, liver

5.0 1 5.0 1 5.0 1 5.0 1 5.0 1 l
125 \//\V 225 | l ‘32-5-/\\—# %25 \ %28 For each combination,
00- N1 vy e N i~ BN we calculated the
S === lower/upper control
a limits (mean
Company B, stomach Company C, stomach G-CompanyA. blood Company A, lung Company B, duodenum plus / minus thre e

30 - 30+ 64

10 AMAI £ 10 £ 27 ;L 5[ul\/"\/\

lllllllllllllllllllll

standard deviations,
red lines) to see the
longitudinal behaviour.

X-bar

x-bar

04 04 04

104 104 21

llllllllllllllll

lllllllllllll
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