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ICH S2(R1)

— Adopted on Nov. 2011

Ames

Option 1 Option 2
In vitro mammalian cell test No in vitro mammalian cell test
Negative Positive
vl (inte ratg/ldl\li;‘r ossible)
MNT (integrated if possible) J N P
I v s
(integrated or combined if possible)
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OECD Test Guidelines-/n Vitro

TG 471 Bacterial Reverse Mutation Test

TG 473 /n Vitro Chromosome Aberration
TG 487 /n Vitro Mammalian Cell Micronucleus Test

TG 490 /n Vitro Mammalian Cell Gene Mutation Tests Using the Thymidine

Kinase Gene

TG 476 /n Vitro Mammalian Cell Gene Mutation Tests using the Hprt and

Xprt genes

- oy .
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OECD Test Guidelines-/n Vivo

TG 474 Mammalian Erythrocyte Micronucleus Test

TG 475 Mammalian Bone Marrow Chromosomal Aberration Test

TG 487 /n Vivo Mammalian Alkaline Comet Assay

TG 488 Transgenic Rodent Somatic and Germ Cell Gene Mutation Assays
NEW: /n Vivo Pig-a Gene Mutation Assay

/n Vivo Liver Micronucleus Assay

- oy .
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CFDA: Guideline on Genotoxicity Tests for Pharmaceuticals

— Updated on 15 Mar. 2018
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Ames Assay

Strains his/trp Deletion Mutation Reversion
Mutation Event
Repair LPS VIT Plasmide
TA 1535 G46 urvB- rfa- bio- - Base-pair Substitution
TA 1537 C3076 urvB- rfa- bio- - Frameshift
TA97 D6610 urvB- rfa- bio- pKM101 Frameshift
TA 98 D3052 urvB- rfa- bio- pKM101 Frameshift
TA 100 G46 urvB- rfa- bio- pKM101 Base-pair Substitution
TA 102 G428 urvB+ rfa- bio- pKM101 Base-pair Substitution
WP2uvrA tryp E UvrA- - - pKM101 Base-pair Substitution

ﬁﬁﬂ ERLEFEREFRARE O

- We=E National Shanghai Center for
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Ames Assay

Test
Plate e
Incorporation — = —
p -inster strain | ;J
Methodology Blate Sham /S9 mix
Incorporation <« i Raa Overlay onto
bottom agar
plate

R

\/

Incubate at 37°C for ~48 hours
Count Revertants

Pre-incubate @ 37°C for
Pre-incubation* 20, 30 or 60 minutes

4

Test article

g: Tester stain
Sham/S9 mix




In Vitro Chromosome Aberration

Day O Day 1 Day 2
CHL/CHO Exposing culture of - Adding Reading slides with
cell cellsto the dose  wmmpp colchicine 2~6 blind codes (150
seeding formulations (4h+/- hrs prior to cell cells/slide).
S9; 24h-S9) harvest
« Harvest

* Preparing slides

e i L I
f s s= "%
/{ /\,‘r‘. : N F Y s 4)\\\
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Mouse lymphoma Assay (MLA)

Target cell: Mouse lymphoma L5178Y tk */- 3.7.2C cell line
( D.Clive & P.Voytek. Mutat Res, 1977 )

.

L5178Y-3 cell line ( tk */*)

EMS treatment

v

L5178Y-3.7 cell line (tk /-)

Spontaneous reverse mutation
(selected by THMG medium)

v

L5178Y-3.7.2 cell line (tk */)

(TFT sensitive & THMG resistant)

Mutagen treatment

TK /- cells (TFT resistant & THMG sensitive)

 ERLAHHREARARS
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MLA

MLA microwell version: /

Culture /
4 h/24 h /
2-day expression /

11-14 day incubation

Mei et al., Optimization in Drug Discover: In Vitro Methods, 2014, pp.561.

H Culture L5178Y mouse lymphoma cells

l logarithmically growing
~ Treat cells with a chemical in the
+- - presence or absence of S9

4 or 24 hours in a 5% CO, incubator at 37°C

Wash twice and begin the 2-day
phenotypic expression
l Calculate SG, and SG,

- w [Prepare single cell suspension and
plate into TFT-selective and non-
‘ ‘ selective media

1

Soft-agar version Microwell version
' = 331
-
.

11~14-day incubation —

7

§

N J
— No colony Large colony Small colony

Calculate relative total growth (RTG) and
mutant frequency (MF)




ammalian Erythrocyte Micronucleus Test

Peripheral blood

) Polychromatic
Bone marrow Polychromatic

Spleen - vie . 2
I Enucleation ervthrocyte INormochromatic
. 10 h BM or - e
Duration=10 h . 2 erythrocyte
Ervthroblast Spleen+ 20 h - 35din P.B
rythrobias Last mitosis: in P.B. o oA I 3

(for mice)

''''' anaphase
Duration =15 h \
Stem cell Chromosome
=6 cell
divisions f —— g
7 =

Micronuclei
"l AT

2 - ——

Cytoplasm -
Microtubuli

Centromere

: & “
¢ X

Giemsa . Acridine Orange

ERLBFHRLTHHATF O
National Shanghai Center for
New Drug Safety Evaluation and Research
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FCM Analysis Micronuleus - /n Vivo

FCM Analysis

Labeling Centrifuge(300g,10min,4°C)
ERLEFHRLTHARP O
’,. Hiﬁg L L e



FCM Analysis Micronuleus - /n Vivo

Template

- ’ 8 -
1A
- - S MM-RETSs
=k Single Cells
- ] o
£ 1 3
oy 1= .
T 2 é ite Peak
(] 3
@ 1 8
‘_D—. '
=3 =) %
] - 1
1 H
] MN-NCEs <
E] T e e S S P S -
100 101 102 103 100 10? 102 - 10t
FSC-Height FL3-Height =
-+ =+
=] 2
- - _F
Platelets ] ®
- " F2
=] ==
- ™3 RETs MN-RETs RETs MN-RETs
END E“‘c %%MN-RET = 0.29 %MN-RET = 2.89
| |
1 '

10!

L i P

10! 102 108 107
FL2-Height

MN-NCEs

MM-NCEs
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FCM Analysis Micronuleus - /n Vivo

Case Study in NCDSER

10.0
8.0
6.0
4.0

%MN-RET

2.0

0.0

B Microscopy
B FCM *%

NS BJa]JP 5FU MTX MMC MMS Vinc Col

Treatment group

ERLBHHRLAHAT L
sE3 Nato I i ]

inal Shanghai Center for
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FCM Analysis Micronuleus - /n Vitro

Principle Advantages

Micronucleated Necrotic Apoptotic > Elimination of
interference of
toxicity

» Descrimination of

clastogen and

|dentifies Dead/

Cying Cells . auengen
Dead and Dying Cells > Prom pt the r|Sk Of
polyploid
Labels Nuclel
and Micronuclei
Double Positives are Gated Out



FCM Analysis Micronuleus - /n Vitro

‘ Template

B3

ight Scatter
bt

w

wh W B
FSC-H

wf2

Count

100

300 400
1

200
I

FL1 Range
79.7 I

FSC-H

wl 2

SSC-H

b 8.5

]

ik

mi12.2s
Time

4m 2445
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FCM Analysis Micronuleus - /n Vitro

Case Study in NCDSER

%MN

] Microscopy-%MN-S9
[ Flow-%MN-S9

14 1 I Vicroscopy-%MN+S9
1| [ Flow-% MN+S9
Microscopy-%RS-S9
12 4| — = Flow-%RS-S9

—X— Microscopy-%RS+S9
1| —K— Flow-%RS+S9

10

Solvent Control 10

15
MMS(ug/mL)

20

@

Positive Control

7

140

120

100

80

60

40

20

%RS
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FCM Analysis Micronuleus

Case Study in NCDSER

%MN

[ ] Microscopy-%MN-S9
30 4 ] Flow-%MN-S9
Il Vicroscopy-%MN+S9
|| [ Flow-% MN+S9
Microscopy-%RS-S9
25 —M— Flow-%RS-S9
1| —¥— Microscopy-%RS+S9
—X— Flow-%RS+S9
S
20 \
15 +
10 H
5 - *kk kkk
* Kk
- Kkk
0+
Solvent Control 0.1

0.2
ETO(ug/mL)

0.4

In Vitro

Positive Control

140

120

100

%RS
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Mammalian Alkallne Comet Assay

TREVIGEN"
09.17

No% /

Slide Preparing

Comet Assay IV Analysis Unwinding & Electrophore5|s
@ "R = -



Mammalian Alkaline Comet Assay

‘ Case Study in NCDSER

Group Dosage 7medianis
(mg/kg) \ _
Liver Stomach Kidney
0.9%sodium " 4 4

chloride injection 0 0.04x0.02 1.05%x1.29 0.05*0.03

EMS 50 5.531+2.42* 8.87+1.33* 6.09+4.77*

EMS 100 18.76 =3.71* 22.25+6.07* 20.031£3.03*

EMS 200 22.87+1.19* 24.56+3.73* 25.321£2.29*

*. P<0.05, compared with the vehicle control.




Pig-a Mutation Assay

ICH M7(R1)( adopted on 31 Mar 2017) indicated the selection of other in vivo
genotoxicity assays should be scientifically justified based on knowledge of the

mechanism of action of the impurity and expected target tissue exposure.

In vivo test

Factors to justify choice of test
as fit-for-purpose

Transgenic mutation assays

For any bacterial mutagenicity positive. Justify
selection of assay tissue/organ

Pig-a assay
(blood)

For directly acting mutagens (bacterial mutagenicity
positive without S9)*

Micronucleus test
(blood or bone marrow)

For directly acting mutagens (bacterial mutagenicity
positive without S9) and compounds known to be
clastogenic*®

Rat liver Unscheduled DNA
Synthesis (UDS) test

In particular for bacterial mutagenicity positive with S9
only
Responsible liver metabolite known

to be generated in test species used

to induce bulky adducts

Comet assay

Justification needed (chemical class specific mode of
action to form alkaline labile sites or single-strand
breaks as preceding DNA damage that can potentially
lead to mutations

Justify selection of assay tissue/organ

Others

With convincing justification

ERLBFHRLTHHATF O

National Shanghai Center for
New Drug Safety Evaluation and Research



Pig-a Mutation Assay

Principle

ﬂ'f AvATHY 0)

\\ //

‘Cavae AU

v

¥
Wild-type cell Pig-a mutant cell ¥
(GPI-positive, CD59-positive) (GPI-deficient, CD59-deficient)
fluorescent non-fluorescent

//@ HE“ E:Ewmxtnmsigwmﬂmno

National Shangnai Center for
JNOSTAR New Drug Safety Evaluation and Research



Pig-a Mutation Assay

Immunomagnetic Separation (“HTS” Method)

Before Separation After Separation

Mutants “1 Mutants

r\h—-_ . . AT -....:-I 8 l._'. .'-.-. '.u
- i'i.ﬁfr,-,ﬁ s ) -':.

G A
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Pig-a Mutation Assay

Dosing: Days 1-28
D Regimen J : \
0s€ 8 Dosing: Days 1-3
—— N ‘
i Day: ‘ 1 3 ‘4 ‘ 28 29 4236
Pig-a Pig-a Pig-a Pig-a
+
e Sprague Dawley, males MN

e n =5 per group
e Oral gavage

e Vehicle + 3 dose groups +Pos Ctrl

H"‘ﬁﬂ ERLEFEREFRARE O
e = % < ¢ % National Shanghai Center for
STAR New Drug Safely Evaluation and Research



%RET (of control)

-6

x 10

Avg. No. RET®**

Pig-a Case Study in NCDSER

1.6 1 A

4 46 mg/kg/day

— 5-FU

1 B s 0 mg/kg/day

mmmm 11.5 mg/kg/day

23 mg/kg/day

—— ENU (20mg/kg/day)

* K

Time (Days)

= %MN-RET —— %RET

50
—&— 11.5 mg/kg/day —#— 23 mg/kg/day —a#— 46 mg/kg/day as
‘o a0
i
x 35
8 30
-
e 25
0.6 - S 20
.. =
o4 - Toxicity ® 15
< 10
0.2 -+
5
o T T : o
-1 15 29 45
Time (Days)
504 ¢ s 0 mg/kg/day s 11.5 mg/kg/day -4 25 - D
e 23 mg/kg/day mmmm 46 mg/kg/day
45 - —J— ENU (20mg/kg/day) -3
40 - Kok * %k 2
E 1.5 -
=
=
R
0.5
o

Time (Days)

3 Days Dosing: e

[0} 11.5 23

5-FU (mg/kg)

46

45

ENU (20D

250

200

150

100

50
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Avg. No. RET™* x 10°

Pig-a Study

[y
(]

% RET
ORNWAMUON®O

50
45
40
35
30
25
20
15
10

A —&— 0 mg/kg/day —#— 1.5 mg/kg/day
—— 3 mg/kg/day —jll— 6 mg/kg/day

Toxicity

15 29
Time (Days)
C m 0 mg/kg/day m 1.5 mg/kg/day ok
= 3 mg/kg/day W 6 mg/kg/day
Pig-a gene
k%
-1 15 29
Time (Days)

28 Days Dosing:

Pig-a: +

iIn NCDSER— 4-NQO

50 A
a5 B m 0 mg/kg/day m 1.5 mg/kg/day
= 3 mg/kg/day = 6 mg/kg/day
© 40 -
o
i
x 35 -
&
a 30
)
2 25 - pi
= 2] -a gen
S 20 rig-a gene .
0 15 -
<
10 A
5
I S , —— :
-1 15 29
Time (Days)
0.4 - re
% MN-RET L 5.5
—m— RET MN Ls
*
0.3 - b as
- a
[}
g L3s o
S 0.2 xR
= -3
F 25
0.1 - M2
F1s
Fa
o 0.5
o 1.5 3 6

4NQO (mg/kg)

I
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In Vitro Multi-biomarker Genotoxicity

DNA damage Spindle dysfunction
l Repair
P-ATM —> *

@
DNA-PK —>» Mitotic arrest «—

Cytochrome C release *
M

Caspase-9

v

Caspase-3
v

Apoptosis '\
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In Vitro Multi-biomarker Genotoxicity

E08 COL-0.0063-H3-2 E08 COL-0.0063-H3-2 E08 COL-0.0063-H3-2
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In Vitro Multi-biomarker Genotoxicity

2 B02H20-1 « B02H20--1 2 B02H20-1 @ B02H20-1 I
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- < A <] cel . B = single cells C + D
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In Vitro Multi-biomarker Genotoxicity

ETO H3%iR1k CP H3#§i 1L COL H3mEL,

I -S9 24h4l [ ]cP+s94nh
Il COL -S9 24n4l

.

204

N
-]
!

-
&
H

BERTSB R

(%) SEBEFESBBH
(%)=&
1
il
l
(%) EEBERTSERCH

B I

T T v
0 0.4 0.8 16 (ng/mL) o 7.5 15 30 (ng/mL) 0 0.0063 0.0125 0.025 (pg/mlL)

ETO cp COL

Figs A~C: p-H3 profiles for ETO. CP and COL- treated TK6 cells
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Figs D~F: y-H2AX, p53, cytotoxicity and apoptotic profiles for ETO. CP and COL- treated TK6 cells
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In Vitro Multi-biomarker Genotoxicity

‘ Case Study in NCDSER
Compouds (Abbr.) y-H2AX | p53 p-H3 Classification
_ MMC Clastogen
1.Clastogen — MMS Clastogen
Bla]P Clastogen
— cDDP Clastogen
2.Aneugen — PT Aneugen
: VCR Aneugen
: NacCl Nongeno-
3.Nongenotoxicant B Amp G Nongeno-
Prop Nongeno-
Positive
Negative

// o N EREBEFERERGARP O
. SREE S - P52 % National Shanghal Center for
INNO New Drug Safety Evaluation and Research
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Liver Micronuleus Test

Dosing for 15 days

¢ L3

PBMN, LMN. Comet

* Sprague Dawley, males
e n =5 per group
e Oral gavage

e Vehicle + 3 dose groups(DEN: 3.13, 6.25, and 12.5 mg/kg/day) +Pos Ctrl

nnnnnnnnnnnnnnnnnnnnnnn



%MNHEP

1.6
14
1.2

0.8
0.6
0.4
0.2

* %k

% %

3.13 6.25
Dosage (mg/kg)

DEN MNHEP

12.5

Tail
DNA%

25

20

15

10

Liver Micronuleus Test

%MN-RET  emmm 9% RET
% %

0.45 1~ r 3.5
= 0.4 - T |3
* % 0.35 -
* % T 5 0.3 , _
** _ ; 025 N B E
- S 0.2 1 - 15 X
X i 1
0.15 L,
0.1 4 i
0.05 - - 705
0 3.13 6.25 12.5 EMS(100 0 0
mg/kg) 0 3.13 6.25 125
Dosage (mg/kg) Dosage (mg.kg)
DEN Comet DIERY PENY LY
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Liver Micronuleus Test

Case Study in NCDSER

Compounds Expected Outcomes Results of Published data for Multi- Results for Multi-
P of Liver MNT Liver MNT genotoxicity Tests genotoxicity Tests
. " " PBMN:- PEMN:-
Auramine O Positive Positive Comet:+
Comet:+ .
Pig-a:-
. Positive . PBMN:+ PBMN:+
O-aminoazotoleuene Negative Comet:-
Comet:+ .
Pig-a:-
PBMN:+ PBMN:+
1,3-Propanesultone Positive Positive Comet:+ Comet:+
Pig-a:+
PBMN:- PBMN:-
Methyl Carbamate Negative Negative Comet:- Comet:-
Pig-a:-
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E-mail: ychang@ncdser.com



