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DNA = RNA = 4V)\hE = KRR (FE/EH)
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BHIRDPAVETRAIATL Y27 LHARBORRTF(Y

4-week 1-year 2-year
- Carcinogenicity test (Dosing period)
13 7 14 28- day
~ - 8 v Control i = ﬁ
~ v Low dose ¥
F344 rats v High dose Microarray -
(n=4/group) L'Ver total RNA experiments

5 or 6-weeks old

Non-genotoxic ’_\ i}
Non-carcinogen _ -
Genotoxic - _ ’
H //‘ Carcinogen B / 1
20 - o=
11 | 68 Predlctlon system

Genotoxic emicss I I I I I I
Non-carcinogen ’_/ N—r’ | _ I I I I

i

26 - e
Non-genotoxic — Data Anal SI‘S *
Carcinogen y :

Fig. The number of compounds for o ,
L. 1 IA49AT7LA; ZHOELFORBRELX—EICBIETELY—IL(AEER
training data % TIE497,00048 1)
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BHRNMAVETRIDATL FHAVATLOMSE

FROATLEEDE Y
-F—ZUPF7—5. 68ILE&W(F3445y FHE). . 4C/8. — /%)
L& n 1 BERErRIDSIAR)VY = 320{e&aIN-—7
- T ALBEFDRE: Welch’s t-test
-FRIXDESE: SVM (Support Vector Machine)
-FRXOBREE: SVALETEE

(Matsumoto, et al., 2009)
(Matsumoto, et al., 2011)

Prediction value

expression data

. [ EOPMRERLTIO-BATLAMORSAEEFH | ~pp]




CARCINOscreen® g ceme;B5288H)
v CARCINOscreen®TIZIEFZRENAVEME S B EICTRITEE

C+o
n Genotoxic Non-genotoxic
& o Non-carcinogen  Non-carcinogen
8 <
o
@ ©
QO m
<
g o
og "
o
>2 o
D_ © 1
D) -
=
S o
N © s )
% o Genotoxic Non-genotoxic
- I Carcinogen Carcinogen
O o *Genotoxic = AmesHER- 5tk
o~
I rumovooood- Qo (o) ) o V0 cWoeuow vm VW V<O Fow oo VA <C—
C_ EOE<EZEM<<§§§§§§E§.581%§:§Ewggn-%mgczgu_guucu%'gcuggoeg2§g§<§hﬁ£m§ECQSO:EEEE
OsS<aEZz 005 IS TalgeHiFZ£00 T W FETOFEICY0me S eI Zar AZF005AT ELSE ©a®
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S ~ 5 o 3] o < £ v B N NTN o ®STs o .
- S ©° = $ W I &2 2 = 55 % § §
ag} (&} — —IL S < = s B '9 _8
) [ & 8 £

Total accuracy: 9490 (64/68 chemicals)

*Sensitivity (true positive rate): 100% (46/46 chemicals)
*Specificity (true negative rate): 82% (18/22 chemicals)
*False positive rate: 18% ( 4/22 chemicals) 4
*False negative rate: 0% ( 0/46 chemicals) CERI




PVC

Prediction Value of CARCINOscreen®

CARCINOscreen® BEERMAOFRABEIRE28BH)

Genotoxicity Genotoxicity
A A
( \ ( \
2,4-Diaminotoluene 2,6-Diaminotoluene Quinoline 8-Hydroxyquinoline
OH
N
H5N | !
HoN NH
NHE 2 2 o e
Carcinogen Non-carcinogen Carcinogen Non-carcinogen

O
+

g
o

=
@]

=
o

et
n

Quinoline

ot
o

o
n

; -0.2

2,4-DAT
-0.3
.: 04
CARCINOscreen® can detect accurately carcinogen or non-carcinogen of

structural isomer. .
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CARCINOscreen® s gigErEI0REFRYFNI-H-1

Diethylnitrosamine (DEN): Group A

&1V DEIEFIECARCINOsCreen® | Baseniar space wnknoan
OF AELF N2 KITLG (ncles. EG:4284y- ':. : T NRGI"

S

Flasma Mifntigne .
-
, I

NN Drug metabolism
mcml"'-_:'-_._h__\: e *
'snc\b{ ‘\\ ..\m \*\ \

.'I I'. ~, |
AN A
w | 1 e | I
T N & Transport
EL ] ‘--__'--._I_H_ A % =
l‘ .". "\.,I\ -.':::-'-.'_"-f_ - \._*:__ I:‘ -
. Cytoplasm \" \ . \'.': \\\ \ ".. A7 EYAs == - "
Apoptosis \ NN s ;
4 LR B '\‘ i F
I L . ! Vs . y ){_. A | . I
! \, v :\ ' -\.\ I_."I A | i
] . ¥

DNA Repair

Cell cycle (arrest) PP = e Ve Cell cycle

- (progression)
OIBI Ifl'l:hi ;;;;3- 1 agjnp

Key genes used in the Group-A of CARCINOscreen® showed a gene network
(e.g. toxicity pathway) contained tumor suppressor gene, p53 concerned with cell
cycle, DNA repair, and apoptosis. (Key gene looks like a “Hub” gene of each .

-pathways) CERI




CARCINOscreen® zaigErEa0&EFRyNI—H-2

3'-Me-DAB ' ' _ _
e —— e — \_‘ Non-genotoxic carcinogen

Carcinogen group-A

Expressi
diff

pattern is
nt!!

Clofibrate Phenobarbital

RN N ‘L %' % [P Hr, - bk ]
N o N/ Carcinogen group-B or -C

T AT SR R
 RIAYIA /A= DERD
(BB AN T LN RE3)
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CARCINOscreen® smyx5Loigir

BRI EEEm/ A\ T—3>
SBHBETRI 7Rt a—ILEAL., R— Y EEEHEEA TEYERN ST LA EEBRETEER
AMEEMEMEHTI)—HBIMET DEFE). F3445vh(i). 28ARBIREFORE

REEQ : BERAMILKDEREHRFEE)A
N —=U T T—RIEENSILEYA6ILEY)EFRIL TRIEEZ LLER
-SDSy (i), 28 AR EROKRS

BRELQ & AL K DR EH (R E)B
"o—=2 T TR EFNDELEYMHEEMZ T AL TRIFAELTLLE
-Wistar-Hannover>w (i), 28 Bl R EE 0%k 5

BREE@: 5 &/ T —S a3 A
co—= T T—RIZEENLGMEEM(18IL &) E T A
-F3445w k(). 28 BRI REROKZE

FREE®) : 445/ 3N1) T —<,3 2B 1489125 (GeneChip) Bzt AL -
- B35 A TGP (Toxicogenomics Project) CEG SN =T —2(E I AEIFERMNBAS 361 &Y E T A
-SDZv (i), 14AFRER OIS GeneChipT—4

BEE®: T DD RENAMRD)—= TR EDFRIRED LLE
1) FEARA A ER
2) IEEMEERW-EILAMRY)—=2J R ER(Bhas42iia fis HEnifi it 58 : Bhas42iRER)
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CARCINOscreen® wgi®: #gm/U7—ay

# Chenmicals ct cr2 Muta CARCINO  Concor-

screen® dance

B 1 2-Acetylaminofluorene C+ Cr+ + + True

] 2 Safrole C+ Cr+ - + True
Site-A — o

3 p-Phenylenediamine 2HCI - - + - True

|4 Aspirin - - = s True

B 1 2-Acetylaminofluorene C+ Cr+ + + True

Site-B — 2 Safrole - C+ Cr+ - + True

3 p-Phenylenediamine 2HCI - - + - True

- 4 Aspirin - - - - True

[ 1 2-Acetylaminofluorene C+ Cr+ + + True

. 2 Safrole C+ Cr+ - + True

Site-C — 3 p-Phenylenediamine 2HCI - - + - True

4 Aspirin - - - - True

\ *1) C: Carcinogenicity in rodents, *2) Cr: Carcinogenicity in rat liver, *3) Muta: Mutagenicity (Ames test)

All experimental laboratories accurately detected each

compound by CARCINOscreen®
10 P 4 CERI




CARCINOscreen® i@ EmiEA0RsHGE#HE)A

Bl Applicability of CARCINOscreen® (SD rats)

# Chemicals Cl Cr2 Muta® Prt?c‘)jri]c ] Cdognccoer )
1 2,4-Diaminotoluene C+ Cr+ M+ + True
2 N-Nitrosodimethylamine C+ Cr+ M+ + True
3 Benzo[a]pyrene C+ Cr- M+ — False
4 Clofibrate C+ Cr+ M- + True
5 Di(2-ethylhexyl)phthalate C+ Cr+ M- True
6 Methyl carbamate C+ Cr+ M- — False
7 Thioacetamide C+ Cr+ M- + True
8 Urethane C+ Cr+ M- + True
9 D,L-Ethionine C+ Cr+ M- + True
10 Chlorendic acid C+ Cr+ M- + True
11  3-(4-Chlorophenyl)-1,1-dimethylurea C+ Cr+ M- + True
12 2,6-Diaminotoluene C- Cr- M+ — True
13 2-Chloromethylpyridine HCI C- Cr- M+ — True
14 lodoform C- Cr- M+ — True
15 Caprolactam C- Cr- M- — True
16 Sodium benzoate C- Cr- M- — True

*1) C: Carcinogenicity in rodents, *2) Cr: Carcinogenicity in rat liver, *3) Muta: Mutagenicity (Ames test)

11

Sprague Dawley

Concordance: 87.5%
(14/16 chemicals)

= Sensitivity : 81.8%
*Specificity : 100.0%
*False positive rate: 18.2%
*False negative rate: 0.0%

CERI



CARCINOscreen® i@ @Rtk ioRs (F#E)s

Bl Applicability of CARCINOscreen® (Wistar-Han rats)

# Chemicals o Cr2z  Muta' Prt?éjri]c- Cdo;nccoer )
1 2,4-Diaminotoluene C+ Cr+ M+ + True
2 Thioacetamide C+ Cr+ M- + True
3 2,6-Diaminotoluene C- Cr- M+ — True
4 Sodium benzoate C- Cr- M- — True

*1) C: Carcinogenicity in rodents, *2) Cr: Carcinogenicity in rat liver, *3) Muta: Mutagenicity (Ames test)

Crl:WI (Han)

Wistar-Hannover

Concordance: 100.0%

(4/4 chemicals)
*Sensitivity
*Specificity :

*False positive rate:
*False negative rate:

100.0%
100.0%
0.0%
0.0%

F34459yhDBIEFRRET—IEMN ——2 T T—RELTHERELEARS AT LI,
AR THASDIVFR R Wistar-HanS YD BEIGFRIBET —2 (3 E AT HE

12
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CARCINOscreen® sg1v25L01EEEHL)

BREEQD: EERR /N T—>3Y
BB TRI—ZAta—ILEAL., R— Y EEE SR CEYERN ST LA RERETEER
AMEEMEMEHTI)—HBIMET DEFE) . F3445 V(). 28BEIREROKRE

REEQ - B AL K DIRES (RFEE)A

Fo—ZU T TRIZEFENSILEWEILEY)ZE FRIL TRIHEZ LR
-SDZvh(i). 28BRIREZEOE S

BRELQ : & AL K DR 5 (RfEE)B
Fo—= T T—RIIEFENDIEEYMGILEME T AL TR ELT LB
-Wistar-Hannover>wk(if). 28 BB R ERE OKX 5

KEEE@:BEEFEE]A‘U%‘—:/Ey ~
[#5R] 3B THEAICEMERN ST LA RBRETEEML. CARCINOscreen®TF

BILERER. 2 TIELSFRITHENTES:
SEYPEBRNSTLUAERETOTAOMI—I)LIZITFICRE L ALY

REEQ: BRI KDREH(REFEE)A .
[#5ER)16/EEWIZDULNTS7.5% D FEE TF Al §E

- F3445v kLISt D
REEQ: ERAMML KD (REHEE)B RffIZHE AR RE
\[fﬁ’:'i%]Mté%(:’JL\’ClOO%O)%J’%'G%iﬁ'IEIﬁE
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CARCINOscreen® i@ : 51885057 —vava

Table Prediction of carcinogenicity by CARCINOscreen® : External validation (F344 rats)

¥ Chemicals c? cr? Muta™ P":iaodgc- Cdoannccﬂe:- -

1 o-Nitrotoluene C+ Cr+ M- + True

2 Dieldrin C+ Cr- M- + True

3 Carbon tetrachloride C+ Cr+ M- + True

4 DDT C+ Cr+ M- + True

5 Hexachloroethane C+ Cr- M- + True

6 1-Amino-2-methylanthraquinone C+ Cr+ M+ + true | Concordance: 83.3%

7 Methyleugenol + + - + -

8 3-{4E1ghlo?ophenylj-1,1-dimethylurea §+ §:+ m- + Eﬂz (1 /18 chemlcals)

9 1-Nitropyrene C+ Cr- M+ + True -Sensitivity : 92.3%
10 4-AAB C+ Cr+ M+ + True - Specificity : 60.0%
11 1,2,3-Trichloropropane C+ Cr- M+ + True -False positive rate: 40.0%
12 2-Nitro-p-phenylenediamine C+ Cr- i+ " True -False negative rate: 7.7%
13  Tris(2-chloroethyl)phosphate C+ Cr- M- — False
14 1,2-Dichlorobenzene C- Cr- M- + False
15 4-AAF C- Cr- M+ + False
16 Quercetin C- Cr- M+ - True
17  Tetracycline hydrochloride C- Cr- M- - True
18 Glutaraldehyde C- Cr- M+ - True

*1) C: Carcinogenicity in rodents, *2) Cr: Carcinogenicity in rat liver, *3) Muta: Mutagenicity (Ames test)

Fo—=V T T—RIZEFENLEMEEYMDT 2B T—5) XL T,

80% LI L DFEE CF Al 8E -
14 CERI




CARCINOscreen® #:#®): 51885057 —avB

B TGPT—2DFAFER (SDFVh., 148HEE. . GeneChipT—%)
* ENAEIZDODWTEHELZREHRNFIONT=36IEEM (FEMNAME;11ILEY), ERLAM, 251t &)

CARCINOscreen®|z &2 F Hl{E R

ERE tAR ERE

Concordance 91.7% 97.2% 94.4%

(33/36) (35/36) (34/36)

Sensitivit 12.7% 90.9% 100%

’ (8/11) (10/11) (11/11)

Specificit 100% 100% 92.0%

P Y (25/25) (25/25) (23/25)

it 0% 0% 8.0%

False Positive (0/25) (0/25) i
- 7.3% 9.1% 0%

False Negative (3/11) ) o)

*36{L AN S5, 8IL EMILCARCINOscreen®PD L —=2 45 T—RIZHW =B EHLBEL TV
WFhDOBREETEIOWLU LDFETRILAMEFRITEHIILLNTEE
15 CERI




CARCINOscreen® i@ : Al s s (th g =)

B REAAMRERED T AR RO (201EEY)

# Chemicals c1 Cr2 Muta’s
1 Quinoline C+ Cr+ M+
2 Safrole C+ Cr+ M+
3 MelQx C+ Cr+ M+
4 Phenobarbital C+ Cr+ M-
5 Hexachlorobenzene C+ Cr+ M-
6 a-Hexachlorocyclohexane C+ Cr+ M-
7 Thioacetamide C+ Cr+ M-
8 Urethane C+ Cr+ M-
9 Chlorendic acid C+ Cr+ M-
10 DDT C+ Cr+ M-
11 PhIP C+ Cr- M+
12 7,12-Dimethylbenz [a]anthracene C+ Cr- M+
13 Benzo[a]pyrene C+ Cr- M+
14 Aldrin C+ Cr- M-
15 Di(2-ethylhexyl)adipate C+ Cr- M-
16 d-Limonene C+ Cr- M-
17 Trichloroacetic acid C+ Cr- M-
18 Diethylstilbestrol C+ Cr- M-
19 Dieldrin C+ Cr- M-
20 Caprolactam C- Cr- M-

hEiRHMA  CARCINO
True True
True True
True True
True True
True True
True True
True True
True True
True True
True True
False True
False True
True True
True True
False True
True True
False True
True True
True True
True True

*1) C: Carcinogenicity in rodents, *2) Cr: Carcinogenicity in rat liver, *3) Muta: Mutagenicity (Ames test)

hEAFE M A EKER (Hasegawa R. et al.,1992), CARCINOscreen® Toxlll, #5288 8
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CARCINOscreen® i@ : Al s s (th g =)

HhAENAEERBRED T RFHEROLER(201EEY)

hEAFE AN A TSR ER CARCINOscreen ®
80.0% 100%

Concordance (16/20) (20/20)
e 78.9% 100%
Sensitivity (15/19) (19/19)
o 100% 100%
Specificity (1/1)0 (1/1)0
False Positive (8%)) (8;)/{)
False Negative %j/llg/)o (00/01/29)

AR THEEL=201EEMIZDULVT,
CARCINOscreen®TlZ100% D EECF Al T=7-

17 CERI




CARCINOscreen® ®if®: ¥ aiEOLE ([Bhass2HER)
B Bhas425E&(in vitro) LD F RIFER D LLE (221 &W)

# Chemicals (o Cr2 Muta™ Bhas42 CARCINO
1 2,4-Diaminotoluene C+ Cr+ M+ True True
2 2-Acetylaminofluorene C+ Cr+ M+ True True
3 1,4-Dioxane C+ Cr+ M- False True
4  Methyl carbamate C+ Cr+ M- False True
5 Urethane C+ Cr+ M- False True
6 Benz[a]Janthracene C+ Cr- M+ True True
7 3-Methylcholanthrene C+ Cr- M+ True True
8 Benzo[a]pyrene C+ Cr- M+ True True
9 Quercetin C+ Cr- M+ True False
10 MNNG C+ Cr- M+ True False
11 d-Limonene C+ Cr- M- True True
12 Diethylstilbestrol C+ Cr- M- False True
13 2,6-Diaminotoluene C- Cr- M+ True True
14  8-Hydroxyquinoline C- Cr- M+ False True
15 2-Chloroetahnol C- Cr- M+ True True
16 p-Phenylenediamine 2HCI C- Cr- M+ True True
17 4-Acetylaminofluorene C- Cr- M+ True False
18 D-Mannitol C- Cr- M- True True
19 Caprolactam C- Cr- M- True True
20 Tetracycline hydrochloride C- Cr- M- False True
21 Benzoin C- Cr- M- True True
22 Tetracycline hydrochloride C- Cr- M- False True

*1) C: Carcinogenicity in rodents, *2) Cr: Carcinogenicity in rat liver, *3) Muta: Mutagenicity (Ames test)
Bhas42 assay (Sakai A. et al., 2010)®Initiation assay# L<I&Promotion assay®{al i/ TPositive THNILFE L AMEHY . Massay TNegative THNILFEH A M

#zL, CARCINOscreen®ToxlIl, %5288 B
18 CERI



CARCINOscreen® #i®: ¥ aEEO L& (Bhass2HER)

B BhasiREBREDFRFERD LB (221 &)

Bhas42 assay CARCINOscreen®
Concordance 885/22(?) 8%;%0)
Sensitivity ?3/172/)0 (?L%/?L(ZO)
Specificity Z%fg/)o %8/%/)0
False Positive ?g/f(;/; %f/fg/)o
False Negative (2/31";’) %2/172/)0

MRBTHEL=22tEWIZDLV T, CARCINOscreen®TlE86.4% NDEEE CF A T=1-
SV TRAAEZRIGLVEIZE LT, FAINEZLENED A H 1)

19 CERI




CARCINOscreen® sg1v257L01EEEH2)

REL@D: S EB/N)T—2a A
[#R]181EEWIZDOVT, 83.3%DRETT AITTEE

BEE®): 4V /1) T — 3B *14BR1% 5 (GeneChip) T IRt £ LV
[#5R]36IEEMDOWT, B, P, RUBHAETIL.7~97.2% DR ETFRITTHE

([ AETF—2IHLTEBE NP AR ERLE,

* Eﬁ L. ;“J MR TENARZERSGVVYECHSESERISRVDERSAEDEISHL TP AL AN
AHERIZHSD

BREE®: T DD FEBAMRII—=20TBLD T RIFBED L
1) hEAR R ATEEER
[#&R]120{EEMIZDOUL T, 100% DIFETFRIAIRE(P AR N A MR ERTIE80%)

2) IEEMERAWEENRAERI)—=0J HER(Bhas425 BR)
[fER]122{E&EWI=DLT. 86.4% DFEE T F AR BE(Bhas4254BR TI1E68.2%)

(%d)ﬂhd)%b%t‘txb')—:/7°}~E&tt$§L'C%EL\%;ﬁllﬁfs'{’éﬁtu: )
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CARCINOscreen® =2g1v25L01E @ EOEESD)

Training Data

- L]
3 -
F344/pucricrj ==

Fischer 344

68 chemicals

Accuracy: 94%

Inter-lab. Vali.

— A

F344/DuCriCrlj ==

Fischer 344

4 chemicals, 3 sites

Accuracy: 100%

;léi

3

S

RY

A thEAFE D AT ER
'll 20 chemicals

§ »| Accuracy: 100%
+

2
e
S| Bhas42:XE&(in vitro)
N@J 22 chemicals

\ 4

Accuracy: 86.4%

21

Applicability

RAELT —2ZERT

F

. Crl:CD (SD)

Sprague Dawley
16 chemicals*

External Vali.

F344/DuCriCrlj '~

Fischer 344

18 chemicals

Accuracy: 85%

Accuracy: 88%

| Crl:CD (SD)
Sprague Dawley
36 chemicals

Crl:WI (Han)

i i

Wistar-Han
4 chemicals

Accuracy: —97%

Accuracy: 100%
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CARCINOscreen® Tox-omicsIOUtH MH23~274 )

mEFIvY: mEFIv: 2= SISy B
HA(EE EAfE% 7IRTAR Pesaram
@ %ﬁztﬂw’» Bat-Ho T -
E .\‘\ ’ —
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CARCINOscreen® gz7—8H23&EERE Tox-omicsIOITH )

B CARCINOscreen®IZ k5 NAET AIFER(SD Y, I, iTiE, 28BERE)

C+ 3.00
2 200 t
o

S 1.00 |
o

O <

<9 0.00

D_ (@]

o

S 100 |
S

® -2.00
o

C- -3.00

BDCM PP NA 2A4NP BA BA(ISO)

BERI D2 M1 5/ N AERER(NTP) TIEX2 TRME=BDCM®D # & 1E &3 TE

23

v BDCMIZZ OEo o000 A2 (Bromodichloromethane, CAS; 75-27-4)
v BDCMIE = ARFlg (i) TEAAMETT
v' BDCMIZF3445 v k(i) ICE W TEE AE TA/S0BIDIFENADFTR(BEMRLL)
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SE2[EH E AT E /MR ET & - Bl #R LY

BREFEOFEHEMRIC
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FEMHHBROERIC
KBRI)—=2Y

A& - AL E K DEAH
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\
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BEAFEDAETFRIIATL =EBE#H

/-E)J!I’% : Fischer344 or Crl:CD (SD)3v k. & \
t&E9 : 68ME(FL—ZVU T4, F3443yh)
- 1Rl 2R . FFhg
-1 5 AR : 28HRIREREGARROERE)
‘BRE5# B ERE. ERE QE/F#)
" AERE  REEBEE. IRELCFHRE. REHGZEHNRE )
-1o0701 : -NEDO ToxArrayl11(6,709&{F. —f%)
-GeneChip Rat Genome 230 2.0 (Affymetrix)
-Whole Rat Genome Toxplus (Agilent)
TSR : -GeneSpring GX (Agilent)
-Ingenuity Pathways Analysis (1PA)
-FRAIXEE : - SVM (Support Vector Machine)
26 CERI




CARCINOscreen® mmmsszsuvycsitam)
& ESYORBREBICE > THRIAGENAMAD=XLDNEETS

BIZFRIEET —INREEHISRAA) T ZE1TL, 68IL &M%
JI—T5%E = Group-I, 11, 111*

*Matsumoto et al., Cancer Inform. 2009, 253-69.
*Matsumoto et al., Cancer Inform. 2011, 259-71.

@ Rat liver cancer, Rodent cancer, @®Non-cancer
I
e it et ﬁﬁﬁim}%
L L ] ] ] h d. L L L1 B 1R 1 1 BN L L1 1 By 1 1)
Ot C
Compound Group-Il a?; Gor?up;ln? S Compound Group-I
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Optimization of SVM formulas
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Dose dependency of the CARCINOscreen® value

Evaluate the association between the score of CARCINOscreen® and
dosage level of animal experiment.
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- CARCINOscreen® value of each compounds exhibited minus level in lower dose,
and increase in a dose dependent manner.

- CARCINOscreen® value will be compared with TD50 from a 2-year
carcinogenicity teat.
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Dose dependency of the CARCINOscreen® value
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-CARCINOscreen® values of non-carcinogen are minus level (i.e negative value)
in all three formulas.

In the future, we tried to calculate a cancer NOEL or NOAEL of CARCINOscreen®
values in order to apply to regulatory sciences.
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