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Structural Activity Relationship Approaches for Assessing Genotoxicity

Masamitsu Honma

The focus of the latest legislative and governmental efforts is to establish simple screening tools for

identifying those chemicals most likely to cause adverse effects without experimental testing of all

chemicals of regulatory concern. The use of structure-activity relationship (SAR) models is a powerful

in silico technique that should be considered for prioritizing chemicals for subsequent experimental

verification. Because carcinogenicity and genotoxicity are among the toxicological endpoints that pose

the highest concern for human health, efforts in SAR models for them have been much more

pronounced than for any of the other human health end points. This review paper overviews the

historical background of SAR models for predicting carcinogenicity and genotoxicity, the current status

of capacity and usefulness of some iz vitro genotoxicity SAR models, and their perspective.
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#, A2 =Hb—=r—7L) IIExHEL O O—EOY
WERTEEKREZREL, WbWwb T — A AERE i
L7zY, =— a3, BAAMALFWE 2 RIBT %
in viroETINVEVZ D, YOOV AME D%
CITBEEHEBRTPICEE2DDTH ) =— 2 AT
ERTALFEWRE ORI, 13 & A EMillers{k G O #ilE
TERYKEEZ N, BETIHMEARTOBELS, 5
DA EIZLU T O D0 E N5, D #EEHEEED
AVETH Y, DNAICHEZERELZ 5 2, RARERELH
L, IR BADELI ATy FIZ%DH 5. 2)LE
VAT I BREPAWMETHY, ZHIIDNA LI
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B LZY. BOAMICHT 2SA1R, LEWHO%EN
AMETEVEICBEE U 7200 T REEE, 721380 & e 3%
SN, FREEDPADEER AT v 7 THLHDNAND
R, BREROFHEZ Do THEFEEDOSAL D
# z b7z, AshbyldK[ENational Toxicology Program
D222 LW E D 5 1F o BT DY AR ERB 1% &
WA 2 R T I8MB OSA % F % L 72, Fig 11
“Ashby’s polycarcinogen” & WM-HEN 218D THSA%
RO RB ORI AWE % 77T . ToxnetAH 7 —
Z X — A, Gold/Zeiger @ Carcinogenic Potency Data-
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T AshbyDSARE TN DOKGEE T 72 L T A, HEHFA
PhEERBRRE R L 1365% D —FHUITE F 5 7-DITH LT, =—
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Fig. 1 “Ashby’s poly-carcinogen” ; Major structural units
which are classified as structure-active positive in the
Ames tests. The structures are as follows: (a) alkyl ester
of either phosphonic or sulphonic acids; (b) aromatic nitro
group; (c) aromatic azo group; (d) aromatic ring N-oxides;
(e) aromatic mono-and dialkylamino group; (f) alkyl
hydrazines; (g) alkyl aldehyde; (h) N-methylol derivatives;
(i) monohaloalkanes; (j) a large family of N and S
mustards; (k) N-chloramines; (1) propiolactones and
propiosultones; (m) aromatic and aliphatic aziridinyl
derivatives; (n) both aromatic and aliphatic substituted
primary alkyl halides; (o) derivative of urethane; (p) alkyl
N-nitrosoamines; (q) aromatic amines; (r) aliphatic and
aromatic epoxide.
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BT A= ZHWT, SRR, /8 — 2k
X RBHREEZ T A2 ANTHRN Y 70 —FTh 5.
BT — 4 2O Emi 2 BEoFUFETHY, 6
51XQSAR (Quantitative SAR) EF NV TH 5. Hid &
L Cld3EE S — 9+ ODEREK, ##% DQSARE L Tl
B2 S L 7ZADMEWORKS % EAVRENTH 5.
F7:, ZOHHBE LT, (L WHEOMSE LT RT
Rt T &, ZHOEH MR (Biophore) % BEMIY
WKL, BRI A S T — & ZEEREGE & MRS AR
Rtk 2R L, Pl %2479 MultiCASE» % 5. 3
DDOSARE TNV O — MM 2B B L TR wRED
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AL E T — 5 N=AD 5 T — A AR — 5 & F
3 5 2061k 22 W ' 12 2 v T DEREK, MultiCASE,
ADMEWORKS % Hi\»CZ O FMlE % 74l L 727’ (Table
1. FHOFHHIXIEE (Sensitivity » = — 2 AW E
Zhatk e HE S 2H80)), FEME (Specificity ; —— A4
AW L T 5000), B X O—3E (Con-
cordance ; BB L OO —%F) 2 BEEL L TIT
272 RIIRT LI ITEEN R S 575 o 725 DADEREK
&L ADMEWORKS (731%), 5EMEPHROEN -5 D
A MultiCASE (91.1%), — 33 T3 DEREK (86.4%)
A b E o 72, ADMEWORKSIEHEFE:2369.7% & 1K
{, TOZ LI DI— AR E DR 3 8 % i
> ThtE T 5 (False positive) T & % EKT 5.
FREO ML, FEE DOKirkland 2585 L 727030 = — A
RRER % B Lein vitro R BB T — ¥ X— A (CGX
database) TOFFflifEE» S b HBSNTY. —H,
Snyder 5 & 2002 4£ ~ 2004 4 @ Physicians’ Desk Ref-
erence (CHK DRI GO T — A AR T— 5 23D %
394 H % fii i L, DEREK, MultiCASE, TOPKAT
(ADMEWORKS & [l fto A THIRERIQSARE T V) O
SHHDOSARE 7V % WV CREH RO Tl 2175 72
L 2%, MultiCASE, TOPKATIXI#Ay & WEF R %
U720, EEIZ50% FTh 72", F7:, DEREK
ZBWTIIEE, FFRtEE b3k 3o@¢fw
KTHh o7z B e TETWE Tlbe R
NDLSAKHED D b7 OB > 2GR I 72b D r‘:_
FHEINE, WITIIZE LI ZTOSARFMMH® HIYIZ
B R E DA 7 ) —= v 7 THY, TEDHZ
FIEE 2 L, B (False negative) K53 €T
VORESE, URPFEETH 5.

SARETFILDHEAEICLZFRFEOEEL, EE2HE
DOBEMITADEH

DEREK, MultiCASE, ADMEWORKS® 3 2 ®»SAR
ET VT ENETNE L ZRE, BN, et 7 7 a
—F VWY ANSNTED, 2O — 2 AR BT
HIFE LTHRR S Z L I3kIcak X7z, Hayashibid 32
DSAREF NV ZHMAEHLEL I EIZXD, BHVWORX
MEMML, T—2AZXARBOFHHEOM L2252 12
WL, $72, HOEINE TORFWE DL
ST O S, 5T EH3000LL EoE G TLE o
KEGE N7 70 7 OMNBEZ @l s 5 2 EATET,

— %z l—Azﬁ%@ﬁf%é &, BiALE LT RF
VHRAEFFORS TR v —lid T — A A R TS
%ﬁﬁﬁ?é;k&t%,ym77n—%®mm%@
L7-Puei 23 L7 (Fig 2). B o#HMERE
BT A WEOBERMA TR, Y ARTHHT
HbH. 3DODSARETNVIZBVWT 22O ETHMED L
CIXREMEDYA, 3298 TITBVTHED L IxBkD
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Fig. 2 Decision tree for prioritizing chemicals for consequent

experimental verification. MCASE: MultiCASE, AWORKS:
ADMEWORKS

Table 1 Performance of SAR models for the Ames test (Hayashi et al, 2005)

Ames + - Total Sensitivity Specificity Concordance
Results (%) (%) (%)
DEREK + 19 7 26
- 21 159 180
Total 40 166 206 73.1 88.3 86.4
MCASE + 13 20 20
- 13 146 146
Total 26 166 166 65.0 91.1 88.0
AWORKS + 19 26 26
- 54 178 178
Total 73 204 204 73.1 69.7 70.1

MCASE: MultiCASE; AWORKS: ADMEWORKS
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TY—DOHIZ AL DI TV, MREIS S LY
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P Gb%) &7%b. LALLM, BHE FEMI0ON ~
VL EARE & T 2 BEAAL 22 - 13 3 A E T 20,0007 47
DESHAEL, D) H#90%TH 518 000FEEH Db
WEIZOWTIEZ— A ZRBE ZFER S N TV VIR
%z 5L, 9900FE%H (18,000 % 055) DILFEWE D%
DIARIIIKIRE LTEHED 5.

b in vitro BizEMHDF A

Yeta R IR ER T T — 2 2 3RER & RBR AL o K
PN MBS B B RS E R R in vitroB n
HRBIEHO—2TH 5. FfhBERBICOVWTD
SAREF VAR E N TV B, Jeta kB I13LEw
B L DNADOEZWM BRI Z, DNABEEIZET 5
EF (FRA VAT —XEH) 2, JEESEICEST5
By o2 (CA MYy U2 %) L OMEERR
EDORANZ AL L THFEREINL 2D, L YHHMET
HbH. Fio, FOARREAKD, SZPHNCET 5 G
RORERENFFEOFE R L UTBIZEREL 2 5720, kit
DETO A = X LDGAufk g & L CRliks b bl
T, o T, ROARRE L5 XEITILFWED
TFMD72DDET NI LSRRG EEN T 780 —FH34
BCThbH Fl, T—AARBELEKLT, SAOHIH
R TR T — & R— 2137w,
HFER—ZDSAREF NV THHDEREK (N—V 3~

11) (374138 0 Gt AR S5 BRI 1 D SA AN S
T2 (T— 2 ARERISTHR) . = — 2 AR & [l bk
122090 BEAFAL =W B BE 3 5 Gt R 52 0 3 BR o Tk
Z i L7z (Table 3). BB, FREME, —3EL 4T
T— A ZRRBRICH D, FIEEIR64% TH 72, 2D
LIE36NDREMEREFRYWEEZ T TE LN & &R
9 (False negative). ZeftfhSa BRAG R A KDY,
> AT DS ARG R & MHBIMEAMR N C & bR S
TBY, —OYtafREE BRI B AT 25 A
LIEBIMRTH L D00 D Lt v, Jet iR RO Tl
PO FICIESAREF VoS R E, kB atkE
HROURDOMENRLETH 5.

AL HY AN & TIEMEL S il EEE 2 5
B35 0034 %L v, In vitroziE B O 4A,
WHT v MFENSFHBEINZI 70y —L55H(S 9)
ZRBLAWERRICIAZSZ 2L D, FHERDIF
fig. T DAL O FAN Z FE AT - Tw A, BbEw ot
s & B R & OB IGE, YA
X IR DORE G2 2 b s, NIRRT %35
WIS OB S IESARMETIIENTH S, TVH R
KEDMekenyan 5 1%, T v MIFS 9 TORFRE, B
LA OREN T4 7TI) =&, #HTL 5
ZHFER O M a WL~y 7280 HT
TR 7OV ) X A2 RFEL22Y. S AIGHERCHE Y 3
2 L — % (TIssue MEtabolite Simulator ; TIMES) &
IHEN TS, BEAOET — 7 2> 515 5 7= 35
ICEAT 2RO ME VT, FFEDIEESMEITH L
TERMREZBIET LI LD TE, 72, 7= 2%0
WEISHAEDLET VT A8 % H, BHORE~< >
TERBEEED IR D B WEIRERICH B 52 L PTE

Table 2 Performance of combined SAR model for the Ames test (Hayashi et al., 2005)

Combination +++ -— Total Sensitivity Specificity Concordance
of 3 SARs (%) (%) (%)
Ames + 13 2 15
- 5 94 99
Total 18 96 114* 86.7 94.9 55.3
*Among 206 chemicals, 114 chemicals were categorized into +++ or ——.
Applicability 55.3% (114/206).
Table 3 Performance of DEREK for the chromosome aberration test
DEREK + - Total Sensitivity Specificity Concordance
(%) (%) (%)
Chrom + 60 34 94
Ab - 29 86 115
Total 89 120 209 63.8 74.8 69.9

Chorm Ab: Chromosome aberration test
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5. EBEOTIMESY 7 b7 = 7 TIACHH O F 7215
T, 51X s TH U HIESN/ZQSARET VT
& H0OASIS (Optimized Approach Based on Structural
Indices Set) & OHAERIZL - T, M4 DHW O —
L AR, BRI L TTMT A2 TE
5.
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(Q)SARE F NV Din vitro@ iR O TR L
TARR TR, L2 LBD2S, in vitroidfza Mk
BRI AMALEWEOTFNEHWE T A7) —=
VIRBTHHIERELLE, A —= v RO
HROFHEITH 2 L1 ENZT ORF 2 AMiilEA D %
A, BEICEDLN LD AN L. EEMGEHD, %<
DALFEWE DRV O 72012 T — & A ikBR, Yetatk
BERBSFAETHEEOTLNTBY, 2HOBEHILE
WX, WAAALFEWE O h SEBEEO S YR & RIS
%Y=& LT (QSARIZHEMICHD THRITH 5.
L2L%ds, (QSARMIZEDOARE XY — V& LTOF)
HATiERwv. HOISBRR72L 912 (Q)SARIEMiller D
RIFEBAMCEWEOREFHERICE Y, =— 2 ARBR
EVIHINAFT v A OHREFHNT LI EDDIRE -
2. COBRBIESTLNVTEGHS, FICHEEA 7 =
A WA % RA T RAOBITH 5. 1TL A LETOHME
F T — 2 ZFERD L 9 ICHA TS, D THMETH
D, FLAHIZALDBAWTH 5. 200745 5 K E
EPADSNE 72 o TR L 72 ToxCast 712 77 & Tldin
vitro R BR D H %  OHEREEE R X h = X L & i
L, (QSARICHMAAND BEZMIET Y. KITh
X, Miller® X 9 1284 OREMEE 51 LNV TRITE
LrbHNniz v, Eh)t (QQSARE Iy E2—% %
vauy—oREHETH ), TORHPRFHIRIC
O ALEWEDOED ) X7 i B LS DTHD L
FLs. EAPETHHABOTEY 27 bEVD B, #
PFDOARKZY ) AL EIBUETH 5.
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