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Table 1. Numbers of compounds

Data Set Carcinogen  Non-carcinogen Total

Model 107 180 287
construction

Model 45 122 167
evaluation

Total 152 302 454
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Table 2. Descriptorsused in this study

Descriptor Set  Descriptors R2

tReymers SLOGP -0.01
SMR -0.03
ROTBOND -0.06
FLEX 0.02
VOLUME -0.09
SURFA -0.09
TPSA -0.08
HBD -0.06
HBA -0.04
LUMO 0.03
HOMO -0.01
DIPOLE -0.15
LOGD_2 -0.05
LOGD_7 -0.02
LOGD_10 0.00

Helma logP 0.02
dipole -0.08
electronic energy 0.06
electronegativity -0.04
heat of formation 0.17
homo -0.06
homo-lumo -0.04
hybrid dipole -0.01
ionization potential 0.06
lumo 0.00
largest interatomic distance  -0.07
molecular weight 0.02
point-chg. dipole -0.09
total energy 0.05
/POLARIZA -0.04
/IDELTAHF 0.19
/STABIL 0.03
ISTRAIN -0.11
total _access -0.07
non_polar_access -0.04
polar_access -0.04
perc_nonpolar 0.04

4R : Correlation coefficient with carcinogenicity

Descriptor A Descriptor B R2

tReymers SLOGP HelmalogP 0.94
tReymers SMR Helma/POLARIZA  1.00
tReymers SURF_A  Helmatotal _access 0.94
tReymers LUMO Helmalumo 0.14
tReymers HOMO Helma homo 0.76
tReymersDIPOLE ~ Helmadipole 0.76

Helma heat of for- Helma/DELTAHF 0.90
mation
Helmahomo Helmaionization -1.00

potential

@R: Correlation coefficient between descriptors A and B

Table 3. Correlation coefficients between similar descrip-
tors

91



gbooooobooobobooboobooboogon
00 (@ooOooOo0ooooOoUUoooOo)yoooo
gbobboooooooooboobobobooboooboo
goooboooooooboobobobooboobboon
gbooobooboobboooOooboboooboooboon
goboboobooboooooobboobooboboooon
gobooboboobooboboooooocboboobooboon
gooooooooooboooboooboboooonog

goboooobooooboooooooooboooon
gooooooooooooooboboobobooon
ooooooooOoooooODODOOO0OD 37000
goobooooobooobooooooooboboooaon
gooooboooboobboooboboooboooaobo g
goboooboooboboooobooboobooooobooo
gooooooooooboooobobooobooo b
goboooobooooboooboboobooooon
goboooobobooboobbooobboooog
gooooo

gboobooobooboboOoooooooobooooag
oo0doooOoOoooool0inoobDOobooon
ooooooooDboobD 100000020 090
gbobooooooobooboobooooboooog
(DOOOO)oOoooOoOooUoooooooo sigmoid
gbooooobooboboooooobobobOoooo
ooooooooDbDOooOoooOooOooOooooono os
oooooooooooosOoonooooooogn
gooao

24 00000000 OODOOO

Jobobobooobobboobboobooon
O0000000O00O00 NEUROSIM/L ver.30 0O
00000 eror-back-propagation0 0 0000000
0000 EXCELOOOOO Ver30(@OO)oOooo
00O00000o0ooooooobOooooooog C
0000 0000 derror-back-propagation 0 0 OO0 O
goobooboboooboboobbooboooooo
00000 NEUROSIM/LOOOOOOOOO lean-
ing rate (¢ ) =5.00 momentumterm (o ) =0.40000 O
gooboooboobobobbobobobobboogo o
godoboboboboobtoooooooooboooo
o000 o400000000D00O00DOOO0O0OO0OO
00 o0500000000000000000 050
gboooobobooooboobooooo

gobobooooobboooobooooooo

92

(over-training O O O over-learning) 0O OO O (loca
minmum OO0 000000000000 Oerror-back-
propagation 1D 000000000000 O00ODOO
gooooobooboooooooboooooo
gooboododobbooooooooooboooo
goboodoobobooobooobboobooo
gooobbooobooobooooboboboooo
gooboobooobb oooobooboooboboooo
goododoobboooboobobbooooooo
oo ooooognoooo

odoooooboboooobboboooboboon
0000 (@O)ooooooooooooooodo
gobodooboooboboboboooooooooon
godobooooobooboboobbbbooobooon
goodooooobbobboooooooboooo
oo oooboooobbobobboooboo
goooooobboooboooboboooooo
ododdoboodoobboooooboboon
gbooboboooooobbooboooboooooo
goobodooobooboboooboooooobooo
Jboboooobooooboobooooboobooo
dooooboboooooooooo

OoOoodOd (loca minimum) OO O error-back-
propagation 1D 00 0000ODOO0O0DOODOOOO
gooobbooobbooboboooooboooo
Joooobooouoooooooboooderror-
back-propagation 000 00000 OCOOO0OOOOO
OO00000 steepestdescent OO0 OO0 OO0QOQn
Jobobooboooboooboboooobon
Jbodoododbooobooooooboooo
O0000O000oOoO0O0oO0O NEUROSIM/LOO OO
oo ooobboooogogo o
OO0000O randomseed D0 D000 O0O0OOOOO
goooobooboooooooooooooooo
god

3 oooo

31 DO0O0OoOO0oO0n

oooooo0OOo3r00oooooooooooon
O0O000 47/4000000000000000DO
oooooDoOoOoooooDoooOOOo0oOos7ooon
OoOoo0o0ooooooooOonDO 899% 000000
gbobooobobooobooboooboobooooon

J. Comput. Chem. Jpn., \ol. 4, No. 3 (2005)



o000 7B 00o000ooooooooooon
gbooooooboobobooooobooooooon
goo

000000000000 0000 Table4OOO
oDooooDoobD1100000000 98%00
oooOosroooooooooboi100obo0oOooDn
gboobooobooboboobooooooooboooon
ooooOoOO0o0oD 10000000000 10000
gbooooooooboooood

32 0DO0O0OODoOoO

Jobobooooobobobobooobooo
gboooobobooboobob oobooobooboon
gooboooobobobbobooooooooon
oobooooooboooboboobooooo
00 1000000000000 0 20000000
00 randomseedd 91990 000000 OOOOOO
O0o00O0o0O0oU00ooDoOoOooOoO0O0 FguelO
gdo

OO 000 Oerror-back-propagation0 0 0 00 O O

Table 4. Result of principal component analysis

No. Eigenvaue Proportion (%) Cumulative

proportion (%)
1 0.2284 36.0084 36.0084
2 0.1356 21.3767 57.3851
3 0.0819 12.9115 70.2966
4 0.0469 7.3974 77.6941
5 0.0300 4.7265 82.4206
6 0.0227 3.5843 86.0049
7 0.0135 2.1282 88.1331
8 0.0115 1.8156 89.9487
9 0.0103 1.6201 91.5688
10 0.0096 1.5073 93.0761
11 0.0073 1.1503 94.2264
12 0.0060 0.9441 95.1705
13 0.0044 0.6990 95.8696
14 0.0037 0.5794 96.4490
15 0.0032 0.5081 96.9571
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Figure 1. Variations of average errors of training (bold
ling), validation (thick line) and test (thin line) sets in
training cycles
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Figure 3. Dependence of AIC on numbers of intermedi-
ate layer units

Table 5. Results of our model?

Random RMSE? CCRC of Training Set CCRC of Validation Set CCRC of Test Set

Seed Cycle? Tre Vat Te® + f Overall + f Overall + f Overall
9199 146 0.1058 0.1436 0.1306 | 0.113 1.000 0.671 0.056 0.978 0.632 0.044 0.992 0.737
9116 199 0.1058 0.1439 0.1296 | 0.151 0.967 0.664 0.056 0.956 0.618 0.000 0.992 0.725
16931 250 0.1072 0.1439 0.1336 | 0.132 1.000 0.678 0.111 0.967 0.646 0.044 0.992 0.737
22801 179 0.1055 0.1440 0.1305 | 0.094 1.000 0.664 0.093 0.989 0.653 0.044 0.992 0.737
10111 2604 0.1058 0.1440 0.1747 | 0491 0.856 0.720 0.389 0.789 0.639 0489 0.623 0.587
22157 277 0.1055 0.1441 0.1339 | 0.075 1.000 0.657 0.037 0.967 0.618 0.067 0.992 0.743
18382 380 0.1082 0.1441 0.1303 | 0.094 1.000 0.664 0.037 0.978 0.625 0.000 0.992 0.725
2417 441 0.1053 0.1441 0.1292 | 0.132 0.956 0.650 0.093 0.956 0.632 0.000 0.992 0.725
4418 154 0.1068 0.1441 0.1315 | 0.094 0.989 0.657 0.037 0.978 0.625 0.000 1.000 0.731
29762 258 01138 0.1441 0.1301 | 0.094 1.000 0.664 0.130 0.967 0.653 0.000 0.975 0.713

aUnit number of intermediate layer=2
PRMSE : Root mean square error between output and teaching data
®CCR : Correct classification rate

dOptimum training cycle where RMSE of the validation set was minimum.

€Tr: training set, Va: vaidation set, Te: test set
f+: carcinogenic active, - : carcinogenic inactive

OO0O0O0oooooo [18] 0 AIC (Akake Informa
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Table 6. Correct classification rates of various models

No Model name Carcinogen Non- Overal
carcinogen
1 Thiswork 0.044 0.992 0.737
2 ANI1 0.100 0.870 0.664
3 ANI2 0.077 0.941 0.710
4 ANI3 0.159 0.860 0.672
5 ANU1 0.611 0.402 0.458
6 ANU2 0.350 0.653 0.572
7 ANU3 0.572 0.300 0.373
8 BAUS 0.312 0.773 0.649
9 BAUN 0.251 0.771 0.631
10 BAUP 0.352 0.712 0.616
1 GONS 0.251 0.850 0.689
12 JANO 0.363 0.671 0.589
13 JAN4 0.240 0.732 0.601
14 KWA1 0.169 0.909 0.711
15 LEU1 0.900 0.071 0.293
16 LEU2 0.098 0.832 0.635
17 LISI 0.271 0.740 0.615
18 LUCL 0.503 0.501 0.502
19 Lucz2 0.210 0.801 0.643
20 LUC3 0.210 0.771 0.621
21 PLE1 0.253 0.633 0.531
22 PLE2 0.141 0.781 0.609
23 PLE3 0.391 0.463 0.443
24 SMuU1 0.350 0.653 0.572
25 SMU2 0.210 0.740 0.598
26 SMU3 0.523 0.483 0.494
27 SUT 0.523 0.531 0.529
28 VINI 0.411 0.663 0.596
29 WAI1 0.652 0.412 0.476
30 WAI2 0.332 0.694 0.597
31 WAI3 0.442 0.552 0.522
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Neural Network Prediction of Carcinogenicity
of Diver se Organic Compounds
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A three-layered neural network model to predict the hazards of avariety of compounds based on a quanti-
tative structure-activity relationship was developed. The inputs were 10 principal components from 37 kinds
of molecular descriptors calculated with MO programs. For the output the data used in the Predictive Toxicol-
ogy Challenge (PTC) 2000-2001 contest were employed, containing 454 compounds with the carcinogenic
activity of malerats. The total database of 454 compounds was split into training (144 compounds), valida-
tion (143) and test (167) sets. To solve the problems such as over-training, over-fitting and local minimum
in training the neural network with the error-back-propagation algorithm, various conditions of the network
such as the training cycles and neuron numbers of the intermediate layer were optimized. The optimum
model showed a correct classification rate close to 74 %, higher than any of the PTC contestants.

Keywords: Quantitative structure-activity relationship, Neural network, Carcinogenicity prediction, Princi-
pal component analysis, Over-training
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