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Skin sensitization is also related to the dental field. In addition, the regeneration of
skin and mucous membranes of the lips may be consulted from the patient. In silico
assessment of skin sensitization is increasingly needed owing to the problems con-
cerning animal welfare, as well as excessive time consumed and cost involved in the
development and testing of new chemicals. We could perfectly classify skin sensitizers
(positive/negative) using a newly developed K-step Yard sampling (KY) methods (U.S.
Patent No. 7725413, 2010). Therefore, the KY methods could be applied to qualitative
structure-toxicity relationships (QSTR) study on classifying and predicting samples.

A total of 593 compounds (419 positive sensitizers and 174 negative sensitizers)
were used in this study. Parameters were generated from 2-D and 3-D structures of
compounds. All of the 1015 parameters generated were reduced by various feature
selection methods. KY methods were performed using ADMEWORKS/ModelBuilder
software. All 593 compounds were perfectly classified by 3 steps. Discriminant function
of each step was a linear dicriminant function, the Iterative Least Squares linear dis-
criminant (TILSQ). KY methods were referred to as a meta-algorithm approach because
it requires ordinary data analysis methods to generate discriminant functions.
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KY methods were the repetition of removal of gray zone of samples and reclas-
sification of them to attain no gray zone (100% classification) at final step. This
methods always attain perfect classification at final step, even though samples are

large number, large of structural diversity or highly overlapped on the sample space.
KY methods are promising tool in QSTR technology.

Keywords: skin sensitization, qualitative structure-toxicity relationships (QSTR),
K-step Yard sampling (KY) methods, animal study

INTRODUCTION

Skin sensitization is also related to the
dental field. In addition, the regeneration
of skin and mucous membranes of the
lips may be consulted from the patient.
In occupational health, occupational
skin disorders are the most common
non-traumatic occupational condition.
Among them, contact dermatitis is by far
the most common form of occupational
skin illness *.

Under the new European Union
(EU) Registration, Evaluation, and Au-
thorization of Chemicals (REACH) rules,
all chemicals in the EU that are pro-
duced or imported in quantities of more
than 1 ton per annum will need to be
assessed as potential human and envi-
ronmental hazards, for example, in
terms of their carcinogenicity and hu-
man sensitivity to such chemicals will
also need to be determined. REACH
calls for increased use of hazard as-
sessment alternatives such as in vitro
methods and quantitative and qualitative
structure-toxicity relationships (QSTRS)
2. Since no in vitro replacement is cur-
rently available for sensitization, the use
of QSTR approaches presents an at-
tractive alternative . One of the most
difficult subjects in QSTR research is
computer classification and prediction of
chemical toxicity of compounds. This is
because 1) there is large structural di-
versity among samples, 2) the sample
number is enormously large, and 3) high
classification and prediction rate are
required. Non-linear discriminant func-
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tions, such as neural network (NN),
Support Vector Machine (SVM) and
AdaBoost, sometimes provide higher
classification rate than that of linear
methods. However, non-linear method is
often accompanied by over-fitting, which
lowers prediction rate significantly.

Previously, we made the QSTR
model for skin sensitization, which is
statistically based *. This study revised
the previous prediction models using
more extensive compounds, by the
newly developed binary classification
method, K-step Yard sampling (KY)
methods °. This KY methods are new
approaches to classify samples in
QSTR technology and always attain
perfect classification even though sam-
ples are large number, large structural
diversity or highly overlapped on the
sample space. The KY methods can be
applied to a linear and non-linear dis-
criminant function. The KY methods
could classify a set of Ames test sam-
ples (6,965 compounds, 2932 posi,
4033 nega) into two classes (Positive/
Negative) correctly by 23 steps (data
are not shown).

In this paper, we illustrates these
new methods, these value, and our
QSTR model for skin sensitization.

MTERIALS AND METHODS

1 Chemicals

Positive data for skin sensitization are
from a list of compounds as allergen,
that is, Sh and Sah ° and dictionary of
contact allergens ’ . The criteria are
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based on human epidemiological stud-
ies, case reports or validated animal
studies (guinea pig maximization test,
Buhler guinea pig test or mouse local

lymph node assay) for skin sensitization.

On the other hand, negative data for a
list of negative compounds are belong-
ing to the group defined as ‘not classi-
fied’ for skin sensitization by the Japa-
nese Globally Harmonized System of
Classification and Labeling of Chemi-
cals (GHS) Inter-ministerial Committee 8
which means that these chemicals are
reported as non-skin sensitizers. How-
ever, inorganic chemicals, organic metal
chemicals and polymers are special
compounds, and can not be analyzed
with general organic compounds in
computational chemistry. Therefore, we
deleted these chemicals and finally as-
sessed 419 positive compounds and
174 negative (total 593) compounds.

2 Parameters and discriminant func-
tion

A total of 593 compounds (419 positive
and 174 negative) were used for analy-
sis. Parameters were generated from
2-D and 3-D structures of the com-
pounds. All of the 1,015 generated pa-
rameters were reduced by various fea-
ture selection (e.g. removing low ap-
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Fig.1 Linear discriminant function to classify all
samples.

High reliability No classification

Positive Zone
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pearance parameter, high correlation or
multicolinearity) methods. The K-step
Yard sampling (KY) methods were ap-
plied. In this case, the lterative Least
Squares linear discriminate functions
(TILSQ) was used for generating dis-
criminant functions.

3 K-step Yard sampling (KY) methods
Existing binary classifiers generate only
one discriminant function in order to
classify a sample set into two classes
(Figure 1).

The same is true in the case newly
developed non-linear classification
methods, such as Neural Network (NN),
Support Vector Machine (SVM) and
AdaBoost. These non-linear methods
sometimes provide a higher classifica-
tion rate than those of linear methods.
However, if the samples are highly
overlapped one another, linear and
non-linear methods can not classify the
samples correctly into two classes
(Figure 2).

In the process of the KY methods,
two different types of discriminant func-
tions were created to determine positive,
negative and gray zones (Figure 3). One
of the discriminant functions are called
as all negative (AN) model, the other as
all positive (AP) model. The AN model

Fig. 2 Highly overlapped samples could not be
classified completely by linear and non-linear dis-

High rellability criminant functions.

Fig. 3 Classification results by all
positive (AP) and all negative (AN)
discriminant functions. Samples in
positive zone and negative zone
had high reliability of classification.
Gray zone was not classified.
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classified all negative samples in the
sample set correctly and the AP model
classified all positive samples correctly.
The samples which were classified as
negative samples by AN model and
positive samples by AP model, be-
longed to the gray zone. KY methods
focused on the both sides of a sample
space and found that there were special
areas, which included only correctly
classified samples. These two areas
have been defined as positive zone and
the others as negative zone. The third
zone was named as gray zone. All
samples included in the positive zone
belonged to a positive class, while all
samples in the negative zone belonged
to a negative class. On the other hand,
the samples included in the gray zone
could not be determined whether they
belonged to a positive or negative class
since they were highly overlapped (Fig-
ure 3). If the gray zone (1) was deter-
mined by AN1 and AP1 discriminant
functions, the gray zone (1) could be
extracted and classified by AN2 and
AP2 models to build a new sample set.
If a new gray zone (2) was determined
with respect to the new sample set, a
further new sample set can be built as
shown in Fig. 4. Repeating these steps,

Pasitive apd'ﬁegati\m samples at both sides were rem‘SMd the gray zone

salpplegwew reconstructed and reclassified in the new 5ampl?apqce

- dﬂ‘f new AP and AN discriminant functions at next ﬁ{gp S
2
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UL XX
Xxxx 3% xxﬁ
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all samples in the original sample set
can be classified correctly (Figure 5).
This is the basic concept of K-step Yard
sampling (KY) methods. The AN model
and the AP models can be generated
based on any conventional linear and
non-linear discriminant function. There-
fore, KY methods can be categorized as
a meta-algorithm approach.

All data analysis were performed
using ADMEWORKS / ModelBuilder
software (Fujitsu Kyushu Systems Lim-
ited, Japan)“.

4 Validation study and comparison
with TOPKAT and Derek

Using the Interagency Coordinating
Committee on the Validation of Alterna-
tive Methods (ICCVAM) data set °, 165
chemicals were chosen and evaluated.
Inorganic salts, natural products, or-
ganic metals were excluded as they can
not be analyzed with general organic
compounds. The results were compared
with those of Toxicity Prediction
Komputer-Assisted Technology (Acclyrs
Inc., CA, USA; TOPKAT) and Deductive
Estimation of Risk from Existing Knowl-
edge for Windows (DfW. LHASA Ltd.,
Leeds, UK; Derek) °.

X
e ~
Final s‘t,ufune discriminant function (n‘&{ray Zone)
A
X o R
X X
Mo X
X 3 x

Fig. 4 Improvement of classification rate by K-step
Yard sampling (KY) methods. Correctly classified
positive and negative samples at both sides were
removed and the gray zone samples were recon-
structed and reclassified in the new sample space by
new discriminant functions at next step.

Fig. 5 Meta-algorithm: repetition of reclassification of
gray zone. (K-step Yard sampling (KY) methods).
High reliability zone (correctly classified samples)
were removed and gray zone was reclassified and the
sample space was reconstructed by new discriminant
functions at next step. All samples were correctly
classified at final step.
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Table 1 Data flow and structure of KY methods on the skin sensitization data set.

Step 1: 2 models (AP1 model: 81 parameters and AN1 model: 69 parameters)
Total compounds 593 (Positive: 419, Negative: 174)
Correctly classified compounds 275

Step 2: 2 models (AP2 model: 20 parameters and AN2 model: 86 parameters)
Total compounds (Gray zone 1) 318 (Positive: 232, Negative: 86)
Correctly classified compounds 211

Step3: 1 model (28 parameters)

Total compounds 107 (Gray zone 2) (Positive: 55, Negative, 52)
Correctly classified compounds 107 (perfect classification)

RESULS
In this study, all discriminant functions
(AN, AP and final one discriminant func-
tion) were generated by TILSQ. At step1,
the starting 593 compounds (419 posi-
tive sensitizers and 174 negative sensi-
tizers) were classified into three groups.
Total 275 compounds were correctly
classified for positive and negative
classes by AN1 and AP1 models. Sam-
ples located on the gray zone (1) (318
compounds) were reclassified by AN2
and AP2 models at step2. 211 com-
pounds were correctly classified. Gray
zone (2) (107 compounds) were reclas-
sified by ordinary method (TILSQ) at
step 3. All 593 compounds were per-
fectly classified by 3 steps (Table 1).
The correct classification of QSTR
prediction for guinea pig data and mur-
ine local lymph node assay (LLNA) data
were 68.3% (sensitivity 69.7%, specific-
ity 54.5%) and 61.2% (sensitivity 60.7%,
specificity 62.8%).

DISCUSSION

Since the implementation of Animal
Welfare Guideline 86/609/EC in 1986, it
is the declared policy of EU institutions
to support the development and use of
alternative methods of testing chemicals,
that is of “any method that can be used
to replace, reduce or refine the use of
animal experiments in biomedical re-
search, testing or education.”™* However,
no in vivo replacement is currently
available for testing skin sensitization in
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compliance with REACH system * *2,

Therefore, several QSTR-related
systems have been developed for skin
sensitization. These are Toxicity Predic-
tion Komputer-Assisted Technology
(Acclyrs Inc., CA, USA; TOPKAT) and
Multi Computer - Automated Structure
Evolution (MultiCASE Inc., Ohio, USA:
M-CASE), which are both statistically
based, Deductive Estimation of Risk
from Existing Knowledge (Dereck) for
Windows (DfW. LHASA Ltd., Leeds,
UK), which is knowledge-based and
Times Metabolism Stimulator for Skin
Seneitization  (LMC, University of
Bourgas, Bulgaria; TIMES-SS) which is
a hybrid > **. Our previous QSTR model
for skin sensitization is also statistically
based *. All models are required high
classification and prediction rate, e.g.,
over 90%.

In this study, the KY methods could
be applied to this QSTR study. All 593
skin sensitization compounds were
classified perfectly by total 3 steps.
These methods could classify a set of
Ames test samples (6,965 compounds,
2932 posi, 4033 nega) into two classes
(Positive/Negative) correctly by 23 steps
(almost TILSQ and some AdaBoost,
data are not shown). If only linear dis-
criminant function is performed, this new
methods always attain perfect classifi-
cation rate without over-fitting, which
causes lower prediction rate. This
QSTR model applied only TILSQ, linear
discriminant function. The correct clas-
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sification of QSTR prediction for guinea
pig data and LLNA data were 68.3%
(sensitivity 69.7%, specificity 54.5%)
and 61.2% (sensitivity 60.7%, specificity
62.8%). That of TOPKAT for guinea pig
test was 73.3% (75.6%, 65.2%) and
those of Derek were 82.9% (92.7%,
47.8%) and 73% (87.1%, 32.6%) °. Our
results of sensitivity were lower than
those of TOPKAT and Derek. One of the
reasons might be that our criteria of
sensitizer are composed of animal and
human data. However, GPMT, BA, and
LLNA have only a 72-73% total accu-
racy of predicting actual human skin
sensitizer **°. Our results might not be
necessarily low, but appropriate. More
research is needed to improve predic-
tion rate. This QSTR model applied only
TILSQ, linear discriminant function. We
concluded that this QSTR system is
thought to be applicable to initial predic-
tion of skin sensitizing ability of untested
chemicals and that the KY methods
were promising tool in QSTR technology

(classifying and predicting toxicity
compounds).
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