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Abstract Due to recent advances in array technologies, array-based comparative
genomic hybridization (aCGH) is now widely used to detect DNA copy number
aberrations in cells in the biomedical research field, especially in the field of oncology.
However, it may be difficult to make reproducible and consistent categorizations of
aCGH profiles. The development of a convenient and reliable classification method for
the aCGH profiles is therefore necessary for the clinical application of the aCGH
technology. We recently developed a novel classification method for the aCGH profiles
based on genomic alterations in a reproducible fashion. This method has two steps,
namely adaptive-weights-smoothing (AWS) and then a self-organizing map (SOM),
which thus allows for the automatic classification of the aCGH profiles based on
similarities in the genomic aberration pattern. We applied this method to 32 colorectal
adenocarcinomas to demonstrate its practical utility. This method may thus be useful
for identifying the genomic aberrations implicated in cancer phenotypes and
clinicopthological correlations, because this method can be used for all aCGH data.
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Introduction

Cancer classification based on genetic al-
terations 1s useful for the precise diagnosis
and effective treatment of individual patients.
Array technologies are practical for the com-
prehensive detection of genetic aberrations,
and array-based comparative genomic hy-
bridization (aCGH)"* is one of the represen-
tative array technologies which is also effec-
tive for detecting DNA copy number aberra-
tions in the whole genome. A statistical
analysis of the aCGH data is further needed
to obtain clinically useful information. Since
the size of the aCGH 1is large in comparison to
the number of cases examined by aCGH, it is
therefore difficult to apply conventional
methods to the aCGH data sets formatted by
different methods. Diverse statistical ways

have been used to overcome such difficulties
and to classify the relationship of genomic
aberrations to clinicopathological informa-
tion, even though such methods are techni-
cally complicated and are not always applied
to all data sets. Therefore, another analytical
method, which can be applied to all aCGH
data sets formatted by different methods, is
thus required to make it possible to classify
the aCGH profile patterns based on genomic
alterations. In the present study, we devel-
oped a novel method to meet these require-
ments for the classification of aCGH profiles.
This method consists of two components,
namely AWS (Adaptive-Weights-Smoothing)
and SOM(Self-Organizing-Map). This method
allowed for the classification of aCGH pro-
files based on the DNA copy number aberra-
tions in tumor cells. In this paper, we exem-
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plified the practical utility of this method by
applying the method to aCGH data obtained
from 32 colorectal adenocarcinomas.

Materials and methods

1.aCGH

aCGH was performed using the MacArray
Karyo4000 (Macrogen Inc, Seoul Korea). The
array consisted of duplicate spotted 4030
human bacterial artificial chromosome
(BAC) clones that covered the human whole
genome at an average interval of 1Mbp. We
used 32 surgically removed sporadic colorec-
tal adenocarcinoma specimens for aCGH.
The patients consisted of 15 males and 17
females (Table 1). High molecular weight
genomic DNA  was extracted from
microdissected tumor tissue spe cimens using
a DNA extraction kit. (Dneasy Tissue Kkit,
QIAGEN SCIENCES) ?* Sample DNA
(500ug, BioPrime DNA Labeling System
Invitrogen) was labeled with Cy5. Reference
DNA (Human Genomic DNA Promega) is
labeled with Cy3. These DNAs were applied to
a CGH array. Images of 16bit fluorescence
intensity were captured from each array with
a Gene Pix 4000A scanner (Axon Instru-
ments, Burlingame, CA). Any spots with an
obviously weak signal intensity were usually
excluded from the analysis as a missing
value. Such a spot was seen at a rate of a few
percent, which varied depending on the qual-
ity of the array, the performance of the scan-
ner, and the degree of experimental error.
The ratio of the fluorescence intensity for
each clone was calculated and then converted
to log base 2. The values were normalized
using LOWESS (Locally Weighted Scatter
plot Smoother) because the dynamic range of
the two fluorescence dyes is different. If the
experiment progresses ideally, then the log2
ratios for each case would be median centered
to Zero (log2) in a case without any DNA copy
number aberrations.

Table 1 Statistics analysis condition

SOM analysis condition

Topology : rectangular

Rows x columns : S x 5

Type of the kernel function : Gaussian
Initial radius / final radius : 2.0/0.1
Count of cycles : 100

k-means method condition
Cluster : 25

Count of cycles : 10,000
Error threshold : 10E-5

Sample condition

number : 32 cases

C001 — C034 (CO18, 24 are absent)
15 male, 17 female

2. AWS

Adaptive Weights Smoothing (AWS) was
applied to the ratio data obtained. We used the
GLAD program developed by R package.”®’
R is a language and environment for statisti-
cal computing and graphics. The AWS proc-
essing process of the original data is shown in
Fig. 1. Three consecutive points are needed to
estimate each data point with AWS. The
value of each point may become invalid, but
smoothing is completed, and thereafter we
can see the CGH profile clearly.

3. SOM (Self-Organizing Map)

Furthermore, the CGH profiles processed
with AWS were classified by means of SOM.
The SOM analysis was performed using a
program proposed by R package. The SOM
analysis was performed three times with a
rectangle grid measuring 5 row 5 columne. In
addition, the calculation cycles were fixed at
100 times in this experiment. The SOM analy-
sis was calculated by the Eulidean distance.

4.k-means analysis

The k-means analysis method was applied
to the CGH profiles treated by AWS as well
as the SOM method. As in the case of the
SOM analysis, the cluster 1s at 25 and the
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(A) A representative profile (Case C001) of original data. Fluorescence
intensity ratios (log base 2) of tumor DNA versus the reference DNA are
shown for each BAC clone. DNA copy number aberrations are detected as
clusters of BAC clones at several chromosomes such as 4, 11, 12, 19, and 20,
though single BAC clone aberration scattered in the entire genome makes it
difficult to identify break points. (B) An application of AWS (Adaptive
Weights Smoothing) to the original data converts the complex profile of
original data set to a simple profile pattern in which DNA copy number is
described as a line. The interrupted parts of the line indicate break points in
this profile. As a result, the chromosomal regions with DNA copy number
aberrations are exaggerated by the AWS treatment of the original data set.
(C) Descent lines to Zero point are added to the line in the profile with AWS
treatment to clarify the degree of the DNA copy number aberrations. It is
possible to measure the degree of DNA copy number aberrations for each
chromosome. Abscissa: chromosomal number (Form the 1st left to 22,X and
Y). Ordinate: DNA copy number ratio (log2).

calculation cycles are 10,000 times. The k-
means analysis was calculated by the
Eulidean distance.

Results and discussion

The aCGH profile patterns representing the
DNA copy number gains and losses were
compared before and after treatment with
AWS in 32 colorectal adenocarcinomas. It was
evident that the chromosomal regions with
the DNA copy number aberrations became
clear after the AWS treatment (Fig. 2). This
was why the smoothing of the aCGH data
profile by the AWS exaggerated the DNA
copy number gains and losses in the profile
pattern. The background fluctuations were
depicted as a flat line in the aCGH profile,
while weak aberrations in the DNA copy
number were depicted as a concavity or con-
vexity line. As a result, the chromosomal

regions with DNA copy number aberrations
were easily identified in the aCGH profile.
After treatment to determine the aCGH
profile, either the k-means method or SOM
was applied to the data and the calculations
were repeated three times. Although 32 pro-
files were classified into 25 node by each
method (Fig. 3), the convoluted patterns were
different between these analytical methods.
The aCGH profiles were classified by the k-
means or SOM methods. With the k-means
method, 16 to 18 aCGH profiles were classi-
fied into a single node, and eventually 32
aCGH profiles were classified into seven or
eight groups. Each group contained one, two
or three profiles. With the SOM analysis, on
the other hand, five profiles were not classi-
fied into a single node, and 32 profiles were
classified into 17 to 19 groups. The present
results indicate that the classification per-
formance was higher for the SOM method



40 Motonao Nakao et al.

Used Original data Used Applied AWS data

1
o — Fs J
T :

M -..“_A.|-.-LI’J.' "J"’I '-"||- \.._:.\;.-._—l._“m—: T -.a_,.__(:._l ||l| H

—
p—
Fraction Gained or Lost
& : 3
™
f—
Fraction Gained or Lost
n - .

Chromosome position Chromosome position
Fig. 2 Overall frequency of DNA copy number aberrations detected by aCGH for
each BAC clone in 32 colorectal adenocarcinomas. The frequency of aberra-
tions is depicted as a fraction of cases with DNA copy number gain or loss
for 4000 BAC clone (the entire genome). The dots in the upper part of the
profile indicate the frequency of tumors with DNA copy number gains, and
dots in the lower part of the profile indicate the frequency of tumors with
DNA copy number losses. (A) A histogram is formed by using the original
data set. The frequency greatly varies from clone to clone. It is difficult to
differentiate between the chromosomal regions with highly frequent aberra-
tions and those with infrequent aberrations. (B) A histogram is formed by
using data sets treated with AWS. The histogram makes it easy to identify
the chromosomal regions with and without clusters of DNA copy number

aberrations.
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Fig. 3 Grids of SOM (A) and k-means (B). Both SOM and k-means methods classify
the profiles of 32 tumors into 5 x 5 cells. The figures in the cells of the grid
indicate the number of profiles that are included in the same node. SOM and
k-means methods are three times applied to the data obtained by the AWS
treatment of the original data, producing three grids for SOM and k-means
methods. These three grids for each analysis method are similar to each
other. In each analysis, tumors with a similar profile pattern are included in
the same cell. In the SOM analysis, the degree of similarity of profile
patterns between tumors depends on the distance between the cells. For the
k-means the distance between the cells and the similarity of aCGH profile
are unrelated.

than for the k-means method. Furthermore, number of cases examined, 1t becomes diffi-
SOM analyses allowed for the easy identifica- cult to assess the difference and similarity of
tion of tumors with similar genomic profiles. the aCGH profile patterns between tumors. A

It is true that with the increase in the large amount of data (variables are more
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Fig. 4 Examples classified by the SOM analysis. A pair of tumors show a similar
profile pattern. These two tumors are classified into the same cell by the
SOM analysis 3 consecutive times. Each pair of profiles in A, B, and C are
judged to be similar each other by the method developed in this study. It is
difficult to classify the CGH profiles of cancer based on the appearance, the
present analytical method allows for the classification of CGH profiles
according to the similarity of profile patterns. (A): In tumors of C004 and
C020, both CGH profiles show 8p gain, 8q loss, 13 loss, 15 gain, and 22 gain.
(B): In tumors of C008 and C017, the CGH profiles show 13 gain and 15 loss,
17p loss, 17q gain, 18 loss and 20q gain. (C): In tumors of C016 and C026, the
CGH profiles a show18 loss and a 20q gain. Abscissa: chromosomal position

(Form the 1st left to 22,X and Y).

than thousands) are provided by array tech-
nologies such as genome array, expression
array,”” SNP array,® and protein chips.” In
this situation, we inevitably convert the ex-
perimental data into information linked with
the clinicopathologic data when using the
array data for both the diagnosis and treat-
ment of each cancer patient. In this context,
SOM 1is superior to the k-means method for
distinguishing tumors with a similar genome
aberration pattern from others with different

Ordinate: DNA copy number ratio (log2).

patterns in a large-scale study, because the
k-means method and hierarchical clustering
analyses can hardly differentiate tumors
with a similar profile from others. The so-
phisticated method presented herein is appro-
priate for the aCGH data analysis from a
clinical point of view. To our knowledge, this
1s the first attempt to classify the CGH pro-
file pattern by the method combining AWS
and SOM. Fig. 4(A), 4(B), and 4(C) show the
nodes classified by SOM. Each profile in Fig.
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4 was classified into the same node based on
similarities of the profile pattern, though the
magnitude of the DNA copy number aberra-
tion in these profiles was apparently differ-
ent. Even though the tumors C016 and C026
(Fig. 4(C)) were classified into the same node,
the DNA copy number aberrations in C016
still seemed to be much more than those ob-
served in C026.

The present data-mining method is thus
considered to be useful for tumor genetic analy-
sis regarding not only colorectal carcinogene-
sis but also tumor characterization. In gen-
eral, cancers have been classified into a few
groups for the precise diagnosis and patient
management, and they are also categorized
based on genomic alterations including. The
total number of the aberrations,'” the fre-
quency in aberrations of some specific chro-
mosomal regions or the magnitude of
genome instability.” Such genomic alteration
data have the potential to predict the patient's
prognosis,””'” help in the discovery and devel-
opment of drugs,” explore novel genes” or
characterize genes.'” In this series, we identi-
fied two tumors that showed a close resem-
blance of CGH profiles. These two tumors
may develop through the same genetic path-
way 1n colorectal carcinogenesis and they
may also show similar biological characteris-
tics. The categorization of the aCGH profiles
of colorectal cancer may lead to the clarifica-
tion of genomic pathways in the development
and progression of sporadic colorectal can-
cers. This new method that makes it possible
to categorize aCGH profiles may allow for the
estimation of the patient prognosis and the
selection of optimal treatment in individual
patients. Further large-scale studies are thus
needed to validate the clinical usefulness of
this analytical method.
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