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Abstract In an array-based CGH, the analytical results of an evaluation of an ab-
normal number of copies are substantially affected by the designation of a cut off
value for the ratio of the fluorescence intensity. In this study, we developed an array-
based CGH analysis method that enables the designation of an optimal cut off value
adapted to the analysis. With this method, the threshold of each BAC clone fluctu-
ates automatically depending on the number of samples in order to enable the identi-
fication of a BAC clone correlated with the clinicopathological parameters. In other
words, a convenient threshold is set so that the significant difference in a kai square
test between two groups classified according to a certain clinicopathological parame-
ter 1s maximized. Moreover, 1ts usefulness has been verified based on 74 cases of colon
cancer. When 74 cases of colon cancer were divided into 2 groups -stage I/II and stage
III/IV- there was a significant difference (P<0.001) between the two groups only in
the gain of the number of clones in region 8q24.3 when testing only with a threshold
of =0.25. Using this method of analysis, the gain of the number of clones copied in
region 7ql11.23 and the loss of the number of clones copied in regions 20p12.1, 5q33.3,
17p12, and 9q33.1 were also observed in significant levels (p<0.001) in stage III/IV of
colon cancer. Meanwhile, the gain of the number of clones copied in region 1gq44 and
the loss of the number of clones copied in regions 3q13.33, 14q12, 5p15.1, and 14q32.11
correlated with stage I/II colon cancer. The use of this method enabled the efficient
1dentification of clones that were correlated with a specific parameter.
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Introduction

An array-based CGH has been used most
frequently for detecting an abnormal num-
ber of DNA copies. There have been various
discussions regarding the designation of the
threshold of the ratio of fluorescence inten-
sity for array-based CGH, which relies on the
determination of the number of DNA copies. "’

A fixed value with a two-bottom log ratio of
+0.2 to 0.5 is used in normal analyses.”’”’ In
addition, most articles have used =0.25 after
considering the variations in the fluorescence
ratio after normalization. This has been set
with the consideration that a threshold of =+
0.25 1s exceeded when the disomy of a cell in a
steady state becomes trisomy or monosomy,
and conversely, the threshold of +0.25 is not ex-
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ceeded with only experimental error. Having
a constant cut off value makes determination
easy. However, the nuclear DNA content,
which is the background for the ratio of the
increase or decrease of each chromosome and
each chromosomal region, is not always dip-
loid. Therefore, it is not necessarily desirable
to apply an identical threshold to all chro-
mosomes. In fact, in an array-based CGH of
cancer cells, a small variation that does not
reach *£0.25 1s not uncommon for reasons
other than experimental error. Therefore, it
1s very unreasonable to set a unique thresh-
old in order to simply binarize a gain or loss
when analyzing the data of an array CGH,
and we believe that it is proper to determine
thresholds according to actual measured
data.

We have developed a new aCGH analysis
method in which the threshold is set freely so
as to vary for the detection of genomic aber-
rations that are correlated with a parameter
that is required in clinical practice, and we
have verified the usefulness thereof in cases
of colon cancer by targeting each stage.

Methods

Method of setting a threshold

The threshold is not simply changed, but
rather, the ratio of the fluorescence inten-
sity of a number corresponds to the number
of cases (herein, 74). That is, because all of
the cases can be classified by examining the
threshold corresponding to the number of
cases, the ratio of the fluorescence intensity
1s used as a threshold as is. Accordingly, the
calculated amount 1s 74 x 4,030 clones. The
ratio of the fluorescence intensity has been
calculated to four decimal places. A threshold
of 74 was attempted per 4,030 clones, and this
was programmed to save the threshold and
the matrix data when the p-value of the kai
square test reached its lowest point.

Verification in cases of colon cancer

A total of 74 cases of colon cancer were
examined (Table 1). These cases were divided
into two groups for convenience: stages I/
II (31 cases) and stage III/IV (42 cases). For
these cases of colon cancer, we conducted
an array-based CGH using a previously re-

Table 1 Clinical data of 74 colorectal cancer

Sex male 40
female 34

location Cecum, Ascending colon 99
Transverse colon
Descending colon, 91
Sigmoid colon
Rectosigmoid, 31
Rectum, Proctos

Stage Torll 32
111 28
v 14

ported procedure. Specifically, DNA (500 ng)
extracted from a cancer cell that had been
selectively isolated from a cancer tissue with
tissue microdissection was labeled with Cy 3
(Perkin Elmer, Wellesley, MA) and control
DAN with Cy 5 (Perkin Elmer), and for the
array (Macrogen, Korea), in which 4,030 BAC
clones were spotted as duplicates in the pres-
ence of Cot-1 (60 mg, Gibco BRL, Gaithers-
burg, MD), hybridization was conducted for
72 hours at 37 C. A GenePix 4000A scanner
(Axon Instruments, Union City, CA) was
used for reading the fluorescence signals. The
ratio of the fluorescence intensity of Cy3/
Cyd was recorded with a two-bottom log.

As described above, a threshold of 74 per
4,030 clones was set, and the threshold and
the matrix data at the time when the p-value
of the kai square test reached its lowest point
(the total number of cases at Stages I & II ex-
ceeding the threshold and data, and the total
number of cases at Stages 111 & IV exceeding
the threshold and data) were saved. In this
study, considering the Bonferroni correction,
we used the number of clones that were most
likely to be significant when p<0.001.

Results

For the conventional method of analysis,
the threshold was set at £0.25, and the kai
square test was conducted on two groups
low-stage and high-stage colon cancer with
0.25 or higher designated as a gain and -0.25
or lower designated as a loss. In the results,
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Table 2 BAC clones with a significant difference using X2 test between Stagel&II and Stage

[TI&IV using 0.25 threshold

Location BAC start plate no.

Gene contained in the clone

P value Stage [&I1 Stage [MI&IV

8q24.3 146118993 2748

ZNF16, Tmp21-1I,
LOC441383, LOC286103,

6.94E-05 1/31 19 / 42

Table 3 BAC clones with a significant difference using X2 test between Stagel&Il and

Stagelll&IV using variable threshold

Location =~ BAC start plftiio. Gene contained in the clone P value Thereshold Stage I&II  Stage [11&IV
8q24.3 146118993 2748 [Rpgsiin?” O 6 04m 05 02483 1/81 1942
3q13.33 122354108 1102 STXBPSL, 7.44E-05 -0.15 19/31 40 /41
14q12 30885368 508 oy O 0.000226 -0.3121 22/31 41 /41
20p12.1 16603508 1509 RPLTALS SNRPBZ OTOR, 0.000249 -0.1182 30 /31 23 /39
7q11.23 75180167 5617 POR,TMPIT,DUSP24, 0000356  0.178 4/30 22 /40
5q33.3 158772473 2853 0.000483 -0.1388 24 /28 1739

1q44 243153563 4684 FLJ32001, CGL49, 0.00056  0.289 8/31  0/41
5p15.1 18102403 4466 0.000648 -0.2476 23 /31 40 /40
17p12 11944544 2859 MAP2K4, 0.000713 -0.2667 28 /31 20 /38
9933.1 1.17E+08 4289 0.000721 -0.1524 27 /31 20 /41
14932.11 89261806 1039 CHORDCZP,Cliorfld,  0.000829  -0.329 20 /31 39 /41

the clones with P<0.001 are shown in Table 2.
When the threshold was fixed, only one clone
corresponded to P<0.001 (8q24.3, clone 2748).
At Stage 1/11, 1 of 31 cases (3.2%) had an in-
creased number of DNA copies of this clone,
but an increase was observed in 19 of 42 cases
(45.2%) at Stage III/IV.

On the other hand, without setting a con-
stant threshold, a threshold of 74 (corre-
sponding to the number of cases) was set for
all of the clones (4,030 clones), the frequency
of the occurrence of abnormal copies between
Stage I/1I and III/IV became the maximum,
and 11 clones with P<0.001 and an absolute
value of the threshold corresponding to at
least 0.1 were 1dentified (Table 3). With re-
gard to the results of the array-based CGH
of 74 cases of colon cancer, by varying the
threshold, the detection sensitivity for the
same significant difference became at least

10 times higher. For clone 2748 (8q24.3), cases
with a threshold of >0.2483 included 1 in 31
cases at Stage I/1I and 19 in 42 cases at Stage
IIT1/IV, which is a result that is similar to
that with a fixed threshold. On the other
hand, for clone 1102 (3q13.33), which was not
detected via the threshold fixation method,
the cases that corresponded to a threshold of
>-0.15 in which the p value between the two
groups was minimal included 19 in 31 cases at
Stage I/1I and 40 in 41 cases at Stage I1I/IV.
From a different perspective, the cases with a
threshold of <-0.15 included 12 in 31 cases at
Stage I/II and 1 in 41 cases at Stage I11/IV.
The number of copies gained for clone 5617
(7q11.23) and the number of copies lost for
clone 1509 (20p12.1), clone 2853 (5q33.3), clone
2859 (17p12), and clone 4289 (9q33.1) appeared
to be similar in Stage III/IV of colon can-
cer. On the other hand, the number of copies
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gained for clone 4684 (1q44) and the number
of copies lost for clone 1102 (3q13.33), clone
508 (14q12), clone 4466 (5p15.1), and clone 1039
(14932.11) were similar at Stage [/II of colon
cancer.

Discussion

aCGH 1is a powerful tool for making a
comprehensive analysis of DNA copy num-
ber aberrations in the entire genome. This
technology has also been applied to colorec-
tal cancers by others.*’® In aCGH, which is
used to detect an abnormal number of cop-
ies, 1t is very important to set a threshold.
Thresholds have been determined uniformly
based on the variation in the fluorescence ra-
ti0, but there have been situations in which
this 1s not always sufficient. Therefore, the
threshold-shift method was developed in
order to compensate for this disadvantage.
There are two types of methods for threshold
shift: a method of exhaustively evaluating
the gap between the determined values at a
certain interval, and a method of evaluat-
ing the value itself as a threshold, which is
analyzed for each clone in all cases, as was
done in this study. When the aCGH chip and
analysis software of Macrogen are used, the
ratio of the fluorescence intensity is calcu-
lated to four decimal places as a value. When
attempting to perform a similar calculation
to four decimal places using the first method,
an evaluation must be made in intervals
of 0.0001. Therefore, when a gap between
0.5 and -0.5 is evaluated with an interval
of 0.0001, 1t will be evaluated 10,000 x 4,030
times. As done in this study, when the value
itself, which has been analyzed for each clone
in all cases, 1s evaluated as a threshold, it
will be evaluated as frequently as the number
of cases x 4,030. The amount calculated for
these 74 cases of colon cancer i1s 74 x 4,030 for
the kai square test. This method was applied
to an aCGH analysis of colon cancer in order
to verify whether it is suitable.

Some of the clones that were detected us-
ing this method have been reported as chro-
mosomal regions that are associated with
colon cancer. An increased number of copies
of clone 2748 (ZNF16, Tmp21-1I, 8q24.3) was
detected exclusively in Stage I1I/IV of colon

cancer, but there are also many reports that
this is related to biological characteristics
such as transfers.®”’”’®? The threshold in this
clone was 0.2483, and a numeric value that
is close to the threshold of 0.25 was usually
used.

Clone 1102 (3q13.33) has been coded as STX-
BPb5L, and this has been reported as likely
to contain a cancer-associated gene."” For
example, in the experimental results using
this aCGH, the cases that showed a loss of up
to -0.15 included very few cases of Stages III
& IV (1 in 13 cases), which supports the hy-
pothesis that STXBP5L is a cancer-associated
gene.

It has been reported that 7q11.23 for clone
5617, which was frequently detected as being
abnormal in the Stage III/IV group, contains
a cancer-associated gene." The loss of region
20p12.1, where clone 1509 exists, is commonly
found in the cell lines of colon cancer.”” Con-
sidering that many cell lines are established
from advanced cancer, it is hardly contradic-
tory that most (16 in 17 cases) of the loss at
0.1182 or less is present in Stages 111 & IV.

It has been reported that 1q44 for clone
4684 1s a fragile site of lymphocytes in pa-
tients with rectum cancer due to aphidicolin
treatment."”

Clone 2859, which exists in region 17pl2,
contains MAP2K4, which is reportedly asso-
ciated with microsatellite instability and the
prognosis of colon cancer.'”"”"” These reports
do not contradict the result that most (18 in
21 cases) of the loss at up to -0.2667 in the ex-
perimental results was present in Stages III
& IV.

As described above, these clones were se-
lected using an arbitrarily set threshold, but
there are some clones in regions that have
also been reported in reference to colon can-
cer. In addition, there were no clones that
provided a counterexample for p<0.001. This
indicates the usefulness of this method when
selecting a clone that has a difference be-
tween the two groups using the array CGH.
It 1s expected that aCGH will be used clini-
cally, and the method that has been developed
herein should be useful.
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Conclusions

With this method, the threshold of each
BAC clone fluctuates automatically depend-
ing on the number of samples in order to
enable the identification of a BAC clone cor-
related with the clinicopathological param-
eters. In other words, a convenient threshold
1s set so that the significant difference in a
kai square test between two groups classi-
fied according to a certain clinicopathologi-
cal parameter 1s maximized. Moreover, its
usefulness has been verified based on 74 cases
of colon cancer. When 74 cases of colon can-
cer were divided into 2 groups stage I/II and
stage III/IV there was a significant differ-
ence (P<0.001) between the two groups only
in the gain of the number of clones in region
8q24.3 when testing only with a threshold
of £0.25. Using this method of analysis, the
gain of the number of clones copied in region
7q11.23 and the loss of the number of clones
copied in regions 20pl2.1, 5q33.3, 17pl2, and
9q33.1 were also observed in significant lev-
els (p<0.001) in stage III/IV of colon cancer.
Meanwhile, the gain of the number of clones
copied in region 1q44 and the loss of the num-
ber of clones copied in regions 3q13.33, 14q12,
5pl5.1, and 14q32.11 correlated with stage 1/
IT colon cancer. The use of this method en-
abled the efficient identification of clones
that were correlated with a specific param-
eter.
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