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Colorectal carcinoma is one of the four major cancers in Korea, and it shows the tendency of
increase every year due to economic development and changes to western styles. Accordingly,
various diagnostic methods are needed and so comparative genomic hybridization (CGH) was
performed. Deletion was detected on 5q (10%), 10q (17%), 17p (40%), 18p (23%), 18q (47%), 22q
(23%), and higher deletion loci were 18q (12/30, 47%), 17p (12/30, 40%), and 22q (7/30, 23%).
Amplification was shown on chromosomes 6pq (10%), 7p (17%), 7q (33%), 8q (13%), 9pq (10%),
12q (17%), 13q (37%), 20p (23%), and 20q (57%) respectively. The highest amplification was
detected on chromosomes 20q (17/30, 57%), 13q (11/30, 37%), and 7q (10/30, 33%). The
genetic change pattern with the locus of colorectal carcinoma was shown mean 3.1 (@amplification
1.7, deletion 1.4) on the right colorectal carcinoma, while rectal carcinoma appeared high mean 6.3
(amplification 3.7, deletion 2.6) (p<0.001). The genetic change pattern with lymphatic gland
metastasis, mean 3.5 (amplification 2.2, deletion 1.3) from "no metastasis" group, while high mean
6.3 (amplification 3.5, deletion 2.8) from metastasis group (p<0.003). The genetic change pattern
with disease stages appeared mean 3.5 (amplification 2.1, deletion 1.4) from I-Il stages, while high
mean 6.0 (amplification 3.4, deletion 2.6) from llI-IV stages (p<0.006). No significance was
observed in comparing histological classification and serum CEA increased groups.
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Introduction

Colorectal carcinoma is one of four major cancers in Korea
and it shows the tendency of increase every year due to
changed western style from economic development (Shin et
al., 2013). The mortality of colorectal carcinoma came second
in the United States. Colorectal carcinom is also commonly
known as the malignant tumor diagnosed in Western
countries (Provenzale et al., 2015).

According to statistics, South Koreans shows higher
increase in incidence and mortality of colorectal carcinoma
last 24 years. As the fourth by cancer, there is much growing
every year since 1999 (National Statistical Office of Korea,
1990~2013).

In general, there are environmental such as dietary life and
genetic factors as an important factor of colorectal carcinoma.
The molecular and biological changes have been known
changes caused by a gradual genetic changes between cancer
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gene and cancer suppression gene (Henrikson e a/., 2015). It
was known that cancer occurs as a result of which cancer
gene is activated or cancer suppression gene is inactivated,
carrying lose balance between activation and inactivation
(O'Mahoney et al., 2015).

As research method to find the cause of colorectal
carcinoma, comparative genomic hybridization (CGH) to
know the changes to the entire chromosomes is being used.

This technique is to find the changes of DNA copy number
from tumor gene which is convenient method to know the
genetic variation of tumor genome gene and now is being
applied in the gene change research of solid tumors (Sawada
etal, 2013).

So far, it has been reported that the colorectal
carcinoma-linked gene are A-ras, c-met, c-srcfor carcinogenic
gene and DCC, APC, p53 for tumor suppression gene.
Especially, DCC gene is known for closely related to
prognosis. (Laczmanska er al., 2014). It was reported that
there are amplification of chromosomes 7, 13 and deletion of
chromosomes 17, 18 due to difficult specimen dealing and
hard cell culture on cytogenetical research with few chro-
mosome test (Brim et al., 2012).

The author investigated the whole genetic change from
Korean colorectal carcinoma using CGH and tried to figure
out a pivotal gene for carcinogenesis mechanism of colorectal

carcinoma, treatment and beneficial prognosis decision.

Materials and Methods

1. Materials

Tissues of colorectal carcinoma from 30 patients who was
operated in K hospital in Busan, to analyze comparative
genomic hybridization, were used. DNAs from tumor tissues
and normal blood samples were hybridized. Thirty patients
consist of 14 males and 16 females with average aged 55 (32~
80). According to American Joint Committee on Cancer
(AJCC), there were two stages I, ten stage II, 15 stage III and
three stage IV, respectively. From tissue's pattern, there were
17 high-differentiated types, 8 mid-differentiated types, 3
low-differentiated types and 3 mucous carcinoma, respectively
(Table 1).
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Table 1. Mean number of chromosomal gains, losses and total
number of events per tumor in colorectal carcinoma according to
the location, the level of serum CEA, histological type and stage

Variables Cases Amplification Deletion Total
Location

Right colon 12 172098 1.4+090 3.1+1.56

Rectum 18 37174 26*+185 6.3%£2.67

pvalue 0.001 0.034 0.001
Serum CEA

<5 (ng/mL) 16 3.1+214 21+184 52+3.26

>5 (ng/mL) 14 27133 21+141 4.8+218

p-value 0.603 0.895 0.797
Differentiation

Well 17 25+1.46 20180 4.5%2.74

Moderate to 13 3.4+210 22+142 56%2.79

poor

p-value 0.199 0.707 0.295
Lymph node

Negative 14 22+125 13+091 35+156

N1-3 16 3.5+2.00 28+1.80 6.3*296

pvalue 0.047 0.007 0.003
Stage

[~1I 12 21+1.00 1.4+x090 3.5+157

[~V 18 3.4+2.01 26+185 6.0+297

p-value 0.039 0.034 0.006
Total 30 29160 21+x147 50243
2. Method

1) DNA preparation and labeling

DNA was extracted from tumor tissue using a genomic
DNA purification kit (Promega, USA), and from normal male
blood using DNAzol genomic DNA isolation reagent
(Molecular research center inc, USA), respectively. Genomic
DNA of normal blood, used as a reference DNA was labeled
with digoxigenin-11-dUTP with nick translation kit
(Boeringer Manheim, Germany). The size of the probe was
adjusted to 500~2000 bp on the concentration of DNAse I
during the labeling process. Digoxigenin-labeled reference
DNA and biotin-labeled tumor DNA were precipitated with
ethanol and 20 pg of cot-1 DNA (Boehringer Mannheim,

Germany).

2) Preparation of the metaphase chromosome

Lymphocytes from normal male blood were obtained by
phytohemagglutin stimulation and subsequently cultured for
3 days. Slides were prepared by a conventional method. For
4' 6-diamidino-2-phenylindole (DAPI) analysis, samples were
stored at 65°C overnight and placed at —20°C and then used.



3) Hybridization

The CGH method was used with a slight modification of
Kallioniemi. The probe was prepared with 200~500 ng of
labeled-normal DNA and labeled-tumor DNA, respectively.
After mixing well, sodium acetate (1/10 volume), 2.5 times
ethanol, 10 uL Cot-1 DNA, were added and incubated for 2~
3 hours at 70°C. The supernatant was removed after
centrifugation at 14,000 g for 30 min and the pellets were
diluted with 10 pL of a hybrid mixture (50% formamide, 10%
dextran sulfate/2X SSC, pH 7.0). The diluted pellets were
denatured at 73°C and, then used. Prepared metaphase
chromosomes from the above were denatured at 73°C for 2
min and, then hybridized for 2~3 days.

4) Washing and counterstaining

Prepared samples were washed three times with 50%
formamide at 45°C for 7 min, and subsequently washed a
further two times with 2X SSC at 45°C for 7 min. A final wash
in 2X SSC at room temperature was followed by a 5
min-preblocking with a preblocking solution (1% BSA in 2X
SSC). Biotinylated DNA was stained with 5 pg/mL of
fluorescein isothiocyanate (FITC) conjugated with avidin and
digoxigenin-labeled DNA with 1 pg/mL of antidigoxigenin
rhodamine, respectively and then counterstained with DAPI.

5) Image analysis

Hybridized slides were analyzed by an image analyzer,
Cytovision system (Applied Image, UK). A fluorescence
microscope with an attached triple band pass splitter and
emission filter was used. A program for CGH, supplied by
Applied Image Co. analysis was also purchased and used. The
ratio of the profile was calculated with the fluorescenced
ratio between FITC and rhodamine on each chromosome and
karyotyping analysis was performed using DAPI-stained
chromosomes.

Chromosomal regions where the FITC to rhodamine
exceeded 1.15 were considered amplification, while those
below 0.85 were considered deletion. DNA from normal
lymphocytes was labeled with different flourochromes and
the value was chosen as the cut-off level after the evaluation

of five metaphase-stage cells. Single chromatid or one of two
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chromosomes showing specific signal-amplification were
excluded, considering a non-specific reaction. Telomeric and
heterochromatic regions were also excluded from the
analysis. A fluorescenced ratio exceeding 1.5 means
high-level amplification. The mean value was calculated with

analysis of at least four chromosomes.

3. Statistical analysis

The correlation between the number of genetic alterations,
location of colorectal carcinoma, histological differention
chart, metastatis of lymph node, disease stage, and the increase
of serum CEA were compared by Comparative Genomic Hy-
bridization. These correlations were verified by the X-square
test using the SPSSWIN (ver 10.0) program and were con-
sidered significant when the p-value was less than 0.05.

Results

1. Resutls of amplification

Amplification was shown on chromosomes 6pq (10%), 7p
(17%), 7q (33%), 8q (13%), 9pq (10%), 12q (17%), 13q (37%),
20p (23%), 20q (57%), respectively. The highest amplification
was detected on chromosomes 20q (17/30, 57%), 13q (11/30,
37%) and 7q (10/30, 33%) (Fig. 1).
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Fig. 1. An example of a digital image from a comparative genomic
hybridization experiment. Chromosomal regions that were over
represented (amplified) in the tumor were visualized as a
predominantly green color, whereas regions that were lost
(deleted) from the tumor were seen as region with a predominantly
red color (x1,000).
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2. Results of deletion

Deletion was observed on 5q (10%), 10q (17%), 17p (40%),
18p (23%), 18q (47%), 22q (23%) and higher deletion loci were
18q(12/30, 47%), 17p (12/30, 40%) and 22q (7/30, 23%) (Fig. 2).

3. Location of colrectal carcinoma, lymphatic gland
metastasis, histological classification, serum CEA
difference

The genetic change pattern with the locus of colorectal
carcinoma was shown mean 3.1 (amplification 1.7, deletion
1.4) on the right colorectal carcinoma, while rectal carcinoma
appeared high mean 6.3 (amplification 3.7, deletion 2.6)
(»<0.001). The genetic change pattern with lymphatic gland
metastasis, mean 3.5 (amplification 2.2, deletion 1.3) from "no
metastasis’ group, while high mean 6.3 (amplification 3.5,
deletion 2.8) from metastasis group (p<0.003).

The genetic change pattern with disease stages was
appeared mean 3.5 (amplification 2.1, deletion 1.4) from I~II
stages, while high mean 6.0 (amplification 3.4, deletion 2.6)
from III~IV stages (p<0.006). No big difference was shown
between comparison with histological classification and

serum CEA increased group.

Discussion

The colorectal carcinoma mortality of Koreans is increa-
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Fig. 2. An example of an average ratio
~I profile for a colorectal carcinoma. The
three vertical lines on the right side
of the ideograms reflect different
values of the fluorescence ratio bet-
ween the tumor and the normal DNA.
The values are 0.75, 1.0, and 1.25
from left to right. The ratio profile
(curve) was computed as a mean
value of ten metaphase spreads.
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.

sing from 4.5 (per 100,000 persons) in 1990 to 16.4 (per
100,000), showing abrupt rise 3.64 times dramatically. That
of malignant neoplasm with organs' location is showing
10.8% and stomach cancer, one of top three cancers, is
growing nearly 12% (National Statistical Office of Korea,
1990~2013).

Due to westernized diet like US and western European
countries, colorectal carcinoma is expected a rapid increase.
Therefore, a number of research at home and abroad has been
tried to find the occurrence and progress of colorectal
carcinoma (Provenzale et al., 2015).

The principle of comparative genomic hybridization (CGH)
is that DNA extracts from tumor tissue and normal tissue are
labeled with different fluorescent and hybridized with
metaphase chromosomes and evaluated by the changes of
DNA copy number with the ratio of competitive-combined
fluorescence sensitivity. (Shi er a/., 2012).

The results obtained through GCH method indicated
compared in this experiment as the ratio of amplification to
deletion was 1.33: 1, which is relatively near to average value
of 1:1 to 2.7:1 from various foreign reports (Nakao et al,
2001).

The colorectal carcinoma is relatively well known the
outbreak process of cancer by genetic factors. According to
Vogelstein's multilevel outbreak model, the normal epithelium
change hyperplastic epithelium by APC gene into early

adenoma on chromosome 5q variation or deletion. Subse-



quently, it developed into mid-stage adenoma by ras gene
from DNA hypomethylation and chromosome 18q variation
and finally progressed into late adenoma by DCC gene on
chromosome 18q deletion. It was reported experimentally
that late adenoma developed into cancer by chromosome 17
deletion on p53 damage and metastasis was undertaken by
other genes (Vogelstein et al., 1990).

The most valuable point in this study is 7q amplification
which showed different features with cancer stages. Early
stage of cancer showed 7cen-ql1.2 amplification and
7q21.1-35 amplification appeared on metastasis (Zenklusen
etal., 1995). The c-met as a early cancer gene on 7q loci was
played a pivotal role in all cancers and appeared frequently
from early breast and prostate cancer. 7q amplification is
typically present in colon cancer as well as colon adenoma
(Ried er al., 1996).

The detectable ratio of 7q amplification from CGH of this
study totally 33% but was abruptly increased at disease stage
I ~IV by 60% compared with stages I and II by 10%. Specific
amplification on 7q chromosome from 2 out of 3 samples was
found. The 7q amplification was reported from 22% to 48%,
which was corresponded with that (33%) of this study
(Paredes-Zaglul er al., 1998; Brim et al., 2014).

These results correspond with those of previous reports
which mentioned 7q amplification by 71% (Meijer et al., 1998)
on metastasized samples and showed a 4-fold increase in
metastasized cancer compared with that in the early stage. It is
known that 7q amplifications was associated with the colorec-
tal carcinoma progress and metastasis (Nakao ez a/., 2001).

Another feature is 13q amplification and cancer genes
related with 13q loci are BRCAZ of 13q12, KB of 13g21 and
DPI of 13q34. DP1 gene activated by D1 cyclin and CDK
during G1 to S1 stage of cell cycling, which plays a crucial role
for transcription of several genes (Day et al., 2013).

It is especially reported that this DP/ gene was amplified in
the squamous epithelium cancer of esophagus. FL77 as
another possible gene is considered but there was no
confident proof for this existence. However, it is considered
that this #2717 plays a role in normal or abnormal development
of angiogenesis (Gerber et al., 1997).

Previous reports showed that 13q amplification increased
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more than four fold and a more than two to three fold increase
in metastasized cancer than in early cancer stages
(Paredes-Zaglul er al., 1998). This study showed results of
CGH 100% detection in metastasized liver cancer compared
with total detection ration of 37%.

20q amplification was frequently found in colorectal
carcinoma as well as in stomach, pancreas, mammary,
urinary bladder cancer, respectively. The frequency of
amplification shows a 2.5-fold increase and has played a
crucial role when intestinal adenoma develops into cancer
(Therkildsen er al,, 2013).

This locus, chromosome 20q12, includes lots of genes such
as F2F1 gene and A7B1, which activates cell cycles on G1 to
S stage and boosts estrogen transcription, respectively.
BIAK/STKI15 gene on chromosome 20q13 produces se-
rine-threonin kinase which is associated with centromere
cloning on breast cancer, ovary, prostate and neurocytoma.
NABC14 gene on 20q13.2 was involved in development of
colon adenoma to colorectal carcinoma which is well known
as a high-potent carcinogenic gene on the development of
breast cancer. This can be suggested that this locus can have
a proto-oncogene function.

It was also reported that 20q amplification so markedly
appeared that metastasis of colorectal carcinoma may be
elevated when c-src gene activated (Arriba ef a, 2015). In
this study, CGH (67%) were markedly detected in the
metastasized liver cancer compared with the total detection
frequency (57%). This means that the detection rate was high
(94%) in metastasized liver cancer compared with an early
cancer stage (26%) (Nakao K er al,, 2001). It is estimated that
amplification on 7q, 13q, 20q plays a primary role in the early
to metastasized liver cancer stages.

Chromosome 17p deletion was shown in 40% of CGH
which can be explained by p53 gene deletion. The results
from this study was found with similar frequency from
previous reports. Point mutation of p53 and allelic deletion
showed the high frequency in colorectal carcinoma, which
plays an important function in the development and
progression of colorectal carcinoma, reported in the previous
reports (Brim er al., 2014).

P53 inhibits cell division and growth, controlling gene
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transcription after combination on special loci. With cell
growth inhibition mechanism, protein by p53is 21KD-cipi or
WAF1 which stimulates protein production thereby lengthens
G1 stage and recovers damaged DNA. As well as colon cancer,
stomach cancer, lung cancer, liver cancer include a wide
range of cancer from about 50% of genetic variation. Sporadic
colorectal cancer at 75% of one allele of gene deletion
accompanies with by a gene mutation of the rest allele genes.

Deletion was detected the most about 47% on 18q for CGH,
which showed similar results to previous reports (Laczmanska
et al, 2014). DCCand DPC4 are existed on 18q were well
known, which are related with cancer development after
DCC gene alternation and normal 18q heterogamy deletion.
This gene was well known on colorectal carcinoma and
pancreatic cancer and suggests that this gene is associated
with progressive development to colorectal carcinoma based
on specially appearance in the late stage of colon adenoma.
Additionally, previous reports mentioned that deletion on
18921, can be a relapsed region after treatment, showed an
82% recurrence (Watanabe er al., 2001).

Accordingly, it is proposed that it becomes the index for
selection of prognosis and treatment. SMADZ2 gene on 18q21
and SMAD4/DPC4on 18q21.1 are well known for controlling
of TGF-P pathway which inhibits signals of cell growth from
nucleus (Shi et al, 2012).

22q deletion showed a comparatively high detection.
Previous reports said that 22q deletion discriminated between
deletion and non-deletion. 22q deletion was detected the
most with 26~56% in a Japanese-oriented experiment
(Nakao et al., 1998) and lower with 7~8% in other Western
Europe studies (De Angelis er al., 1999).

It is possibly proposed that there can be difference in race.
PCNA gene is located in 22q, which is part of DNA synthesis
enzyme and plays a crucial role in DNA synthesis, repair from
damaged DNA or controlling of cell cycle. It was reported that
there will be higher frequency in case of bad prognosis.

It is proposed that 17p, 18q and 22q deletion is more
strongly related to the occurrence and prognosis, as an index
of colorectal carcinoma, than metastasis. In this study, it was
found that there were reasonable differences of genetic

alteration on lymph node metastatis, disease stage and
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location with statistical significance. These results are in
accordance with that of previous reports.

In this study, CGH is one of cytogenetics applied tools to
analyze results from only cultured cells, thereby to overcome
difficulties of tumor cell culture and chromosome change
from lots of tumor cells which can't exist in mitoic phase.
CGH is also a very effective way to confirm changes of entire
chromosomes with one hybridization.

Accordingly, it can be screened an altered loci of gene
which is involved with colorectal development as well as to
know entirely about various gene change of tumor origin and
its development.

Based on CGH's strong points such as getting lots of
information about entire tumor genome at once, it will be
very useful to understand carcinogenesis and further de-
velopment from this study.
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