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An immunohistochemical differential staining of cancerous
cells with anti-cytidine antibody after denaturation of nuclear
DNA by acid hydrolysis with 2N HCI at 30°C for 20 min
(DNA-instability test) has been used as a marker for malig-
nancy. The test was applied to bioptic tissues of human col-
orectal polyps assessed histopathologically as hyperplastic
polyp (11 cases), tubular adenoma of mild (68 cases), mod-
erate (102 cases), and severe (46 cases) dysplasia, and
adenocarcinoma (30 cases). The serial sections of the same
tissues were also subjected to immunohistochemical stain-
ing for Ki67, p53, DNA-fragmentation factor 45 (DFF45) and
vascular endothelial growth factor (VEGF). The DNA-instabil-
ity test was positive in 30 (100%) adenocarcinoma cases,
46 (100%) severe dysplasia adenoma cases, 36 (35.29%)
moderate dysplasia adenoma cases, and 8 (11.76%) mild
dysplasia adenoma cases, indicating malignancy. All hyper-
plastic polyps were negative to the DNA-instability test.
Furthermore, the percentage of glands positive in the DNA-
instability test steadily increased in going from mild (10%),
to moderate (35%), to severe (100%) dysplasia, and adeno-
carcinoma (100%). All other biological markers tested in the
present study showed significantly higher values in those
adenoma glands that werepositive to the DNA-instability
test, irrespective of the dysplasia grade, as compared to the
markers in the adenoma glands that were negative to DNA
instability testing. Furthermore, the former values were com-
parable to those in adenocarcinoma. The results indicate
that cancer cell clones are already present at the adenoma
stages showing positivity to DNA instability testing,
enhanced proliferative activity, p53 mutation and induction
of DFF45 and VEGF, at a time when the degree of morpho-
logical atypia are not yet large enough for them to be iden-
tified as cancer. These factors promote cancer cell prolifera-
tion, produce heterogeneous subclones due to DNA instabil-
ity, enhance their survival by escaping apoptosis, and pro-
vide abundant nutrients by neovascularization during the
early-stage progression of colorectal cancer.

Key words: human colon adenoma, procancer clone,
DNA-instability test, Ki67, p53, DFF45, VEGF.

Correspondence: prof. Masaru Fukuda, vice president,
University of Fukui,

Bunkyo-3-9-1, 910-8507, Fukui, Japan

E-mail: mitamu_m@sec.icpc.fukui-u.ac.jp

Paper accepted on Novembher 16,2006

European Journal of Histochemistry
2007; vol. 51 issue 1 (Jan-Mar): 1-10

World Health Organization (WHO) as a cir-

cumscribed benign neoplasm composed of
tubular and/or villous structures lined by dysplastic
epithelium (Jass and Sobin, 1989). WHO classified
adenomas according to the grade of epithelial dys-
plasia into mild, moderate or severe dysplasia or
low grade (mild and moderate) and high grade
(severe) dysplasia. Hamilton et al. (2000) defined
adenoma as a precursor lesion from the presence of
intraepithelial neoplasia, characterized by hypercel-
lularity with enlarged, hyperchromatic nuclei, vary-
ing degrees of nuclear stratification, and loss of
polarity.

It is well accepted that the majority of invasive
overt cancer of the human colon and rectum arise
through the adenoma-carcinoma sequence
(Jackman and Mayo, 1951; Muto, 1975; Sinya and
Wolff, 1979; Lotfi, 1986; Winawer, 1987; Atkin, et
al., 1992; Hamilton, 1992; Winawer et al., 1993;
Leslie et al., 2002). The concept of an adenoma-
carcinoma sequence in colorectal carcinoma is sup-
ported by the following evidence: (1) the distribu-
tion of adenomas of the large bowel parallels the
distribution of colorectal carcinomas (Jackman and
Mayo, 1951; Sinya and Wolff, 1979; Hamilton,
1992); (2) the mean age of patients with adenomas
is approximately five years younger than patients
with invasive carcinomas (Winawer, 1987;
Hamilton, 1992); (3) the risk of colorectal carcino-
ma in the patients with neoplastic polyps is high-
erthan that in the general population (Lotfi, 1986);
(4) most colorectal cancers develops in patients
whose adenomas had been inadequately removed,
and complete endoscopic removal of adenomatous
polyps reduces the long-term risk of colorectal can-
cer (Atkin et al., 1992; Winawer et al., 1993; Leslie
et al., 2002); and (5) histopathologic examination
of adenomas sometimes reveals small areas of infil-
trating adenocarcinoma within it (Hamilton, 1992).

On the other hand, the importance of de novo can-
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cer (Kuramoto and Oohara, 1987; Shimoda et al.,
1989; Mueller et al., 2002) has been repeatedly
stressed. The development of endoscopical tech-
niques has made it possible for us to detect small
human colorectal carcinoma at an early stage.
Since these tumors are very small in the absence of
adenomatous elements in their vicinity, it appears
that they do not originate from any precursor
lesion; hence the name de novo carcinoma has been
given to these tumors, although they probably
account for only a small percentage of colorectal
carcinomas (Mueller et al., 2002).

Of the various colorectal polyp types, only the
neoplastic polyps, including tubular, villous and vil-
lotubular adenomas, are regarded as having malig-
nant potential in the adenoma-carcinoma sequence
(Shinya and Wolff, 1979). Evaluation of the malig-
nant potential of adenomatous polyps has been
extensively studied by surgical pathologists, and
adenoma size, the degree of dysplasia, and the par-
ticipation of villous components have been used to
predict the malignant potential of colorectal ade-
nomas (Shinya and Wolff, 1979; Sugai et al,
1999). On the other hand, it has been repeatedly
stressed that only a small proportion of adenomas
progress to carcinoma, and there are no reliable cri-
teria available for the precise prediction of adeno-
ma progression or recurrence (Hamilton, 1992;
Gazelle et al., 2000; Leslie et al., 2002).

The morphological criteria for evaluating the
potential malignancy or the probability of transi-
tion to overt cancer of colorectal adenoma are
quite ambiguous and controversial, and the validity
of them is confusing in everyday diagnosis (Nitta et
al., 1993). In order to solve this problem, many his-
tochemical and molecular biological methods have
been applied in colorectal adenoma and cancer in
the search for reliable markers of malignancy and
potential malignancy. For example, Ki67 (Hoang et
al., 1989; Johnston et al., 1989; Sugai et al., 1999;
Saleh et al., 2000), p53 (Baker et al., 1990; Ohue
et al., 1994; Saleh et al., 1998; Sugai et al., 1999;
Saleh et al., 2000), DNA-ploidy analysis (Suzuki et
al., 1995; Sugai et al., 1999; Sugai et al., 2003;
Torres et al., 2005), vascular endothelial growth
factor (VEGF) (Wong et al., 1999; Kondo et al.,
2000; Hanrahan et al., 2003), and genetic instabil-
ity (Lengauer et al., 1998; Ishiguro et al., 2006)
have been used for this purpose.

All of the above diagnostic tools have demon-
strated the presence of abnormal gene expression
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and protein synthesis, disturbed cytodifferentiation,
stimulated cell proliferation activity and DNA
abnormalities during the course of overt malignant
progression in colorectal adenoma. However, none
of them can be used as a specific marker for malig-
nancy diagnosis although some of the abnormalities
are statistically significant.

In this regard, Fukuda et al., (1986, 1993, 2005)
found that nuclear DNA of cancerous cells was
always, and without exception, much more unstable
than that of comparable benign tumor cells and nor-
mal cells, irrespective of epithelial or mesenchymal
origin.They also developed the method of differen-
tial fluorescent or immunohistochemical staining of
cancerous cells after denaturation of DNA by acid
hydrolysis. Using this method (the DNA-instability
test), cancerous clones can be identified at early
stages of carcinogenesis in the so-called borderline
or precancerous lesions such as gastric adenoma
(Otaki et al., 1994; Sun et al., 2003), otorhinolaryn-
geal borderline lesions (Tsuzuki et al., 1994), bone
giant cell tumor (Azuchi et al., 1998), uterine cervi-
cal dysplasia (Khaled et al., 2000), oral leukoplakia
(Iwasa et al., 2001), 20-methylcholanthrene-
induced squamous cell carcinoma of mouse epider-
mis (Hirai et al., 2001), and dysplasia and non-pap-
illary low grade cancer of the urinary bladder
(Hirose et al., 2005).

In the present study, we used the DN A-instability
test as a malignancy marker to identify cancer
clones in human colorectal adenoma in 68, 102,
and 46 cases of mild, moderate and severe dys-
plasias, respectively. Cancer clones were identified
by their increased DNA instability in colorectal
adenoma and their significantly higher Ki67 index
values, immunoreactivity for p53, DNA fragmenta-
tion factor 45 (DFF45), and vascular endothelial
growth factor (VEGF) as compared with the DNA-
instability test-negative lesions.

Materials and Methods

A total of 257 biopsy specimens from human col-
orectal polyps assessed histopathologically as
hyperplastic polyp (11 cases), tubular adenoma of
mild (68 cases), moderate (102 cases), and severe
(46 cases) dysplasia and adenocarcinoma (30
cases) were used in the present study. The
histopathological classification of dysplasia grade
of tubular adenoma was made based on the degree
of structural and cellular atypia of the glands (Jass
and Sobin, 1989).



DNA-instability test

Paraffin-embedded 4 um thick sections were pre-
pared after fixation with 10% buffered formalin
for 24 hours at room temperature (RT). They were
deparaffinized with xylene, then replaced with
ethanol.

Preblocking

After washing in water, the intrinsic peroxidase
was blocked with 0.3% H:0: in absolute methanol
at RT for 15 min and rinsed with PBS (pH 7.4).
The sections were mounted with 2% skim-milk
(Yukijirushi, Sapporo, Japan) dissolved in PBS
(pH7.4) at 37°C for 20 min to block the back-
ground adsorption of antiserum. They were then
reacted with blocking solution [Histofine, Nichirei,
PO (R) Japan] at RT for 5 min.

HCI-hydrolysis and immunohistochemical staining
of single-stranded DNA

The sections were then washed in water and treat-
ed with 2N HCI at 30°C for 20 min for acid hydrol-
ysis followed by re-washing in water. They were
reacted with polyclonal antibody to cytidine
[Biogenesis, UK, 1:1500 dilution in PBS (pH 7.4)]
at 4°C overnight and rinsed with PBS (pH 7.4).The
sections were reacted with biotinylated goat anti-
rabbit IgG [Histofinel at 37°C for 40 min, and
rinsed with PBS (pH 7.4), followed by reaction
with the avidin-biotin peroxidase complex
[Histofinel at 37°C for 30 min, and further rinsed
with PBS (pH 7.4).

Co-DAB reaction

In order to visualize the peroxidase colour reac-
tion, the sections were incubated with DAB (3,3'-
diaminobenzidine tetrahydrochloride) cobalt solu-
tion [DAB, Dojin, Kumamoto, Japan, 5 mg dis-
solved in 100 mL of 0.05 M Tris-HCI buffer (pH
7.4), added with 2 mL of 1% CoClz and 10 pL of
30% H20:2 solution] at 20°C for 10 min and washed
in water. Nuclear counterstaining was carried out
with Kernechtrot (Kernechtrot, Chroma, Stuttgart,
Germany, 0.1 g and aluminium sulphate 5 g dis-
solved in 100 mL distilled water).

Detection of abnormal mitosis in DNA-instability
test-positive adenoma glands

The number of normal mitosis and abnormal
mitosis were counted in the DNA-instability test-
positive and -negative glands, respectively.
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Immunohistochemical staining of Ki67, p53,
DFF45 and VEGF

Serial 4 um-thick sections were prepared from
the same specimens used for the DNA-instability
test as described above. After washing with water,
the intrinsic peroxidase activity was blocked as
described above and washed with PBS (PH 7.4).
The sections were irradiated in a polypropylene
slide holder with a cap filled with 10 mM Na-cit-
rate buffer (pH 6.0) over a period of 5 min using an
autoclave (Hirayama, 1.5 KW, Japan) for all
immunohistochemical stainings except for VEGF.
For VEGF, the sections were treated with pro-
teinase K (DAKO, S-3020) for 8 min at RT. They
were then reacted with the blocking solution
[Histofinel at 20°C for 5 min. This was followed by
reactions at 4°C overnight with the following pri-
mary antibodies: anti-Ki67 antigen monoclonal
antibody [Immunotech, MIB-1, 1:50 dilution in
PBS (PH 7.4)], anti-human p53 tumor suppressor
protein monoclonal antibody [Dako, Clone DO-7,
1:100 dilution in PBS (PH 7.4)1.The sections were
then washed with PBS (7.4), and further reacted
with a biotinylated rabbit anti-mouse IgG second-
ary antibody [Histofinel at 37°C for 30 min, fol-
lowed by rinsing with PBS (PH 7.4). They were
allowed to react with the avidine-biotin- peroxidase
complex at 37°C for 30 min and rinsed with PBS
(PH 7.4). In order to visualize the peroxidase
colour reaction, the sections were incubated with
0.02% DAB [20 mg DAB dissolved in 100 mL of
PBS (PH 7.4)1 at RT for 10 min and washed in
water. Nuclear counterstaining was performed with
hematoxylin.

Immunohistochemical staining for DFF45 and
VEGF were performed in a similar fashion, except
for using polyclonal anti-DFF45 antibody [NCL-
DFFp, Novocastra, Newcastle, UK, 1:400 dilution
in PBS (PH 7.4)] and polyclonal anti-human
VEGF antibody [Santa-cruz A-20; 1:200 dilution
in PBS (PH 7.4)] as the primary antibody, respec-
tively. Biotinylated goat anti-rabbit IgG was used in
this case as the secondary antiserum with the
blocking solution for rabbit.

Evaluations of immunohistochemical staining for
the DNA-instability test, Ki67, p53, DFF45 and VEGF

For the DNA-instability test, a gland with more
than five positively stained cells was regarded as a
positive gland (although a gland containing even a
single positive cell should be regarded as a positive
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gland); artificially damaged cell nuclei can also be
positively stained showing pseudo-positivity to the
DN A-instability test and anadenoma and adenocar-
cinoma with more than one positive gland was
counted as a positive lesion. The percentage of posi-
tive glands, normal mitosis and abnormal mitosis in
the DNA-instability test-positive and -negative
glands were also determined in all lesions. In serial
sections of the same specimens, the percentages of
cells positive for Kie7 (Ki67 index, KI) was deter-
mined by counting the positively-stained nuclei
among more than 500 cells in each entire lesion, and
was also determined in both DNA-instability test-
positive and -negative glands, respectively. As for
P53, DFF45 and VEGF, a case with more than 5%
positively-stained cells, as determined in the same
way used for counting KI, was regarded as positive.

Statistical analysis

The Ki67 index (KI) is given as the mean+S.D.
Data were analysed using Student’s t-test, with a p
value <0.05 considered significant. Positive stain-
ing for p53, DFF45, VEGF and DNA-instability
test are shown as percentages. Data were compared
in different cases and between DN A-instability test-
positive and -negative adenomas by the Chi-square
test. A p value<0.05 denoted a significant statisti-
cal difference.

Results

The results of the DNA-instability test, immuno-
histochemical staining of Ki67, p53, DFF45 and
VEGF are summarized in Table 1. The data on
Kie7, p53, DFF45 and VEGF in relation to the
results of the DNA-instability test are also shown in
Table 2. Comparison of various biomarkers in the
DNA-instability test-positive adenoma and carcino-
ma is shown in Figure 3.

DNA-instability test

After hydrolysis with 2N HCI at 30°C for 20min,
all cancer cells (Figure 1d) and all cells of severely
dysplastic adenoma (Figure 1c) were positively
stained with anti-cytidine antibody without excep-
tion, indicating increased DNA-instability in both
lesions (positive DN A-instability test). On the other
hand, normal epithelial cells, stromal fibroblasts,
vascular endothelial cells and inflammatory cells in
the same slide were negative. About 11.76%
(8/68) of mildly dysplastic adenomas were positive
to DNA-instability testing, in which about 10% of
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dysplastic glands were positively stained (Figure
1la). About 35.29% (36/102) of moderately dys-
plastic adenomas were positive to the DNA-insta-
bility test, in which about 35% of dysplastic glands
were positively stained (Figure 1b). These positive-
ly-stained glands showed increased DNA instability
comparable to that of cancer cells. In the remain-
ing cases with negative DNA instability, no positive
glands were found. Thus, the extent of immunostain-
ing with anti-cytidine antibody increased with his-
tological grade (Table 1), which was statistically
significant (p<0.01). No apparent morphological
differences were, however, identified between DNA-
instability test-positive and -negative glands in the
adenoma of the same dysplastic grade.

Presence of abnormal mitosis in DNA-instability
test positive glands

The numbers of normal mitosis and abnormal
mitosis were counted in the DNA-instability test-
positive and -negative glands, respectively (Figure
2). Abnormal mitosis was only observed in DNA-
instability test-positive glands, and the average
numbers were 0.15%, 0.25%, 0.95%, and 1.15%,
in mild, moderate, severe adenoma and adenocarci-
noma, respectively. Although the numbers of nor-
mal mitosis tended to be slightly larger in the DN A-
instability test-positive glands, no statistical differ-
ence was found as compared to those in DNA-insta-
bility test-negative glands. Averages were 0.23%,
0.57%, 1.9%, and 2.2%, in mild, moderate, and
severe adenoma and adenocarcinoma, respectively.

Ki67 immunohistochemistry

Ki67 immunoreactivity was observed exclusively
in the nuclei of cells (Figure 1e-h). In hyperplastic
polyp and normal mucosal epithelium surrounding
adenoma or carcinoma, kie7-positive cells were
observed only sporadically. In adenoma and carci-
noma, Kie7 positively stained cells were present
diffusely, indicating a loss of polarity of proliferat-
ing cells. KI was significantly higher in adenocarci-
noma, severe, moderate and mild dysplasia than in
hyperplastic polyp (Table 1). Furthermore, KI of
the positive DNA-instability test cases was statisti-
cally higher than that of -negative cases (p<0.01),
both in mild and moderate dysplasia (Table 2).
Moreover, the KI of the DNA-instability test-posi-
tive adenoma glands were comparable to that of
adenocarcinomas, irrespective of adenoma grade
(Figure 3).
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Figure 1. The results of Imnmunohistochemical staining. Mild dysplasia (a, e, i, m, q), moderate dysplasia (b, f, j, n, r), and severe dys-
plasia (c, g, k, o, s), magnification x250; adenocarcinoma (d, h, I, p, t), magnification, xX500. DNA-instability testing (a-d), Ki67 (e-h),
p53 (i-l), DFF45 (m-p), VEGF (g-t). Normal glands were indicated by arrows.

P53 immunohistochemistry

P53 immunoreactivity was limited to the nuclei
of cells (Figure 1i-1). Foveolar hyperplastic polyps
and normal mucosal epithelium surrounding adeno-
ma or carcinoma were negative for p53. On the
other hand, as shown in Table 1, the percentages of
p53-positive cases in mild, moderate, and severe
dysplasia, whole dysplastic lesion and adenocarci-
noma were 17.65%, 31.37%, 65.21% 34,26%
and 70%, respectively. There was a significantly
higher p53 positivity in carcinoma, severe and mod-
erate dysplasia than in mild dysplasia (p<0.01)
(Table 1). Furthermore, among the 8 mild and 36
moderate dysplasia with a positive DNA-instability
test, 6 (75%) and 24 (66.67%) cases were also
positive for p53, whereas among 60 mild and 66
moderate dysplasia with a negative DNA-instabili-
ty test, only 6 (10%) and 8 (12.12%) cases
expressed p53 positivity, respectively. The propor-
tions of p53-positive cases with a positive DNA-

instability test were statistically higher than those
with a negative DN A-instability test (p<0.01), both
in mild and moderate dysplasia (Table 2).
Moreover, in all dysplasia and adenocarcinoma
lesions positive to DNA instability testing, the dis-
tribution of p53-positive cells coincided well with
those of DNA-instability test-positive cells, and the
percentages of p53-positive cells in the DN A-insta-
bility test-positive adenoma glands were compara-
ble to those of adenocarcinomas, irrespective of
adenoma grade (Figure 3).

DFF45 immunohistochemistry

The proportions of DFF45-positive cases in
hyperplastic polyp, adenoma of mild, moderate and
severe dysplasia, adenoma as a whole and adeno-
carcinoma were 9.09%, 35.29%, 58.82%,
65.22% and 86.67 %, respectively. The proportions
of DFF45-positive cases in adenoma of moderate
and severe dysplasia and adenocarcinoma were sig-
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nificantly different from those in hyperplastic polyp
and adenoma of mild dysplasia (Table 1).

As shown in Table 2, the proportion of DFF45-pos-
itive cases with positive DNA-instability test scores
were significantly higher than that with negative
DNA-instability test scores both in mild and moder-
ate dysplasia (p<0.05). In the DNA-instability test-
positive cases, the distribution of DFF45-positive
cells correlated well with that of DNA-instability
test-positive cells in all cases (Figure 1m-p).

VFGF immunohistochemistry

The proportions of VEGF-positive cases in adeno-
ma of mild, moderate, and severe dysplasia, adeno-
ma as a whole and adenocarcinoma were 14.71%,
35.29%,73.91%, 37,04% and 80%, respectively.
Adenoma of moderate and severe dysplasia and
adenocarcinoma had a significantly higher VEGF
expression rate than that of adenoma of mild dys-
plasia (Table 1). In addition, the distribution of
VEGF positive cells correlated well with that of

Table 1. The results of DNA-instability testing, and the immunohistochemical staining of Ki67, p53, DFF45, and VEGF. The statistical
differences of Kl values were examined by the Student’s t-test using the value of hyperplastic polyp lesion as the standard. The sta-
tistical differences of DNA-instability testing, p53, DFF45, and VEGF positive test were examined by the chi-square test using the val-
ues of mildly dysplastic adenoma as the standard. The values with meaningful differences are shown by asterisks (*p<0.05,

**p<0.01).
DNA-instability DNA-Fragmentation

test Kl p53 Factor 45 (DFF45) VEGF

(%) (mean+S.D.) (%) (%) (%)
Hyperplastic polyp 0.00 25.10+9.43 0.00 9.09 0.00
(n=11) (0/11) (0/11) (1/11) (0/11)
Mild dysplasia 11.76 31.33+10.75* 17.65 35.29 14.71
(n=68) (8/68) (12/68) (24/68) (10/68)
Moderate dysplasia 35.29** 45.30+11.55** 31.37 58.82* 35.29*
(n=102) (36/102) (32/102) (60/102) (36/102)
Severe dysplasia 100** 53.90+13.77** 65.21** 65.22* 73.91**
(n=46) (46/46) (30/46) (30/46) (34/46)
Dysplasia total 41.67 42.64+14.49** 34.26 52.78 37.04
(n=216) (90/216) (74/216) (114/216) (80/216)
Carcinoma 100** 54.65+12.51** 70** 86.67** 80**
(n=30) (30/30) (21/30) (26/30) (24/30)

Table 2. Comparison of different biological markers in DNA-instability testing-positive and -negative adenomas. The statistical differ-
ences of Kl values were examined by Student’s t-test. The statistical differences of p53, DFF45, and VEGF positivity were examined
by the chi-square test. Significant differences are indicated by asterisks (*p<0.05, **p<0.01).

DNA-instability DNA-Fragmentation

test p53 Factor 45 (DFF45) VEGF

(%) (mean+S.D.) (%) (%) (%)

Mild dysplasia positive 11.76 54,13+1.32%* 75%* 75* T5**

(n=68) (n=8) (6/8) (6/8) (6/8)

negative 88.24 28.30+7.08 10 30 6.67

(n=60) (6/60) (18/60) (4/60)
Moderate dysplasia positive 35.29 52.16+9.32** 66.67** 83.33* 83.33**
(n=102) (n=36) (24/36) (30/36) (30/36)

negative 64.71 41.55+11.02 12.12 45.45 9.09

(n=66) (8/66) (30/66) (6/66)

Severe dysplasia positive 100 53.90+13.77 65.21 65.21 7391
(n=46) (n=46) (30/46) (30/46) (34/46)
Total dysplasia positive 41.67 53.23+11.37** 66.67** 73.33*%* T7.78%*
(n=216) (n=90) (60/90) (66/90) (70/90)

negative 58.33 35.24+11.43 11.11 41.27 7.94
(n=126) (14/126) (52/126) (10/126)




Figure 2. Abnormalities in mitosis figures seen exclusively in
the DNA-instability testing-positive glands in adenomas.
Asymmetric mitosis (a), tripolar mitosis (b), small chromosomal
fragment separated (indicated by the arrow), (c,d).
Maghification x 1000.

DNA-instability test-positive cells (Figure 1g-t) in
all cases. Furthermore, the proportions of VEGF-
positive cases in cases with a positive DNA-instabil-
ity test were significantly higher than that in cases
with a negative DNA-instability test, both in mild
and moderate dysplasia (p<0.01). In the DNA-
instability test-positive adenomas, 75% (6/8) of
mildly dysplastic adenoma, 83.33% (30/36) of
moderately dysplastic adenomas, and 73.91%
(34/46) of severely dysplastic adenomas were pos-
itive for VEGF, with these values being just compa-
rable to those of adenocarcinoma, 80% (24/30)
(Figure 3).

Discussion

The probability of malignant transformation of
colorectal adenoma varies with different reports.
Histopathological studies have demonstrated foci
of malignancy within colorectal adenomas in 0.2-
8.3% of cases (Gillespie et al., 1979; Shinya and
Wolff, 1979; Collacchio et al., 1981; Cranley et al.,
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Figure 3. Comparison of various biomarkers in the DNA-instabil-
ity testing-positive glands of adenoma and adenocarcinoma.
The positive proportions of all biomakers in adenoma were com-
parable to those in carcinomas, irrespective of the dysplasia
grade, without statistical significance.

1986; Leslie et al., 2002). On the other hand, rem-
nants of adenomatous tissue contiguous with inva-
sive cancer have been identified in 14-23% of all
colorectal cancers (Muto et al.,, 1975; Eide, 1983;
Leslie et al., 2002). The discrepancies in the report-
ed frequencies of malignant transformation of col-
orectal adenoma may be partly attributable to the
significant differences between Japanese and west-
ern pathologists’ criteria for the diagnosis of col-
orectal carcinoma (Shibata et al., 1997; Mueller et
al., 2002). In western countries, colorectal carcino-
ma is diagnosed when evident invasive growth of
neoplastic epithelium into the lamina propria of the
mucosa or beyond is observed, while most Japanese
pathologists make a diagnosis of carcinoma on the
basis of nuclear and structural atypia irrespective
of whether or not there is invasion into the lamina
propria (Tada et al., 1995; Mueller et al., 2002). In
order to detect the cancer clones at very early
stages of progression without invasion, where cellu-
lar and structural atypia are insufficient as the
basis of cancer diagnosis, certain breakthroughs
are necessary.

Based on the finding that all cancerous cells pro-
duce much more single-stranded DNA than normal
cells after acid hydrolysis, Fukuda et al. (1986,
1993, 2005) developed a method (the DNA-insta-
bility test) of staining cancerous cells specifically
with acridine orange or anti-cytidine antibody after
acid hydrolysis as a specific marker for malignancy,
irrespective of epithelial or mesenchymal origin. It
is known that DNA in cancer cells is much more
unstable than in normal cells and is more prone to
denaturing by HCI hydrolysis, reflecting its accumu-
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lated genome-wide alterations (Lengauer et al.,
1998). Other possible mechanisms of increased
DNA-instability to acid hydrolysis in malignancy
have been described (Hatchoh et al., 1992; Fukuda
et al., 1993; Nitta et al., 1993; Otaki et al., 1994;
Sun et al., 2003; Fukuda and Sun, 2005). Since the
first report by Fukuda et al. (1986), many malig-
nancy cases and so-called borderline malignancy
cases have been tested by this method (Nitta et al.,
1993; Otaki et al., 1994; Tsuzuki et al., 1994;
Azuchi et al., 1998; Khaled et al., 2000; Hirai et
al., 2001; Ishida et al., 2001; Iwasa et al., 2001;
Sun et al., 2003; Hirose et al., 2005), and all can-
cerous cells were found to be positively stained in
the DNA-instability test, while comparable normal
cells, vascular endothelial cells, fibroblasts and
inflammatory cells present in the same slides were
completely negative.

In the present study, all adenocarcinoma cells
showed, without exception, diffusely-stained positiv-
ity to the DN A-instability test (Figure 1d, Table 1),
indicating their malignancy. The percentage of
DNA-instability test-positive cases in adenomas of
mild, moderate, and severe dysplasia were 11.76%,
35.29%, and 100%, respectively, indicating that
they also already contain cancer clones, although
the degree of morphological atypia is not sufficient
yet in these lesions to make histopathological diag-
nosis of carcinoma possible (Table 1).
Furthermore, the percentage of glands positive to
the DNA-instability test steadily increased when
going from mild (10%), to moderate (35%), to
severe (100%) dysplasia adenoma, and adenocar-
cinoma (100%), reflecting the expansion of cancer
clones along the course of cancer progression.

In the above described studies and also in the
present study, The DNA-instability test-positive
lesions showed significantly higher values of positiv-
ity of other biomarkers. These results indicate that
cancer clones exhibit enhanced proliferative activi-
ty as revealed by Ki67 (an antigen expressed in all
phases of cell cycle except GO) (Hoang et al., 1989;
Johnston et al., 1989; Sugai et al., 1999; Saleh et
al., 2000;) immunohistochemistry, mutation of p53
(a gene producing a protein which inhibits the
entrance of abnormal cells through the GI-S check-
point and push these to apoptosis even after slip-
ping into the S phase) (Finlay et al., 1988;
Hollstein et al., 1991), induction of DFF45 (an
inhibitory protein which inhibits DNA-fragmenta-
tion at the final step of apoptosis) (Liu et al., 1997;
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Enari et al., 1998; Sabol et al., 1998; Sasaki et al.,
1999) and paracrine secretion of VEGF (a protein
which induces vascular endothelial cell prolifera-
tion) (Leung et al., 1989) with the induction of
neovascularization. All these changes should favor
an increase in the number of descendants of the
cancer clones to accept abundant nutrients, and
have a higher chance to survive by escaping the
apoptotic machinery (Hirai et al., 2001; Iwasa et
al., 2001, Sun et al., 2003) in the process of can-
cer progression and clonal expansion from the early
stage of carcinogenesis in colorectal adenoma to
full-blown adenocarcinoma. Interestingly, the
degree of positivity of these biomarkers were statis-
tically not different in the DNA-instability test pos-
itive glands in all mild, moderate and severe dyspla-
sia of adenoma and adenocarcinoma (Table 2,
Figure 3), thereby indicating that these glands in
both adenoma and carcinoma are essentially iden-
tical.

In accordance with the malignant character of
the DNA-instability test-positive glands, many
abnormal mitosis were found predominantly in such
glands (Figure 2), as seen also in other reports
(Tsuzuki et al., 1994; Azuchi et al., 1998).

The concept of procancer (not precancer) to des-
ignate the cancer clones as an early stage in the
course of carcinogenesis and cancer progression
has been proposed (Hirai et al., 2001; Iwasa et al.,
2001, Sun et al., 2003, Fukuda and Sun, 2005).
Procancer lesions represent the cancer clones at a
very early stage of malignancy without distinguish-
able morphological atypia but with a positive DNA-
instability test and other biomarkers such as Ki67,
p53 DFF45 and VEGF. They also define the abnor-
mal positivities of these biomakers including the
DNA-instability test as functional atypia, compared
with the commonly used morphological atypia.
While morphological criteria and existence of inva-
sion seem to be the most reliable markers for the
diagnosis of malignancy, it appears that a certain
period is required before the degree of morphologi-
cal atypia is manifested histopathological to allow
the diagnosis of malignancy, even after the forma-
tion of cancer clones. During the extremely long,
incipient (1-4 year) and early (14-21 year) phases
of tumor growth of gastric cancer (Fujita, 1978,
for example), the DNA alterations induced in can-
cer cells, which should be minute initially, will
become intensified and exaggerated by repeated
cell divisions (Hatchoh et al., 1992; Sun et al.,



2003; Fukua and Sun, 2005) during these long
phases so as to make the diagnosis of cancer by
pathologists possible based on the degree of mor-
phological atypia. According to this concept, the
cancer clones present in the adenoma lesions found
in the present study could be regarded as procancer
clones. Further progression of cancer clones will
produce the subclones with the potency to invade.

Thus, all colorectal adenoma lesions should be
completely removed by EMR or polypectomy irre-
spective of the histological grades, although their
progression to full blown carcinoma with sufficient
morphological atypia and invasive potency may
need more than several years. As already described,
the DNA-instability test was positive in 11.76,
35.29, and 100% of mild, moderate and severe
dysplasia adenoma cases, and the percentage of the
glands positive in the DNA-instability test steadily
increased when going from mild (10%), to moder-
ate (35%), and to severe (100%) dysplasia adeno-
ma, showing the heterogeneity of DN A-instability in
adenomas. Therefore, all adenoma lesions should be
completely removed by endoscopical resection, and
the existence of DNA-instability should be exam-
ined thereafter. Even if the totally resected adeno-
ma specimens show no DNA-instability, it would be
impossible for us to know this already in only part-
ly resected bioptic specimens because of the exis-
tence of heterogenous distribution of DNA-instabil-
ity in adenomas.
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