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ABSTRACT
Background: Colorectal cancer (CRC) develops by accumulation of multiple genetic damages leading to genetic instability that can be evaluated by cytogenetic methods. In the current study we used
Cytokinesis-Blocked Micronucleus Assay (CBMN) technique to assess the behavior of Nuclear Division
Index(NDI) in peripheral lymphocytes of patients with CRC and polyps versus patients with normal
colonoscopy.
Methods: Blood samples were collected from patients after informed consent. By CBMN technique
we assessed the proportion of mono-nucleated, bi-nucleated, tri-nucleated and tetra-nucleated cells/500
cells, to calculate NDI. Data were statistically analyzed using the SPSS 11.0 package.
Results: 45 patients were available for analysis, 23 men and 22 women, with a mean age of 58.7±13.5.
17 had normal colonoscopy, 17 colonic polyps and 11 CRC. The mean NDI values were significantly smaller for patients with CRC or polyps than in patients with normal colonoscopy (1.57 vs 1.73,
p=0.013). The difference persisted for patients with neoplastic lesions (adenomas and carcinomas) when
compared with patients with normal colonoscopy or non neoplastic (hyperplastic) polyps (1.56 vs.1.71,
p=0.018). The NDI cut-off value to predict the presence of adenomas or carcinomas was equal to 1.55
with a 54.2% sensitivity and 81% specificity of lower values (p=0.019). The NDI cut off value to predict
the presence of advanced adenomas or cancer was 1.525 for a sensitivity of 56.3% and a specificity of
82.8% (p=0.048).
Conclusion: NDI may be useful in screening strategies for colorectal cancer as simple, noninvasive,
inexpensive cytogenetic biomarker.
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INTRODUCTION

C

olorectal cancer (CRC) is an important health problem worldwide
and a significant burden for healthcare systems. Indentifying and treating precursor and early lesions

may be prevent CRC or improve its outcome.
One of the main priorities is to stratify population in risk groups using accessible noninvasive
methods.
It was previously showed that cancer develops by accumulation of multiple genetic damages leading to genetic instability (1). In the last
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decade some studies have shown that there is
a positive link between cytogenetic biomarkers
and cancer risk (2-6).
The Cytokinesis-Blocked Micronucleus Assay (CBMN) is a recent technique which assesses DNA damages. CBMN allows identification
of specific biomarkers to be analyzed in cancer
studies. In 2003, Fenech et al. published the
scoring criteria for the main biomarkers detected by this method (7). Adding cytochalasin-B
to a lymphocytic culture, most of the cells are
blocked in a binucleated phase, so cells will either not divide or will divide faster.
Nuclear Division Index (NDI) is a marker of
cell proliferation in cultures which is considered a measure of general cytotoxicity (8,9).
The hypothesis behind it, is that cells with
greater chromosomal damage will either die
before cell division or may be less likely to enter this phase (10-13). The lowest NDI value is
1.0, which occurs if all of the viable cells have
failed to divide during the cytokinesis-block
period and so, all will be mononucleated. If all
viable cells complete one division there will be
all binucleated, the NDI value is 2.0. An NDI
value can be greater than 2.0 if certain viable
cells have completed more than one nuclear
division during the cytokinesis-block phase and
therefore contain more than two nuclei (14).
In the current observational study we evaluated the behavior of NDI in peripheral lymphocytes of patients with colorectal cancer and
polyps versus patients with normal colonoscopy so as to assess whether it may predict the
presence of these lesions. 
MATERIAL AND METHOD

P

opulation study was made of all consecutive
patients undergoing screening or diagnostic
colonoscopies at an academic hospital.
The inclusion criteria were:
• at least one non neoplastic or neoplastic
lesion (non polypoid, polypoid lesion or
tumor) biopsied or excised at colonoscopy or normal colonoscopy with or
without uncomplicated diverticulitis or
angiomas,
• age above 18,
• informed consent.
The exclusion criteria were:
• presence of any other colorectal mucosal lesions except those described at inclusion criteria (e.g. inflammatory bowel
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disease lesions, any other acute or chronic colitis lesions),
• presence of large number of lesions suggestive for familial polyposis syndromes,
• history of previous colorectal surgery,
• history of familial colorectal cancer such
as familial adenomatous polyposis (FAP)
or hereditary nonpolypid colorectal cancer (HNPCC),
• history of any other malignant disease,
• history of radiation exposure (professional or accidental) or radiotherapy,
• age under 18,
• absence of informed consent.
Overall, patients with lesions suggestive of
colorectal cancer, any other colorectal polyps
or normal colonoscopies were invited to participate in this study. The invitation was made by
the gastroenterologist who performed the colonoscopy at the same day or the day after the
colonoscopy.
Histological analysis was confirmed by a
second pathologist.
When 2 or more lesions were synchronously present, only the more advanced neoplastic
lesion was retained for statistical analysis. If an
adenoma and a hyperplastic polyp were present then only the adenoma was retained. If multiple adenomas were present, then only the
one with the largest diameter was saved in the
data sheet.
Heparinized blood samples collected by venipuncture were obtained from patients. Blood
was stored at 2-4°C until the samples were processed (within 4 hours). The total volume of
each culture was 5 ml. A peripheral blood
karyotyping medium with phytohemagglutinin
(PHA) M was used (Biological Industries, Israel).
Whole blood cultures were used, with a 10%
ratio of whole blood to culture medium. For
each sample duplicate cultures were set up.
Cells were incubated at 37°C. Then, Cytochalasin-B (Sigma, USA; dissolved in dimethylsulphoxide) was added to cultures 44 hours after
PHA stimulation, in a concentration of 6.0 μg
Cyt-B/ml. Culture tubes were re-incubated afterwards.
Cells were harvested 70–72 hours after PHA
stimulation. First, cells were treated with a hypotonic solution for 5 minutes, at room temperature. After that, cells were fixed with methanol and acetic acid at a 3:1 ratio. Cells were
transferred to slides by dropping and they were
stained with 10% Giemsa. Two slides were pre-
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pared from each of the duplicate cultures in
order to obtain a measure of experimental variation, i.e., coefficient of variation.
For each slide, the proportion of mono-nucleated, bi-nucleated, tri-nucleated and tetranucleated cells per 500 cells scored was assessed. Scoring criteria for cell selection was
made according to criteria proposed by Fenech
(7,14), following recommendations from the
International Collaborative Project on Micronucleus Frequency in Human Populations (HUMN
Project).
Nuclear Division Index (NDI) formula was
(9):

17 patients had a normal colonoscopy, 17
patients had only colonic polyps and 11 patients had colorectal adenocarcinoma (of which
3 patients had also synchronous polyps).
Of the 17 patients with colonic polyps, 4
patients had their most advanced lesion as hyperplastic and 13 had adenomatous lesions: 9
had tubular adenomas, 3 villous adenomas and
one sessile serrated adenoma. All adenomas
had low grade dysplasia.
Significant difference regarding the mean
NDI values of patients with a normal colonoscopy and patients with recto-colonic cancer
and/or polyps was found (1.73 vs. 1.57, p =
0.013) (Figure 1).

NDI = (M1 +2M2 +3M3 +4M4)/N,
M1, M2, M3 and M4 indicate the number of
cells with one, two, three and four nuclei and N
the total number of cells analyzed. N = 500.
Slides were prepared and scored by a single
genetic specialist.
Data were statistically analyzed using the
SPSS 11.0 package. Quantitative variables were
expressed as means ± standard deviations. Categorical variables were presented and/or expressed as percentages. The comparison of
means for quantitative variables between groups was done using U Mann-Whitney test for
two groups and Kruskal Wallis test for multiple
groups. A p value of less than 0.05 was considered statistically significant. ROC curves were
constructed for measured quantitative variables
so as to explore cut-off values for sensitivities
and specificities.
The local ethic committee approved the
study protocol. 
RESULTS

5

0 patients matching the inclusion criteria
signed the informed consent. 5 of 50 patients were subsequently excluded form analysis: a patient with prior professionally radiation
exposure (radiotherapy nurse), 2 patients with
malignant diseases (non Hodgkin lymphoma,
chronic lymphatic leukemia), one patient with
possible attenuated FAP syndrome (brother
with FAP and more than 10 colorectal polypoid
lesions) and one patient with an inconclusive
result in histological analysis which was further
lost to follow up to repeat colorectal biopsy.
Of the 45 patients available for analysis, 23
were men and 22 were women, with a mean
age of 58.7 ± 13.5.

FIGURE 1. NDI comparison between patients with
normal colonoscopy and patients with colorectal
hyperplastic polyps or neoplastic lesions
(adenomas and carcinomas)

When analyzing each specific lesion, the
mean NDI values were: normal colonoscopy
1.730, hyperplastic polyps 1.61, adenomas
1.5669 and carcinomas 1.5691 (p = 0.094).
Although non significant, a tendency of decrease is noticed with progression towards carcinoma, from left to right (Figure 2).
There is a significant difference between patients with either normal colonoscopy or non
neoplastic polyps (hyperplastic) and patients
with neoplastic lesions (adenomas and carcinomas) (1.71 vs. 1.56, p = 0.018) (Figure 3).
When the mean NDI of patients with advances adenomas (size over 10mm, villous or
with high grade dysplasia) and carcinomas was
compared with the mean NDI of patients with
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FIGURE 2. NDI comparison between patients with
normal colonoscopy, hyper plastic polyps (Hy),
with adenomas (Ad.), and carcinomas (Ca.)

FIGURE 3. NDI comparison between patients with
normal colonoscopy or hyperplastic polyps and
patients with adenomas or carcinomas

normal colonoscopy, hyperplastic polyps or less
than 10mm tubular adenomas there was a significant statistical difference, with lower values
for the first group (1.53 vs. 1.69, p = 0.015),
(Figure 4).
On the ROC curve, NDI values smaller than
a 1.55 cut-off are predictive for adenomas or
carcinomas with a sensitivity of 54.2% and a
specificity of 81% (p = 0.019) (Figure 5).
In a similar way, the ROC curve for prediction of advanced adenomas and carcinomas
translates to a 1.525 cut-off with a sensitivity of
56.3% and a specificity of 82.8% (p=0.048) for
NDI values lower than this point (Figure 6). 
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FIGURE 4. NDI comparison between patients with
advanced adenomas or carcinomas and patients
with normal colonoscopy or hyperplastic polyps or
non-advanced adenomas

FIGURE 5. NDI ROC curve for adenoma and
carcinoma prediction

DISCUSSION

C

olorectal cancer is the second major cause
of cancer mortality worldwide in both men
and women (15,16), with a mean age at diagnosis that varies between 65 to 71.5 years (17).
Almost 75% of new diagnosed cases occur in
asymptomatic individuals, with no apparent
predisposing factor except the age above 50
(18). The outcome is favorable for early disease
and poor in advanced stages.
Colonoscopy is the gold standard of CRC
screening and it is also the method of choice in
high risk groups. Nevertheless, the debate is
still on whether colonoscopy is appropriate for
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FIGURE 6. NDI ROC curve for advanced adenoma
and carcinoma prediction

average-risk individuals as high quality evidence randomized controlled trials are missing
(19). As shown in several studies, polypectomy
during colonoscopy significantly lowers the
CRC incidence and mortality (20-24). However, concerns are raised about costs, morbidity
and suboptimal sensitivity due to operator
technique (missing lesions through lower cecal
intubation rates or inappropriate withdrawal
time) (19).
So, there is a permanent concern to improve screening strategies, including extensive
research for simple inexpensive biomarkers.
Recently, it was shown that CBMN assay of peripheral lymphocytes may allow CRC risk stratification. A good correlation between micronuclei frequencies (fMN) and CRC or adenoma
presence was found (25).
In our paper, we tested NDI based on the
fact that this marker estimates general toxicity
(7,9,14). The proportion of bi-nucleated cells
may be used as a biomarker of the lymphocytes mitogen response, immune functions and
cytostatic effects of various studied agents (26).
NDI was already proposed as screening
marker for lung cancer in smokers. Patients
with lung cancer have a significantly lower
mean NDI of peripheral lymphocytes than
controls (1.52 versus 2.08, p <0.001) (2). As far
we are aware of, this is the first study proving
that lower NDI values may predict the presence of colorectal epithelial neoplastic lesions.
We have proposed cut-offs firstly for adenomas

and carcinomas and secondly for advanced adenomas and carcinomas. The ROC curves may
be used for screening strategies.
The explanations for this behavior may
come from recently published data showing
that NDI is significantly lower in individuals occupationally exposed to lead (13). This is a
metal known to have various types of toxic effects, including carcinogenesis (27-29). Based
on other research papers (30-36) the authors
offer some hypotheses to explain the effect.
Firstly, circulating lymphocytes under the toxic
effect of mutagenic agents (lead in this specific
case), suffer DNA damages, cannot survive the
division cellular cycle and enter in a process of
necrosis or apoptosis before the finish of the
first division. Secondly, there may be an induction of mitotic delay which, by not allowing the
repair of genotoxic lesions, will modify the
number of the cells entering mitosis and modify the proportion of mono-/bi-/tri- and tetranucleated cells. Thus, a lower NDI as fewer
cells divide. Thirdly, there is the hypothesis of a
clastogenic effect of mutagens with an aneugenic action, inducing some degree of blockade of the cell cycle. Therefore, more cells will
not divide and NDI will again be low.
We can extrapolate these hypotheses in patients with neoplastic colorectal lesions. Mutagenic factors and sensible genetic terrain may
reproduce such conditions and lymphocytes
with greater chromosomal damage may die before cell division, may be more susceptible to
necrosis and apoptosis or may be less likely to
enter division. Subsequently, the number of division cycles will be lower resulting in a low
NDI value.
In conclusion, NDI may be used in screening strategies for colorectal cancer as it may
predict the presence of adenomas and carcinomas. This is a rather simple biomarker, evaluated by a noninvasive inexpensive cytogenetic
method using Cytokinesis - Blocked Micronucleus Assay (CBMN). 
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