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Comparative study of frequency of micronuclei in 
normal, potentially malignant diseases and oral 
squamous cell carcinoma

Abstract

Context: The assessment of micronuclei (MN) in exfoliated oral epithelial cells is a promising tool for the study of epithelial 
carcinogens and can be used to detect chromosome breakage or mitotic interference, thought to be relevant to carcinogenesis. 
Aims: To detect MN in exfoliated oral mucosal cells in individuals using various tobacco forms and also to detect frequency of MN 
in premalignant lesions and conditions (potentially malignant diseases [PMD’s]) and oral squamous cell carcinoma (OSCC). To 
correlate frequency of MN in oral exfoliated cells in clinically diagnosed cases of OSCC followed by a histopathological grading. 
Materials and Methods: A total of 90 subjects (30 smokeless tobacco users, 30 smokers and 30 nontobacco users) consisted of 
clinically diagnosed cases of PMD’s and OSCC were selected for the study. Cytosmears from the groups were stained with rapid 
Papanicolaou stain. MN was identifi ed according to the Tolbert et al. criteria. Results: MN cells were found to be signifi cantly 
higher in smokeless tobacco users than in smokers. The frequency of MN was three to four times higher in patients with OSCC 
as compared to patients in PMD’s (P < 0.0001). The frequency of MN correlated with the histopathological grade was statistically 
signifi cant. Conclusion: MN index can be used as a biomarker/screening test among the high-risk groups particularly the smokeless 
tobacco users and PMD’s. MN can be a candidate to serve as a biomarker for prediction of the grade of OSCC.
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INTRODUCTION

Oral cancer is one of  the most common causes of  
morbidity and mortality nowadays. In developing countries, 
both smoking, and smokeless tobacco have cancer causing 
behavior that continues to be increasing the global 
burden of  oral cancer. The World Health Organization 
estimated that the proportion of  deaths that result from 
tobacco-related diseases would rise in India from 1.4% 

of  all in 1990 to 13.3% of  all deaths in 2020. According 
to a report of  Economic and Social Council, the models 
presented in 2002 showed that the number of  persons 
consuming tobacco is also likely to rise.[1,2] The majority 
of  the oral cancers preceded by the potentially malignant 
lesions and conditions (potentially malignant diseases 
[PMD’s]).[3] These lesions clinically show premalignant 
mucosal changes that give a warning of  risk and at hand 
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an opportunity for detection and preventive measures. 
Early diagnosis of  a potentially malignant lesions and 
sometimes cancerous lesions may improve the survival 
and the morbidity of  patients, micronuclei (MN) are good 
prognostic indicators.[4]

The MN are round to oval extranuclear cytoplasmic 
bodies associated with chromosomal aberrations.[3] Cells 
often have errors in chromosomal segregation that lead to 
the formation of  a lagging chromosome or chromosomal 
parts that become lost during the anaphase stage of  cell 
separation and are excluded from the reforming nuclei. 
The laggards are observed in the cytoplasm as MN.[5] These 
MN are induced in oral exfoliated cells by a variety of  
substances, including genotoxic agents and carcinogenic 
compounds in tobacco, betel nut, and alcohol.[6] The 
induction of  micronucleated cells by carcinogens and 
mutagens is a sign of  the genotoxic effects of  such 
substances.[3] Tobacco-specifi c nitrosamines have been 
reported to be potent clastogenic and mutagenic agents 
which are thought to be responsible for the induction 
of  chromatid/chromosomal aberrations resulting in 
the production of  MN. The genotoxic and carcinogenic 
chemicals released from betel nut and tobacco and also 
the calcium hydroxide content of  lime present in the betel 
quid are thought to be responsible for the promotion 
of  reactive oxygen species from areca nut extracts. 
These reactive oxygen species can in turn cause damage 
to the DNA.[6,7]

Oral cancer is characterized by complex karyotypes that 
involve many chromosomal deletions, translocations, 
and structural abnormalities.[5] Due to its association 
with chromosomal aberrations, MN has been used since 
1937 as an indicator of  genotoxic exposure, based on the 
radiation studies conducted by Brenneke and Mather.[7] 
The assay is reliable and technically easy to perform. The 
direct correlation between the MN formation and genomic 
damage make the MN assay an effi cient alteration to the 
metaphase analysis.[8]

Based on these fi ndings, suggested that MN can be 
used as a biomarker in the screening of  PMD’s. A 
considerable number of  studies conducted in the past 
have confi rmed a signifi cant increase in MN frequency 
in oral exfoliated epithelial cells of  PMD’s, as compared 
with normal healthy mucosa. With this view in mind, 
the present study was carried out to detect MN in 
exfoliated oral mucosal cells in individuals using various 
tobacco forms and also to detect frequency of  MN in 
PMD’s and oral squamous cell carcinoma (OSCC). To 
correlate the frequency of  MN in oral exfoliated cells 
in clinically diagnosed cases of  OSCC followed by a 
histopathological grading.

The present study aimed to detect MN in exfoliated oral 
mucosal cells in individuals using various tobacco forms 
such as smokeless tobacco users and smoking tobacco 
users. And also to detect the frequency of  MN in PMD’s 
and OSCC. To correlate the frequency of  MN in oral 
exfoliated cells in clinically diagnosed cases of  OSCC 
followed by a histopathological grading.

MATERIALS AND METHODS

Patient selection
A total of  90 patients, 30 patients with PMD’s, 30 
patients with OSCC, and 30 patients with normal 
mucosa were selected from the outpatients who attended 
the Department of  Oral and Maxillofacial Pathology, 
MIDSR Dental College and Hospital, Latur, Maharashtra, 
from July 2013 to May 2015. Subjects with oral lesions 
suspected to be malignant were selected as the study 
group. Relevant history of  each patient, including their 
oral habits was recorded thoroughly. Only those patients 
who were subsequently diagnosed histopathologically as 
squamous cell carcinoma (SCC) in addition to who had 
not received any prior therapy were included in the OSCC 
group. Thirty patients clinically and histopathologically 
proven cases of  PMD’s (Leukoplakia, oral submucous 
fi brosis, and lichen planus) were included in Group II. 
These two groups were divided according to habit as 30 
patients as smokeless tobacco users and 30 patients as 
smoking tobacco users. Only those 30 were comprised 
in smokeless tobacco chewers who chewed fi ve or more 
packets daily for at least 5 years and consumed 20-25 or 
more bidis/cigarettes in a day as smoking tobacco users. 
Age-and sex-matched healthy subjects having no obvious 
oral lesions or habits of  consumption of  tobacco, other 
tobacco-related substances, or other such substances were 
included in the control group.

Written informed consent from the patients was taken prior 
to the study. Four observers participated in the study for 
analysis as mentioned below:
Observer 1: Counting of  MN in PMD’s Group,
Observer 2: Counting of  MN in OSCC Group, 
Observer 3:  Counting of  MN for histopathological 

scoring and grading of  OSCC,
Observer 4: Counting of  MN in control group.

The slides of  each group were exchanged among all 
the observers, providing each observer a participation 
in each type of  observation. They were not provided 
with information regarding the study subjects to prevent 
observer bias. The average score of  all the observations by 
the four observers was calculated for each group to resolve 
the inter-observer bias.
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Inclusion and exclusion criteria
Micronucleated cells were counted out of  500 intact 
epithelial cells, and they were expressed as percentages. 
Nuclear blebbing (MN-like structure connected with the 
main nucleus with a bridge) were not considered. Clumps 
of  cells with obscured nuclear or cytoplasmic boundaries 
and overlapping of  cells were avoided and separated or 
cells lying singly were preferred for counting of  MN. 
Dead or degenerated cells, apoptotic cells, and cytoplasmic 
fragments were excluded from evaluation.

Data entry and statistical analysis
Ethical clearance was taken by the institute before 
commencing the study.

All calculations were performed using Microsoft 2007 
version for windows for Excel. The data obtained was 
statistically analyzed with the help of  ANOVA-test and 
Tukey’s post-hoc test.

RESULTS

The MN cells observed are shown in Figure 1.

The present study comprised of  30 cases of  
histopathologically diagnosed OSCC and 30 as potentially 
malignant group and 30 as healthy control subjects having 
no obvious oral lesions or habits of  consumption of  
tobacco, other tobacco-related substances, or other such 
substances. Potentially malignant group comprises of  10 
cases of  leukoplakia, 10 cases of  oral submucous fi brosis 
and 10 cases of  lichen planus. While OSCC cases were 15 
(50%) of  Grade I carcinoma, 10 (33.33%) cases were of  
Grade II carcinoma, and 5 (16.66%) cases were of  Grade 
III carcinoma.

The results of  our study are summarized in Tables 1-3.

The mean distribution of  MN in smoking tobacco users 
and smokeless tobacco users and control group showed 
signifi cant difference [Table 1]. The mean number of  MN 
cells in smokeless tobacco users, smoking tobacco users and 
controls are 171.63 ± 24.14, 114.53 ± 10.96 and 19.07 ± 
8.45 respectively. In comparison, the mean difference 

Collection of exfoliated cells
Subjects were asked to rinse their mouth gently with 
tap water. To obtain the smear of  exfoliated cells 
from the oral cavity (buccal mucosa in control group), 
a slightly moistened wooden spatula was used. For 
PMD’s, representative site selected for leukoplakia, oral 
submucous fi brosis and lichen planus was the lesional 
areas like buccal mucosa. In OSCC patients, oral mucosal 
cells were scraped from the margins of  the lesion for 
obtaining the smear. The cells were immediately smeared 
on precleaned microscopic slides. Just prior to drying, 
the smears were fi xed with commercially available spray 
fi xative (available with the RAPIDPAPTM kit) for 15 min. 
The slides were coded and preserved in dust-free boxes 
until evaluation.

Biopsy procedure and histopathological grading
Incisional biopsies were taken from the representative 
sites with all aseptic precautions. The tissue specimens 
were labeled, fi xed in 10% formalin for 24 h, and paraffi n 
embedded. The wax blocks were cut to obtain two tissue 
sections of  4 μm thickness for each block and the sections 
stained by hematoxylin and eosin. Histopathological 
diagnosis was given as potentially malignant lesions and 
conditions (hyperkeratotic lesions, oral submucous fi brosis, 
and lichen planus) and OSCC. Histopathological grading 
of  SCC was done according to the malignancy grading 
system proposed by Anneroth et al.[9]

Cytological preparation and evaluation
The smears were stained by Papanicolaou technique using a 
commercially available staining kit RAPIDPAP. From each 
slide, 500 cells were examined under the light microscope 
using low magnifi cation (×400) for screening and high 
magnifi cation (×1000) for counting of  MN.

Scoring criteria
The criteria which was developed by Tolbert et al.[10] was 
used for counting the MN. Screening of  each slide was 
made in a zigzag manner from one end, toward the other 
end of  the slide.

Tolbert et al. criteria parameters for identifying MN are 
as follows:
1. Rounded smooth perimeter suggestive of  a membrane.
2. Less than a third the diameter of  associated nucleus, 

but large enough to discern shape and color.
3. Staining intensity similar to nucleus.
4. Same focal plane as nucleus.
5. Texture similar to nucleus.
6. The absence of  overlap with or bridge to the nucleus.

Only those structures fulfilling the above-mentioned 
criteria were recorded as MN. 

Figure 1: Photomicrograph showing exfoliated cells with four (a), Five 
(b) And six (c) Micronuclei with Papanicolaou stain (×400)
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between the number of  MN in smokeless tobacco users 
and smoking tobacco users was statistically signifi cant 
(P < 0.0001) [Table 1].

When the mean number of  MN cell distribution was 
compared in potentially malignant group, OSCC group 
and control group, following observations were recorded 
as 116.57 ± 12.29, 177.93 ± 13.73 and 19.07 ± 8.45, 
respectively [Table 2]. In comparison, the mean difference 
between the number of  MN in potentially malignant group, 
OSCC group was statistically signifi cant (P < 0.0001) 
[Table 2].

In OSCC group, the frequencies of  MN in different 
histological grades of  OSCC were tabulated in Table 3. 
The MN frequencies were found to increase from Grade I 
(167.47 ± 10.66) to Grade II (184.6 ± 4.06) and Grade III 
(196 ± 1.58), the difference being statistically highly 
signifi cant (P < 0.0001) [Table 3].

Each slide was observed by four observers. The statistical 
analysis showed no signifi cant difference between mean 
no. of  nuclei observed by all the observers.

DISCUSSION

OSCC accounts for 90-95% of  all oral malignancies.[11] 
Biomonitering, the patient with the pathological changes 
that may lead to the development of  cancer, is becoming 
increasingly popular, and may be the most rapidly 
growing area. Epithelial cells are highly proliferative and 

are the origin of  more than 90% of  all human cancers. 
Therefore, the application of  MN test in epithelial cells 
is considered to be a sensitive tool for biomonitoring the 
genetic damage in human population.[12] Oral exfoliative 
cytology has been used broadly for screening cellular 
alteration in OSCC cases.[13] MN in oral exfoliated cells 
is a marker of  chromosomal damage caused through 
genotoxic agents from tobacco and tobacco-related 
substances, alcohol, etc.[6] The MN assay has been used 
to evaluate the genotoxic damage in OSCC and oral 
premalignancies.[14,15] The MN assay has been reported to 
correlate well with the histological grading of  OSCC and 
leukoplakia.[16] The incidence of  MN has been analyzed by 
various studies in normal patients, oral premalignancies, 
and OSCC. The most widely used procedure for 
staining MN analysis involves a feulgen and acridine 
orange reaction, fl uorescence in situ hybridization with a 
centromeric probe, Giemsa staining method and H and 
E stain. However, we used Papaniculaou stain, which is 
the most commonly used cytological stain, very simple 
to use, less time consuming, economical and has resulted 
good clarity and transparency of  epithelial cells which 
enables to identify MN easily.[4,5]

The present study evaluated the mean number of  MN 
in smokeless tobacco users, smoking tobacco users and 
healthy control group. The results showed that the mean 
number of  MN in smokeless tobacco (171.63 ± 24.14) were 
higher as compared to smoking tobacco (114.53 ± 10.96 ) 
and control group (19.07 ± 8.45). This fi nding was similar 
to those reported by Palaskar and Jindal,[5] Ozkul et al.,[17] 

Table 1: Comparison of mean numbers of micronuclei among control, tobacco chewers and smokers
Groups Mean SD F ratio P Post-hoc analysis P
Control 19.07 8.45 690.72 <0.0001 Control versus tobacco chewers <0.0001
Tobacco chewers 171.63 24.14 Control versus smokers <0.0001
Smokers 114.53 10.96 Tobacco chewers versus smokers <0.0001
SD: Standard deviation

Table 2: Comparison of mean numbers of micronuclei among control subjects with potentially 
malignant diseases and oral squamous cell carcinoma 
Groups Mean SD F ratio P Post-hoc analysis P
Control 19.07 8.45 1405.02 <0.0001 Control versus premalignant diseases <0.0001
Premalignant diseases 116.57 12.29 Control versus OSCC <0.0001
OSCC 177.93 13.73 Premalignant diseases versus OSCC <0.0001
OSCC: Oral squamous cell carcinoma, SD: Standard deviation

Table 3: Grade wise comparison of mean numbers of micronuclei among the grades of squamous cell 
carcinoma patients
Grades Mean SD F ratio P Post-hoc analysis P
Grade I 167.47 10.66 28.73 <0.0001 Grade I versus grade II <0.001
Grade II 184.6 4.06 Grade I versus grade III <0.001
Grade III 196 1.58 Grade II versus grade III 0.04
SD: Standard deviation
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Patel et al.,[18] and Bansal et al.,[19] when all the groups were 
further compared with each other for the mean difference, 
the result was highly statistically signifi cant (P < 0.0001), 
which was in accordance with the previous studies by Bansal 
et al.[19] and Patel et al.[18] whereas Ozkul et al.[17] found no 
difference between the mean percentage of  MN cells for the 
groups considered (P > 0.05). The mean number of  MN was 
higher in smokeless tobacco users indicating more genotoxic 
effects of  smokeless tobacco compared to smoking tobacco. 
This can be explained on the basis of  tobacco-chewing habit 
in which the mucosa is in constant contact with the tobacco 
for longer period causing DNA damage to the mucosal 
cells by the local absorption of  genotoxic agent, that is, 
nitrosamine present in the tobacco. Hence, increase in MN 
count might be due to the damage caused by genotoxic 
agents especially N-nitrosamine released from the tobacco 
which causes nuclear damage in the form of  separation of  
small fragments leading to MN.[20]

In our present study, MN frequency was seen in increasing 
from the control group (19.07 ± 8.45) to potentially 
malignant (116.57 ± 12.29) and OSCC group (177.93 
± 13.73). And also, in comparison, the mean difference 
between the numbers of  MN in potentially malignant 
group, OSCC group was statistically significant (P < 
0.0001). These observations indicate cytogenic damage 
of  the epithelial cells. We got similar results with Parvathi 
et al.,[12] Halder et al.[3] According to the literature, there are 
studies[3,11,12,14,21-24] being conducted in the past, in which 
statistically signifi cant difference was found, between 
mean percentage of  MN in PMD’s and healthy subjects 
as controls. The same results were also observed in our 
study. According to Samanta and Dey, the various possible 
explanations for MN formation in preneoplastic conditions 
include chromosome loss/breakage, chromosomal 
aberrations, mitotic apparatus dysfunctions, aneuploidy, 
and genetic instability. Hence, as a biomarker of  genomic 
damage, MN has been proved to be an important upcoming 
marker of  tumorogenesis.[25] There was stepwise increase 
found in the percentage of  micronucleated cells and MN 
from control to precancer patients, and from precancer to 
cancer patients in a study by Saran et al.[21] It is evident that 
our fi ndings agree with those of  Casartelli et al.,[14] a gradual 
increase in MN frequency from normal to precancerous to 
cancerous lesions. They concluded that the gradual increase 
in MN counts from normal mucosal to precancerous 
lesions to carcinoma suggested a link of  this biomarker 
with neoplastic progression.[14]

A significant correlation of  MN frequency with 
histopathological grading was observed in this study. The 
MN frequencies were found to increase from Grade I 
(167.47 ± 10.66) to Grade II (184.6 ± 4.06) and Grade 
III (196 ± 1.58), the difference being statistically highly 

signifi cant (P < 0.0001). This observation was similar to 
those reported by Kumar et al.[6] and Palve and Tupkari,[4] 
where the frequency of  MN increased significantly 
from Grade I to Grade II to Grade III, respectively, in 
SCC group. Thus, concluding that this could be due to 
chromosomal breakage associated with chromosomal 
translocation which may in turn lead to transposition and 
activation of  oncogenes.[6] Hence, it can be put forward 
that the signifi cant correlation of  frequency of  MN in 
oral exfoliated cells with the histopathological grading of  
OSCC was observed in this study.

To summarize the results, MN in exfoliated cells is an 
innovative genotoxicity technique, which holds promise 
for the study of  epithelial carcinogens. The induction 
in vivo and in vitro, of  micronucleated cells by carcinogens 
and mutagens is a sign of  the genotoxic effect. Various 
groups have found analysis of  MN in buccal cells to be 
a sensitive method for monitoring genetic damage in 
human populations. Hence, the usefulness of  MN assay 
as a screening and early detection technique for cancer 
susceptibility has been suggested.

CONCLUSION

The present study showed that the signifi cant increase in 
MN frequency in smokeless tobacco users as compared to 
smoking tobacco users. The mean MN frequency in oral 
exfoliated cells was signifi cantly elevated in malignant and 
potentially malignant group as compared to the control group 
with different grades of  OSCC. Thus, from the present study 
it is evident that the MN frequency is elevated in increasing 
grades of  the tumor, suggesting a strong cytogenetic damage 
of  oral epithelium. To conclude, although our numbers are 
small, the oral mucosal MN frequency may be a marker 
of  epithelial carcinogenic progression. Further studies are 
required for determining its usefulness in this role.
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