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Abstract To assess and compare cytogenic damage in the

form of micronuclei in various oral lesions according to dura-

tion and frequency of tobacco use. The present cross sectional

study was carried out fromOctober 2015 to October 2016. We

included total 420 cases with 60 cases in each of the following

subgroups, no tobacco habit with no obvious oral lesion (con-

trol) and tobacco habit with no obvious oral lesion, oral sub

mucous fibrosis, leukoplakia,melanoplakia, erythroplakia, oral

squamous cell carcinoma. Oral mucosal cells were collected

from both sides of cheek; slides were prepared and examined

for cells with micronuclei. The mean micronuclei index dis-

tribution in control group, potentially malignant group, and

malignancy group was 1.14, 2.63, and 4.88 respectively and

was statistically significant. The mean micronuclei index in

control group, smoking tobacco and smokeless tobacco group

was 1.14, 2.64, and 2.76 and was statistically significant. The

meanmicronuclei indexwas significantly higher in those using

tobacco, for longer duration andwith frequent tobacco use. The

mean micronuclei index can be used as a potential screening

tool of genotoxic damage and biomarker for epithelial car-

cinogenesis. The method has practical utility for warning

tobacco users that higher than range has a danger of malignant

event and therefore this in future can be used as reinforcement

to advice of avoiding tobacco before malignancy develops.

Keywords Micronuclei � Potentially malignant disorders �
Oral carcinoma � Smokeless tobacco � Smoked tobacco

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-re-

lated diseases would rise in India [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 an

opportunity for detection and preventive measures. Early

diagnosis of a potentially malignant lesions and sometimes

cancerous lesions may improve the survival and the mor-

bidity of patients; micronuclei (MN) are good prognostic

indicators [4].

Main cause of oral carcinoma and precancerous condi-

tions of mouth is the tobacco; both smokeless and smoked

versions are equally responsible. Factors such as genetic,

environmental and gene environmental interactions, viral,

and behavior (smoking, alcohol) have been implicated in

the etiopathogenesis of oral cancer [5]. One of the hallmark

of cancer progression is DNA damage, resulting either

from various carcinogens accumulating from etiologic

influences or due to genetic errors [6].

To evaluate genotoxic effects in tobacco users on buccal

mucosa, DNA damage can be assessed by chromosomal

aberrations, sister chromatid exchanges and micronuclei
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test [3, 5]. Out of these micronucleus test found to be most

easy, sensitive, non-invasive and very economical [7]. A

micronucleus (MN) is formed during the metaphase/ana-

phase transition of mitosis (cell division). The literal

meaning of the word micronucleus (MN) describes it as a

small nucleus in a large cell, or the smaller nuclei in cells

that have two or more such structures. Micronuclei assay in

exfoliated buccal mucosal cells is a useful and minimally

invasive method for monitoring genetic damage in humans

in comparison to obtaining blood samples for lymphocyte,

fibroblasts [8, 9].

Oral mucosal cells are the first barrier for ingestion or

inhalation route and are capable of metabolizing proximate

carcinogens to reactive products. Approximately 90% of

human cancers originate from epithelial cells [10]. They

represent preferred target site for early genotoxic events

induced by carcinogenic agents entering the body through

inhalation and ingestion. Our study separately assesses and

compares the effects of smokeless and smoked tobacco on

the oral mucosa and compares with habit free controls [10].

It will also be evaluated whether the frequency and dura-

tion of tobacco habit are proportional to the damage caused

[5].

Materials and Methods

This cross sectional study was conducted in the department

of Otorhinolaryngology and Head Neck surgery at Medical

College and Sir Sayajirao General Hospital, Baroda,

Gujarat from October 2015 to October 2016.

Study Subjects

Inclusion Criteria

A total of 420 caseswith 60 cases in each of the following sub-

groups, (a) no tobacco habit with no obvious oral lesion

(control group), (b) tobacco habit with no obvious oral lesion,

(c) tobacco habit with oral sub mucous fibrosis, (d) tobacco

habit with leukoplakia, (e) tobacco habit with melanoplakia,

(f) tobacco habit with erythroplakia, (g) tobacco habit with

stage I and stage II oral squamous cell carcinoma.

Exclusion Criteria

Those with (a) extremely poor oral hygiene, (b) age less

than 10 years, (c) on long-term orthodontic therapy,

(d) chronic source of irritation in oral cavity, (e) alcohol

usage, (f) occupational exposure to various chemicals,

(g) stage III and IV oral squamous cell carcinoma,

(h) known carcinoma patients on chemotherapy and/or

radiotherapy were excluded from the study.

Collection of Oral Epithelial Cells

Subjects were asked to rinse the mouth thoroughly with

2 M Saline. Oral mucosal cells were collected from both

sides of cheek using two separate clean wooden spatulas.

Buccal cells were collected. Transported and processed.

Slide Preparation and Staining

Epithelial cell smears were prepared by spreading the cells

on a clean slide, by using liquid cytology. The slides were

stained with the papanicolaou stain. RAPID PAP kit used

for staining.

MN Scoring

From each slide, at least 1000 cells were examined under

the light microscope using low magnification (9 40) for

screening and high magnification (10009) for counting of

MN. Scoring of at least 1000 cells was done under high

power compound binocular microscope with Battlefield

zigzag method and total number of cells with MN calcu-

lated. We had used image capturing system to reduce inter

and intra observer bias (Fig. 1).

A MN Index was assigned for exfoliated oral mucosal

cells as number of cells with MN/total number of cells

counted 9 100. Also Mean MN Index was calculated as

total number of cells with MN/Total number of study

subjects. Two subject specialist observers did it to avoid

bias.

Scoring Criteria

Criteria developed by Tolbert et al. (Tolbert’s criteria)

[11, 12] for choosing the MN are (a) rounded smooth

Fig. 1 Photomicrograph showing exfoliated cells with micronuclei

with papanicolaou stain
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perimeter suggestive of a membrane, (b) less than a third

the diameter of associated nucleus, but large enough to

discern shape and color, (c) Feulgen positive, i.e. pink in

bright field illumination, (d) staining intensity similar to

that of nucleus, (e) texture similar to that of nucleus,

(f) same focal plane as nucleus; (g) absence of overlaps

with or bridge to the nucleus.

Master charts were prepared for mean MN counts per

100 cells (MN index) separately for tobacco nonusers,

tobacco users with no oral lesions and tobacco users with

various oral lesions. Also smokeless, smoked tobacco habit

and individuals with no form of tobacco habit compared on

the basis of frequency and duration of tobacco habit. The

mean and standard deviation were calculated. Analysis of

variance followed by paired and unpaired t test was then

applied to compare the groups between themselves.

Results

Demographics

420 study subjects were evaluated in our department from

October 2015 to October 2016. The mean and median age

of subjects in our study was 44 and 45 years (17–84 years)

with male to female ratio of 2:1. 25% of the potentially

malignant cases were in the age group 31–40 years. 36% of

the malignant cases were in the age group 41–50 years.

This may be due to the fact that as age increases risk of

malignancy and exposure to genotoxic agents is more.

The mean micronuclei index in malignancy group was

4.88 and it was 3.23 in the eryrthroplakia group, 2.86 in the

submucous fibrosis group, 1.81 in the leukoplakia group,

1.77 in melanoplakia group, and in the control group it was

1.14 (Table 1).

The mean micronuclei index in potentially malignant

group (erythroplakia, submucous fibrosis and leukoplakia)

was 2.63 and it was 4.88 in the malignancy group, and in

the control group it was 1.14. A significant (p\ 0.05)

stepwise increase was found in the mean number of cells

with micronuclei from control to precancer patients, and

from precancer to cancer patients. While comparing cancer

with the control group, p value was significant at the level

of 0.0001, and while comparing precancer with the control

group p value was highly significant (Table 2).

The mean micronuclei index in smokeless tobacco

group was 2.76 and it was 2.64 in the smoking tobacco

group, and in the control group it was 1.14. A significant

(p\ 0.05) increase was found in the mean micronuclei

index from non-tobacco users group to tobacco users

group. The difference between total number of cells with

MN was not appreciable between smokeless and smoked

tobacco groups (p[ 0.05), though the total number of cells

with MN was higher in subjects using smokeless tobacco

(SLT) (Table 3).

The mean micronuclei index in those using tobacco, for

less than 5 years was 2.24 and it was 3.03 in those using

tobacco, for more than 5 years, and in the control group it

was 1.14. Mean total number of cells with MN was sig-

nificantly higher in those using tobacco, for more than

5 years as compared to less than 5 years, compared to

controls. A significant (p\ 0.05) stepwise increase was

found in the mean micronuclei index from control to those

using tobacco, for less than 5 years as compared to those

using tobacco for more than 5 years (Table 4). The total

numbers of cells with MN were significantly higher in

those with frequent use of tobacco as compared with less

frequent tobacco users (p\ 0.05).

Discussion

The use of a biomarker as an indicator of disease devel-

opment is that the marker will translate into a relationship

between exposure and disease [9]. The only cytogenetic

biomarker that has been outlined previously is the

Table 1 Micronuclei in oral epithelial cells in study population, oral lesion and habit wise distribution

Sub group Description Study subjects Average MN scores (/1000) Mean MN Index (/100) SD

Control No lesion, no habit 60 11.4 1.14 1.04

Study group No lesion, habit present 60 18.2 1.82 1.26

Submucous fibrosis 60 28.6 2.86 1.53

Leukoplakia 60 18.1 1.81 0.71

Melanoplakia 60 17.7 1.77 0.69

Erythroplakia 60 32.3 3.23 2.39

Oral malignancy 60 48.8 4.88 2.75

MN micronuclei, SD standard deviation
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technique of classical metaphase analysis for measurement

of chromosomal aberrations in human lymphocytes. While

MN assay is one of the most commonly used methods for

measuring DNA damage in human populations because it

is relatively easier to score MN than chromosomal aber-

rations [13].

Biomonitoring of the changes in patients with diagnosed

diseases or pathological changes that may lead to devel-

opment of cancer and other illnesses is becoming increas-

ingly popular, and may be the most rapidly growing area of

application of the MN assay to epithelial cells [14].

Micronuclei are suitable internal dosimeters for revealing

specific tissue specific genotoxic damage in individuals

exposed to carcinogenic mixtures [3]. Epithelial cells are

highly proliferative and are the origin of more than 90% of

all human cancers. Therefore the application of micronu-

cleus test in epithelial cells is considered to be sensitive

tool for biomonitoring the genetic damage in human pop-

ulation [15].

In the present study, the oral mucosal micronuclei index

in the control population was 1.14. In subjects with

potentially malignant disorders, the mean micronuclei

index was 2.63 and in the cancer patients, the mean

micronuclei index was 4.88. In our study a stepwise

increase in micronuclei index was observed from control to

precancer patients and from precancer to cancer patients.

Parvati et al. [15] conducted a similar study and found the

mean percentage of micronuclei noted in precancerous

group was 0.12% and in cancerous lesions was 0.45%.

Parvati et al. suggested a link of this biomarker with neo-

plastic progression. In accordance with our study, the study

conducted by Sangle et al. [16], Palve and Tupkari et al. [4]

concluded that there was a gradual increase in micronu-

cleus counts from normal mucosal group, potentially

malignant group, to squamous cell carcinoma group,

respectively. According to Samanta and Dey et al. [17] the

various possible explanations for micronuclei formation in

preneoplastic conditions include chromosomal aberrations,

chromosomal loss, mitotic apparatus dysfunction, aneu-

ploidy and genetic instability.

The present study evaluated the mean number of

micronuclei in smokeless tobacco users, smokers, and the

healthy controls. The result showed that the overall level of

mean number of cells with micronuclei in smokeless

tobacco were higher (2.76) as compared with smokers

(2.64) and controls (1.14). This observation was similar to

Ozkul et al. [18], Palaskar et al. [19], Bansal et al. [20].

Table 2 Micronuclei in oral epithelial cells in study population, controls, potentially malignant disorders subgroup and malignancy subgroup

Study subjects Average MN scores (/1000) Mean MN Index (/100) SD

Control 60 11.4 1.14 1.04

PMD 180 26.3 2.63 1.79

OSCC 60 48.8 4.88 2.75

PMD potentially malignant disorders, OSCC oral squamous cell carcinoma

Table 3 Micronuclei in oral epithelial cells in study population, smokeless and smoked form of tobacco users and controls

Group Study subjects Average MN scores (/1000) Mean MN Index (/100) SD

No habit 60 11.4 1.14 1.04

Smokeless tobacco 272 27.6 2.76 2.01

Smoking tobacco 88 26.4 2.64 2.23

Tobacco (smokeless ? smoked) 360 27.2 2.72 2.12

Table 4 Micronuclei in oral epithelial cells in study population, according to duration of tobacco habit and controls

Duration of tobacco habit Study subjects Average MN scores (/1000) Mean MN Index (/100) SD

None 60 11.4 1.14 1.04

\ 5 years 139 22.4 2.24 1.51

[ 5 years 221 30.3 3.03 2.66
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Ozkul et al. compared micronuclei formation in the

buccal mucosal cells of smokeless tobacco users with those

of the smokers and found that the mean percentage of the

micro nucleated cells was 1.86 in the smokeless tobacco

users and 1.99 in the smokers. But there was no difference

between the mean percentages of the micro nucleated cells

in these two groups (p[ 0.05).

This can be explained on the basis of smokeless 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 [10, 19].

Besides the use of smokeless or smoked forms of tobacco,

there are multiple other reasons for occurrence of MN

cells. It has been established that genomic damage is pro-

duced by exposure to genotoxic substances, medical pro-

cedures (radiation and chemicals), micronutrient deficiency

(alpha tocopherol, folic acid), life-style (alcohol, smoking,

drugs, stress), urban pollution, chronic contact with arsenic

and genetic factors, such as defects in metabolism and/or in

the repair of DNA [21]. Hence, this assay serves as an

indicator of DNA damage in a group and fails to predict

risk at an individual level.

Shetty et al. [5] concluded that the risk of carcinoma

increases with the duration of tobacco habit. Patel et al. [9]

found that the mean total number of cells with MN were

significantly higher in those using tobacco for longer

duration and more frequently. He used Lifetime tobacco

exposure (LTE); an arbitrary unit obtained using fre-

quency/day multiplied by duration of years for comparison.

Patel et al. [9] found that controls having MNC above

cutoff level have greater risk of genotoxicity. Similar to

Patel et al., and Shetty et al., in our study the total numbers

of cells with MN were significantly higher in those tobacco

users with longer duration ([ 5 years) and more frequent

use of tobacco as compared with short duration tobacco

users (\ 5 years) with less frequent tobacco usage.

Screening of individuals who are at high risk of malig-

nant transformation is more pivotal in preventing and

reducing the number of deaths than the costly and painful

treatment later on [15]. From the present study, it is evident

that the individual cancer risk was predicted on the basis of

increased percentage of micronuclei in the oral epithelial

cells and it helps in identifying those patients with pre-

cancer who were at the high risk of developing cancer. As

most oral cancers presumed to originate from precancerous

lesions or conditions, it is highly desirable to identify high-

risk individuals and counsel them [14]. Furthermore,

increased micronuclei index in the grossly normal

appearing oral mucosa of the high risk individuals is

associated with greater risk of oral cancer development as

suggested by concept of field carcinogenesis [9]. Few

patients are usually unwilling to reveal the duration,

frequency and other associated habits during case history

recording. The buccal exfoliated cells should also be col-

lected after stoppage of habit to check for the decrease in

the number of cells with MN and level of genotoxicity.

Conclusion

Mean MN index can be used as a potential screening tool

and biomarker of genotoxic damage and for epithelial

carcinogenesis. The mean MN Index is positively corre-

lated with duration and frequency of tobacco use. Those

patients who have quit the habit of tobacco should also be

followed up for the MN index to correlate and to document

the reversibility of the genotoxicity.

The method has practical utility for warning tobacco

users that higher than range has a danger of malignant

event and therefore this in future be used as a reinforce-

ment to advice of avoiding tobacco before malignancy

develops. This study reveals that smokeless and smoked

formed of tobacco is highly genotoxic and responsible for

oral precancerous lesions, conditions and cancer in near

future.
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