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Comparative evaluation of micronuclei in exfoliated oral
epithelial cells in potentially malignant disorders and
malignant lesions using special stains
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Abstract Introduction: Micronuclei (MNs) are extranuclear cytoplasmic DNA bodies which are induced in cells by numerous
~ genotoxicagents that damage chromosome. The MN assay in exfoliated buccal cells is a useful and minimally invasive
method for monitoring genetic damage.
Aim: The aim of present study was to detect and assess MNs in oral exfoliated cells in patients diagnosed with
leukoplakia with dysplasia, oral submucous fibrosis (OSMF) and oral squamous cell carcinoma (OSCC) using special
stains and to determine the most appropriate staining technique for the evaluation of MNs along with a comparative
evaluation of MNs with histological grading
Materials and Methods: The study was conducted in the Department of Oral Pathology and Microbiology,
CDCRI, Rajnandgaon, and a total of 45 subjects were included in the study who were subsequently divided
into three groups (15 each). Four smears were obtained from each subject which were taken from the
lesional tissue and stained simultaneously.
Analysis: The results were analyzed via Statistical Package for the Social Sciences, version 23.0 (SPSS).
Results: The results confirmed the association of MNs with genotoxic agents and showed an elevated number in
0SCC followed by OSMF and leukoplakia. The frequency also increased with the severity of the lesion. Besides this,
Papanicolaou (PAP) stain was found to be the most suitable stain for detection of MNs.
Conclusion: Based on the above pretext, we can conclude that PAP stain was the most suitable stain for valuation of
MNs and that the MN assay holds promise as a specific biomarker of genotoxicity, for screening of oral cancer and
can be used as a prognostic indicator.
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INTRODUCTION for oral cancer risk as evidence suggests that MNs are
significantly elevated in buccal mucosal cells of persons

Buccal cell micronuclei (MNs) are a putative biomarker
This is an open access journal, and articles are distributed under the terms of the Creative

Access this article online Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix,
tweak, and build upon the work non-commercially, as long as appropriate credit is given and

Quick Response Code: . the new creations are licensed under the identical terms.
Website:

www.jomfp.in For reprints contact: reprints@medknow.com

How to cite this article: Gupta N, Rakshit A, Srivastava S, Suryawanshi H,
DOl Kumar P, Naik R. Comparative evaluation of micronuclei in exfoliated oral
10.4103/jomfp.JOMFP_164_17 epithelial cells in potentially malignant disorders and malignant lesions using
special stains. J Oral Maxillofac Pathol 2019;23:157.

© 2019 Journal of Oral and Maxillofacial Pathology | Published by Wolters Kluwer - Medknow



Gupta, et al.: Micronuclei: A prognostic biomarker in potentially malignant disorders and squamous cell carcinoma

who harbor precancerous lesions and in cancer patients.!"
It serves as a tool for early detection of cancerous and
precancerous lesions. Vatious stains have been used for the
same, but only little attention has been given to the effect
of different staining procedures on the result of MNs assay.

The efficacy of various stains to study MNs is still in its
primitive phase. In the present study, we tried using stains
which were easily available in the laboratory, were quick and
effective and required minimum armamentarium, thereby
reducing the overall time and cost factor of the procedure.

Hence, the present study was undertaken with the aim
to detect and assess MNs in oral exfoliated cells in
patients diagnosed with leukoplakia with dysplasia, oral
submucous fibrosis (OSMF) and oral squamous cell
carcinoma (OSCC) using special stains and to determine
the most appropriate staining technique for the evaluation
of MNs along with a comparative evaluation of MNs with
histological grading.

SETTINGS AND DESIGN

The present study was conducted in the Department of
Oral Pathology and Microbiology, after obtaining clearance
from the Institutional Ethical Committee.

The inclusion criteria included subjects after
histopathological confirmation of diagnosis as leukoplakia
with dysplasia, OSMF and OSCC. These were systemically
healthy subjects free from any other acute/chronic diseases.

The subjects were divided into three groups, 15 subjects
diagnosed with leukoplakia, 15 subjects diagnosed with
OSMF and 15 subjects diagnosed with OSCC. Buccal
cells were collected by gently scraping the lesional
tissue with a disposable wooden spatula. The cells were
immediately smeared on microscopic slides and stained with
H&E (routine staining), May—Grunwald—Giemsa (MGG),
Papanicolaou (PAP) and Leishman Giemsa (LG) cocktail,
respectively. Each stained slide was focused under a light
microscope (Lawrence and Mayo) and examined first
under X400 and then under oil immersion [Figures 1-4].
Fifty cells were examined under for the number of MN
cells. Counting of MNs was done by zig-zag method, and
the frequency was noted. The scoring of MNs was done
according to the criteria established by Tolbert ef al*?!
according to which MN must be

*  Beless than 1/5" to 1/3" diameter of the main nucleus
*  Be on the same plane of focus with main nucleus

*  Have the same color, texture and refraction as the main

nucleus

*  Have smooth oval or round shape
*  Be clearly separated from the main nucleus.

The data obtained were tabulated and analyzed using
Statistical Package for the Social Sciences, version 23.0
(SPSS, IBM corp., Armonk, New York, United States).
Means and standard deviations were calculated for MNs
among all the study groups and the control groups.
To calculate P value, one-way ANOVA was used. For
all the comparisons, P < 0.001 was used for statistical
significance.

OBSERVATIONS

On comparison of MN in different stains in patients
diagnosed with leukoplakia, the mean and standard
deviation of PAP, .G, MGG and H&E stain was 7.6, 6.5,
4.93, 3.00, 1.39, 0.99, 1.09, 0.75, respectively. P value was
statistically significant [Table 1 and Graph 1].

On comparison of MN in different stains in patients
diagnosed with OSME, the mean and standard deviation of
PAP, LG, MGG and H&E stain were 9.93, 8.40, 6.13, 4.40,

Table 1: Descriptive statistics of mean scores of micronuclei in
different stains in patients diagnosed with leukoplakia

Stains n Micronuclei
Mean SD P

PAP 15 7.66 1.39 0.0001
LG 15 6.53 0.99
MGG 15 4.93 1.09
H&E 15 3.00 0.75
Pairwise comparison PAP-LG=0.03

PAP-MGG=0.00

PAP-H and E=0.00

LG-MGG=0.001

LG-H and E=0.00
MGG-H and E=0.000

PAP: Papanicolaou, LG: Leishman Giemsa, MGG: May—Grunwald-Giemsa,
SD: Standard deviation
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Graph 1: Bar diagram comparing mean micronuceli among different
study groups under different stains
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1.43,1.40, 1.55, 1.12, respectively. P value was statistically
significant [Table 2].

On comparison of MN in different stains in patients
diagnosed with OSCC, the mean and standard deviation
of PAP, LG, MGG and H&E stain were 11.40, 10.20,
8.40, 5.40, 1.72, 1.53, 1.45, 1.40, respectively. P value was
statistically significant [Table 3 and Graph 1].

Table 2: Descriptive statistics of mean scores of micronuclei
in different stains in patients diagnosed with oral submucous
fibrosis

Stains n Micronuclei

Mean SD P
PAP 15 9.93 1.43 0.0001
LG 15 8.40 1.40
MGG 15 6.13 1.55
H&E 15 4.40 1.12

PAP-LG=0.019
PAP-MGG=0.000
PAP-H and E=0.000
LG-MGG=0.000

LG- H and E=0.000
MGG-H and E=0.006

PAP: Papanicolaou, LG: Leishman Giemsa, MGG: May—Grunwald-Giemsa,
SD: Standard deviation

Pairwise comparison

Table 3: Descriptive statistics of mean scores of micronuclei
in different stains in patients diagnosed with oral squamous
cell carcinoma

Stains n Micronuclei

Mean SD P
PAP 15 11.40 1.72 0.0001
LG 15 10.26 1.53
MGG 15 8.40 1.45
H&E 15 5.40 1.40

PAP-LG=0.192
PAP-MGG=0.000
PAP-H and E=0.000
LG-MGG=0.008
LG-H and E=0.000
MGG-H and E=0.000

PAP: Papanicolaou, LG: Leishman Giemsa, MGG: May—Grunwald-Giemsa,
SD: Standard deviation

Pairwise comparison

Table 4: Descriptive statistics of mean scores of micronuclei
in Papanicolaou stain in patients diagnosed with leukoplakia,
oral submucous fibrosis and oral squamous cell carcinoma

Groups n Micronuclei

Mean SD P
Normal 15 1.33 0.49 0.0001
Leukoplakia 15 7.67 1.39
OSF 15 9.93 1.43
0SCC 15 11.40 1.72
Pairwise Control-leukoplakia=0.000

Control-OSF=0.000
Control-OSCC=0.000
Leukoplakia-OSF=0.000
Leukoplakia-OSCC=0.000
OSF-0SCC=0.021

SD: Standard deviation, 0SF: Oral submucous fibrosis, 0SCC: Oral
squamous cell carcinoma

comparison

When comparison of MN was made among different study
groups using PAP stain, the mean value was 1.33,7.67,9.93
and 11.40, respectively, for normal, leukoplakia, OSMF and
OSCC. P value was statistically significant which shows
that there is a significant increase in MN count [Table 4].

When comparison of MN was made among different study
groups using LG stain, the mean value was 0.87, 6.53, 8.40
and 10.20, respectively, for normal, leukoplakia, OSMF and
OSCC. P value was statistically significant which shows
that there is a significant increase in MN count [Table 5].

When comparison of MN was made among different study
groups using MGG stain the mean value was 0.00, 4.93,
6.13 and 8.40 respectively for normal, leukoplakia, OSMF
and OSCC. Pvalue was statistically significant which shows
that there is a significant increase in MN count [Table 06].

When comparison of MN was made among different
study groups using H&E stain, the mean value was 0.00,
3.00, 4.40 and 5.40, respectively, for normal, leukoplakia,
OSMF and OSCC. P value was statistically significant
which shows that there is a significant increase in MN
count [Table 7].

DISCUSSION

In our study, besides investigating the efficacy of stains, we
carried out a comparison of mean MN frequency in oral
pre malignant disorders (OPMD) and OSCC and found out
an increase in MN frequency from potentially malignant
disorders to malignant lesions. We concluded that the
mean nuclei count detected in PAP, LG, MGG and H&E
stains in patients diagnosed with OSCC was found to be
significantly higher as compared to patients diagnosed with
OSMF and leukoplakia (OPMD).

It was also evident from our study that the mean number
of MN was highest in OSCC group as compared to
OSMF and leukoplakia. Similar results were obtained in
a separate study done in 2010. The study inferred that
the frequency of MN in oral mucosal cells of patients
with OSCC was threefold to fourfold higher as compared
with the OPMD and the control groups.! When MN
counts between OSMF and leukoplakia were compared
in our study, the count was higher in OSMF. The mean
difference of 1.46 was found to be statistically significant
at 0.05 level. This might be attributed to the fact that
OSMEF subjects had a mixed habit of areca nut tobacco
and other forms such as zarda and gutkha which caused
more damage.!
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Table 5: Descriptive statistics of mean scores of micronuclei
in Leishman Giemsa stain in patients diagnosed with
leukoplakia, oral submucous fibrosis and oral squamous cell
carcinoma

Groups n Micronuclei

Mean SD SE
Normal 15 0.87 0.64 P=0.0001
Leukoplakia 15 6.53 0.99
OSF 15 8.40 1.40
0ScC 15 10.26 1.53

Pairwise comparison Control-leukoplakia=0.000
Control-OSF=0.000
Control-0SCC=0.000
Leukoplakia-OSF=0.000
Leukoplakia-OSCC=0.000

OSF-0SCC=0.000

SD: Standard deviation, OSF: Oral submucous fibrosis, 0SCC: Oral
squamous cell carcinoma, SE: Standard error

Table 6: Descriptive statistics of mean scores of micronuclei
in May-Grunwald-Giemsa stain in patients diagnosed with
leukoplakia, oral submucous fibrosis and oral squamous cell
carcinoma

Groups n Micronuclei

Mean SD P
Control 15 0.00 0.00 0.0001
Leukoplakia 15 4.93 1.09
OSF 15 6.13 1.55
0SCC 15 8.40 1.45

Pairwise comparison Control-leukoplakia=0.000
Control-OSF=0.000
Control-OSCC=0.000
Leukoplakia-OSF=0.039
Leukoplakia-OSCC=0.000

OSF-0SCC=0.000

SD: Standard deviation, OSF: Oral submucous fibrosis, 0SCC: Oral
squamous cell carcinoma

Table 7: Descriptive statistics of mean scores of micronuclei
in H&E stain in patients diagnosed with leukoplakia, oral
submucous fibrosis and oral squamous cell carcinoma

Groups n Micronuclei

Mean SD P
Control 15 00 0.00 0.0001
Leukoplakia (A) 15 3.00 0.75
OSF (B) 15 4.40 1.12
SCC (C) 15 5.40 1.40

Pairwise comparison Control-leukoplakia=0.000
Control-OSF=0.000
Control-OSCC=0.000
Leukoplakia-OSF=0.033
Leukoplakia-OSCC=0.000

OSF-0SCC=0.001

SD: Standard deviation, 0SF: Oral submucous fibrosis, SCC: Squamous
cell carcinoma, 0SCC: Oral squamous cell carcinoma

A variety of stains, both DNA specific and nonspecific,
have been used to evaluate MNs. Our stains of choice for
the present study were PAP, LG, MGG and H&E.

Based on the results so obtained, and after appropriate
statistical analysis, we concluded that the mean nuclei
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Figure 1: Photomicrograph showing micronuceli (PAP, x1000)

Figure 2: Photomicrograph showing micronuceli (LG, x1000)

Figure 3: Photomicrograph showing micronuceli (MGG, x1000)

count detected in PAP stain in all the three study groups
was found to be significantly higher when compared to
LG cocktail stain, MGG and H&E stain thus concluding
that PAP is the preferred stain for the evaluation of MN.
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Figure 4: Photomicrograph showing micronuceli (H&E, x1000)

We also tried testing a newer staining technique which is
the LG cocktail stain. It is a relatively new stain which has
been tested in exfoliative cytology by other authors. They
verified the effectiveness of LG stain and concluded that
both PAP and LG gave similar results in terms of frequency
of MN which was supetior to MGG and H&E.

This could be because Leishman stain is a good nuclear
stain, when used alone, and gives intense staining of
extracellular ground substance, under stained individual
cells and three-dimensional clumps. When Giemsa stain,
a good cytoplasmic stain, is mixed with Leishman stain,
the LG cocktail provides a moderate metachromasia
to the ground substance and brilliantly stained cellular
components, thus giving better results in evaluation of MN.

However, when LG stain was compared to PAP, MGG and
H&E in our study, we found that it gave inferior results
when compared to PAP but showed better MN count as
compared to MGG and H&E. The difference in our study
could be because smears were air-dried before staining with
LG cocktail, resulting in an unwanted background staining
tull of cell debris and salivary proteins, thus masking the
counting of MN.

Although the nuclear transparency of PAP was absent in
LG cocktail, the chromatin granularity and vesicularity
were better appreciated in air-dried LG cocktail-stained
smears. The nuclear enlargement and variation in
nuclear size were exaggerated in air-dried smears which
was additionally helpful in cytological diagnosis. If the
background staining is too intense, it may also prevent
adequate visualization of cell clusters. In the present
study too, MGG-stained smears showed a more intense
metachromasia when compared to LG cocktail and
sometimes obscured cellular detail.>*")

Our findings further showed that the results of the MNs
assay in exfoliated oral mucosal cells of patients with
OPMD depended strongly on the staining method.!""!"!
According to the results of the present study, for the
routine MNs assay, PAP, which is the most commonly
used cytological stain, and LG cocktail, which is a newer
stain, were found to show better staining results as
compared to the MGG — a Romanowsky’s stain, which
is used widely in field studies and the routine stains. In
the present study, the mean nuclei count detected in PAP
stain in all the three groups were found to be significantly
higher as compared to LG, MGG and H&E stain. The
mean difference of 1.13, 2.73 and 4.66 was found to be
statistically significant at 0.05 level. Limitations of the
present study were the presence of stain granules and
varied staining intensity.

CONCLUSION

Based on the above study the following conclusions were
derived:

MN assay in exfoliated cells is best seen with PAP stain
followed by LG cocktail, MGG and H&E. The result also
shows that the frequency of MNs was significantly higher
in OSCC, followed by OSMF and finally leukoplakia. The
frequency increased with the progression of the grades
of the lesion, thus indicating a plausible link between
the frequency of MN and the malignant transformation
rate. And finally, the MN assay holds promise as a specific
biomarker of genotoxicity, for screening of oral cancer,
and as can be used as a prognostic indicator. These
biomarkers, however, should be thoroughly explored for
their use in mass screening and, monitoring progression
of oral lesion since an early diagnosis will ensure a
better outcome and good prognosis and will reduce the
overall cost of the treatment. As this is a quick, simple
and feasible method, it can be carried out in larger
populations.
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