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Abstract
Genotoxic effects of chemical carcinogens can cause Cancer, which is a complex disease with altered expression, abnormal growth 

and disruption of normal function of cells. Oral exfoliative cytology can help detect high-risk patients’ extent by detection and quanti-
fication of certain ‘biomarkers’ in non-invasive and painless procedures that can also help improve patient compliance. Micronucleus 
(MN) is a small additional nucleus and is readily identified by light microscopy. Biologically, micronuclei are the chromosome frag-
ments or whole chromosomes that lag behind at anaphase during nuclear division. MN scoring can be used in various clinical set-
ting such as to supervise biomonitoring of diseases, genotoxicity, screening of pre-neoplastic lesions and identification of high risk 
patients as MN occurs due to genetic damage of the cell and the MN scoring is the indicator of the genetic damage. In this brief review, 
the morphology, etiology and applications of MN have been discussed. 
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Introduction
At least 90% of all oral malignancies comprises of Oral Squamous cell carcinoma [1]. It is estimated that more than one million new 

cases are being detected annually in the Indian subcontinent. 92 - 95% of all oral malignancies are oral squamous cell carcinomas (OSCC) 
[2]. It is a complex disease with altered expression, abnormal growth pattern and disruption of normal function of cells that occurs due 
to genotoxic effects of chemical carcinogens [3]. The main reason for the poor prognosis of OSCC is that oral cancers are diagnosed in 
advanced stages and hence treated late. The survival rate can be improved with early detection of a premalignant or cancerous oral lesion. 
Gold standard in diagnosing OSCC is histopathological examination but biopsy being an invasive technique, it has limitations [4]. 

Micronuclei (MN) are small chromatin bodies in the cytoplasm [5] formed by condensation of acrocentric chromosomal fragments 
or by whole chromosomes, lagging behind the cell division and are sensitive indicators of genetic damage [6]. The prevalence of MN in 
epithelial cells has been considered a potential tissue-specific indicator of cancer risk [7].

Oral carcinogenesis is a highly complex multifocal process that takes place when squamous epithelium is affected by varying genetic 
alterations [9]. It is a multi-step process of accumulated genetic damage thereby causing cell dysregulation with disruption in cell signal-
ling, DNA-repair and cell cycle which are fundamental to homeostasis [4].

Figure 1: The natural history of oral carcinogenesis.
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Biomarkers (Molecular Marker/ Signature Molecule): The United Nations’ World Health Organization defines a biomarker as any 
substance, structure or process that can be measured in the body or its products and influences or predicts the incidence of outcome or 
disease [10]. 

Biomarkers for Oral Cancer- Applications [9]

A micronucleus is a small additional nucleus easily identified by light microscopy because it is morphologically similar to but smaller 
than the main nucleus. It is usually located around the main nucleus, within inner half of the cytoplasm except signet ring cells or mucin-
filled cells where it can be seen at the periphery of the cell [12]. Chromatin texture and staining intensity resemble to the main nucleus 
[13]. The cells can’t be called bi-nucleated cells as the diameter of micronucleus is less than 1/3rd of that of the main nucleus [14]. It is 
also different from a broken-egg cell because it does not have any connection with the main nucleus [15]. 

1.	 Biomarkers helps in evaluating the preventive or therapeutic measures and the detection of the earliest stages of oral mucosal 
malignant transformation.

2.	 Reveal the genetic and molecular changes related to early, intermediate, and late end-points in the process of oral carcinogenesis.

3.	 Refine the ability to increase the prognosis, diagnosis, and treatment of oral carcinomas - Monitor progression/ recurrence, 
treatment compliance.

4.	 Can be used in early stages of cancer drug development.

5.	 Can be used to determine the efficacy and safety of chemo-preventive agents.

What is micronucleus? 

Figure 2: Micronucleus.

Figure 3: Proposed theory for formation of MN.
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Biologically, micronuclei results from failure of the mitotic apparatus and is detected in the cytoplasm of the interphase cell as a small 
additional nucleus or an acentric chromosome (fragment) because of chromosome breakage [16,17].

Micronuclei are one of such biomarkers that are cytoplasmic chromatin masses with the appearance of small nuclei arising from lag-
ging chromosomes at anaphase or from acentric chromosome fragments.10, formed by chromosomal damage in the basal cells of the 
epithelium. MN is one of the cell’s manifestations of DNA damage occurring from chromosomal breakage or loss. Asymmetrical structural 
aberration of a chromosome or chromosome breakage because of unrepaired or mis-repaired DNA lesions or chromosome mal-segrega-
tion that occurs due to mitotic malfunction can cause MN formation. Acentric fragments are usually seen after irradiation of cells, whereas 
entire chromosomes are more frequent and frequently occurring MN or after induction by spindle (apparatus) poisons without any clas-
togenic treatment. The two basic mechanisms that are responsible for the formation of MN are chromosome breakage and disturbance 
of the chromosome segregation machinery. So, MN expression requires a mitotic or meiotic division of the cell even if the cell has already 
undergone genetic damage. This could be expected in rapidly proliferating cells like mucosal epithelial cells [19]. Otherwise any stable cell 
should be stimulated mitotically. This is the basis for in-vitro MN assay with the cytokinesis-blocking methodology.

Theories on origin of MN

Causes of MN [19]: MN can occur spontaneously which provides an index of accumulated genetic damage occurring during the lifes-
pan of the cells under evaluation [18]. This is called the baseline MN frequency for the particular individual. 

Morphology of MN [19]

Location Intracytoplasmic; near the main nucleus; generally within inner half of cytoplasm. However, in glandu-
lar epithelial cells or mucin-filled cells like signet-ring cells, it can be seen in the periphery of the cyto-

plasm. If the main nucleus is oval or spindly, Micronuclei is generally close to one end of it. MN is always 
separate from the main nucleus; however, can overlap it.

Size It is 1/16th to 1/3rd the diameter of the main nucleus.
Staining Generally, with same intensity or of more intensity in relation to main nucleus. Occasionally paler.
Texture Similar to the main nucleus. May be more clumped. Perimeter is smooth suggestive of a membrane. 

Non-refractile.
Shape Mostly oval or round; may be pyramidal, hemispheric, elliptical, cylindrical or very rarely irregular.
Number Generally, occur singly in a cell. Very occasionally double, especially in HSIL and IC cases. Triple or more 

not seen or rare.
Others Plane of focus coincides or nearly same as the main nucleus.
Cells of  
Occurrence

Seen in the benign-appearing cells as well as frankly malignant or dysplastic cell.

Mimickers Stain deposits, bacteria, nuclear dusts, clumped cytoplasmic fragments, partial karyorrhexis or necrotic 
nucleus, carried over nuclear fragments from other cells.

Category Examples Possible explanations

Spontaneous Seen in all otherwise normal 
persons

Exposure to environmental pollutants, radiation, bio-hazard 
materials, drugs, other poisonous chemicals, food/drink hab-

its, free radical injury, etc [20].

Chronic Inflammation

Tobacco, Para-amino hippuric acid, 
colorants, toxic gases like Ethylene 

oxide Formaldehyde etc. Crohn’s 
disease, Oral Lichen Planus

Chronic free radical injuries of DNA, Metabolic dysfunction 
due to aneugens and clastogens, Mitotic spindle dysfunction 

due to toxic substances [14].

Genotoxicity

Lead paints, solvents, benzene 
Ethylene oxide, Paraamino hip-

puric acid, Formaldehyde, ethanol, 
Antineoplastic drugs, Pesticide 

mixtures Arsenic

Direct DNA damage, cell cycle inhibition, mitotic spindle 
toxins, aneuploidy, DNA synthesis and cell cycle interference 

[21,22].

Chemotherapy Cancer patients

Radiation injuries
Increased MN frequency after 

radiotherapy 
Radiation-induces cancers

Direct DNA damage/breakage, accumulated in consecutive 
populations [23].

Neoplastic conditions

Cervical cancer 
Oral carcinomas 

Breast carcinoma 
Urothelial cancer 

Colon cancer 
Pleural Malignant 

Mesothelioma

Primary or secondary DNA damage, Aneuploidy, mitotic dys-
function genetic instability [25-27].

Preneoplastic conditions

Oral submucosal fibrosis 
Oral leukoplakia 

Oral lichen planus 
First female relatives of breast 

cancer patients 
Precancerous oral lesions 
Cervical intra-epithelial

Chromosomal aberrations, chromosome loss/breakage, 
mitotic apparatus dysfunctions, aneuploidy, genetic instability 

DNA damage – congenital or acquired [24,25].

Genetic diseases
Down syndrome 

Xeroderma pigmentosa 
Reproductive failure

Various chromosomal aberrations, DNA damage/breakage, 
genetic instability [28].

Infective Genital Chlamydiasis 
Schistosoma haematobium 

infection 
Human papilloma virus Infection

Mechanisms exactly not known; possibly interfere with cel-
lular division and produce free radicals etc. leading to DNA 

damage. 
HPV is a DNA virus and interferes with genes involved in cell 

cycle 
Metabolic stress caused by tumor growth, clastogenic 

products released from tumor cells and the presence of HPV 
[29,30].

Metabolic

Megaloblastic anemia, Vitamin 
deficiencies, Low intake of calcium, 

folate, nicotinic acid, vitamin E, 
retinol, beta-carotene and high 

intake of pantothenic acid, biotin 
and riboflavin

Interference with DNA synthesis; damage to DNA possibly 
secondary to other associated causes like reactive oxygen 

species and activated human neutrophils; increased genome 
instability [31,32].

Appliances used in orth-
odontic and pedodontic 
patients

Orthodontic appliances Metal 
crowns

Do not expose healthy patients to an increased risk of 
genotoxic damage in oral mucosa cells [33]. Odontological 

exposure to metal crowns results in genotoxic damage at the 
cellular level of the oral mucosa and an increase in the urinary 

excretion of Ni within 45 days of exposure [34].
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MN scoring has been done on (buccal) smears by several investigators in recent few years especially for pre-neoplastic and neoplastic 
conditions.

Although the spontaneous frequencies of MN are similar in all types of exfoliated cells, these levels can increase significantly at differ-
ent sites in response to specific exposures. For example, Micronuclei has been especially induced in the buccal cells of betel and tobacco 
chewers, and in the buccal and nasal mucosal cells of people exposed to formaldehyde. Increased MN frequency in exfoliated buccal mu-
cosal cells have also been seen because of exposure to pesticides or anti-neoplastic drugs, radiotherapy, smoking and arsenic in drinking 
water.

Oxidative stress, exposure to clastogens or aneugens, genetic defects in cell cycle checkpoint and/or DNA repair genes, as well as defi-
ciencies in nutrients essential as co-factors in DNA metabolism and the chromosome segregation machinery have also been implicated as 
causes of increased MN frequency. The presence of MN in benign and chronic inflammatory conditions has also been studied. An elevated 
frequency of micronucleated exfoliated cells (MEC) in atrophic and erosive oral lichen planus (OLP) has been documented. Vitamin B-
Complex supplementation has shown significant decrease in MEC frequency in atrophic and erosive OLP.

MN scoring on smears

Role of MN in cancer screening is almost well appreciated because in any malignancy MN score is always very significantly elevated 
in comparison to benign lesion or people without tumor (normal age-matched control). But the exact role of MN in detecting the pre-
neoplastic conditions is probably the most demanding issue in Micronuclei literature. There are several reasons for this:

Role of MN in tumor grading

•	 First, many conditions like radiation, drugs, pollutants, even normal aging process can cause it, as MN formation is a manifesta-
tion of genetic damage or chromosomal breakage. Malignancy is both a cause as well as effect of genetic damage. So increased 
MN is suggestive but not diagnostic of pre-neoplastic condition and caution should be taken in the form of precise clinical history 
and examination. 

•	 Second, lack of standardization – there is a term called the base-line Micronuclei frequency. It is a presentation of day to day 
exposure to radiation, foods and the genetic make-up or ethnicity which again differ around the globe environmental pollutants, 
infections, nutrition. There must be an upper limit of the base-line MN frequency only beyond which we can label it as increased 
Micronuclei frequency. This calibration of the upper limit for a given population is one of the toughest issues [9].

For monitoring genetic damage in humans, the micronucleus (MN) assay in exfoliated buccal cells is a helpful and minimally invasive 
method. Micronuclei frequencies in exfoliated human cells seem to represent a beneficial ‘internal dosimeter’ for estimating exposure to 
genotoxic, and by implication, carcinogenic agents in the tissue from which cancers will develop. Future research should consider sources 
of variability in the assay (e.g. between laboratories and scorers, as well as inter- and intra-individual differences in subjects), and resolve 
key technical issues, such as the optimal criteria for classification of normal and degenerated cells, method of buccal cell staining and for 
scoring micronuclei and other abnormalities.

Conclusion
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