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Original Article

INTRODUCTION

Human immunodeficiency virus (HIV)/AIDS is a 
growing epidemic in developing countries. During 
the past two decades, more articles have been written 
on HIV and its related disease states than any other 
infectious process.[1] Oral lesions in this disease are 
a basic component of  entire disease course and 

considered as a marker of  disease progression and 
immunosuppression.[2,3] Oral lesions strongly associated 
with HIV/AIDS include oral candidiasis, oral hairy 
leukoplakia, periodontal diseases, oral warts, Kaposi’s 
sarcoma and recurrent oral ulcers.[2,4] Oral health is the 
most neglected part of  the treatment in HIV/AIDS 
patients.[2]

Background: Micronucleus (MN) is a biomarker for cytotoxicity, which is formed during cell division. Increased 
MN scoring has been successfully used to recognize population groups at risk for cancers of oral cavity, 
cervix, urinary bladder and esophagus. Incorporating MN score along with cytological smear testing gives 
a better and cost-effective screening for high-risk patients.
Objective: This study evaluated the effectiveness of using MN score assessed from Papanicolaou (PAP) smears, 
as a biomarker for chromosomal damage in human immunodeficiency virus (HIV) patients.
Materials and Methods: Oral smears of 25 female HIV/AIDS patients, without habits such as chewing or 
smoking tobacco, and taking antiretroviral therapy (ART) at ART center, were recruited for the study. After 
careful oral examination and oral rinsing with normal saline, smears were prepared on slides by scraping 
the buccal mucosa with a wooden spatula. All the slides were fixed in 95% ethyl alcohol and stained with 
PAP stain, and 1000 cells were counted per patient. Based on Tolbert et al.’s criteria, MNs were identified, 
and quantitative scoring of MN was done on the basis of morphological assay.
Results: Mean ± standard deviation values of frequency of MNs in HIV-infected females were 73.40 ± 19.70 
and in normal females were 38.08 ± 8.56.
Conclusion: MN scoring on the epithelial cells of buccal mucosa can be used as a biomarker in screening 
procedures for HIV patients.
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Micronuclei (MNs) are good prognostic indicators 
and biomarkers of  cytotoxicity. It is formed during 
the metaphase/anaphase. Scoring of  MNs can be 
performed easily on different cell types relevant for 
human biomonitoring such as lymphocytes, fibroblasts 
and exfoliated epithelial cells. MN observed in exfoliated 
cells is induced when the cells are at the basal layer. MN 
scoring is a sensitive as well as relatively easy method of  
scoring when compared to other molecular methods used 
to detect genotoxicity. Increased MN scoring recognizes 
chromosomal damage in infective and inflammatory 
diseases, cancers of  oral cavity, cervix, urinary bladder 
and esophagus.[5]

So monitoring the frequency of  MN could reflect the 
amount of  DNA damage and chromosomal breakdown 
in chronic infective diseases. Oral exfoliative cytology is 
valuable for mass screening purposes. It is a nonaggressive 
technique, well accepted by the patients and important for 
prognostication of  lesions.[6]

With this view in mind, the present study was carried out 
to assess the levels of  MN in oral exfoliative cytology 
of  healthy control female participants and HIV‑positive 
female patients. Aim and objectives of  this study were 
to evaluate and compare the frequency of  MNs in 
Papanicolaou (PAP)‑stained smears of  oral exfoliated cells 
from healthy control female participants with HIV‑positive 
female patients and also to evaluate the effectiveness of  
using MN score assessed from PAP smears, as a biomarker 
of  chromosomal damage in HIV patients.

MATERIALS AND METHODS

Study groups
Twenty‑five participants (female) with HIV infection 
and without any tobacco‑related habit and receiving 
antiretroviral therapy (ART) were selected as the study 
group, and 25 healthy participants (female) having no 
obvious oral lesions or habits of  consumption of  tobacco, 
other tobacco‑related substances or any other such 
substances that could compromise the oral hygiene status 
were selected as control group. Participants (both infected 
and healthy) with any grade of  gingival inflammation, 
periodontitis, other viral or fungal infections and pregnant 
and lactating females were excluded from the study.

Collection of exfoliated cells
Participants were asked to rinse their mouth gently with 
water. Oral mucosal scrapings were obtained from buccal 
mucosa of  Group I and Group II participants using 
a slightly moistened wooden spatula. The cells were 

immediately smeared on coded, precleaned microscopic 
slides and fixed in 95% ethyl alcohol.

Cytological staining and evaluation
The cytosmears were separately stained with PAP 
stain. The slides were mounted with cover glass using 
DPX mountant. All the slides were observed under 
light microscope using low magnification (×400) for 
screening and high magnification (×1000) for counting 
of  MN.

Scoring criteria
The most commonly used method, that is, the zigzag 
method, was followed for screening of  slides. One 
thousand cells with intact nuclei and cell boundaries were 
counted on each slide. For the purpose of  designating an 
extranuclear body as an MN, the following criteria given 
by Tolbert et al.[7,8] were considered as follows:
• Rounded smooth perimeter suggestive of  a membrane
• Less than a third the diameter of  the associated nucleus 

but large enough to discern shape and color
• Staining intensity similar to that of  the nucleus
• Texture similar to that of  nucleus
• Same focal plane as nucleus
• Absence of  overlap with, or bridge to, the nucleus.

Only those structures fulfilling the above‑mentioned 
criteria were recorded as MN [Figure 1]. The same person 
scored 1000 intact cells blindly in each case to determine 
the MN percentage. The data obtained were statistically 
analyzed. Mean, standard deviation (SD), median and 
minimum and maximum values of  frequency of  MNs in 
HIV‑infected females and normal females were calculated. 
The Shapiro–Wilk test showed that the frequency of  
MNs in HIV‑infected female and normal female groups 
followed normal distribution. Hence, parametric test, 
namely unpaired t‑test, was used for comparison of  the 
frequency of  MNs between HIV‑infected females and 

Figure 1: Photomicrograph showing micronuclei (arrow) in oral 
exfoliated epithelial cells of human immunodeficiency virus‑infected 
females, stained with Papanicolaou stain (×100)
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normal females. P < 0.001 was considered statistically 
highly significant.

RESULTS

The present study comprised a total of  50 participants 
divided as 25 cases of  HIV‑infected females and 25 healthy 
control participants without any habits of  consumption of  
tobacco, other tobacco‑related substances or other such 
substances.

Mean ± SD values of  frequency of  MNs in HIV‑infected 
females were 73.40 ± 19.70 and in normal females were 
38.08 ± 8.56. Median values of  frequency of  MNs in 
HIV‑infected females were 69.00 and in normal females 
were 37.00. Minimum and maximum values of  frequency 
of  MNs in HIV‑infected females were 37–126 and in 
normal females were 23–53.

Mean difference of  frequency of  MNs between HIV‑infected 
females and normal female was 35.32. Unpaired t‑test showed 
highly significant difference for the frequency of  MNs in 
HIV‑infected female and normal female groups (t = 8.222 
and P < 0.001). Frequency of  MNs in HIV‑infected females 
was significantly higher than normal females.

DISCUSSION

MNs are extranuclear cytoplasmic bodies. They are induced 
in cells by numerous genotoxic agents that damage the 
chromosomes.[9] MNs are found in intermediate and 
superficial squamous cells. It has to be differentiated from 
apoptotic bodies found in superficial squamous cells, 
bacteria, Candida spores and artifacts such as stain particles 
and granules.[5]

The damaged chromosomes, in the form of  acentric 
chromatids or chromosome fragments, lag behind in 
anaphase when centric elements move toward the spindle 
poles. After telophase, the undamaged chromosomes, as 
well as the centric fragments, give rise to regular daughter 
nuclei. The lagging elements are included in the daughter 
cells, too, but a considerable proportion is transformed 
into one or several secondary nuclei, which are, as a rule, 
much smaller than the principal nucleus and are therefore 
called MNs[6] [Figure 1].[8] Bigger MNs result from 
exclusion of  whole chromosome following damage to the 
spindle apparatus of  the cell (aneugenic effect), whereas 
smaller MNs result from structural aberrations, causing 
chromosomal fragments (clastogenic effect).[9]

Increased frequency of  MNs in chronic infective/
inflammatory diseases reflects the amount of  DNA 

damage. Gradual increase in MNs has been considered 
a hallmark of  aneuploidy and is used for assessing 
mutagenicity of  the test compounds.[10]

In this study, MN score in buccal smears from HIV‑positive 
female patients was compared with MN score of  healthy 
patients. We noted highly significant difference of  MN 
score in the two groups as higher in HIV‑positive patients. 
There are limited studies of  MN scoring on PAP‑stained 
smears, and literature search did not yield much data 
focused on HIV‑positive smears.

Two hypothesized mechanisms that contribute toward 
the formation of  MN in buccal smears of  HIV‑positive 
patients are viral protein R (VPR) gene and ART therapy. 
VPR is an accessory gene of  HIV Type 1 (HIV‑1) encoding 
a virion‑associated nuclear protein.[10,11] VPR of  HIV‑1 
induces cell cycle abnormality causing cell accumulation 
at G2/M phase leading to increased ploidy and results in 
high frequency of  MN formation. The incidence of  MN 
in VPR‑expressing cells was shown to be more than 50 
fold higher than in control cells. Studies suggest that VPR 
plays an important role in regulating nuclear import of  the 
HIV‑1 preintegration complex and is required for virus 
replication in nondividing cells. VPR also induces cell cycle 
arrest in proliferating cells, stimulates virus transcription 
and regulates activation and apoptosis of  infected cells, 
thus playing a critical role in tumor development and has 
an important role in the development of  AIDS‑related 
tumors.[10]

This study revealed 2–3‑fold increase in the presence of  
MN in HIV‑positive participants. This confirms the data 
of  Chan et al.,[12] who concluded the presence of  MN in 
the VPR‑expressing cells. Shimura et al.[10] found 50‑fold 
increase in VPR‑expressing cells, which are quite higher 
than as compared to our study.

ART is the most common treatment provided to 
HIV patients. Mostly, it consists of  two nucleoside 
reverse transcriptase inhibitors (NRTIs) along with one 
non‑NRTI or one protease inhibitor.[13] NRTIs are known 
for causing hematologic disorders, myopathy, cardiotoxic 
effects, peripheral neuropathies and hepatotoxic effects.[14] 
These heterogeneous adverse effects of  NRTIs are related 
to defective mitochondrial DNA replication secondary 
to the NRTI‑induced deleterious inhibition of  the 
mitochondrial DNA polymerase gamma.[15] These effects 
can also lead to the toxicity of  the genome, which in 
turn can cause change in cellular functions, cancer and 
cell death.[16] Genotoxicity effect may lead to cellular 
malignant transformation.[17]
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Witt KL et al.,[18] Lourenco et al.[19] and Kaushik et al.
[20] ssessed MN frequency in patients  who are on ART, 
in reticulocyte, mononucleated and binucleated cells, 
and peripheral blood respectively, found elevated MN 
frequency. Herd et al.[21] also reported that radiation‑induced 
MNs are more in ART patients as compared to without 
ART patients. Qadir et al.[2] evaluated oral mucosal changes 
in patients of  HIV/AIDS taking ART and found increase 
in MNs up to 51.4%. In this study, all the patients were on 
ART for a period ranging from 2 to 7 years.

Wide variation (37–126) in the MN scores was observed 
in the HIV‑positive smears studied. This variation among 
different individuals in the same group may be attributable 
to environmental exposure to genotoxic agents, lifestyle 
factors, micronutrient deficiency, genetic makeup, baseline 
MN frequencies, ethnicity and other factors associated 
with carcinogenesis and chromosomal damage. This also 
suggests that MN formation is a multifactorial event.[5,22]

CONCLUSION

MN scoring on the epithelial cells of  oral cavity could be 
used as a biomarker in cancer screening. This is an easy, 
simple, reliable and reproducible, which can be done on 
routinely stained PAP smears to pick up premalignant 
lesions in HIV patients. Increased frequency of  MN in 
HIV‑positive patients could be due to VPR and ART.

Future need
Further studies are required to validate the rationale behind 
the increased frequency of  MNs in HIV infection and to 
establish a correlation between increased MNs in HIV 
infection with the depletion in CD4 count. Studies are 
also required to correlate the increased frequency of  MN 
with the development of  various malignancies of  the oral 
cavity so that increased frequency of  MN can be used as 
a monitoring tool to prevent the development of  such 
lesions in HIV‑infected patients.
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