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Abstract

Background: Early detection and monitoring of genomic damages are vital for improving ther-
apeutic outcomes. Quantification of micronuclei in exfoliated buccal mucosa cells has emerged
as a reliable biomarker for assessing genomic alterations and cytogenetic damage in precancer-
ous and cancerous conditions. Materials and Methods: This study evaluated exfoliated buccal 
cells from two groups of OSCC patients: seventeen newly diagnosed individuals who hadn’t yet 
undergone OSCC treatments and seventeen patients assessed at least six months after treatments. 
Micronuclei were identified and quantified in the cytology samples, and statistical analyses in-
cluding the T-test, Mann–Whitney U, Kruskal–Wallis, and Spearman’s correlation tests were 
applied at a significance threshold of P<0.05 to compare modalities between groups. Results: 
The newly diagnosed group exhibited a mean micronucleus frequency of 0.028±0.013 per 10³
cell, whereas the treated group demonstrated a significantly lower mean frequency of 0.016±0.020
per 10³ cell (P=0.03). Further stratification of treated patients by intervention type (surgery alone,
surgery combined with radiotherapy, and surgery followed by radiotherapy and chemotherapy)
yielded mean counts of 0.006±0.003 per 10³ cell, 0.014±0.010 per 10³ cell, and 0.026±0.025 per 10³
cell, respectively. These variations did not reach statistical significance (P=0.29). Conclusions: 
The findings show that treatment reduces cytogenetic damage, as reflected by diminished mi-
cronucleus formation. Consequently, micronucleus assessment in buccal mucosa cells may
serve as a noninvasive, cost-effective tool for monitoring therapeutic efficacy and predicting
the recovery process in OSCC patients. [GMJ.2025;14:e3968] DOI:10.31661/gmj.vi.3968
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Introduction

Oral cavity squamous cell carcinoma cells, 
due to exposure to various genotoxic 

agents, often exhibit errors in chromosom-

al segregation, leading to the formation of 
lagging chromosomes or chromosomal frag-
ments that detach from the forming nuclei 
during anaphase. These fragments appear in 
the cytoplasm of daughter cells as multiple 
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secondary nuclei, which are smaller than the 
main nucleus and are called micronuclei [1, 
2]. Micronuclei are extranuclear cytoplasmic 
bodies with a diameter less than one third of 
the main nucleus, formed as a result of chro-
mosomal damage. These bodies have stain-
ing intensity, texture, and structure similar to 
the nucleus but lack a direct connection to it, 
making them identifiable in cytological sam-
ples [3, 4]. 
The average frequency of micronuclei in cells 
of the general population has been reported 0 
to 0.9%. The increased count of micronuclei 
can be interpreted as a chromosomal change 
[5] and may indicate a higher likelihood of 
malignancy especially in tobacco smokers [1, 
6, 7]. According to previous studies, the ex-
amination of micronuclei count in exfoliated 
cell samples from the buccal mucosa can be 
used as a biomarker for investigating genomic 
alterations and cytogenetic damage in precan-
cerous and cancerous conditions of oral cavity 
[8, 9].
The average micronucleus count has been re-
ported higher in patients with OSCC than in 
those with leukoplakia and healthy controls 
[9]. It also has been shown that the number 
of micronuclei in patients with OSCC is sig-
nificantly higher than healthy cases [2]. These 
findings suggest that micronucleus counts of-
fer a valuable approach both for prognostic as-
sessment of neoplastic lesions and for distin-
guishing between precancerous and cancerous 
samples. OSCC is a life-threatening disease 

that can lead to death. Treated patients should 
undergo long-term follow-ups to investigate 
the possibility of recurrence and re-biopsy if 
necessary. Repeated biopsies can be painful 
and unbearable for the patient undergoing 
treatment. So far, no method with appropri-
ate sensitivity has been introduced to moni-
tor and follow OSCC patients; thus, finding 
an available, non-invasive method is of vital 
importance. Since micronuclei can be detect-
ed under cytogenetic changes, it seems that 
the examination of micronucleus count can be 
proposed as an appropriate tool for such pur-
pose. The aim of this study was to evaluate 
the micronucleus count in patients with newly 
diagnosed OSCC compared to treated patients 
to clarify its utility in monitoring therapeutic 
outcomes.

Materials and Methods

This study was conducted at the Cancer In-
stitute of Imam Khomeini Hospital, affiliated 
with Tehran University of Medical Sciences, 
Tehran, Iran, between 2023 and 2025. A total 
of thirty-four participants were enrolled, com-
prising seventeen patients newly diagnosed 
with oral squamous cell carcinoma (OSCC) 
and seventeen individuals with a history of 
the disease who had undergone treatment. The 
protocol of the study was approved by the Eth-
ical Committee on Biological Researches of 
Shahed University and registered as IR.SHA-
HED.REC.1402.088.

Figure 1. Micronucleus in exfoliated buccal cells of an OSCC patient (PAP stain, x400) 
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Inclusion criteria required participants to 
have no history of infectious or immunolog-
ical diseases and no occupational exposure to 
pesticides or related industries. For the treat-
ed group, a minimum interval of six months 
since the last treatment was mandatory. Ex-
clusion criteria encompassed current tobac-
co or alcohol use and, except for the treated 
group, any radiotherapy received within the 
preceding year.
After obtaining informed consent, demo-
graphic data (including age, gender, lesion 
site, and disease duration) were recorded. In 
the treated group, the therapeutic modalities 
including surgery, radiotherapy, and che-
motherapy, as well as the time elapsed since 
treatment completion were also documented. 
Each participant was assigned a unique code 
under which all information was catalogued.
Cytological sampling of the buccal muco-
sa was performed as follows: Subjects first 
rinsed their mouths twice with running wa-
ter. Mucosal cells were then gently collected 
with a disposable plastic brush and imme-
diately smeared onto clean glass slides. The 
slides were fixed using a cytology fixative 
spray (NamiraCyte, Bahar Afshan, Iran) and 
stained using the Papanicolaou (PAP stain) 
method. Micronuclei were counted in a total 
of one thousand cells per sample under a light 
microscope (Zeiss, Germany) at 400× mag-
nification. Only isolated cells with clear mar-
gins and well-defined nuclei were evaluated. 

Micronuclei were identified as follows: they 
exhibited the same coloration as the nucleus, 
were adjacent to the main nucleus, measured 
between one-third and one-fifth of the nucleus 
diameter, and were devoid of any connection 
to the nucleus [4]. (Figure-1)
The average number of micronuclei per sam-
ple was calculated for each group. Statistical 
comparisons between the newly diagnosed 
and treated groups were performed using the 
T-test and the Mann–Whitney U test, while 
differences among treatment modalities were 
assessed with the Kruskal–Wallis test. Cor-
relations between disease duration, time since 
treatment, and micronucleus frequency were 
evaluated using Spearman’s correlation coef-
ficient, with a significance threshold set at P 
< 0.05.

Results

This cross-sectional study compared 17 new-
ly diagnosed and 17 treated patients with oral 
squamous cell carcinoma (OSCC) to eval-
uate demographic, clinical, and cytogenet-
ic differences. The newly diagnosed group 
consisted of 10 males (58.8%) and 7 females 
(41.2%), while the treated group included 7 
males (41.2%) and 10 females (58.8%). A chi-
square test showed no significant difference 
in sex distribution between groups (p=0.303). 
The mean age was 60.24 years (SD=16.32) in 
the newly diagnosed group and 60.71 years 

Table 1. Baseline Characteristics of Newly Diagnosed and Treated Groups 
Characteristic Newly Diagnosed (n=17) Treated (n=17) Sum

Sex Distribution, n (%)
Male 10 (58.8%) 7 (41.2%) 17 (50%)

Female 7 (41.2%) 10 (58.8%) 17 (50%)

Age, mean (SD) 60.24 (16.32) 60.71 (14.20) -

Lesion Location, n (%)

Tongue 10 (29.4%) 7 (20.5%) 17 (50%)

Buccal Mucosa 4 (11.7%) 4 (11.7%) 8 (23.5%)

Mandibular Mucosa/ Alveolar 
Ridge 0 4 (11.7%) 4 (11.7%)

Lower Lip 1 (2.9%) 1 (2.9%) 2 (5.8%)

Gingival Ulcers 1 (2.9%) 1 (2.9%) 2 (5.8%)
Maxilla 1 (2.9%) 0 1 (2.9%)
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(SD=14.20) in the treated group, with no sig-
nificant difference (P=0.93). Lesion locations 
were distributed as follows: tongue (50%, 
n=17), buccal mucosa (23.5%, n=8), man-
dibular mucosa/alveolar ridge (11.7%, n=4), 
lower lip (5.8%, n=2), gingival ulcers (5.8%, 
n=2), and maxilla (2.9%, n=1). These results 
are summarized in Table-1.
T-test revealed no significant association be-
tween gender and micronucleus count in the 
newly diagnosed group (p=0.59). No such sig-
nificant relationship was noticed in the treat-
ed group either (Mann-Whitney U=31.500, 
p=0.732). Across all patients, no significant 
correlation was observed between age and 
micronucleus count (Spearman’s ρ=0.228, 
p=0.194). The mean micronucleus count was 
significantly higher in the newly diagnosed 
group (0.028 ± 0.013 per 10³ cell) compared 
to the treated group (0.016 ± 0.020 per 10³ 
cell) (Mann-Whitney U=82.00, P=0.03), as 
shown in Figure-2.
Mean duration of disease in the newly diag-
nosed group was 5.94 months (SD=7.12), and 
average time since treatment in the treated 
group was 31.18 months (SD=43.2). In the 
newly diagnosed group, a slightly-significant 
trend suggested higher micronucleus counts 
with shorter disease duration (Spearman’s 
ρ=-0.471, P=0.056). In the treated group, no 
significant correlation was found between 
time since treatment and micronucleus count 
(Spearman’s ρ=0.188, P=0.469). 
Treated Group-specific Comparisons
Among treated patients, micronucleus counts 
were compared across treatment modalities: 
surgery alone (n=3), surgery plus radiotherapy 

(n=7), and surgery plus radiotherapy and che-
motherapy (n=7). Mean micronucleus counts 
were 0.006 per 10³ cell (SD=0.003) for sur-
gery alone, 0.010 per 10³ cell (SD=0.014) for 
surgery plus radiotherapy, and 0.026 per 10³ 
cell (SD=0.025) for surgery plus radiother-
apy and chemotherapy. The Kruskal-Wallis 
test showed no significant differences among 
treatment modalities (H=2.446, P=0.294). 
These findings are detailed in Figure-3.

Discussion 

The findings of this study indicated that the 
micronucleus count in buccal mucosal sam-
ples from treated patients with OSCC was sig-
nificantly lower than that in newly diagnosed 
patients. The micronucleus count showed no 
significant correlation with the type of treat-
ment received.
Genotoxins, radiation, chemicals, and con-
genital defects in DNA repair mechanisms can 
cause genetic damage [10]. Micronuclei are 
formed in cells exposed to genotoxic agents. 
Studies have shown that micronucleus count 
increases in cytological samples obtained 
from the buccal mucosa of smokers [7], hoo-
kah users [11], and patients with OSCC [2]. 
The micronucleus count has also been report-
ed to be higher in patients with leukoplakia 
compared to healthy individuals; however, it 
is even higher in those with OSCC than in leu-
koplakia cases [9]. The study by Chaudhary 
et al. yielded similar results regarding the 
application of micronucleus count in OSCC 
patients, showing a significant difference be-
tween patients and healthy control groups [3]. 
These findings suggest that the micronucleus 
count in cytologic samples from buccal muco-
sa may be used as a biomarker to study cyto-
genetic damage in patients with pre-cancerous 
and cancerous lesions.
Previous studies have demonstrated that mi-
cronucleus count correlates with the histo-
pathologic grade of OSCC [12]. Additionally, 
micronucleus count has been reported to be 
higher in clinical stage IV than stage III [2]. 
Carvalho et al. reported increased micronu-
cleus frequency in T3 and T4 stages compared 
to T1 and T2 in oral and oropharyngeal car-
cinomas [13]. The present study also showed 
that micronucleus count in OSCC patients 

Figure 2. Distribution of the total number of micronuclei per 1000 
cells
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was significantly higher than in treated indi-
viduals. These findings align with our study, 
indicating that OSCC is associated with in-
creased micronucleus formation, and that dis-
ease grade and stage influence micronucleus 
count, while patient recovery leads to a de-
crease in micronucleus numbers.
In this study, micronucleus count was not re-
lated to the type of treatment. The study by 
Tak et al. found that the average micronu-
cleus count in buccal mucosal cells of oral 
cancer patients undergoing radiotherapy was 
significantly higher than in healthy controls, 
although it was not associated with radiation 
dose [14]. Similarly, Minicucci et al. reported 
that in head and neck cancer patients treated 
with radiotherapy, micronucleus counts in-
creased during treatment but returned to base-
line levels within 30 to 140 days after treat-
ment completion [15].
Although the present study did not compare 
micronucleus count across specific treatment 
types, it did show a reduction in micronucleus 
count following treatment. Given previous 
studies by Tak and Minicucci, which demon-
strated the clastogenic effects of radiothera-
py, further research is necessary to clarify the 
influence of treatment type on micronucleus 
count.
Consistent with previous researches, the cur-

rent study indicates that micronucleus count 
can be used as a screening test to monitor 
OSCC progression [16, 17].
The findings also showed an inverse relation-
ship between disease duration and micronu-
cleus count: the shorter the duration of illness, 
the higher the micronucleus count. However, 
time elapsed since treatment was not signifi-
cantly associated with micronucleus count. No 
previous study was found examining micro-
nucleus count in relation to disease duration 
or post-treatment time. Although this effect 
requires further study, it seems that it could be 
due to the natural exfoliation and turnover of 
damaged epithelial cells, which gradually re-
moves micronucleated cells from the mucosal 
surface. Additionally, spontaneous apoptosis 
may eliminate severely damaged cells [18], 
and clonal selection may favor more stable 
cell populations. 
In this study, only patients who had complet-
ed treatment at least six months prior were 
included in the treatment group, and long-
term follow-up of treated individuals was not 
feasible. This was the main limitation of the 
present study. It is recommended that future 
researches investigate the screening value of 
micronucleus count in patients experiencing 
recurrence of OSCC.

Figure 3. Micronucleus counts per 1000 cells in treated group based on the modality of treatment
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Conclusion

Findings of present study suggests that micro-
nucleus count can be used as a tool to monitor 
the success of treatment and predict the recov-
ery process in patients with OSCC.
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