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ABSTRACT

Objective: A micronucleus is a small additional nucleus formed due 

to chromosomal loss or fragmentation. Th e aim of this study was to 

assess the utility of micronucleus count as a screening tool in cervical 

cancer.  

Material and Method: A total of 132 cases consisting of 42 

pre-neoplastic and neoplastic cases and 90 non-neoplastic cases 

were studied. Only routine Papanicolaou-stained cervical smears 

were used. In each smear, the number of micronucleated cells and 

binucleated cells were counted under oil immersion and expressed 

as a count per 1,000 cells. Th e micronucleated and binucleated cell 

counts in pre-neoplastic, neoplastic and non-neoplastic categories 

were compared for statistical significance. Th e counts were also 

correlated with age, duration of marital life, number of pregnancies 

and abortions.

Results: Th e micronucleus count and the binucleated cell count were 

significantly higher in the high -grade squamous intraepithelial lesion 

(HSIL) and invasive carcinoma categories compared to low -grade 

squamous intraepithelial lesion (LSIL) and non-neoplastic cases. 

Receiver operating characteristic (ROC) curve analysis revealed 

that micronucleus count and binucleated cell count possess a high 

degree of sensitivity and specificity for identifying HSIL and invasive 

carcinoma.  

Conclusion: Our results reveal that micronucleus evaluation in 

routine Pap smears is a very useful biomarker in cervical cancer 

screening. Th e binucleated cell count increases the predictive value 

of this simple test.

Key Words: Micronucleus tests, Uterine cervical neoplasms, Cervical 

intraepithelial neoplasia, Vaginal smear

ÖZ

Amaç: Bir mikronükleus, kromozom kaybı veya fragmentasyonu 

nedeniyle oluşan küçük bir ek nükleustur. Bu çalışmanın amacı 

servikal kanserde bir tarama aracı olarak mikronükleus sayımının 

değerini değerlendirmekti. 

Gereç ve Yöntem: 42 preneoplastik ve neoplastik, 90 nonneoplastik 

olmak üzere toplam 132 olgu çalışıldı. Sadece rutin Papanicolaou ile 

boyanmış servikal yaymalar kullanıldı. Her yaymada mikronükleuslu 

hücre ve binükleuslu hücre sayısı yağ imersiyonu altında sayılıp 

1000 hücre başına bir sayım olarak ifade edildi. Mikronükleuslu ve 

binükleuslu hücre sayımları preneoplastik, neoplastik ve nonneoplastik 

kategorilerde istatistiksel önem açısından karşılaştırıldı. Sayımların 

ayrıca yaş, evlilik süresi, hamilelik ve kürtaj sayısıyla korelasyonu 

araştırıldı.

Bulgular: Mikronükleus sayımı ve binükleuslu hücre sayımı yüksek 

dereceli skuamöz intraepitelyal lezyon (HSIL) ve invaziv karsinoma 

kategorilerinde düşük dereceli skuamöz intraepitelyal lezyon (LSIL) 

ve nonneoplastik olgularına göre önemli ölçüde daha yüksekti. ROC 

eğrisi analizi, mikronükleus sayımı ve binükleuslu hücre sayımının 

yüksek dereceli intraepitelyal lezyon ve invaziv karsinom için yüksek 

ölçüde duyarlı ve özgül olduğunu ortaya çıkardı.

Sonuç: Elde ettiğimiz sonuçlar rutin Pap yaymalarında mikronükleus 

değerlendirmesinin servikal kanser taramasında çok faydalı bir 

biyobelirteç olduğunu göstermektedir. Binükleuslu hücre sayımı bu 

basit testin prediktif değerini arttırmaktadır.

Anahtar Sözcükler: Mikronükleus testleri, Uterin servikal  

neoplazmlar, Servikal intraepitelyal neoplazi, Vajinal yayma
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INTRODUCTION

Cervical cancer is one of the most common cancers 

among women worldwide and the leading cause of cancer 

mortality in Indian women. Th e incidence of cervical 

cancer varies widely and 86 % of all cases and about 88 % of 

deaths due to cervical cancer occur in developing nations. 

India has the highest disease frequency with 134 000 cases 

and 73 000 deaths in 2008 (1). Th e conventional Pap smear 

is the cheapest and most commonly used investigation 

in screening cervical cancer. A recent study revealed a 

signifi cantly lower sensitivity for cytology in detecting 

CIN3 or worse compared to HPV testing (53.3% versus 

92.0%) (2). Ancillary investigations like HPV testing and 

p16 immunostaining can improve the sensitivity, but they 

are seldom used in developing nations for screening. Hence 

a simple procedure which can be used in conjunction 

with the routine cytological analysis of conventional Pap 

smears would be of much use in better detection of cervical 

intraepithelial neoplasia.

Th e micronucleus test is a well established and widely 

used technique to evaluate genetic damage resulting from 

exposure to carcinogenic or mutagenic agents (3-6). Th e 

genotoxic eff ects of chemicals are associated with several 

health hazards like infertility, abortions, birth defects, 

neurodegenerative disorders and most importantly 

increased incidence of cancer. A micronucleus (MN) is 

an additional small nucleus in the cytoplasm, formed 

when chromosomes or chromosomal fragments fail to 

be incorporated into the nucleus during cell division. 

Micronucleus can detect chromosomal breakage as well as 

chromosomal loss and thus serves as a potential biomarker 

of genotoxicity (6,7). Micronucleus test is helpful in 

biomonitoring damage resulting from chemotherapeutic 

drugs, radiation, poisonous chemicals and pollutants (6). 

Th e international human micronucleus (HUMN) project 

(www.humn.org), established in 1997 is an international 

collaborative program aimed to standardize micronucleus 

assays to study DNA damage. Th e MN assay in exfoliated 

cells is a minimally invasive method for monitoring 

genetic damage in humans. Micronucleus quantifi cation in 

exfoliated oral mucosal cells is a simple technique used to 

detect genetic damage resulting from exposure to genotoxic 

agents like tobacco, alcohol, illicit drugs and others (3,5).

Th e micronucleus test also serves as an excellent biomarker 

for predicting cancer risk (8). It has shown potential use as 

an ancillary tool for diagnosing malignancy in cytological 

samples (9-11). MN scoring has been used to assess the risk 

of malignant transformation in uterine cervix (12 -15). A 

recent study proved that MN scoring can be performed 

satisfactorily in routine Pap smears (16). Th e objective 

of our study was to evaluate MN count in a spectrum of 

non-neoplastic, pre-neoplastic lesions and invasive cancer 

of the cervix and study the association of MN count with 

important risk factors implicated in cervical carcinogenesis. 

Hence we counted the frequency of micronucleated and 

binucleated cells, a similar metanucleated anomaly in 

exfoliated epithelial cells in diverse abnormalities of the 

cervix.

MATERIALS and  METHODS

In this retrospective study, we assessed micronuclei and 

binucleated cells in 132 cases that were diagnosed between 

January 2009 and December 2012. We included 13 cases 

with a diagnosis of low- grade squamous intraepithelial 

lesion (LSIL), 10 high- grade squamous intraepithelial 

lesion (HSIL) cases, 19 invasive squamous cell carcinoma 

(IC) cases and 90 non-neoplastic cases comprising of 20 

normal, 20 infl ammatory, 20 atrophic smears, and 30 cases 

with benign cellular changes associated with infections (10 

cases of Trichomonas vaginalis, fungal organism consistent 

with Candida spp and bacterial vaginosis each). Th e 

diagnosis of bacterial vaginosis was considered based on 

the presence of clue cells.

All the cases included in the pre-malignant and malignant 

categories had a histopathological outcome of either 

cervical intraepithelial lesion (CIN) or invasive squamous 

cell carcinoma. Th e cytology slides were reallocated 

according to the biopsy diagnosis. Cases with scanty 

cellularity and dense infl ammation obscuring smear details 

were excluded. Only conventional pap smears were used in 

this study. Th e smears in the benign category were reviewed 

by all the three authors independently. Clinical details like 

age, duration of marital life, number of pregnancies and 

abortions were recorded from the case files. Duration of 

marital life was not available for seven cases in the pre-

neoplastic and neoplastic categories. To analyze the utility 

of the counts in borderline cases, we also assessed MN and 

BNC counts in 27 ASCUS cases with follow-up histology.

MN scoring: Th e smears were analyzed by light microscopy 

under oil immersion (x 1000) separately and independently 

by two scorers (MA and BK). A third observer (MP) also 

reviewed the slides aft er observation by the two initial 

scorers. Final scores were given only aft er overall consensus. 

For each case 1000 epithelial cells with well-defi ned nuclei 

and cell borders were counted. Cells showing features of 

degeneration and apoptotic changes were not included. 

Counting was avoided in cell clusters and clumped groups. 

Micronuclei were determined according to the following 
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criteria: size less than one-third of the main nucleus, clearly 

included in the cytoplasm on the same optical plane as the 

nucleus and distinctly separate from the main nucleus with 

a similar staining intensity (Figures 1, 2). Cells with single 

or double micronuclei were given a score of 1. An overall 

MN count was expressed as the number of micronucleated 

cells per 1000 epithelial cells. Number of binucleated cells 

(BNC) were also counted . Binucleated cells have two nuclei 

close to each other (Figure 3). A BNC count was expressed 

as the number of binucleated cells per 1000 cells similar to 

MN count. 

Statistical analysis: MN and BNC counts were expressed 

as mean ± SD and median (min-max) where appropriate. 

Comparisons between two groups were performed by the 

nonparametric Mann-Whitney -U-test, whereas compari-

sons between more than two groups were performed by 

the Kruskal-Wallis test. Conover-Inman post-hoc test for 

multiple pairwise comparisons between groups was done 

following a significant Kruskal -Wallis test. Th e predictive 

effi  cacy of MN and BNC counts was assessed using the 

area under the curve (AUC) generated by a receiver op-

erating characteristic (ROC) analysis. Th e ROC plots the 

true positive rate (sensitivity) against the false-positive rate 

(1-specifi city). A perfectly accurate test would yield a ROC 

of 1.0 and a ROC of 0.5 indicates a predictive effi  cacy no 

better than chance. Th e eff ect of demographic parameters 

like age, duration of marital life, number of pregnancies 

and abortions on MN and BNC counts was analyzed using 

simple and multiple linear regression. All reported p values 

are two-sided and a p value of less than 0.05 was consid-

ered signifi cant for all statistical tests. Data processing and 

analysis were performed using SPSS for Windows (Version 

20.0.0) and SYSTAT version 13.1.

Th is study was approved by the ethics committee of our 

institution.

RESULTS

Micronucleated cell count and binucleated cell count for 

the non-neoplastic, preneoplastic and neoplastic categories 

are displayed in Table I. Th e Kruskal -Wallis test yielded 

signifi cant diff erences for MN and BNC counts (p < 0.001 

for both MN and BNC counts). A post-hoc Conover-

Inman test was used to compare individual categories and 

the pairwise comparisons are shown in Table II. Th e MN 

count of LSIL is signifi cantly lower compared to HSIL 

and IC and signifi cantly higher compared to the normal, 

atrophic, infl ammatory and infectious categories. Th e mean 

± SD [ median (min-max)] MN count in smears positive 

for bacterial vaginosis, Trichomonas vaginalis and Candida 

spp were 3.6 ± 1.6 [3.5 (2.0-7.0) ], 4.0 ± 1.2 [4.0 ( 2.0-6.0)] Figure 1: Micronucleus (indicated with an arrow) in a normal cell 
(Pap stain x1000).

Figure 2: Micronuclei(indicated with arrows) in an atypical cell 
(Pap stain x1000).

Figure 3: A binucleated cell(indicated with an arrow) (Pap stain 
x1000).
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and 2.5 ± 1.0 [2.0 (1.0-4.0)] respectively. Th e BNC count 

of LSIL is signifi cantly higher compared to the four non-

neoplastic categories. Th e BNC count of LSIL category also 

diff ers signifi cantly compared with HSIL and IC.

Table I: MN count and BNC count in each category

Category Number of cases
 MN count  BNC count 

Mean ± SD Median (Min-max) Mean±SD Median (Min-max)

Normal 20 1.2 ± 1.1 1.0 (0.0-4.0) 0.7 ± 0.7 1.0 (0.0-2.0)

Atrophic 20 1.3 ± 1.1 1.0 (0.0-4.0) 1.1 ± 1.2 1.0 (0.0-4.0)

Infections 30 3.4 ± 1.4 3.0 (1.0-7.0) 1.0 ± 1.3 0.0 (0.0-4.0)

Infl ammatory 20 2.5 ± 1.4 3.0 (0.0-5.0) 1.0 ± 1.1 0.5 (0.0-3.0)

LSIL 13  4.4 ± 1.6 4.0 (3.0-8.0) 6.7 ± 2.7 6.0 (2.0-12.0)

HSIL 10 11.9 ± 4.2 11.5 (5.0-20.0) 19.0 ± 11.6 15.5 (4.0-42.0)

IC 19 16.4 ± 6.9 15.0 (9.0-39.0) 16.5 ± 6.9 15.0 (10.0-42.0)

MN: Micronucleus, BNC: Binucleated cells, IC: Invasive squamous cell carcinoma. 

Table II: Conover-Inman test for pairwise comparisons

Pairwise comparison 
between categories

 MN count
 p value

 BNC count
 p value

Normal vs. Atrophic  0.758  0.246

Normal vs. Infl ammatory <0.001 *  0.497

Normal vs. Infections <0.001 *  0.619

Normal vs. LSIL <0.001 * <0.001 *

Normal vs. HSIL <0.001 * <0.001 * 

Normal vs. IC <0.001 * <0.001 *

Atrophic vs. Infl ammatory <0.001 *  0.629

Atrophic vs. Infections <0.001 *  0.438

Atrophic vs. LSIL <0.001 * <0.001 *

Atrophic vs. HSIL <0.001 * <0.001 *

Atrophic vs. IC <0.001 * <0.001 *

Infl ammatory vs. Infections  0.009 *  0.805

Infl ammatory vs. LSIL <0.001 * <0.001 *

Infl ammatory vs. HSIL <0.001 * <0.001 *

Infl ammatory vs. IC <0.001 * <0.001 *

Infections vs. LSIL  0.038 * <0.001 *

 Infections vs. HSIL <0.001 * <0.001 *

 Infections vs. IC <0.001 * <0.001*

LSIL vs. HSIL <0.001 *  0.028 *

LSIL vs. IC <0.001 *  0.010 *

HSIL vs. IC  0.359  0.970

* Denotes signifi cant p values. 
MN: Micronucleus, BNC: Binucleated cells, IC: Invasive squamous cell 
carcinoma.

Th e mean ± SD [median (min-max)] age for the seven 

categories are as follows: Normal-30.3 ± 10.7 [26.0 (18.0-

55.0)], Infl ammatory-31.7 ± 9.8 [31.0 (20.0-58.0)], Atrophy 

- 59.4 ± 10.5 [60.0 (44.0-76.0)], Infections-34.6 ± 9.9 [34.0 

(18.0-60.0)], LSIL- 41.6 ± 6.3 [40.0 (32.0-54.0)], HSIL- 

45.1 ± 9.7 [46.0 (31.0-58.0)] and IC- 57.8 ± 8.6 [60.0 

(40.0-70.0)]. Th e Kruskal -Wallis test showed a signifi cant 

diff erence for the age of the seven categories (p < 0.001). A 

post-hoc Conover’s test (all p values not shown) revealed 

that the age of normal, infl ammatory and infectious 

categories was signifi cantly lower compared to LSIL, HSIL 

and IC categories. Th e age of IC patients was signifi cantly 

higher compared to LSIL (p < 0.001) and HSIL (p = 0.002). 

Th e diff erence noted between the age of LSIL and HSIL 

categories was not signifi cant statistically (p = 0.458). 

Th e ability of MN and BNC counts to distinguish HSIL + 

lesions (HSIL or invasive squamous cell carcinoma) was 

analyzed using receiver operating characteristic (ROC) 

curve analysis. Using the ROC curve method, we found 

a cut-off  of 8 for MN count giving a sensitivity of 96.6% 

and a specifi city of 99.0 % (p < 0.001 and AUC = 0.997) for 

detecting HSIL + lesions. Similarly a cut-off  of 8 for BNC 

count yielded a sensitivity of 96.5 % and a specifi city of 

96.1% (p < 0.001 and AUC = 0.993) (Figure 4). Th e majority 

of the HSIL + cases (97 %) had both MN and BNC counts 

≥ 8. Only 8 % of the smears in the LSIL category had both 

counts ≥ 8. 

We also wanted to analyze the eff ect of demographic 

parameters on MN and BNC counts. Figures 5-8 show 

the variation of MN and BNC counts with respect to 

age, duration of marital life, number of pregnancies and 

abortions. Th e proportion of cases with higher MN and 

BNC counts increased with age, duration of marital life and 

number of pregnancies.
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Figure 4: ROC curves for MN and BNC counts to predict HSIL+ 
cases.

Figure 6: Variation of MN and BNC counts with duration of 
marital life.

Figure 8: Variation of MN and BNC counts with number of 
abortions.

Figure 5: Variation of MN and BNC counts with age.

Figure 7: Variation of MN and BNC counts with number of 
pregnancies.

Simple linear regression analysis was performed followed 

by multiple linear regression to determine the relative 

contribution of these variables. Th e analysis was limited 

only to 125 cases since seven cases lacked complete clinical 

data. We assessed the predictors (age, duration of marital 

life, number of pregnancies and abortions and positivity 

for CIN/IC) for MN and BNC counts using simple linear 

regression. Predictor variables with p value less than 0.1 

were entered into multiple linear regression model to 

determine the independent predictors for MN and BNC 

counts. Th e simple regression analysis (Table III) showed 

statistically signifi cant associations of MN and BNC counts 

with age, duration of marital life, number of pregnancies 

and positivity for CIN/IC. However the multiple regression 

analysis revealed that only positivity for CIN/IC (β=0.689, 
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Th e MN and BNC counts in these cases are displayed in 

Table IV. Mann Whitney-U- test showed a signifi cant 

diff erence for MN and BNC counts in ASCUS cases 

with infl ammatory and CIN outcomes (p<0.001 for both 

comparisons). Th e mean ± SD [median ( min-max)] MN 

and BNC counts of ASCUS cases with LSIL outcome were 

4.7 ±1.2 [4.5 (3.0-6.0)] and 5.8 ± 2.2 [5.5( 4.0-10.0)] and 

ASCUS cases with HSIL outcome were 13.3 ± 2.2 [13.0 

(11.0-16.0 )] and 19.8 ± 6.6 [18.5 (14.0-28.0)].

DISCUSSION

Th e present study shows that MN count is signifi cantly 

greater in HSIL and IC cases compared to LSIL. Our 

results were similar to other studies (Table V). Olaharski 

et al. showed that tetraploidy and chromosomal instability 

occurred early during cervical carcinogenesis and 

predisposed cervical cells to the formation of aneuploidy. 

Using a pancentromeric DNA probe, they also demonstrated 

that micronuclei forming through either chromosomal loss 

or breakage were signifi cantly elevated in LSIL and HSIL 

categories. Micronuclei correlated well with tetrasomy and 

aneusomy (7). 

Binucleated cells were not observed frequently in non-

neoplastic cases and progressively increased with dysplasia 

in our study. Binucleated cells are also induced by HPV 

infection. Hu et al. have shown that expression of E5 

oncoprotein from HPV 16 causes formation of binucleated 

p < 0.001) was signifi cantly associated with MN count. Age 

(β=0.135, p=0.383), duration of marital life  (β=-0.008, 

p=0.961) and number of pregnancies (β=-0.024, p=0.766) 

were not signifi cantly associated with MN count. Similarly 

the multiple regression analysis showed that only positivity 

for CIN/IC (β=0.788, p<0.001) was signifi cantly associated 

with BNC count and age (β=0.121, p=0.357), duration of 

marital life (β=-0.087, p=0.521) and number of pregnancies 

(β=0.057, p=0.410) did not show signifi cant associations.

Th e MN and BNC counts of invasive carcinoma cases were 

also analyzed with respect to the stage at presentation. Out 

of the 19 cases of invasive carcinoma, 3 cases presented in 

stage I (Ia and Ib), 13 in stage II (IIa and IIb) and 3 in stage 

III (IIIa and IIIb). Th e MN count and BNC count did not 

vary signifi cantly with the clinical stage (p=0.267 and 0.487 

respectively).

Cells with more than one micronucleus were not observed 

frequently in our study. Th ey were seen only in cases of 

HSIL and invasive carcinoma.

We also wanted to examine the utility of MN and BNC 

counts in borderline cases. Hence the MN and BNC counts 

in 27 ASCUS cases diagnosed initially on cytology were 

evaluated. ASCUS cases were included only if they had a 

follow-up biopsy. Six cases had a diagnosis of LSIL and four 

cases were diagnosed as HSIL on follow-up biopsy. Th e 

other cases had an infl ammatory outcome on biopsy. 

Table III: Simple linear regression analysis to identify signifi cant association of various predictors with MN and BNC counts

MN count BNC count

Variable Standardized coeffi  cient β p value Standardized coeffi  cient β p value

Age 0.352 <0.001 * 0.349 <0.001 *

Duration of marital life 0.341 <0.001 * 0.336 <0.001 *

Number of pregnancies 0.236  0.008 * 0.284  0.001 *

Number of  abortions 0.088  0.331 0.094  0.295

Positivity for CIN /IC 0.726 <0.001 * 0.814 <0.001 *

* Denotes signifi cant p values. 
MN: Micronucleus, BNC: Binucleated cells, IC: Invasive squamous cell carcinoma

Table IV: MN and BNC counts in ASCUS cases 

Category Number
 MN count  BNC count 

Mean ± SD  Median (Min-max) Mean ± SD  Median (Min-max)

ASCUS cases with infl ammatory 

outcome 
17 2.5±1.2 3.0 (1.0-5.0) 0.7 ± 0.8 1.0 (0.0-2.0)

ASCUS cases with CIN outcome 10 8.1± 4.7 6.0 (3.0-16.0) 11.4 ± 8.3 8.0 (4.0-28.0)

MN: Micronucleus, BNC: Binucleated cells. 
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micronuclei formation because of several confounding 

variables. Th ough some of the risk factors can cause a 

mild increase in MN counts, a signifi cant increase in MN 

frequency seems to be related only to dysplasia. 

We did not observe any signifi cant variation of MN and 

BNC counts with stage of cervical carcinoma. Gandhi et al. 

also did not observe a signifi cant variation in the frequency 

of micronucleated cells with stage of cervical cancer (19). 

In conclusion; micronucleus counting is an inexpensive and 

simple test which can be done satisfactorily on conventional 

Pap smears and serves as an eff ective biomarker for 

cervical cancer screening in conjunction with the routine 

cytological analysis. It is helpful in borderline cases and can 

identify CIN cases with cytological diagnosis of ASCUS. 

Binucleated cell count augments the predictive value of the 

MN count. A limiting factor in our retrospective study is 

the small sample size of premalignant lesions. Hence a large 

scale study is needed. 
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MN: Micronucleus. 
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