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ABSTRACT 
Background: Carcinoma of cervix is one of the leading causes of deaths due to cancers among 
women. Radiation therapy is the treatment of choice for individuals reporting with advanced disease. 
Since intrinsic radiation-sensitivity of the tumor is the key determinant of local control,  a specific 
method is required to assess the efficacy of radiation therapy.  In general radio therapeutic agents 
induce the formation of extra-nuclear cytoplasmic micronuclei (MN), hence, measuring their number 
could serve as a simple test for determining the efficacy of radio-therapeutic agents.  In addition, MN 
assay assist in deciding and selecting the adjuvant treatments. 
AIM : Determination of the number of micronuclei in exfoliated cervical epithelial cells for 
measuring the sensitivity of cervical cancer patients to radiation treatment. 
Methods and Material:  Pre- and post radiotherapy cervical scrape smears from thirty patients of 
carcinoma of cervix.  Determination of MN using staining followed by microscopic examination 
Results:  Cervical cancer patients, predominantly of FIGO stage IIIB and IV, showed more number 
of micronuclei compared to stage IIA and IIB patients before exposure to radiation.   Upon radiation 
treatment the number of micronuclei / 1000 cells increased in all the stages by at least 1.73 fold to 
13.96 to1.94 fold.  Evaluation of total number of micronuclei after radiation therapy also showed 
similar increase. 
Conclusions:  In summary, the data presented in this manuscript shows the utility of micronuclei 
assay for determining the efficacy of radio-therapeutics as well as in identifying the individuals who 
are likely to respond to further radiation treatments. 
Key-words: Micronuclei, Cervical cancer, Radiation therapy, Total nuclei, HPV 
Key Messages:  The key message drawn from this study is that extra nuclear micronuclei help in 
predicting the efficacy of radiation therapy in cervical cancers, hence it can be used as a sensitive 
method for determining the susceptibility of cervical cancer cells to radiation treatment 
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INTRODUCTION: 
Carcinoma of uterine cervix is one of the leading causes of deaths due to cancers among 

women worldwide 1, 2.  According to recent estimates, globally, about 500,000 new cases are being 

added annually to the growing list 1. Even though several research efforts have been made to treat 

and reduce the mortality, an about 270,000 deaths are being reported every year due to cervical 

cancers3.  Moreover, since the peak age of incidence of cervical cancer is 55–59 years and a 

considerable proportion of women report in the late stages, the mortality rate of cervical cancer is 

very high compared to many other cancers4, 5.  Radiotherapy is the treatment of choice in advanced 

stages of cervical cancer, however, the curability depends on tumor and host related factors such as 

intrinsic radio-sensitivity and heterogeneity in radio-sensitivity, which contributes to the differences 

in clinical response 6, 7. Therefore, selecting patients based on radio-sensitivity would be useful in 

deciding about necessary adjuvant treatment5. 

Currently, clonogenic assay has been used for evaluating the sensitivity of cervical cancer 

cells to radiation 8-10.  However, the clonogenic assay is laborious and time consuming, warranting an 

accurate, easy-to-execute and less time consuming method to determine the radio-sensitivity of a 

sample 11. Cytogenetic assay measuring the number of micronuclei (MN) is one such method to 

overcome the difficulties associated with clonogenic assay 12, 13.  MN are extra-nuclear cytoplasmic 

bodies, induced in cells by radio-therapeutic agents that bring about apoptotic death of cancerous 

cells5.  Prior studies have demonstrated a strong correlation between radiation-induced micronucleus 

frequency, radio-sensitivity and prognosis of the tumor indicating that cytological assay measuring 

the nuclear changes during radio-therapy could potentially be useful to test and predict radio-

sensitivity and prognosis14. However, micronucleus test has not gained wide acceptance in predicting 

the radio-sensitivity of human cancers due to lack of follow up information of patients with PAP 

smears 15. 

In this study, we have determined whether micronucleus assay by scrape smear cytology 

could be used to predict cervical cancer radio-sensitivity. Results of this study, while helping to 

differentiate patients in to radiosensitive and radiation treatment resistant groups, provide key 

information for deciding and selecting better treatment agents. 

SUBJECTS AND METHODS: 

Collection of Cytological Smears, Staining and Counting of Micronuclei: The study was 

approved by Institutional Ethical Committee (IEC) of JSS Medical College, (Ref# 

JSS/MC/IEC/14/3564/2015-2016, Dated 2nd July 2015). Cytological smears were collected from 

thirty patients of carcinoma of cervix who were treated with 50Gy of external radiotherapy (EXRT).  

The radiation was delivered over 5 weeks (25 fractions, given for 5 days a week for 5 weeks) 
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followed by intra-cavitary brachytherapy. An informed consent was obtained from each patient and 

the first cytological smears were taken a few hours before beginning the radiotherapy while the 

second smears were taken after completion of the radiotherapy. 

Staining of cytological smears:   The smears were stained with May-Grunewald’s Giemsa 

(MGG) and Papanicolaou’s (PAP) stains and studied under binocular light microscope 16, 17. In brief, 

MGG (one of the common Romanowsky stains used to study the cytoplasm characteristics) 16, 

staining was carried out by first fixing the smears by air drying, followed by staining with May-

Grünwald working solution (prepared by mixing 5g May-Grünwald  powder in 100mL methanol 

followed by adding 30mL of MG solution to 150mL of water and 20mL of  phosphate buffer pH6.8 

(Phosphate buffer was prepared by mixing 3g of disodium hydrogen phosphate with 1g of potassium 

dihydrogen phosphate for 1L) for 5.0min.  Next, the smears were washed in running water and 

stained with Giemsa working solution for 15.0min.  The stained slides were further washed in 

running water for about 2minutes, dried and mounted to observe under microscope 

Papanicolaou’s (Pap) staining:  Pap staining, which helps to observe the nuclear 

morphology, was carried out by fixing the smears in 95% alcohol followed by immersing in the 

Harris hematoxylin for 1-3minutes.  Next, the stained slides were counter stained with Orange-G for 

about 2minutes and Eosin Azure forabout 7minutes. The stained smears were then processed through 

alcohol gradient series and xylene; and mounted to observe under microscope 15, 18. 

Visualization and counting of micronuclei: Micronuclei were visualized as small round 

bodies separated from the main nucleus in the cytoplasm. The zigzag method was followed for 

screening of the slides by two observers at 100X magnification and the number of micronuclei 

scored 19-21.   The number of cells with MN/ 1000 cells were counted and the total number of 

micronuclei (TMN) estimated15, 22, 23. The level of micronuclei after radiotherapy was considered as 

relative increment for particular tumor and was calculated according to the equation 5, 24: 

MN/Cell after 50GY 

MN 50(%)  = --------------------------   X 100 

 

RESULTS: 
Clinical presentation and staging of patients: Patients included in this study were 

predominantly in the age group of 51 to 60 years.   The youngest patient recruited was 37 years of 

age while the eldest was 80 years of age (Table 1). The most common presenting symptoms were 

post-menopausal bleeding, irregular bleeding and white vaginal discharge (Table 1). Among thirty 

cases, 43.33% patients (13 out of 30 total cases) were in FIGO stage IIIB, while 23.33% (7 out of 30 

total cases) cases, in each category, were in FIGO stage IIB and IIIA.  Only 2 cases (6.66%) were in 

MN/Cell after 50GY 
MN/Cell before RT 
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FIGO stage IIA and had a visible lesion, confined to cervix with greatest diameter of >4cm. Only 

one case (3.33%) is in FIGO IVB and is presented with distant metastasis to liver and abdominal 

cavity.  In addition, this stage IVB subject showed symptoms of pain in the abdomen and ascites 

(Table: 1). 

Histological examination of cases showed the abundance of squamous cell carcinomas 

compared to adenocarcinomas: Of the 30 cases examined, 28 cases were of squamous cell 

carcinomas and 2 cases were of adenocarcinoma (Table 1 and Figure 1). The cases of squamous cell 

carcinoma showed pleomorphic squamous cells in groups, sheets and as single cells (Figure 1a). 

These cells had large pleomorphic, irregular and hyperchromatic nuclei (Figure 1). The 

adenocarcinoma cases showed pleomorphic cells arranged in sheets, acinar pattern as well as a single 

cell (Figure 1b). 
Table 1:  Demographic parameters of study participants 

Age group Number of study 
participants 

Stage Chief complaint* 

31-40 1 IV(1) Bleeding in vagina and ascites, 
Pain in abdomen 

41-50 3 IIb (1), IIIa (1), IIIb (1) Irregular Bleeding, PMB 
51-60 13 IIa (2), IIb (5), IIIa (2), IIIb (4) PMB, WD and Bleeding PV 
61-70 9 IIb (2), IIIa (3), IIIb (4) PMB and WD 
71-80 4 IIIb (4) PMB 

 Abbreviations: PV: Per Vagina, PMB: Post menopausal bleeding, WD: White discharge 

Figure 1: Photomicrograph showing cluster of pleomorphic squamous cells: 

 
Figure legend: Cytological smears were collected from thirty patients of carcinoma of cervix 

who were treated with 50Gy of external radiotherapy over 5 weeks (EXRT).  The smears were 

stained with May-Grunewald’s Giemsa (MGG) and Papanicolaou’s (PAP) stains and studied under 

binocular light microscope to identify squamous cells.  Arrows indicate squamous cells.  

Representative photomicrograph of squamous cell carcinoma (SCC) is shown 
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Average micronuclei per one thousand cells (MN) and total number of micronuclei (TMN) per 

case correlated with the stage of cervical carcinoma:  In order to determine whether the number of 

micronuclei per one thousand cells as well as total number of micronuclei per case correlate with the 

stage of carcinoma cervix, first, the cervical smears were stained with May-Grunewald’s Giemsa 

(MGG) and Papanicolaou’s (PAP) stains as described in materials and methods 15, 25.  Next, the 

stained cells were observed and counted under binocular light microscope 26, 27.  All cases analyzed 

contain micronuclei (Figure 2).  Whereas stage IIA2 contains an average of 9.5 MN/1000 cells 

counted, the advanced stage IVB contain 17 MN/1000 cells (1.75 fold increase) (Figure 3a).  Further 

analysis of average total micronuclei number (TMN)/case showed a significant difference between 

stage IIA2 and stage IVB (Figure 3b).  For example, cervical carcinoma patients of stage IIA2 

contain 12.5 TMN/case, however, the stage IVB contain an about 39.0 (3.12 fold increase) 

TMN/case (Figure 3b). 

Figure 2:  Analysis of micronuclei in different stages of carcinoma cervix: 

 

 

 

 

 

 

 

 

 

 

 

 

Figure legend: In order to determine whether micronuclei count serves as a marker even for 

assessing the stage of the cervical cancer tumors, tissues collected from stage-IIA2, IIB, IIIA, IIIB 

and IVB were fixed and stained as detailed in materials and methods.  Analysis of photomicrographs 

demonstrated an increase in the number of micronuclei in different stages of cervical carcinoma. 
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Figure 3:  Number of micronuclei increased with the severity of cervical carcinomas as well as after radiation 

treatment. 

 
Figure legend: Stage wise distribution of micronuclei showed a raise in the micronuclei 

number in advanced stage IIIA, IIIB and IVB cases compared to IIa2 and IIb stages.  Treatment of 

these subjects with radiation further enhanced the average number of micronuclei / 1000 cells 

(Figure 3A) as well as the total micronuclei (Figure 3B) 

Radiotherapy augments average MN and TMN counts compared to untreated cervical 

carcinomas: Since radio therapy is one of the therapeutic options available for cervical cancer 

treatments, and radiotherapy is known to promote the number of micro nuclei in exposed cells, a 

comparison was made by counting the number of micronuclei per thousand cells and total number of 

micronuclei per case as described in materials and methods 19, 28 .  An about 1.83 fold increase, ie., 

from 12.7 micronuclei / 1000 cells to 23.0 micronuclei/1000 cells, was observed upon radiation 

exposure (Table 2 and Figures 4a and 4b).  Whereas all post-radiation samples showed much higher 

(higher than 12.7 micronuclei/1000 cells) number of MN/1000 cells, only 10 out of 30 (ie., 33%) 

pre-radiation samples showed marginally higher value than 12.7 micronuclei/1000 cells (Figure 4a 

and Table 2).  Similarly, there was an increase in the total number of micronuclei/case after radiation 

treatment with more predominant differences in stages-IIB (17.42 VS 36.57) and IIIA (21.0 VS 

42.57) (Figure 4b and Table 3). 
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Figure 4:  Radiotherapy augmented average micronuclei and total micronuclei counts in cervical carcinomas. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure legend:  Analysis of 30 study subjects before and after radiation treatment showed a 

significant increase in the average number of micronuclei/1000 cells (Figure 4A) and total 

micronuclei (Figure 4b). 
Table 2: Differences in the number of micronuclei per 1000 cells before and after radiation exposure of cervical 

cancer patients 
Stage of the 

cancer 
Number of micronuclei 

before radiation (B) 
Number of micronuclei 

after radiation (A) 
Ratio between before and after 

radiation treatment (B/A) 
IIA 9.80 17.00 1.75 
IIB 11.42 19.85 1.73 
IIIA 12.83 22.57 1.76 
IIIB 13.46 26.15 1.94 
IV 17.00 30.00 1.76 
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Table 3 Differences in the total number of micronuclei per case - before and after radiation exposure of cervical 
cancer patients 

Stage of the 
cancer 

Number of micronuclei 
before radiation (B) 

Number of micronuclei after 
radiation (A) 

Ratio between before and after 
radiation treatment (B/A) 

IIA 12.50 23.50 1.88 
IIB 17.42 36.57 2.09 
IIIA 21.00 42.57 2.02 
IIIB 29.23 45.53 1.55 
IV 39.00 48.00 1.23 

 

Radiotherapy improved the survival of stage-IIA and IIB patients:  To determine the 

survival after radiation, the patients have been followed up for 1year.  Except for patient who 

presented in stage IVB all the other 29 patients have shown good response in both local and general 

conditions. The patient who presented in stage IVB, though showed good improvement at the tumor 

site, her general health conditions deteriorated and succumbed due to metastasis in the lung.  The 

significance for an overall survival cannot be commented at present because of the short period of 

follow-up as well as very few number of study subjects in some of the groups. 

DISCUSSION: 
Cervical cancer is one of the most common cancers among women worldwide 1, 29.  

According to GLOBOCAN estimates, in India, there are an estimated 132,000 new cases and 74,000 

deaths reported each year 30, 31. Even though cervical cancer is preventable and curable, if diagnosed 

early, majority of women in developing countries report in the late stages, hence, accounting for high 

mortality rates 30, 32, 33.  In addition, majority of cervical cancer patients are above the age of 50 years 

and present when they are in stage IIIB 31, 34.  Progression of cervical carcinogenesis is characterized 

by a gradient of lesions that are represented by increasing nuclear atypia and the failure to 

differentiation 35. These phenotypic changes are well correlated with elevated genetic instability and 

formation of micronuclei 36-38.  In addition, micronuclei are formed when there is a genotoxic stress 

due to extraneous or internal factors39, 40. Micronucleus (MN) is the small nucleus that forms when a 

chromosome or its fragment is not incorporated into one of the daughter nuclei during cell division 
19, 39. Therefore quantifying the number of micronuclei in exfoliated cervical cells provide key 

information about cancer progression and chromosomal instability. Moreover, chromosomal damage 

and formation of MN also play a key role in the pathogenesis of many malignancies 41.  In this study 

we have observed a significant increase in the number of micro nuclei (MN)/1000 cells, as well as 

the total number of micronuclei (TMN)/case as the stage of cervical cancer progresses from IIA to 

IVB. 

A separate study, similar to the one reported in this investigation, demonstrated increased 

MN frequencies in uterine smears, and elevated DNA damage in leucocytes and cervical epithelial 

cells of the patients suffering from carcinoma of cervix42.   Likewise, a consistent increase in micro 
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nucleated cells was observed with an increase in severity of the lesion from normal to invasive 

carcinomas43.  Therefore, micronuclei may be used as a marker for risk prediction, screening, 

diagnosing, and treatment response in cancers 41, 42, 44. 

Among different assays to determine the stage and response of cervical cancers, counting the 

number of micronuclei has elicited much interest due to its simplicity and rapidity 5.  Experiments on 

established normal cell lines, tumor xenografts and on early passage human tumor cells have 

indicated strong correlation between radiation-induced micronucleus frequency and clonogenic cell 

survival 45-49.  Furthermore, a separate study showed positive correlation between the number of 

micronuclei in a tumor cell and an early clinical response to radiotherapy 50.   For example, an 

increase in the micronucleus frequency of head and neck cancers during radiotherapy was related to 

better prognosis, in comparison with patients whose tumors indicated no change in micronuclei 51-53.  

Similarly, a separate study utilized induction of micronucleus number as a tool to predict human 

cancer radio-sensitivity 51, 54.  Results of this study showed a statistically significant dose-related 

increase of MN count with radiotherapy indicating the usefulness of MN counting for determining 

the efficacy of radiation treatment 55.  Moreover, the treatment-sensitive group had a significantly 

higher increase in mean MN count than the resistant group 54, 56.   Further analysis of resistant tumors 

showed a plateau of the MN count, however, no such plateau was observed in the treatment sensitive 

group indicating lack of linear response of treatment resistant groups with MN count 57.   Hence, 

variations in the number of MN could be used to identify and distinguish radio-sensitivity and 

resistant tumors 49, 51, 54.  A recent study by Singh. S et.al. (2005) also noted a significant rise in 

micronuclei (MN) and the total micronuclei count (TMN) after radiotherapy 23.  In addition, a 

superior local disease free survival was observed in patients with more than 50% increment in MN 

values in the first week23. 

The micronucleus frequency after radiotherapy is a good predictor of prognosis with local 

control, treatment outcomes and overall survival 58.  It has been observed that a higher local control 

can be achieved when tumors respond to irradiation by high increase of micro nucleation as observed 

in this current study 5, 59.  Whereas the average increment of MN was 1.83 fold, the increase in TMN 

count was 1.74% in patients with good local control and overall survival. 

Results of micronucleus increment after irradiation have shown that an higher increase in 

micronucleus frequency results in greater killing of cells, and consequently greater tumor response.  

A lack of change or only slight increase of MN frequency after irradiation in comparison with 

spontaneous MN frequency before radiotherapy strongly suggests that tumor probably will not be 

cured by radiotherapy alone and needs adjuvant treatment, e.g. chemotherapy should be considered 

after radiotherapy. Thus the increment of micronucleus frequency as seen in the present study can 
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offer a potentially valuable approach to predicting individual radio-sensitivity and assist in 

individualizing treatment strategy to improve cure rate in advanced stages of cervical cancer 5. 

In summary, the present study demonstrates the utility of micronuclei assay for identifying the stage 

of cervical cancer as well as for measuring the efficacy and sensitivity of cells to radiation treatment.  

However, further studies with more study subjects are warranted to recommend this test for clinical 

use. 
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Supplemental Figure 1: Photomicrographs of stage-IIA2 cervical carcinoma cells exhibiting more number of 

nuclei after treatment with radiation 

Supplemental Figure 2: Photomicrographs of stage-IIB cervical carcinoma cells exhibiting more number of nuclei 

after treatment with radiation 

 

Supplemental Figure 3: Photomicrographs of stage-IIIA cervical carcinoma cells exhibiting more number of 

nuclei after treatment with radiation 
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Supplemental Figure 4: Photomicrographs of stage-IVB cervical carcinoma cells exhibiting more number of 

nuclei after treatment with radiation 

 

 
 
 
 
 

 


