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Introduction 
BI-RADS is the acronym for Breast Imaging Reporting 

and Data System, a method proposed by the American 
College of Radiology since 1993 (1) to classify the results of 
mammographic screening for breast cancer (BC). The BI-
RADS classification comprises 7 categories as follows: 0) 
incomplete (need more imaging or earlier examinations), 
1) negative, 2) benign, 3) probably benign (uncertain 

Abstract

Introduction. BI-RADS in mammography screening 
is the guide to give a standardized terminology in 
mammary images. The BI-RADS 3 (uncertain cases) 
protocol requires anew mammography after six months. 
This matter of time usually generates much concern and 
anxiety in patients and in the Radiologists. The aim of this 
study is to show that using the test of micronuclei (MN) 
in exfoliated mucosa buccal cells a very early diagnosis 
is achieved.

Material and Methods. We performed an extensive 
search on Pub Med for “micronuclei in exfoliated buccal 
cells in breast cancer “and “micronuclei in breast cancer”. 
We looked for the keywords in free text and with the 
cross-referencing method application. We experimentally 
got samples of buccal mucosa cells from twenty women 
BI-RADS 3 and twenty women BI-RADS 2. We fixed the 
samples with Papanicolaou staining. We registered the 
percentage of the cells containing MN in a total of 500 
cells for each sample. The U Mann Whitney Calculator is 
the test for the statistical analysis of the results.

Results. Many studies showed that breast cancer 
produced MN both in exfoliated cells and in needle 
aspiration. Their score’s count was higher than compared 
to benign cases, while in the peripheral blood lymphocytes, 

the results for the MN test were not reproducible. In our 
preliminary study, the mean percentages of MN in buccal 
mucosa cells of BI-RADS 3 vs BI-RADS2 didn’t show a 
significant difference: p ≥ 0.05. Two samples of BI-RADS 
3 group had a much higher count of MN with a mean of 
2.91 ±0.09, 2.88 ±0.08, respectively. This case required 
biopsy despite the in most of the cases of BI-RADS 3 
investigated, the MN test confirmed their benignity.

Discussion. In literature, several studies have shown 
that the genetic damage in breast cancer cells results in 
MN increased production. Our research showed that in 
some cases of BI-RADS 3 there was a great increase in 
MN level. This fact happens in the patients who have taken 
oestrogens for many years. This therapy is definitely a 
strong risk factor for breast cancer development because 
the excesses of any type of hormones interacts with 
normal breast cell differentiation process. This BI-RADS 
3 situation needs further investigation.

Conclusion. It’s interesting to apply the MN scoring in 
BI-RADS3 because in some cases this test can expect a 
cancer diagnosis by at least six months’ time because, in 
the other cases, test result can reassure both patient and 
Radiologists who will wait for the next following check-
up with no anxiety.

Keywords: BIRADS, breast cancer, micronucleus 
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cases), 4) suspicious abnormalities, 5) highly suspicious 
of malignancy abnormalities, 6) known biopsy-proven 
malignancy. Although BI-RADS was designed for being 



46

Micronucleus Test in Breast Cancer Screening, Roberto Menicagli, et. al.

used for screening mammography, it is now used 
to classify magnetic resonance imaging (MRI) and 
mammary ultrasound (US) results as well. BI-RADS 4 and 
5 categories management includes tissue diagnosis with 
percutaneous biopsy, while “probably benign” BI-RADS 
3 is by far the most difficult class to be identified by the 
Radiologist; it’s likely to cause confusion in both referring 
physicians and patients, resulting in significant anxiety in 
the patients. The term “probably benign” in BC screening 
mammography means that there are ≤2% chance of 
malignancy (2). On BC screening mammography there is an 
uncertain finding if the lesion is not palpable and typical 
characteristics of this category include: 1) solitary group 
of punctate calcifications; 2) non-calcified circumscribed 
solid mass; 3) focal areas of asymmetry in fibroglandular 
density; 4) mix of focal results, such as a dilated duct 
or post-biopsy architectural distortion without central 
density; 5) multiple similar lesions with tiny calcification 
or randomly distributed nodules in both breasts. In BI-
RADS 3 a short interval-follow-up of 6 months is usually 
recommended and at 6 months another diagnostic 
evaluation is completed and if the finding is confirmed 
a percutaneous biopsy is performed.  In these patients it 
would be desirable to have a fast and reproducible method 
to prove or exclude the presence of significant genetic 
damage in breast cells that show of a probable process 
of carcinogenesis.  A possible marker of instability of 
cell’s nucleus due to an ongoing carcinogenesis process, 
may the presence of the micronuclei (MN) (3). Micronuclei 
(MN) are small nuclei formed during the anaphase by 
condensation of fragments of acentric chromosomes or 
whole chromosomes that are not incorporated into the 
main nuclei of the daughter cells. Two different types 
of genetic damage are responsible to form MN: a) the 
fragmentation of chromosomes by clastogenic agents, 
b) the damage of the mitotic spindle or the centromere 
of whole chromosomes by aneuploidogenic agents. The 
micronuclei contain fragments acentric (a clastogenic 
mechanism) or whole chromosomes (an aneuploidogenic 
mechanism) produced in migration delays during 
anaphase. MN may also be produced in normal healthy 
people exposed to pollutants radiation, bio-hazard 
materials, drugs, and poisonous chemicals. Moreover, 
MN may be produced during chronic inflammation, 
heavy metal poisoning, chemotherapy, radiation injuries 
and various pre-cancerous conditions (4). The use of MN 
count as a measure of cytogenetic damage in peripheral 
blood lymphocytes is known since 1976, and it is possible 
to find a score (number of MN) as an indicator of cell’s 
genetic damage. It is also possible to check the presence 
of MN in exfoliated epithelial cells contained into saliva, 
and it requires only one day for execution and diagnosis. 
Recent studies have shown that the number of MN in 

exfoliated buccal cells greatly increases in cases of breast 
cancer. It is well-known that BC derived from the possible 
inheritance (familial high risk) attributable primarily to 
the BRCA 1 gene mutation as well as BRCA 2 and TP53. 
These genes are important to repair the double strand in 
the case of genotoxic damage. The DNA breakage and 
loss of some functions can lead to genetic instability due 
to multiple chromosomal breaks, therefore there is a 
possibility that in BC the genetic damage to the cells may 
lead to an increased MN formation. The aim of this study 
is to check the usefulness of the non-invasive MN test on 
the saliva in BI-RADS 3 patients’ management. 

Materials and Methods 
We executed a search on Pub Med for the keywords 

“micronuclei in exfoliated buccal cells in breast cancer “and 
“micronuclei in breast cancer.” in free text. The search has 
examined all texts from January 1 2013 until December 
31, 2018, and we applied the cross-referencing method. 
In this review study, we have excluded research that has 
employed protocols that don’t have determinate possible 
co-morbidities. In the bibliographic study we have also 
excluded those studies with a limited number of patients. 
In our study we have analyzed patients that have carried 
out the cancer screening in the breast units of Milan ASST, 
and two private radio diagnostic centers also in Milan. The 
screening has involved about 5000 patients of which about 
5% are BI-RADS 3 and statistical data show that about 5% 
of these cases are positive to later histological examination. 
At six months, the MN score in these cases, is a measure 
both for the breaking of chromosomes and chromosome 
loss and is a sensitive indicator of chromosomal damage. 
The MN test is easily executed rapidly, without the need 
for cell culture and the comparison of the samples of 
blood for assay lymphocytes or tissue biopsy. Factors 
such as age, season, diet, oral hygiene, dental health, and 
smoking can affect the MN frequencies in a person. We 
have verified these variables before the test to exclude the 
patients affected. We then asked twenty patients BI-RADS 
2, (with an average 48.65 years) and twenty BI-RADS 
3(with an average 48.15years), to check the eventual MN 
in their buccal mucosa cell. The Protocol provides that 
the patients wash their mouth carefully before collecting 
buccal mucosa cells. Buccal mucosa cells were scraped 
by a wet spatula and distributed on small clean glass 
slides. After fixation by Path fix sprays and drying at room 
temperature, we use the Papanicolaou staining method to 
check the cells containing micronuclei.  Have examined 
the cells under an optical microscope (Nikon Ys-100) at 
×400 magnification and we have used the criteria applied 
by Tolbert (5), to check the micronucleus. We have counted 
a total of 500 cells for each sample and we have reported 
the percentage of the MN. Our experimental provided to 
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lymphocyte. The experimental protocol included the 
removal of the buccal mucosa cells of fifteen women BI-
RADS 3 and fifteen BI-RADS 2. The results we obtained 
are shown in Tables 1, 2, 3.

Statistical Analysis of the results
Result 1 - Comparison of MN scores for groups BI-RADS 
3 vs BI-RADS 2

•  The U-value is 172.5. The critical value of U at p < 
.05 is 127. Therefore, the result is not significant at 
p < .05. The z-score is -0.73035. The p-value is 
.4654. The result is not significant at p < .05

Result 2 - Comparison of MN scores in a patient using 
estrogens /progestin BI-RADS 3 vs not using BI-RADS 3

•  The U-value is 0. The critical value of U at p < .05 
is 22. Therefore, the result is significant at p < .05. 
The z-score is -3.6647. The p-value is .00026. The 
result is significant at p < .05.

Result 3 - Comparison of MN scores in a patient using 
estrogen /progestin of-RADS 3 vs patients using estrogen 
/progestin of BI-RADS 2

•  The U-value is 11. The critical value of U at p < .05 
is 13. Therefore, the result is significant at p < .05. 
The z-score is 2.15293. The p-value is .03156. The 
result is significant at p < .05.

remove the buccal mucosa cells of fifteen women BI-
RADS 3 and fifteen BIRADS 2. All women selected for 
this study have no cardiovascular disease, oral diseases 
or autoimmune diseases, don’t smoke, and they don’t 
take vitamins or antioxidant supplements to exclude all 
possible interference to produce MN.

Results
Our research on PUBMED from Jan 1, 2013, to 

December 2018 found five documents. These data 
showed that in buccal cells, in case of breast cancer, there 
is a much higher level of MN compared to benign cases. 
The research on Pub Med for the keywords “micronuclei 
in breast cancer for the same period identified six studies 
that detected micronuclei with sampling by needle 
aspiration, and three for the MN test in peripheral blood 

BI-RADS 

3 group

0.99

0.52

0.78

0.67

1.66

0.59

0.49

0.71

0.91
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0.41

0.49
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Age years

44

48

45

50

47

54

50

50

60

45

46

47

48

35

50

54

49

42

48

51

Estrogen/

Progestin Use

yes

not

not

not

yes

not

not

not

not

yes

not

not

not

yes

yes

not

yes

Yes

not

yes

Estrogen/Progestin
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1

3

2

8

6

2

1

3

BI-RADS
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1.01

0.91

1.28

0.77

0.76

0.99

0.89

0.71

1.01

0.78

1.22

0.69

0.92

0.81

1.01

1.31

0.78

0.91

0.69
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48
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52
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36

47

48

40
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57
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not
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not

not
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1
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2

1

3

1

3

2

Table 2. MN Individual Scores in the two groups

Table 1. MN Scores in the two groups

sex

women

sex

women

average 
age 
(years)

48.15

average 
age 
(years)

48.65

% use 
of 
estrogen/
in 
the 
group 
proge-
stins

40

% use 
of 
estrogen/ 
proge-
stins

40

mean MN 
percentage 
± sd

1.07 ±0.16

mean MN 
percentage 
± sd

0.91±0.04

BI-RADS 3 GROUP BI-RADS  2 GROUP
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Discussion
The bibliography search on PUBMED to apply the MN 

test in breast cancer by needle aspiration (6-11) showed that 
in ductal carcinoma the frequency of the MN scoring is a 
valid biomarker in the early stage of cancer. In peripheral 
blood lymphocytes (12-14) the results do not support a 
significant role of micronucleus frequency as a biomarker 
of breast cancer risk/susceptibility The MN scoring in 
buccal cells in every study indicates instead that MN 
scoring was a sensitive biomarker for routine detection of 
the genetic abnormalities in breast cancer. These studies 

(15-21) showed that MN score in the buccal smear was 
much higher in malignant breast tumor cases compared 
to benign breast lesion cases. The increased number of 
MN in buccal smears clearly showed the possibility that 
the genetic damage in breast cancer patients was very 
high. 

Recent research (10) analyzed the frequencies of 
nuclear anomalies including MN in exfoliated buccal 
mucosa cells of women with primary BC and healthy 
women. This study showed the increase of MN with 
cancer staging. The buccal cells collected from 21 BC 
patients (9 with stage I and 12 with stage II) showed a 
significant increase of MN in the patients with stage I both 
versus the control group both versus the patients of stage 
II. This result allowed us to hypothesize that also this can 
happen when we must consider analyzing the cases of 
BI-RADS2 versus BI-RADS3. A systematic review and 
meta-analysis (19) analyzed this research: the test looked 
for MN in exfoliated buccal cells in breast cancer and 
those relative to other pathologies In this review the role 
of MN assay as a biomarker of chromosomal instability 
in buccal mucosa cells reflects the risk-susceptibility to 

cancer in various organs other than the head and neck 
and for breast cancer. 

This research also showed that buccal cells were valid 
alternatives such as surrogate tissue. In consideration 
of the above, we are proposing this technique to resolve 
the doubt cases in breast cancer (BI-RADSD3). The most 
important reason for our proposal is that in BI-RADS 3, the 
protocol includes a following check in six months ‘time. 
That protocol is likely to make the Radiologist doubtful 
and the patient anxious. Our results of our study for BI-
RAD2 and BI-RADS3 groups are shown in Table 1 while 
Table 2 showed the MN individual score of the two groups. 
The statistical analysis of the values related to MN scores 
in the two groups indicated that there was no statistical 
difference between them (see Result 1). This result 
theoretically would lead to the conclusion that it is correct 
to apply the protocol provided for BI-RADS3 that provides 
waiting for six months to do a new radiological evaluation.  
The analysis of the individual score, (see Table 2), showed 
that as both in BI-RADS 3 and in BI-RADS 2 the score of 
MN increase in those patients who use estrogens and or 
progestin. The reasons which made people taking those 
medications were as follows: unexpected pregnancies 
and increased obstetrical risk; regularization of the cycle, 
shortened and irregular cycles, shortened and maintenance 
of bone mass to prevent the fractures. In particular Table 
2 shows that this difference was a statistically significant 
difference between estrogens/progestin consumers in 
BIRADS3 vs not consumers of the same group, (see Result 
2). Furthermore, we also got the same statistical results 
comparing (see Table 3), the MN score between the two 
groups using estrogens/progestin (see Result 3). In the 
first case, we note that this difference (see Result 2) can 
derive exclusively from taking or not taking estrogens or 

Table 3. The Relationship between MN Mean Percentage and Estrogen in both groups 

Patient

1

2

3

4

5

6

7

8

Age

 

35

50

51

47

45

49

34

44

Age

37

36

45

52

38

50

51

48

Use of 
estrogen/ 
progestins

Estrogens

Estrogens

Estrogens

Estrogens

Estrogens

Estrogens

Progestin

Estrogens

Use of  
estrogen/ 
progestins

Estrogens

Estrogens

Estrogen

Progestin

Estrogens

Estrogens

Estrogen

Estrogens

Years of use

 8

 6

3

3

2

2

1

1

Years of use

3

3

3

2

2

1

1

1

Patient

1

2

3

4

5

6

7

8

mean MN 
percentage ± sd

2.91 ±0.09

 2.88 ±0.08

1.66±0.039

1.52±0.12

1.28±0.01

1.39±0.011

1.12±0.022

0.99±0.016

mean MN 
percentage 

± sd

1.31±0.12

1.28±0.045

1.22±0.032

0.99±0.022

0.69±0.04

1.01±0.09

1.01±0.11

1.01±0.066
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event disrupts this process leading to a neoplastic breast 
cancer stem cell. Recent studies showed that estrogens 
as β-estradiol (20) change this process. In fact, the basal 
stem cell when challenged by a carcinogenic agent, 
losses the ability to form ductal structures and becomes 
neoplastic mimicking the histological appearance of 
early cancer a process like a carcinoma in situ forming 
an epithelial multilayer with loss of polarity and increase 
cell’s proliferation.

progestins. In the second case we hypothesize that this 
difference (see Result 3) is in relationship to the time of 
the intake of these substances. BI-RADS3 had an average 
of 3.25 years, while BI-RADS had 2.0 years. 

These results also showed that the highest scores are 
for two patients BI-RADS 3 who used estrogens/progestin 
for many years (≥ 6). These data showed scores of MN 
at 2.91 and 2.88 respectively. These scores were about 
twice as high as all the others. Most studies showed that 
the woman has an increased risk of breast cancer if her 
lifelong estrogens exposure is due to early menarche, 
late menopause, and/or an absence of childbearing. For 
decades these researchers presumed that several years 
of exposure drove the increased risk. However recent 
epidemiological data showed (20) that early life exposure 
(young menarche) has a more significant effect on cancer 
risk than late menopause. Thus, not the overall exposure it 
seems but the timing of hormone exposure plays a major 
role in defining breast cancer risk. This study showed 
instead that this is promoted by different conditions linked 
probably to genetic predisposition. The intake of these 
substances (21), and an excess of endogenous production, 
such as in obesity (22), generally involves a significant 
risk factors to promote breast cancer. In this study, we 
presumed that the cancer cell formation process has 
already begun in these two patients. The mechanism of 
a possible initiation was understandable since it forms 
several micronuclei, (see Figure 1). We also noticed by the 
comparison of BI-RADS 3 cells with MN with the normal 
cells present in other patients, as the nucleus of a cell 
potentially cancerous, (see Figure 2), was greater. 

This phenomenon showed that even when the number 
of MN increases in the cell BI-RADS3 the nuclear activity 
was still intense. This fact denoted metabolic dysfunction 
and comported the possible cancer process. In the human 
breast, there is a stem cell population that can give rise to 
many cell types and are important for breast development, 
pregnancy-induced differentiation, lactation, and 
involution. Stem cells have the unique potential to 
divide asymmetrically to generate lines of one of which 
remains a stem cell and the other which turns into a cell 
committed to differentiation. By dividing asymmetrically, 
stem cell keeps up the stem cell pool and simultaneously 
generate committed cells that reconstitute the organ. This 
process prepares the breast for a new pregnancy after 
the involution from a previous pregnancy and lactation 
process. However, in this cumulative knowledge, we still 
do not know if the cancer stem cell originates from normal 
stem/progenitor cells or from mature cells that acquired 
stem cell phenotype because of a transformation event 
or later mutations. The best hypothesis is that the normal 
stem cell divides asymmetrically and that the carcinogenic 

Figure 1. MN in BI-RADS 3 Patient

Figure 2. MN in other Patients BI-RADS 3

Figure 3. Cell without MN (patient BI-RADS 2)
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Conclusions
The statistical data processed by the various Screening 

Units show that the cases of BI-RADS 3 represent about 
5% of total examinations conducted. Out of those cases, 
about 5% of the result are positive of cancer at the six 
months later control. This study demonstrates that if the 
test of MN was applied to these cases, those patients could 
have an earlier diagnosis. This test requires only one day for 
its execution and to have a diagnosis. Only in Italy, we have 
the breast screening for about five million women every 
year and the results are that an average of 12500 patients 
of BI-RADS3 result positive to the control six months. Our 
study showed that those patients could benefit from a 
safer diagnostic approach which can be widely used and 
extended to all the other Centres. It is also very interesting 
to apply the MN scoring in BI-RADS3 because we must 
see that those patients also must wait the other six months 
to have the next check-up with stress and anxiety.
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