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Abstract 
Ductal carcinoma in situ (DCIS) is the malignant epithelial cell proliferation that affect only ducts, including lobular, without basement 
membrane interruption. Benign or malignant cell phenotype is defined by nuclear appearance. Morphometric analysis could provide 
quantitative information about nuclear profile in several lesions. In this study, we assess nuclear morphometric features of mammary 
epithelial cells in DCIS compared to normal resting mammary gland tissue. For morphological evaluation, we included two groups of 
mammary gland tissue. The first group comprised breast tissue from 20 women surgically treated and histopathologically confirmed with 
DCIS. The second control group was represented by normal resting mammary tissue obtained from another 20 women surgically treated 
for fibroadenoma. Evaluated morphometric parameters were: nuclear area (NA), nuclear perimeter (P), maximum diameter (Dmax), 
minimum diameter (Dmin), elongation factor (E). Morphometric assessment of DCIS nuclei showed significant higher values than normal 
resting breast tissue. Morphometric analysis gave information about tumor aggressiveness, invasion tendency and disease prognostic. 
Keywords: normal resting mammary gland tissue, DCIS, nuclear morphometry. 

 Introduction 

Mammary carcinoma in situ is a proliferation of 
malignant epithelial cells within the ductal–lobular 
system, which in light microscopy shows no evidence of 
basement membrane interruption. It may arise from any 
part of mammary gland and shows two forms: ductal 
carcinoma in situ (DCIS) and lobular carcinoma in situ 
(LCIS) [1–4]. 

Ductal carcinoma in situ consists of numerous foci 
of abnormal clonal expansion of neoplastic cells that 
progress independently confined within the lumena of 
involved ducts [5]. Data suggests that this lesion is a 
precursor to invasive form of breast cancer and almost 
all invasive breast cancers arise from in situ carcinomas 
[6]. The DCIS progression along mammary ducts may 
induce lobular cancerization. Although, clinically DCIS 
is asymptomatic and impalpable lesion, it may be 
identifiable using the mammographic method as foci of 
microcalcification. The number of diagnosed DCIS 
cases increased with 15–20% after introduction of wide-
spread screening mammography. 

The diagnosis of ductal in situ breast carcinoma is 
undoubtedly microscopical and requires a minute exam 
of various tissue sampling to exclude microinvasion 
foci. Pathological classification of ductal carcinoma 
in situ is based on the nuclear grade of tumor cells, the 
architectural pattern of tumor growth and the presence 
or absence of necrosis [3, 4, 6]. 

Benign or malignant cell phenotype is defined by 
nuclear appearance: size, shape, chromatics, number of 

nuclei, chromatin aspect, mitosis type. Nuclear size and 
shape may be estimated using the morphometric 
method. Morphometry is the quantitative method used 
to describe geometric features of structures and aims  
to obtain diagnostically important information [7]. 
Morphometric studies performed by Hertwig in 1903 
showed a high correlation between nuclear size and cells 
size and, at the same time, constant nucleo-cytoplasmic 
ratio [8]. In pathological conditions, especially in 
cancers, malignant epithelial or mesenchymal cells had 
a pathognomonic high nuclear–cytoplasmic ratio [8]. 

In this study, we aimed to assess nuclear morpho-
metric features of mammary epithelial cells in ductal 
carcinoma in situ in comparison with normal resting 
mammary gland tissue using a semi-automated method. 
Morphometric analysis could provide quantitative 
information about nuclear profile in several lesions. On 
the other hand, it is useful in the correlation between 
microscopical features and quantitative changes [9]. 

 Materials and Methods 

Patient selection 
In our study were included two groups of mammary 

gland tissue. The first group included breast tissue from 
20 women aged from 28 to 45 years (mean 40.04- 
year-old), surgically treated and histopathologically 
confirmed with DCIS. 

The second control group was represented by normal 
resting mammary tissue obtained from another 20 
women aged from 18 to 41 years (mean 31.45-year-old) 
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surgically treated for fibroadenoma. Fibroadenoma 
enabled us to study normal adjacent tissue because  
this tumor condition associates a low risk of cancer 
development [10]. Patients’ inclusion criteria for the 
normal breast tissue were regular menstrual cycle in the 
previous 6 months (28 ± 2 days) and a known date of 
the last menstrual period. Were excluded pregnant 
women and those nursing in the previous 12 months, 
females with hormone therapy in the previous 12 
months, or taking any type of medication including oral 
contraception. 

Surgical specimens were fixed in 10% formalin. 
After fixation, all specimens were cut into 4–5 mm slice 
operated with ATP1 Tissue Processor and paraffin 
embedded. The paraffin blocks were serially sectioned 
at 5 µm, stained with Hematoxylin and Eosin, van 
Gieson and using immunohistochemical methods. 

Microscopic evaluation 

The histopathological examination of cases was 
performed with a Nikon E600 microscope equipped 
with a Nikon DN100 camera (1280×1024 pixels resolu-
tion), linked to a computer using Lucia Net software. 

All control group cases with normal mammary 
breast tissue were in the follicular or luteal phase of the 
menstrual cycle, based on microscopic aspects reported 
by Longacre TA and Bartow SA in 1986 [11], Russo J 
and Russo IH in 1987 [12]. These histological features 
comprise epithelial and myoepithelial layer distinction, 
degree of myoepithelial vacuolization, intralobular 
stromal edema and stromal infiltrate [11, 13, 14]. 

For the DCIS cases, microscopic diagnosis were 
established by two pathologists based on ECWGBSP/ 
UK criteria [14]. The presence of the basement 
membrane was confirmed using the anti-Human 
Collagen IV monoclonal antibody (clone CIV22, Isotype 
IgG, Kappa, DAKO). 

Nuclear morphometry 

Histological techniques induce various cell structure 
changes [8]. For this reason, all tissue samples were 
similarly processed, and morphometric assessment of 
epithelial nuclei in almost all cases was accomplished 
only on Hematoxylin and Eosin stained slides. 

Morphometric analysis was carried out using the 
same computer-assisted imaging system consisting of a 
light microscope, a digital camera and image acquisition 
software. Only non-overlapping nuclei were included. 
For each case, 300 ductal epithelial nuclei were outlined 
at a ×400 magnification [15–17]. In Table 1 the assessed 
morphometric parameters derived from the nuclear size 
and shape were listed. 

Table 1 – Nuclear morphometric parameters 
Morphometric parameters 

Nuclear area (NA) [µm2] Counting the µm2 in the interior 
of the nuclear border 

Nuclear perimeter(P) [µm] Distance around the nuclear border

Max. diameter (Dmax) [µm] Distance between two the most 
distant points of the nuclear border

Min. diameter (Dmin) [µm] Minim diameter 
Eq. diam (Deq.) [µm] Mean diameter 
Elongation (E) Dmax/Dmin ratio 

Statistical analysis 

The values for the morphometric parameters (mean 
value, highest value, lowest value, standard deviation 
for each nuclear feature) were computer generated and 
tabulated. Statistical analysis was performed to compare 
morphometric parameters between two groups defined 
by normal resting breast tissue and DCIS. Data 
processing was performed using the Excel, Origin 7, 
and SPPS 12.0 software. t-Test (Two-Sample Assuming 
Unequal Variance) and ANOVA-test were used for 
comparison between two groups. 

The performance of classic statistical tests is optimal 
when the assumption of normality holds. A statistically 
significant result was defined as p<0.05. In the cases 
where t>p, the null hypothesis was accepted [18, 19]. 

 Results 

Following microscopic examination of reference 
samples represented by normal resting mammary tissue, 
10 cases were included in the follicular phase of 
menstrual cycle and another 10 in the luteal phase. 

Normal breast tissue in the follicular phase (0–15 
days) revealed small lobules with a low distinction 
between epithelial and myoepithelial layers and closed 
alveolar lumena. The epithelial cells had a lightly 
eosinophilic cytoplasm, round basophilic nuclei basally 
placed, without mitosis. Intralobular stroma showed a 
dense fibro-collagen component, without edema and 
infiltrate. 

Microscopical assessment of the normal breast tissue 
in the luteal phase (16–28 days) revealed larger lobules 
with open alveolar lumena and two distinct layers of 
cells. The epithelial cells were oval, sharply demarcated 
with prominent basophilic nuclei and frequent mitotic 
figures. The majority of myoepithelial cells showed 
marked cytoplasmic vacuolization and apically placed 
nuclei. Intralobular stroma showed extensive edema and 
a large amount of inflammatory cells. Interlobular 
stroma presented the same dense aspect within both 
phases of the menstrual cycle. Our results concur with 
the histological aspects of mammary resting tissue in 
both follicular and luteal phases of the menstrual cycle 
reported by Vogel PM et al. in 1981 [20], Ferguson DJ 
in 1988 [21] and Radwan MM et al. in 2003 [22]. 

As for the DCIS group, in 12 cases comedo- and 
solid patterns corresponding to high-grade in situ 
neoplasia were identified. The others eight cases 
showed microscopic features of low grade ductal in situ 
carcinoma that comprise cribriform and micropapillary 
architectural patterns. 

Immunohistochemical staining with Anti-Human 
Collagen IV monoclonal antibody, clone CIV22 
(DAKO) was positive in all cases diagnosed with ductal 
carcinoma in situ. In fact, DCIS diagnosis required the 
presence of basement membrane surrounding ducts and 
acini. The absence of the invasive pattern is more 
important than origin and has a prognostic significance 
[14, 23, 24]. The basement membrane is an important 
component of extracellular matrix that separates 
mammary parenchyma from surrounding connective 
tissue and plays a significant role in the maintenance of 
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ductal structures and the same in stromal–parenchyma 
interaction [25–27]. Several studies performed by 
Novaro V et al. in 2004 showed that basement membrane 
components, like Collagen IV for example, play an 
important role in αEr expression on the ductal epithelial 
cells involved in tumoral changes [28]. 

The mean values obtained for nuclear morphometric 
parameters that describe the size and shape of epithelial 
nuclei on normal resting mammary gland tissue showed 
no significant differences between the follicular and 
luteal phases of the menstrual cycle. These results are 
listed in Table 2. Following morphometric assessment 
of ductal epithelial nuclei in DCIS, we obtained the 
means values presented in Table 3. 

Table 2 – Morphometric values of ductal epithelial 
nuclei in normal resting breast tissue 

Value NA 
[µm2] 

Dmax  
[µm] 

Dmin 
[µm] E P  

[µm] 
Deq 
[µm] 

Average 23.63 6.45 4.66 1.41 17.12 5.37 
St. dev. 3.63 0.61 0.56 0.24 1.34 0.41 

Table 3 – Morphometric values of ductal epithelial 
nuclei in DCIS 

Value NA 
[µm2] 

Dmax 
[µm] 

Dmin 
[µm] E P  

[µm] 
Deq 
[µm] 

Average 83.29 12.2 8.57 1.45 32.46 10.09 
St. dev. 15.25 1.33 1.17 0.25 2.97 0.92 

 Discussion 

The morphological diagnosis of mammary gland 
tumors requires a more precise definition of cellular 
changes and the ductal or lobular origin of the lesion. 
On the other hand, it is important to specify the 
presence or absence of invasion. The last criterion of 
invasion is an important prognostic factor [14, 23, 24]. 

Development of mammary gland carcinoma involves 
hereditary conditions, unbalanced hormonal state, 
presence of dysplastic lesions and many other cancer 
promoters [3]. 

There is no doubt that the DCIS diagnosis is only 
microscopic and requires distinct changes in the cellular 
and architectural pattern. In almost all carcinomas, 
malignant phenotype of epithelial cells included not 
only loss of polarity and variable size and shape. 
Nuclear features are the hallmark of cell malignancy.  
In fact, nuclear enlargement associated with atypia 
reflects the accumulation of genetic abnormalities and 
are specific to malignant tumors [3, 14, 23]. 

Morphometrically, nuclear size and shape are 
precisely described by nuclear area, perimeter, diameters 
and elongation factor. In fact, the most important 
morphometric parameter that describes nuclear size is 
the nuclear area [29, 30]. 

Nuclear morphometric assessment of ductal epithelial 
cells in normal resting breast tissue showed values of 
NA that ranged from 11.17 ± 3.39 µm2 to 33.93 ± 8.06 
µm2. A mean value obtained for NA in the normal 
resting breast tissue was 23.97 ± 3.88 µm2 in the 
follicular phase and 25.38 ± 4.42 µm2 in the luteal 
phase. After applying the t-test to compare the mean 
values, we obtained p>α, which means that there are no 
significant differences between ductal epithelial nuclei 

in follicular and luteal phases of the menstrual cycle. 
Our results confirmed that during menstrual cycle 
hormonal balance does not determine important changes 
of nuclear size. Normal resting mammary tissue  
growth and development are influenced by estrogen, 
progesterone, FSH and LH [12, 31–33]. Beyond 
pathological conditions, epithelial cells nuclei have a 
greater higher size in pregnancy and after oral intake of 
estrogen [8]. 

Following morphometric assessment of DCIS ductal 
epithelial nuclei, we obtained for NA values that ranged 
from 25.5 ± 4.78 µm2 to 124.12 ± 21.3 µm2 (mean value 
83.29 ± 15.25µm2). Our results differ from those in 
several morphometric studies published by Tan PH 
et al. in 2001 [34] that reported for nuclear area of 
ductal epithelial cells in DCIS a mean value of 
54.29 µm2, Mariuzzi L et al. in 2002 [35] that obtained 
a 40.23 µm2 mean value, and Radwan MM et al. [22] 
that showed a 105.63 µm2 mean value for the same 
parameter. We noted that the lowest NA value in DCIS 
(25.5 ± 4.78 µm2) was comparable with the mean NA 
value (25.38 ± 4.42 µm2) of ductal epithelial nuclei in 
the luteal phase of normal resting mammary gland 
tissue. In the strict sense of the word, there is are no 
severe limits for the lower NA values of ductal 
epithelial cells in DCIS. In the same time, the mean 
values of nuclear area higher than 50 µm2 reflect the 
malignant cell phenotype [36, 37]. Beyond nuclear 
enlargement, the microscopic diagnosis of DCIS also 
involves the presence of high nucleo–cytoplasmic ratio, 
loss of polarity and atypical mitosis. 

The morphometric assessment of DCIS nuclei 
showed significant higher values than the normal resting 
breast tissue (Figure 1). These results could reflect a 
strong estrogens influence on mammary gland tissue in 
this pathological condition. After applying the t-test  
to compare the mean values of evaluated nuclear 
morphometric parameters we obtained a p<α, which 
means that there are significant differences between 
epithelial nuclei of DCIS and normal resting mammary 
tissue (Tables 4 and 5). 

Table 4 – t-Test for nuclear morphometric parameters 

DCIS/normal resting breast tissue 
Parameter NA [µm2] Deq [µm] E 
Evaluated 

tissue DCIS Normal 
tissue DCIS Normal 

tissue DCIS Normal 
tissue

Mean 83.298 23.625 10.094 5.368 1.454 1.409 
Variance 691.230 21.738 3.122 0.428 0.006 0.003 

Observations 20 20 20 20 20 20 
Hypothesized 

mean 
difference 

 0  0  0 

df  20  24  36 
t Stat  -9.994  -11.217  -2.059

P(T<=t)  
one-tail  1.6E-09  2.49E-11  0.023 

t Critical 
one-tail  1.724  1.710  1.688 

P(T<=t)  
two-tail  3.19E-

09  4.99E-11  0.046 

t Critical 
two-tail  2.085  2.063  2.028 
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Table 5 – t-Test for nuclear morphometric parameters 

DCIS/normal resting breast tissue 
Parameter Dmax [µm] Dmin [µm] P [µm] 
Evaluated 

tissue DCIS Normal 
tissue DCIS Normal 

tissue DCIS Normal 
tissue

Mean 12.205 6.451 8.572 4.660 32.469 17.122
Variance 4.319 0.420 2.459 0.287 32.591 3.361

Observations 20 20 20 20 20 20 
Hypothesized 

mean 
difference 

 0  0  0 

df  23  23  23 
t Stat  -11.819  -10.554  -11.446

P(T<=t)  
one-tail  1.49E-11  1.37E-

10  2.82E-
11 

t Critical  
one-tail  1.713  1.713  1.713

P(T<=t)  
two-tail  2.99E-11  2.73E-

10  5.64E-
11 

t Critical  
two-tail  2.068  2.068  2.068

Several morphometric studies showed that in DCIS, 
nuclear area had a prognostic importance [22]. Increased 
values of nuclear morphometric parameters to two times 
the normal size in DCIS show a low-grade malignancy 
of the ductal intraepithelial lesion and a good prognostic. 
At the same time, values larger than 2.5 the normal size 
of the same parameters indicate a high-grade malign-
ancy of DCIS and a worse prognostic [3, 5, 14, 17]. 

On the other hand, this large variance of NA values 
noted in DCIS reflects a high nuclear polymorphism.  
It is important because this distinctive feature had a 
prognostic significance too [22, 36, 37]. A high nuclear 
polymorphism of ductal epithelial cells in DCIS 
indicates a fast invasion, development and recurrence 
tendency of the disease. The prognostic significance of 

nuclear polymorphism was underlined in several studies 
published by Baak JPA et al. in 1982 [38], Aaltomaa S 
et al. in 1991 [39], AaltomaA S et al. in 1992 [40] and 
Eskelinen M et al. in 1992 [41]. 

Naturally, growth of nuclear area induces increased 
values of the others morphometric parameters. In such a 
manner, we noted an increase in the mean nuclear 
perimeter from 17.77 ± 1.69 µm to 39.8 ± 3.38 µm 
(mean 32.46 ± 2.97 µm) (Figure 2). The maximum 
diameter increased from 6.63 ± 0.72 µm to 14.52 ±  
1.49 µm (mean value 12.2 ± 1.33 µm), corresponding to 
the growth of nuclear area (Figure 3). In the same  
way, the minimum nuclear diameter increased from 
4.93 ± 0.65 µm to 11.04 ± 1.3 µm (mean value 8.57 ± 
1.17 µm). Practically, the minimum nuclear diameter of 
epithelial nuclei in DCIS showed double the values in 
normal resting mammary gland tissue (Figure 4). 

The only one parameter that does not show a 
significant change compared to the normal state was the 
elongation factor. Usually, the value of the elongation 
factor is 1 for the round shape epithelial nuclei [8–10]. 
The mean value obtained for the elongation factor in the 
normal resting mammary gland tissue was 1.41 ± 0.24, 
reflecting a slight oval nuclear shape. For DCIS ductal 
epithelial nuclei morphometry, the same parameter 
showed values, which ranged from 1.33 ± 0.72 to 1.57 ± 
0.29 (mean value 1.45 ± 0.25). These results explain the 
nuclear tendency in DCIS to preserve oval shape despite 
growing size parameters (Figure 5). 

When applying correlation analysis between nuclear 
area of ductal epithelial cells in DCIS and the others 
morphometric parameters, like nuclear perimeter, nuclear 
medium diameter and elongation factor, we obtained 
r>rcr (Figures 6–8). 

 

23.63

83.30

0.00
10.00
20.00
30.00
40.00
50.00
60.00
70.00
80.00
90.00

M
ea

n
va

lu
es

of
N

uc
le

ar
A

re
a

(µ
m

2)

Normal breast tissue DCIS  

17.12

32.47

0

5

10

15

20

25

30

35

M
ea

n
va

lu
es

of
Pe

rim
et

er
(µ

m
)

DCISNormal breast tissue  
Figure 1 – Mean values of Nuclear Area in normal 
resting breast tissue and DCIS. 

Figure 2 – Mean values of Nuclear Perimeter in normal 
resting breast tissue and DCIS. 
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Figure 3 – Mean values of Maximum Diameter in 
normal resting breast tissue and DCIS. 

Figure 4 – Mean values of Minimum Diameter in 
normal resting breast tissue and DCIS. 
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Figure 5 – Mean values of Elongation in normal 
resting breast tissue and DCIS. 

Figure 6 – Correlation between Nuclear Area and 
Nuclear Perimeter in DCIS. 
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Figure 7 – Correlation between Elongation and 
Nuclear Area in DCIS. 

Figure 8 – Correlation between Eq Diameter and 
Nuclear Area in DCIS. 

 
Increased nuclear area meaning the augmentation of 

perimeter and diameter was considered a positive 
correlation. At the same time, large values of nuclear 
area associated with small values of elongation factor 
were considered a negative correlation. Our results 
showed a strong relationship between nuclear morpho-
metric parameters. 

 Conclusions 

Nuclear comparative morphometric assessment of 
ductal epithelial cells between DCIS and normal resting 
mammary gland tissue reveals important information 
about morphological changes that give rise to neoplastic 
transformation. In DCIS ductal epithelial cells, nuclei 
show variable polymorphism and increased values of 
nuclear area compared to the normal resting mammary 
gland tissue (AN = 83.29 ± 15.28 µm2, p = 3.19E-09). 
Growth of nuclear area induces increased values of the 
other morphometric parameters. Morphometric analysis 
gives information about tumor aggressiveness, invasion 
and prognostic. 
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