FACTA UNIVERSITATIS

Series: Medicine and Biology Vol.13, No 2, 2006, pp. 65 - 69 UC 618.19-006

QUANTIFICATION OF ARGYROPHILIC NUCLEOLAR ORGANIZER
REGIONS IN ESTROGEN RECEPTOR POSITIVE AND ESTROGEN
RECEPTOR NEGATIVE DUCTAL BREAST CARCINOMAS

Zaklina Mijovi¢', Natalija Stefanovi’, Dragan Mihailovi¢', Milo§ Kostov’®

!Institute of Pathology, Faculty of Medicine, Nis, Serbia
*Institute of Anatomy, Faculty of Medicine, Ni3, Serbia
*Department of Pathology, Military Hospital, Nis, Serbia
E-mail: zami@bankerinter.net

Summary. Argyrophilic nucleolar organizer regions (AgNORs) analysis of 20 estrogen receptor positive (ER+) and
16 estrogen receptor negative (ER-) invasive ductal breast carcinomas was performed. The quantification of AgNORs
was determined by using morphometrical method in three ways: 1) mean number of AgNORs per nucleus counted on a
100 random nuclei, 2) mean number of AgNORs per nucleus counted on 200-300 nuclei in fields chosen by "the chess
fields" method, and 3) mean number of AgNORs on the nuclear surface unit. A significant difference in mean number
of AgNORs per nucleus and on unit of the nuclear surface between estrogen receptor positive (ER+) and estrogen
receptor negative (ER-) invasive ductal breast carcinomas was observed (p<0.001). The mean number of AgNORs
was higher in ER— than in ER+ invasive ductal breast carcinomas. Despite interobserver variability in counting
AgNORs, comparison was completed as well as the evaluation of validity of three stated ways of quantification of
nucleolar organizers. Our results suggest more rapid proliferative activity in ER- than in ER+ breast cancers.
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Introduction

Nucleolar organizer regions (NORs), segments of
DNA closely associated with nucleoli, contain coding
genes for ribosomal RNA and contribute to the regula-
tion of cellular protein synthesis (1). Nucleolar organ-
izer regions are closely associated with argyrophilic
proteins, and a modification of a silver staining tech-
nique, long used by cytogeneticists, allows NORs to be
visualized in conventional histologic sections, where
they are called argyrophilic nucleolar organizer regions
(AgNORs) (2). The increased number of AgNORs is the
result of more active cellular proliferation, distorted
nucleolar association, increased ploidy or greater tran-
scription activity (3). Initially used as a parameter for
the diagnosis of malignancy, the AgNOR parameter was
found to be more useful for assessing the prognosis of
cancer disease.

The AgNOR technique has been evaluated in breast
lesions. A statistically significant difference in the mean
number of AgNORs was found between normal, ordi-
nary hyperplastic and neoplastic breast lesions (4). The
colloidal silver staining of the nucleolar organizer re-
gions - AgNORSs has been used in distinguishing benign
from malignant breast lesions (4,5,6). The increased
number of AgNORs was found in breast cancer versus
fibrocystic disease and fibroadenomas (5). Other studies
have evaluated the prognostic significance of AgNOR
counts correlating it with patients' outcome and with

proliferation indices assessed by flow cytometry or im-
munohistochemistry (7-12). Furthermore, AgNOR count
in benign and malignant breast lesions correlate with Ki
67 scores and provide significant kinetic information
(1,8).

The breast is a target organ for estrogens and pro-
gesterone and these hormones control several functions
of the normal and abnormal mammary epithelium in-
cluding cell proliferation. Most of the actions of estro-
gens and progesterone are mediated via specific steroid
receptors. The likelihood of a favorable response to ab-
lative or additive hormonal therapy and aggressiveness
of breast cancer are related to estrogen receptors (ER).

The aim of this study was to estimate mean number
of AgNORs on nucleus and on unit of the nuclear sur-
face in ER+ and ER- ductal breast carcinomas using
morphometrical method.

Materials and Methods

Samples of 36 invasive ductal breast carcinomas di-
agnosed at Institute of Pathology in Ni§ from 1991 to
1992 were used for analysis.

LLR.M.A. method was performed for the determina-
tion of estrogen receptors (ER). ER were considered as
positive, with value greater than 30 units/ml of cytosol.
Breast cancers were divided into two groups according
to ER: estrogen receptor positive (ER+) and estrogen
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receptor negative (ER-). There were 20 ER+ and 16 ER—
individual cases.

To demonstrate the AgNORs, the silver staining
procedure described by Crocker et al. (1987) was per-
formed on 5 um thick paraffin sections (13). The silver
colloid solution for staining of NOR was prepared by
dissolving gelatin in 1% aqueous formic acid at a con-
centration of 2%. This solution was then mixed 1:2 vol-
umes with 50% aqueous silver nitrate to obtain the
working solution. The staining time was 45 min and
silver reaction was carried out in the dark.

For quantification of Ag32NORs a 100x oil immer-
sion objective and test system M 42 were used. The
number of AgNORs was determined in three ways:

1. The mean number per nucleus counted on a 100
random nuclei by an eyepiece graticule;

2. The mean number per nucleus counted on 200-
300 nuclei in fields chosen by "the chess fields" method,
with the preliminary estimation of the needed field
number for analysis with deviation not bigger than 10%.

3. The mean number of AgNORs on unit of the nu-
clear surface.

Statistical significances were obtained by ANOVA
and t-test.

Results

In the first way, the numbers of AgNORs per nu-
cleus are listed in Table 1. The mean number of Ag-
NORs was higher in ER— than in ER+ invasive ductal
breast carcinomas (Fig. 1).

Table 1. The mean number of AgNORs per nucleus
counted on 100 accidental nuclei - the first way

Status ER N X SD SE
ER+ 20 3.358 0.242 0.055
ER- 16 4.525 0.565 0.145

p level
p<0.001

4.525 O ER+
@ ER-

5.07
4.57
4.0
3.57
3.01
2.57
2.0
1.5
1.07
0.57
0.0

Fig. 1. The mean number of AgNORSs per nucleus
counted on a 100 random nuclei - the first way

In the second way, the numbers of AgNORs per nu-
cleus are listed in Table 2. The mean number of Ag-
NORs was higher in ER— than in ER+ invasive ductal
breast carcinomas (Fig. 2).
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Table 2. The mean number of AgNORs per nucleus
counted on 200-300 nuclei in fields chosen by
"the chess fields" method — the second way

Status ER. N X SD SE p level
ER+ 20 3.03 0.36 0.08
ER- 16 3.85 0.22 0.06 p<0.001
O ER+
4.5 3.85
B ER-
4.0
35 3.03
3.01 N=20
2.57
2.0
1.57
1.0
0.5 ]
0.0

Fig. 2. The mean number of AgNORs per nucleus
counted on 200-300 nuclei — the second way

In the third way, the numbers of AgNORSs on unit of
the nuclear surface are listed in Table 3. The mean
number of AgNORs was higher in ER— than in ER+
invasive ductal breast carcinomas (Fig. 3).

Table 3. The mean number of AgNORSs on unit of the
nuclear surface — the third way

Status ER N X SD SE
ER+ 20 0.019 0.005 0.001
ER- 16 0.029 0.006 0.002

p level
p<0.001

B ER+
0.0401 B ER-
0.0351 0.029
0.0301
0.0257 0.019
0.0201
0.0151
0.0101
0.0051
0.000

N=20

Fig. 3. The mean number of AgNORSs on unit of the
nuclear surface — the third way

A significant difference was found in mean number
of AgNORs per nucleus and on unit of the nuclear sur-
face between ER+ (Fig.4) and ER- invasive ductal
breast carcinomas (Fig. 5) in the three way of quantifi-
cation, on the level of statistical significance p < 0.001.
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Fig. 4. Argyrophilic nucleolar organizer regions
(AgNORs) in ER positive invasive ductal breast
carcinoma. x1000.

Fig. 5. Argyrophilic nucleolar organizer regions
(AgNORs) in ER negative invasive ductal breast
carcinoma. x1000.

Discussion

The main prognostic factors of breast carcinoma are
histological grade, tumor size, lymph node status and
vascular invasion. Main predictors of therapeutic re-
sponse are estrogen receptor and ERBb2 status. In the
present study two groups of breast cancer patients were
defined by estrogen receptor status.

The amount of argyrophilic nucleolar organizer re-
gions (AgNORs) represents a cell kinetics parameter
used in tumour pathology for prognostic purposes. The
shorter the cell cycle, the greater the synthesis of rRNA
for each time unit and, therefore, the quantity of Ag-
NORs present in the nucleolus. Thus, the AgNOR value
was thought to be a measure of the rate of cell prolifera-
tion. AgNOR expression is directly related to the rate of
ribosome biogenesis, which has been recently shown to
be controlled also by the tumour suppressor proteins
pRb and p53. From the clinical point of view, cancers
with changes in pRb and p53 status are generally more
aggressive than those with normally functioning pRb
and p53 pathways. Derenzini et al. (2004) found that the
prognostic value of the AgNOR parameter depends on
the status of the tumour suppressor proteins pRb and
p53, and it cannot be ascribed to the relation between
AgNORs and the cell proliferation rate (12).

During our research, an average number of AgNORs
in cell nucleus of invasive ductal breast cancer was de-
termined in relation to status of estrogen receptors. A
statistically significant difference between ER+ and ER-
invasive ductal breast carcinomas was observed. Simi-
larly as the results reported by Raymond et al. (14),
Guski et al. (15) and Giinther et al. (16), the mean num-
ber of AgNORs, in our study, was inversely propor-
tional to the status of estrogen receptors. This reflects
biological and functional differences between ER+ and
ER- breast cancers. AgNOR analysis bears a significant
potential for characterizing cell kinetic and metabolic
activity of breast lesions. This may provide us an insight
into the biological background of breast carcinogenesis,
differentiation and tumor progression and may also un-
derlie the independent prognostic value of AgNORs in
breast cancer (4).

Most commonly, the average number of AgNORSs is
determined per nucleus with the analysis of 100 ran-
domly chosen nuclei (1,17). We consider that the esti-
mation of AgNOR number for the nuclear surface unit
of the examined cells, would render more precise and
accurate data. This approach includes not only the num-
ber, but also the size of cell nucleus. In respect of the
fact that AgNORs shows the different size and tendency
to combine and aglomerate, it is very difficult to deter-
mine their number, and that is why we find it necessary
to determine their quantity as well. During our research,
an average number of AgNORs in cell nucleus of inva-
sive ductal breast cancer was determined using mor-
phometrical method as the mean number on nucleus and
on the unit of nuclear surface; afterwards, the obtained
results were compared. Despite interobserver variability
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in counting AgNORs (results from the second way were related to the level of ribosomal biogenesis and rapidity

lower than the results obtained from the first way), there of cell cycle (18).

was an agreement between results obtained in three

ways of quntification of nucleolar organizers regions. .
Conclusion

Up to now, more than a thousand papers have been
published on the use of the interphase AgNOR meas-

i > Our results suggest more rapid proliferative activity
urement in tumor pathology. The AgNOR number is

in ER- than in ER+ breast cancers.

volvement. Pathol Res Pract 1992; 188(8): 1009-17

Aubele M, Auer G, Jutting U, Falkmer U, Gais P. Prognostic
value of quantitatively measured AgNORs in ductal mammary
carcinoma. Anal Quant Cytol Histol 1994; 16(3): 211-8.
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DUKTALNIM KARCINOMIMA DOJKE
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Kratak sadrzaj: U ovom istrazivanju analizirani su argirofilni nukleolarni organizatori (AgNOR) kod 20 estrogen
receptor pozitivnih (ER+) i 16 estrogen receptor negativnih (ER-) invazivnih duktalnih karcinoma dojke.
Kvantifikacija AgNOR-a je sprovedena morfometrijskom metodom na tri nacina: 1) odredivanjem prosecnog broja
AgNOR-a po jedru celije brojanjem na 100 slucajno odabranih jedara, 2) odredivanjem prosecnog broja AgNOR-a po
Jedru celije brojanjem na 200-300 jedara na svakom drugom vidnom polju i odredivanjem prosecnog broja AgNOR-a
na jedinicu povrsine jedra. Nadena je statisticki signifikantna razlika u prosecnom broju AgNOR-a po jedru i po
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Jjedinici jedarne povrsine izmedu ER+ i estrogen receptor negativnih ER- invazivnih duktalnih karcinoma dojke
(p < 0,001). ER - karcinomi dojke imaju signifikantno veci broj AgNOR-a po jedru u odnosu na ER + karcinome.

Izvrsena je komaparacija sva tri nacina kvantifikacije. Rezultati ovog istrazivanja ukazuju na vecu proliferativnu
aktivnost u ER- u odnosu na ER+ karcinome dojke.

Kljuéne reci: duktalni karcinom dojke, argirofilni nukleolarni organizatori (AgNOR), estrogeni receptori, morfometrija



